
, ~ Canyon Fuel 
~/r Company, LLC 
A Subsidiary or Bowie Resource Holdings, LLC 

May 7, 2018 

Pelmit Supervisor, Utah Coal Regulatory Program 
Utah Division of Oil, Gas and Mining 
1594 West North Temple, Suite 1210 
PO Box 145801 
Salt Lake City, UT 84114-5801 
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Re: Clean Copies of Revision to M&RP to Add Greens Hollow Lease Tract, Task ID# 5445, Sufco 
Mine, Canyon Fuel Company, LLC, Permit Number CI041/0002 

Dear Sirs: 

Please find enclosed with this letter a revised version of the M&RP which includes, text, plates and 
appendices. The PHC (Appendix 7-28) has also been revised. The pagination in the text has been 
adjusted and the table of contents updated when appropriate. 

The Greens Hollow Plate 7-10 was created to show the location of operational water monitoring 
sites. The plate previously submitted as 7-1 0 (confidential) with the clean copies of the 4 Right 4 
East submittal has been renumbered. No changes have been made to the drawing except that a "C" 
has been added to the plate number (Plate 7-10C). A copy of Plate 7-10C is included with this 
submittal and should replace the same plate in the confidential folder. 

If you have questions or need addition information please contact Vicky Miller at (435)286-4481. 

CANYON FUEL COMPANY, SUFCO Mine 

v,)J 1A~ 
John D. Byars 
General Manager 

Encl. 
cc: DOGM Correspondence File 

RECEIVED 

MAY IS 2018 

DIV. OF OIL, GAS & MINING 



APPLICATION FOR COAL PERMIT PROCESSING 

Permit Change X New Permit D RenewalD Exploration 0 Bond Release 0 Transfer 0 

Permittee: Canyon Fuel Company, LLC 
Mine: Sufco Mine Permit N urn ber: C/041/0002 
Title: Clean Copies of Revision to M&RP to Add Greens Hollow Lease Tract, Task 10#5445 
Description, Include reason for application and timing required to implement: 

Instructions: If you answer yes to any of the first eight (gray) questions, this application may require Public Notice publication. 

X Yes D No 
DVesXNo 
XVes DNo 
X Yes DNo 
D VesXNo 
DVesXNo 
X VesDNo 
D Yes X No 
DVesXNo 
DVesXNo 

DVesXNo 
XVesDNo 
XVesDNo 
D VesX No 
D Yes X No 
D Yes XNo 
DVesXNo 
X Yes D No 
XVesDNo 
DVesXNo 
DVesXNo 
XVesDNo 
DVesXNo 

I. Change in the size of the Permit Area? Acres: Disturbed Area: __ [gI increase D decrease. 
2. Is the application submitted as a result of a Division Order? DO# _ _ 
3. Does the application include operations outside a previously identified Cumulative Hydrologic Impact Area? 
4. Does the application include operations in hydrologic basins other than as currently approved? 
5. Does the application result from cancellation, reduction or increase of insurance or reclamation bond? 
6. Does the application require or include public notice publication? 
7. Does the application require or include ownership, control, right-of-entry, or compliance information? 
8. Is proposed activity within 100 feet of a public road or cemetery or 300 feet of an occupied dwelling? 
9. Is the application submitted as a result ofa Violation? NOV # __ 

10. Is the application submitted as a result of other laws or regulations or policies? 
Explain: 

II. Does the application affect the surface landowner or change the post mining land use? 
12. Does the application require or include underground design or mine sequence and timing? (Moditication of R2(2) 
13. Does the application require or include collection and reporting of any baseline information? 
14. Could the application have any effect on wildlife or vegetation outside the current disturbed area? 
15. Does the application require or include soil removal, storage or placement? 
16. Does the application require or include vegetation monitoring, removal or revegetation activities? 
17. Does the application require or include construction, modification, or removal of surface facilities? 
18. Does the application require or include water monitoring, sediment or drainage control measures? 
19. Does the application require or include certified designs, maps or calculation? 
20. Does the application require or include subsidence control or monitoring? 
21. Have reclamation costs for bonding been provided? 
22. Does the appl ication involve a perennial stream, a stream buffer zone or discharges to a stream? 
23. Does the application affect permits issued by other agencies or permits issued to other entities? 

I hereby certify that I am a responsible ortleial of the applicant and that the information contained in this application is true and correct to the best of my information 
and belief in all respects with the laws of ~~h in reference to commitments, undertakings, and Obllgl~liOns. herein. 

J CAi.C:b b . ~f\ ,i~. ' . . , <;;('1- 115 
Print Name ~ [oji) Naill, P ' ilion. I me 

,,,,,,,,1,,,. ",I 'W"': '0 b"oIT mo th':mJ:e.:: ;..:.;,;.;,;....:.;~,;.;.;;.;;,;,;..JA~-CQ-U-:m-~.,j~~~:..~-~-~-~-;-E-K-E-R-' 
I 0 my Publ ,~ \ My Commission Expires 03/2412019 

My c0111111i Si ' l1 EXPires:~\J I _______ , 20 __ ) COMMISSION NUMBER 681827 
Attest: State of ) ) ss: 

COUllty of ___________ _ 

For Office Use Only: Assigned Tracking Received by Oil, Gas & Mining 
Number: 

RECEIVED 

MAY ] 5 2018 

DIV. OF OIL, GAS & MINING 

form DOGM-CI (Revised 9117/2013) 



APPLICATION FOR COAL PERMIT PROCESSING 
Detailed Schedule Of Changes to the Mining And Reclamation Plan 

Permittee: Canyon Fuel Company, LLC 
Mine: Sufco Mine Permit Number: C/04110002 
Title: Clean Copies of Revisions to M&RP to Add Greens Hollow Lease Tract, Task 10# 5445 

Provide a detailed listing of all changes to the Mining and Reclamation Plan, which is required as a result of this proposed permit 
application. Individually list all maps and drawings that are added, replaced, or removed from the plan. Include changes to the table 
of contents, section of the plan, or other information as needed to specifically locate, identify and revise the existing Mining and 
Reclamation Plan. Include page, section and drawing number as part of the description. 

DESCRIPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGED 

DAdd [gI Replace D Remove Chapter I 

[gI Add D Replace D Remove Appendix I-I, add to existing data 

DAdd [gI Replace D Remove Chapter 2, 2-1 thru 2-9 and 2-30 

DAdd [gI Replace D Remove Plate 2-3 

DAdd [gI Replace D Remove Chapter 3, TOC, Pages 3-1 thru 3-18, 3-28 thru 3-40 and 3-59 

DAdd [gI Replace D Remove Plates 3-1 , 3-2 amd 3-3 

[gI Add D Replace D Remove Appendix 3-16 

DAdd [gI Replace D Remove Chapter 4 

DAdd [gI Replace D Remove Plate 4-IC 

[gI Add D Replace D Remove Appendix 4-5 and 4-6, add to existing data 

DAdd [gI Replace D Remove Chapter 5, TOC, Pages 5-1 thru 5-21, 5-24 thru 5-30, 5-40 thru 5-43 

DAdd [gI Replace D Remove Plates 5-1, 5-2C, 5-5, 5-6, 5-7, 5-8, 5-10, 5-11 

DAdd [gI Replace D Remove Chapter 6, TOC, Pages 6-1 thru 6-13 and 6-22 

DAdd [gI Replace D Remove Plate 6-1 

[gI Add D Replace D Remove Appendix 6-5, add to existing data 

[gI Add [gI Replace D Remove Chapter 7, Figures were removed from text and placed under separate tab 

DAdd [gI Replace D Remove Plates 7-2, 7-3 

[gI Add [gI Replace D Remove Plate 7-10 

[gI Add D Replace D Remove Appendix 7-1 add to exisiting data, Appendix 7-17 - add to existing data 

[gI Add D Replace D Remove Appendix 7-27 and Appendix 7-28 

DAdd [gI Replace D Remove Chapter 8, TOC, Pages 8-6, 8-9 

DAdd [gI Replace D Remove Chapter 9, TOC, Pages 9-1 thru 9-7 

DAdd [gI Replace D Remove Plate 9-1 

DAdd D Replace D Remove CONFI DENTIAL 

DAdd D Replace D Remove Appendix 3-4, including Raptor Nest Plate 

lSI Add D Replace D Remove Appendix 4-2 - add to existing data 

lSI Add [gI Replace D Remove Plate 5-1 OC and Add plate 7-1 OC 

[gI Add D Replace D Remove Appendix 6-1, add to existing data 

Any other specific or special instruction required for insertion of this proposal into the 
Mining and Reclamation Plan. 

Received by Oil, Gas & Mining 

RECEIVED 

MAY 15 2018 
May 7, 2018 

DIV. OF OIL, GAS & MINING 

form DOGM - C2 (Revised March 12,2002) 
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Canyon Fuel Company, LLC 
SUFCO Mine 

CHAPTER 1 

GENERAL CONTENTS 

Mining and Reclamation Plan 
October 2017 

110 Minimum Requirements for Legal, Financial, Compliance and Related Information 

111 Introduction 

For information pertaining to this section( s) refer to the General Chapter 1 binder for Canyon Fuel 

Company, LLC prepared for the Dugout Canyon Mine, Soldier Canyon Mine, SU FCO Mine, Skyline 

Mines, Banning Loadout and other operations. 

112 Identification of Interests 

112.100 Business Entity 

For information pertaining to this section(s) refer to the General Chapter 1 binder for Canyon Fuel 

Company, LLC prepared for the Dugout Canyon Mine, Soldier Canyon Mine, SUFCO Mine, Skyline 

Mines, Banning Loadout and other operations. 

112.200 Applicant and Operator 

For information pertaining to this section(s) refer to the General Chapter 1 binder for Canyon Fuel 

Company, LLC prepared for the Dugout Canyon Mine, Soldier Canyon Mine, SUFCO Mine, Skyline 

Mines, Banning Loadout and other operations. 

112.300 Control Persons 

For information pertaining to this section(s) refer to the General Chapter 1 binder for Canyon Fuel 

Company, LLC prepared for the Dugout Canyon Mine, Soldier Canyon Mine, SUFCO Mine, Skyline 

Mines, Banning Loadout and other operations. INCORPORATED 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

TABLE OF CONTENTS (December 20,1991) 
Section 

110 Minimum Requirements for Legal, Financial, Compliance 
and Related Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-1 

111 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-1 

112 Identification of Interests ................ . ................. 1-1 
112.100 Business Entity .......................... ........ 1--1 
112.200 Applicant and Operator .................... ........ 1-1 
112.300 Control Persons .......................... . . . ..... 1-1 
112.400 Coal Mining and Reclamation Operation 

Permit Applications Previous, Current or Pending ....... 1-2 
112.500 Legal or Equitable Owner of the Surface and 

Mineral Properties to be Mined . . . . . . . . . . . . . . . . . . . . .. 1-4 
112.600 Owners of Record of Property Contiguous 

to Proposed Permit Area. . . . . . . . . . . . . . . . . . . . . . . . . .. 1-6 
112.700 MSHA Numbers .................... .. .. . . .... . ... '1-7 
112.800 Interest in Contiguous Lands . . . . . . . . . . . . . . . . . . . . . . .. 1-7 
112.900 Certification of Submitted Information .... ... ...... . .... 1-7 

113 Violation Information. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-7 

114 Right-of-Entry Information . ... ................ . ..... .. .... . 1-7 

115 Status of Unsuitability Claims . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-14 

116 Permit Term ............ ... ..... ....................... 1-14 

117 Insurance Certificate and Proof of Publication ................. 1-17 

118 Filing Fee ................ ....... . . . ... . .... . .... .. ... 1-17 

120 Permit Application Format and Contents ............ ... ... . ........ 1-17 

130 Reporting and Technical Data ....... ..... ........ . .... . ......... 1-17 

140 Maps and Plans ................. ............... .. ........... 1-19 

150 Completeness 1-19 

INCORPORATED 

1-ii i4PR 1 9 20tB 

Div. of Oil, Gas & Mining 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Appendix 

LIST OF APPENDICES 

(Appendices appear in Volume 4) 

1-1 Legal Right-ot-Entry Documents 

1-2 Lease Documents 

1-3 Newspaper Advertisement 

1-4 Filing Fee Receipt 

1-iii 

Mining and Reclamation Plan 
October 2017 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

112.400 Coal Mining and Reclamation Operation Permit Applications 

Previous, Current or Pending 

The following list describes permits held by Canyon Fuel Company, LLC, pending applications for 

permits, and permits recognized as necessary in the future for which no application has been filed. 

Identification numbers of applications or permits are contained in the following list. Many of the 

agencies listed, however, have review responsibility only and may not have submitted a numbered 1 

permit. 

Permit 

Mining and Reclamation 
Permit C/041/002 

U.P.D.E.S. Permit 
UT-0022918 

Disposal for Water 
Discharge 

Business License 

Mine Health and Safety 
Permits 42-00089 

ID No. 
1211-UT-09-00089-01 

Radio Permits 

Approval Status/ 
Issuing Authority Identification No. 

State of Utah Approved 
Department of Natural Resources 
Division of Oil, Gas and Mining 

Department of Interior 
U.S. Geological Survey and 
Office of Surface Mining 

Department of Agriculture 
U.S. Forest Service 
Fishlake National Forest and 
Manti La Sal National Forest 

Environmental Protection Agency 
and Utah D.E.Q. 

Utah Department of Health 

Sevier County 

Mine Safety and Health 
Administration - Utah 

Mine Safety and Health 
Administration 

Federal CommuniGations 
Commission 

1-2 

Approved 

Approved 

Approved 

Approved 

Waste Rock Disposal 
Area Construction Plan 

Approved 

INCORPORATED 

APR 1 9 2018 

Div. of Oil, Gas & Minina 
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) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Certificate of 
Insurance and 
Authorization to do 
Business in State 

Public Water Supply 
Permit #21020 

Radiation Control 

Special Use 
4078-2 

Air Quality 
Approval Orders 

Water Rights 

Mining and Reclamation Plan 
October 2017 

State Industrial Development Approved 
Commission 

State of Utah Approved 
Department of Health 
Division of Environmental Health 

State of Utah Approved 
Department of Environmental 
Quality, Division of Radiation 
Control 

U.S. Forest Service Approved 
Fishlake National Forest 

State of Utah Approved 
Utah Air Conservation Committee 
Department of Health 
Division of Environmental Health 

State Engineer Approved 

A table of the Canyon Fuel Company, LLC mining permits and operations is located in General 

Chapter 1. 

SUFCO Mine C/041/002 

The issuing authority for the Canyon Fuel Company, LLC permits is the UDOGM. 

Operations held by Canyon Fuel Company, LLC and corporate structure are presented on Figure 

1-1 in the General Chapter 1 for Canyon Fuel Company, LLC. Facility names, mailing addresses 

and permit numbers for these operations are provided in either Table 1-1 and/or Table 1-2. For 

additional information refer to the General Chapter 1 binder for Canyon Fuel Company, LLC. 

1-3 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

112.500 Legal or Equitable Owner of the Surface and Mineral Properties 

Owner of the surface under Federal Coal Leases U-062453, SL-062583, U-0149084, U-047080, 

U-063214, U-28297, UTU-76195, UTU-84102 and State of Utah Coal Lease ML 49443-0BA is: 

United States of America 

Department of Agriculture 

U.S. Forest Service 

Fishlake National Forest 

115 East 900 North 

Richfield, Utah 84701 

United States of America 

Department of Agriculture 

U.S. Forest Service 

Manti-La Sal Forest 

599 West Price River Drive 

Price, Utah 84501 

United States of America 

Department of Interior 

Bureau of Land Management 

Price Coal Office 

125 South 600 West 

Price, Utah 84501 

Lessee for the Federal Goal Leases and State of Utah Coal Lease is: 

Canyon Fuel Company, LLC 

225 North 5th Street, 9th Floor 

Grand Junction, CO 81501 

Telephone: (970) 263-5130 

1-4 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

The Bureau of Land Management owns the mineral rights for the Federal Coal Leases and the 

State of Utah owns the mineral rights for the State Coal Lease. 

United States of America 

Department of Interior 

Bureau of Land Management 

Price Coal Office 

125 South 60.0 West 

Price, Utah 84501 

State of Utah 

School and Institutional Trust Lands Administration 

675 East 500 South, Suite 500 

Salt Lake City, Utah 84102-2818 

The Applicant owns 640 acres of coal within the lease area. Surface ownership of these acres is 

listed below: 

Neal J. Mortensen 
c/o UNELCO, Inc. 
Aurora, Utah 84620 

Roger E. Nielsen and Ruth Nielsen 
515 East 240 North 
Salina, Utah 84654 

Canyon Fuel Company, LLC 
225 North 5th Street, 9th Floor 
Grand Junction, CO 81501 
Telephone: (970) 263-5130 

A property ownership map of the permit area and adjacent area is presented as Plate 5-6. The 

Greens Hollow Lease tract contains approximately 79 acres of Fishlake National Forest, the 

remainder of the tract's surface is managed by the Manti-La Sal Forest. 

No area within the lands to be affected by surface operations and facilities or within the area of coal 

to be mined is under a real estate contract. 

1-5 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

Coal mining and reclamation operations are listed on Table 1-1 and the corporate structures is 

presented on Figure 1-1 in the General Chapter 1 binder. 

112.600 Owners of Record of Property Contiguous to Proposed Permit Area 

The following list contains the names and addresses of all owners of surface lands contiguous to 

the permit boundary: 

United States of America 
Department of Agriculture 
U.S. Forest Service 
Fishlake National Forest 
115 East 900 North 
Richfield, Utah 84701 

United States of America 
Department of Agriculture 
U.S. Forest Service 
Manti-La Sal National Forest 
599 West Price River Drive 
Price, Utah 84501 

State of Utah 
School and Institutional Trust Lands Administration 
675 East 500 South, Suite 500 
Salt Lake City, Utah 84102-2818 

United States of America 
Department of Interior 
Bureau of Land Management 
Price Coal Office 
125 South 600 West 
Price, Utah 84501 

The following list contains the names and addresses of the owners of mineral acreage contiguous 

to the permit boundary: 

State of Utah 
School and Institutional Trust Lands Administration 
675 East 500 South, Suite 500 
Salt Lake City, Utah 84102-2818 

1-6 
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Canyon Fuel Company, LLC 
SUFCO Mine 

United States of America 
Department of Interior 
Bureau of Land Management 
Price Coal Office 
125 South 600 West 
Price, Utah 84501 

112.700 MSHA Numbers 

Mine ID No. 42-00089, Waste Rock ID No. 1211-UT-09-00089-01 . 

112.800 Interest in Contiguous Lands 

Mining and Reclamation Plan 
October 2017 

The applicant owns or controls, directly or indirectly, no legal or equitable interest in any lands 

contiguous to the permit area. 

112.900 Certification of Submitted Information 

Canyon Fuel Company, LLC hereby attests that the information contained in this permit document 

is true and correct to the best of their knowledge. 

113 Violation Information 

For violation information refer to Table 1-2 in the General Chapter 1 binder for Canyon Fuel 

Company, LLC prepared for the operations. 

114 Right-of-Entry Information 

Copies of documents granting the legal right to enter and begin underground coal mining activities 

have not changed with the acquisition. They can be found in Appendix 1.1 Mining and Reclamation 

Plan for the SUFCO Mine, which is unmodified by this Notice of Change in Ownership and Control 

Information. 

1-7 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

The right to enter the leaseholds conveyed by the Federal Coal Leases is conferred to the lessee 

by the Mineral Leasing Act of 1920 and the leases themselves. Copies of Federal Coal Leases 

U-47080, U-28297, U-62453, U-149084, U-63214, UTU-76195, UTU-911 08 (ROW) ,SL-062583, 

UTU-84102 and State of Utah Coal Lease ML 49443-0BA which grant the right to enter and 

conduct underground mining operations on the leased premises are presented in Appendix 1-2 

Mining and Reclamation Plan for the SUFCO Mine. Appendix 1-2 is unmodified by this Notice of 

Change in Ownership and Control Information. 

Federal Coal Lease SL-062583 grants the right to use lands for the construction and utilization of 

surface facilities necessary for underground coal mining. 

BLM Lease UTU-84102 is in the process of being issued to Sufco. Once the lease/tract is issued 

to Canyon Fuel Company, LLC a copy of the documents will be incorporated into Appendix 1-2. 

The legal description of the SUFCO coal leases: 

Federal Coal Lease U-28297 - (716.51 acres +/-) - Approved January 1979 

Modified January 2012 

T. 21 S., R. 5 E, SLM, Utah 

Sec. 32, lot 1, N1/2S1/2 

Sec. 33, NW1/4SW1/4 

T. 22 S., R. 5 E., SLM, Utah 

Sec. 5, W1/2W1/2; 

Sec. 7, S1/2NE1 /4, E1/2SW1/4, W1/2SE1/4; 

Sec. 8, W1/2NW1/4. 

Federal Coal Lease U-062453 - (480 acres +/-) - Approved March 1962 

T. 21 S., R. 5 E., SLM, Utah 

Sec. 28, SW1/4SW1/4 

Sec. 29, SE1/4SE1/4 

Sec. 32, N1/2 

1-8 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Sec. 33, W1/2NW1/4 

Mining and Reclamation Plan 
October 2017 

Federal Coal Lease U-0149084 - (240 acres +/-) - Approved June 1966 

T. 22 S., R. 4 E., SLM, Utah 

Sec. 12, NE1/4 and N112SE1/4 

Federal Coal Lease SL-062583 - (3,079.83 acres +/-) - Approved September 1941 

T. 21 S., R. 4 E., SLM, Utah 

Sec. 36, S1/2 

T. 21 S., R. 5 E., SLM, Utah 

Sec. 31, all; 

T. 22 S., R. 4 E., SLM, Utah 

Sec. 1, lots 1 to 4, S1/2N1/2, S1/2 

Sec. 2, SE1/4, S1/2SW1/4; 

Sec. 3, SE1/4SE1/4; 

Sec. 10, E1/2NE1/4, NE1/4SE1/4; 

Sec. 11, N1/2, N1/2S1/2; 

Sec. 12, NW1/4 

T. 22 S., R. 5 E., SLM, Utah 

Sec. 6, all; 

Sec. 7, N1/2NE1/4, E1/2NW1/4 

Modified January 1973, December 2009 

Federal Coal Lease U-47080 - (1,953.73 acres +/-) - Approved October 1981 

Modified December 2009 

T. 21 S., R. 4 E., SLM, Utah 

Sec. 25, all; 

Sec. 35, E1/2, E1/2SW1/4; 

Sec. 36, N1/2. 

T. 21 S., R. 5 E., SLM, Utah 

Sec. 30, lots 2-4, W1/2SE1/4 

1-9 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

T. 22 S., R. 4 E., SLM, Utah 

Sec. 2, lots 1-4, S1/2NE1/4, S1/2NW1/4, N1/2SW1/4; 

Sec. 3, NE1/4SE1/4 

Federal Coal Lease U-63214 - (6336.34 acres +/-) - Approved July 1989 

Modified June 1999, December 2009, May 2011, January 2017 

Tract 1: 

t. 21 S., R. 4 E., SLM, Utah 

Sec. 12, E1/2SE1/4 

Sec. 13, E1/2NE1/4, S1/2 

Sec. 14, E1/2SW1/4, SE1/4 

Sec. 23, E1/2, E1/2W1/2 

Sec. 24, all. 

. T. 21 S., R. 5 E., SLM, Utah 

Sec. 16, W1/2NW1/4, W1/2SW1/4, W1/2E1/2NW1/4, W1/2E1/2SW1/4 

Sec. 17-19, all 

Sec. 20, NE1/4, W1/2 SE1/4, SW1/4, NW1/4 

Sec. 21, W1/2NW1/4, W1/2E1/2NW1/4 

Sec. 26, W1/2NW1/4SW1/4, SW1/4SW1/4 

Sec. 27, NE1/4, SE1/4, S1/2SW1/4, S1/2N1/2SW1/4 

Sec. 28, S1/2SE1/4, S1/2N1/2SE1/4, S1/2N1/2SW1/4, SE1/4SW1/4 

Sec. 29, S1/2NE1/4SE1/4 

Sec. 30, lot 1, N1/2NE1/4 

Sec. 33, NE1/4, E1/2NW1/4, NE1/4SW1/4, N1/2SE1/4 

Sec. 34, NW1/4NE1/4, NW1/4, NW1/4SW1/4. 

Tract 3: 

T. 21 S., R. 4 E., SLM, Utah 

Sec. 26, E1/2, E1/2SW1/4; 

Sec. 35, NW1/4, W1/2SW1/4. 

1-10 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

Federal Coal Lease UTU-76195 - (4,148.15 acres +/-) - Approved October 1999 

Modified December 2006, January 2017 

T. 21 S., R. 5 E., SLM 

Sec. 2, lots 3,4, S1/2SW1/4, SW1/4SE1/4 

Sec. 10, NE1/4NE1/4 

Sec. 11, NE1/4, SE1/4, NW1/4NW1/4, NE1/4NW14, 

SE1/4NW1/4, N1/2SW1/4NW1/4, SW1/4SW1/4NW1/4, 

E1/2SW1/4, E1/2NW1/4SW1/4,SE1/4SW1/4NW1/4 

Sec. 12, S1/2SW1/4, NW1/4SW1/4 

Sec. 13, NW1/4, S1/2 

Sec. 14, NE1/4, E1/2NW1/4, E1/2E1/2SE1/4 

Sec. 22, S1/2S1/2SE1/4 

Sec. 23, SE1/4, E1/2SW1/4, S1/2SW1/4SW1/4, S1/2SE1/4NW1/4, 

SE1/4NW1/4NE1/4, S1/2NE1/4NE1/4, NE1/4NE1/4NE1/4, 

S1/2SW1/4NE1/4, NE1/4SW1/4NE1/4, SE1/4NE1/4 

Sec. 24, all 

Sec. 25, N1/2, N1/2S1/2 

Sec. 26, N1/2, NE1/4SW1/4, E1/2NW1/4SW1/4, SE1/4 

T. 21 S., R. 6 E., SLM 

Sec. 19, lots 3-4, E1/2SW1/4 

Sec. 30, lots 1-3, E1/2NW1/4, NE1/4SW1/4 

Federal Coal Lease UTU-84102 - (6,175.39 acres) - Effective April 1, 2017 

T. 20 S., R. 4 E., SLM 

Sec. 36, lot 4, E1/2NE1/4, NE1/4SE1/4 

T. 20 S., R. 5 E., SLM 

Sec. 19, lots 5-8, E1/2SW1/4, SE1/4 

Sec. 20, S1/2 

Sec. 21, W1/2SW1/4 

Sec. 28, W1/2 
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SUFCO Mine 

Sec. 29, all 

Sec. 30, all 

Sec. 31, all 

Sec. 32, N1/2, N1/2S1/2 

Sec. 33, NW1/4NW1/4 

T. 21 S., R. 4 E., SLM 

Sec. 1, all 

Sec. 2, SE1/4 

Sec. 11, E1/2, E1/2W1/2 

Sec. 12, NE1/4, W1/2, W1/2SE1/4 

Sec. 13, W1/2NE1/4, NW1/4 

Sec. 14, NE1/4, E1/2NW1/4 

T. 21 S., R. 5 E., SLM 

Sec. 6, all 

Mining and Reclamation Plan 
October 2017 

BLM Right-of-Way UTU-91108 (70 Acres +1-) - Approved June 4,2015 

T. 21 S., R. 4 E., SLB&M 

Sec. 1, E1/2SE1/4SE1/4, SE1/4NE1/4SE1/4 

Sec. 12, E1/2E1/2NE1/4 

State of Utah Coal Lease ML 49443-0BA - (2,294.19 acres +1-) - Approved October 2004 

Modified June 2015, February 2017 

T. 20 S., R. 5 E., SLB&M 

Sec. 32: S1/2S1/2 

T. 21 S., R. 5 E., SLB&M 

Sec. 4: lots 1- 4, S1/2S1/2 

Sec. 5: lots 1- 4, S1/2S1/2 

Sec. 7: lots 1- 4, NE1/4, SE1/4, 

Sec. 8: All 

Sec. 9: All 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

Canyon Fuel Company, LLC acquired the right to entry on these properties in the 

merger described in Section 111 herein above. 

In addition, the SUFCO Mine permit area includes certain fee lands owned by Canyon 

Fuel Company, LLC as follows: 

T. 21 S., R. 5 E., SLB&M, Utah 

Sec. 29, SW1/4, NW1/4, W1/2NE1/4, W1/2SE1/4 

Sec. 30, S1/2NE1/4, E1/2SE1/4 

containing 640.00 acres +1-

T. 22 S., R. 4 E., SLB&M, Utah 

Sec. 18, NE1/4, SE1/4NW1/4, NE1/4SE1/4 

containing 240 acres +1-

The name of the owner of these fee lands changed from Coastal States Energy 

Company to Canyon Fuel Company, LLC as a result of the merger transaction described in 

Section 111 hereinabove. 

The SUFCO Mine also uses certain Forest Service lands in its operation for a spring 

collection system, pumphouse, water transmission line, sanitary discharge line, sanitary 

drainfield, access road to the sediment pond, and 25 KV powerline. These USFS special use 

permit areas are shown on Plate 5-6 through portions of: 

T. 22 S., R. 4 E., SLB&M, Utah 

Sec. 12, S1/2 

containing 28.5 acres 

The name of the permittee changed from Southern Utah Fuel Company to Canyon Fuel 

Company, LLC pursuant to the merger described in Section 111 herein above. 

The total lease area includes 23,129.95 acres of Federal coal leases, 70 acres of BLM 

R-O-W, 2,294.19 acres of State of Utah coal leases, 640 acres of fee coal leas 0 
ORATED 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

acres waste rock disposal site and 28.5 acres under U.S. Forest Service special use permit for 

a total of 26,402.64 acres. 

115 Status of Unsuitability Claims 

To the best knowledge of Canyon Fuel Company, LLC, no portion of the area to be 

permitted is designated, or under study for being designated, unsuitable for mining. 

Since the SUFCO Mine was in production before passage of the Surface Mining Control 

and Reclamation Act of 1977, the unsuitability criteria were not applied to the existing surface 

facilities. 

Canyon Fuel Company, LLC does not propose to conduct coal mining or reclamation 

operations within 300 feet of any occupied dwelling. Coal mining and reclamation operations 

have been or will be conducted within 100 feet of a public road, see Section 5.2.1.1 for details. 

Forest Service approval to conduct coal mining and reclamation operations within 100 feet of 

the Link Canyon forest service road is located in Appendix 1-1 and the newspaper 

advertisement for public comment is located in Appendix 1-3. 

116 Permit Term 

The following information is presented to identify permit term requirements and 

stipulations. Canyon Fuel Company will be operating the SUFCO Mine with continuous miner 

and longwall mining methods. The estimated number of total surface acres to be affected over 

the entire mining operation is 96.42 acres +/- . 

ACTUAL AREA 
CURRENTLY 

DISTURBED TO 
BE RECLAIMED 

17.405 
0.39 

SITE DESCRIPTION 
Mine Site, East Spring Canyon 
Spring Collection Field, Convulsion Cyn. 

PERMITTED 
DISTURBED 

AREA 
BOUNDARY 

30.210 
0.967 
0.220 0.075 Pump House, Convulsion Cany , ACOAPORATED 
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Mining and Reclamation Plan 
October 2017 

0.784 
1.595 
0.286 
1.774 
0.302 
0.396 
0.287 
0.245 
0.380 
0.45 

.58.52 
96.416 

0.40 
0.193 
0.017 
0.70 
0.017 
0.017 
0.18 
0.12 
0.18 
0.351 
28.78 

48.825 

Leach Field, Convulsion Canyon 
Water Tank, East Spring Canyon 
3 East Portals 
4 East Portals 
South Portals 
Quitchupah Portals 
Link Canyon Substation No. 1 
Link Canyon Substation No.2 
Link Canyon Portal 
Sinkhole 
Waste Rock Dispo.sal Site* 
Totals Acres +1-

*Includes acreage from pre-expansion disturbance and Phase 1 and 2 construction 
disturbance 

The legal description of the SUFCO permit area: 

Mine $ite Facility, Water Tank, South Portals, Spring Collecti.on Field, Pump House, 
Pipeline, Leachfield (Approximately 64.40 acres +1- ) 

T. 22 S., R. 4 E., SLBM, Utah 
Section 12: A Portion of the following: 

E1/2NW1/4, SW1/4NW1/4NE1/4, S1/2 
Portals - 3 East, 4 East, Quitchupah and Link Canyon, Link Canyon Substation No. 1 

and No.2 (Approximately 3.368 acres +1-) 
T. 21 S., R. 5 E., SLBM, Utah 
Section 26: A Portion of the following: 

SE1/4SW1/4SW1/4NW1/4, E1/2NW1/4NW1/4SW1/4 
SE1/4NE1/4SW1/4SW1/4 

Section 29: A Portion of the following: 
NW1/4NW1/4SW1/4SE1/4, NE1/4NW1/4SE1/4SW1/4, 
NE1/4NE1/4SE1/4SW1/4 

Section 32: A Portion of the following: 
NE1/4SW1/4SW1/4NE1/4 

Waste Rock Disposal Site (Approximately 81.25 acres +1-) 
T. 22 S., R. 4 E., SLBM, Utah 
Section 18*: S1/2NW1/4NE1/4, S1/2N1/2NW1/4NE1/4, 

S1/2S1/2NE1/4NW1/4NW1/4NE1/4, S1/2S1/2NW1/4NE1/4NW1/4NE1/4, 
W1/2SW1/4NE1/4NE1/4,W1/2E1/2SW1/4NE1/4NE1/4, S1/2SW1/4NW1/4NE1/4NE1/4, 
S1/2N1/2SW1/4NW1/4NE1/4NE1/4, SW1/4SE1/4NW1/4NE1/4NE1/4, 
W1/2E1/2SW1/4NE1/4NE1/4,NW1/4SW1/4NE1/4, W1/2NE1/4SW1/4NE1/4, 
NW1/4SW1/4SW1/4NE1/4, N1/2NE1/4SW1/4SW1/4NE1/4, SW1/4NE1/4NE1/4SW1/4NE1/4, 
N1/2NE1/4NE1/4SW1/4NE1/4, N1/2NW1/4SE1/4SW1/4NE1/4, NE1/4NE1/4SE1/4NW1/4, 
SE1/4NW1/4NE1/4SE1/4NW1/4, S1/2NE1/4SE1/4NW1/4, S1/2SE1/4NW1/4 F~1 ' lld4 

P RATED 
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Mining and Reclamation Plan 
October 2017 

NE1/4SW1/4SE1/4NW1/4, N1/2SE1/4SE1/4NW1/4 

* Excluding county/state road(s) and the features associated with the road(s) such as 
right-of-way, turn-offs and drainage controls such as ditches, culverts, etc. 

North Water Mitigation Area (Approximately 542.260 acres +/-) 
T. 21 S., R. 5 E., SLBM, Utah 
Section 2: A Portion of the following: 

SW1/4SW1/4SW1/4 
Section 3: A Portion of the following: 

S1/2SE1(4 
Section 10: A Portion of the following: 

NE1/4, N1/2NE1/4SE1/4 
Section 11: A Portion of the following: 

W1/2NW1/4, W1/2SE1/4NW1/4, E1/2SW1/4, E1/2NW1/4SW1/4, 
S1/2SE1/4, NW1/4SE1/4, S1/2NE1/4SE1/4 

Section 12: A Portion of the following: 
W1/2SW1/4 

Section 14: A Portion of the following: 
W1/2N.E1/4, NE1/4NW1/4 

Sinkhole (Approximately 0.45 acres +/-) 
T.22. S., R.4.E. 

Section 2 Portion of the SW1/4NE1/4 

PERMITTED 
AREA 

BOUNDARIES 
64.40 
0.286 
1.774 
0.396 
0.287 
0.245 
0.380 
81.25 

542.26 
0.45 

691.728 acres +/-

SITE DESCRIPTION 
SUFCO Main Facilities Complex 
3 East Portals 
4 East Portals 
Quitchupah Portals 
Link Canyon Substation No. 1 
Link Canyon Substation No.2 
Link Canyon Portal 
Waste Rock Disposal Site 
North Water Mitigation Area 
Sinkhole 

TOTAL 

The permit area boundary, which is shown on Plate 5-6, includes portion of Federal 

NCORPORATEO 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
October 2017 

coal leases, fee coal leases, the waste rock disposal site and U.S. Forest Service special use 

permit areas for a total of 691. 728acres +/-. 

117 Insurance and Proof of Publication 

Certificates of Insurance issued to Canyon Fuel Company, LLC are located in the 

General Chapter 1 binder as prepared for the operations and on file with the Division. 

iThe newspaper advertisement appears in Appendix 1-3. Verification of the 

advertisement appearing in the appropriate newspapers will be added to Appendix 1-3 and 

submitted to the Division no later than 4 weeks after publication. 

118 Filing Fee 

. A photocopy of the receipt is presented in Appendix 1-4 as proof of payment of the 

permit filing fee. 

120 Permit Application Format and Contents 

The permit application contains clear, concise, current information, in the format 

required by the UDOGM. 

130 Reporting of Technical Data 

All technical data submitted in the permit application is accompanied by the names of 

persons or organizations that collected and analyzed the data. The technical data also contains 

the dates of collection and analysis of the data, and descriptions of the method used to collect 

and analyze data. A professional qualified in the subject, planed or directed the technical 

analyses. 
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SUFCO Mine 

3 Right 4 East Panel(s) 

Mining and Reclamation Plan 
October 2017 

Mining of this panel(s) will stratle Leases U-63214 and U-62453 which are referred to as 

the Quitchupah Tract throughout the M&RP in text, appendices and on drawings. Both leases 

were issued to the permittee in 1989, the tract was originally delineated in 1982. The mine 

plan is shown on Plate 5-7, mining will occur only in the Upper Hiawatha coal seam. 

Overburden is approximately 900 feet or more. An environmental assessment was prepared 

for Lease U-63214 in 1988 and an EIS for the Quitchupah Tract in 1983, a variety of 

information from these assessments are included in the existing M&RP. 

A helicopter survey to locate raptors and migratory bird species was conducted in 1982 

and 1988 by UDWR, USFWS, BLM, and USFS. In 1988 ten golden eagle nests were located 

within the lease boundary, two were active, two were tended and the remaining six were 

inactive. One active nest and two inactive nests were located in Section 33. Bald eagles 

annually visit the area during the winter. No other TES species are know to inhabit the tract. 

The southern portion of the lease area is considered crucial winter range for deer and 

elk. The escarpment in the southeastern portion of the triact wich lies between Quitchupah 

Canyon and Link Canyon is know as a elk migration route, provideing access to th and from the 

winter range from the plateau top. 

Greens Hollow Lease 

Much of the information presented for the permitting of the Greens Hollow Lease (GHL) 

was prepared with a conceptual mine plan assuming full extraction mining, associated 

subsidence and represents maximum impacts in the Bureau of Land Management's 

Environmental Impact Statement (FSEIS). The information in the text represents the 

permittees accepted obligations and commitments, the information provided in appendices from 

the (FSEIS) unless reference specifically is provided as background or baseline for the 

obligations and commitments within the text. 

1-18 

INCORPORATED 

APR f 9 2018 

Div. of Oil. r:' . . 
. ·.:laS & MIning 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

140 Maps and Plans 

Mining and Reclamation Plan 
October 2017 

The maps submitted in this permit application correspond to the format required by the 

regulations. 

Those portions in the mine plan area in which underground coal mining activities 

occurred before August 3,1997, and from August 3, 1977 to May 3, 1978 are presented on 

• Plate 5-1. 

150 Completeness 

CFC believes the information in the permit application for its operations to be complete 

and correct. Reference the Mining and Reclamation Plans for the Dugout Canyon Mine, Soldier 

Canyon Mine, Sufco Mine, Gordon Creek Mines, Skyline Mine, Fossil Rock Mine and Banning 

Loadout operations for additional site specific information. 

REFERENCES: 

U.S. Department of the Interior, Final Supplemental Impact Statement for Leasing 

and Underground Mining of the Greens Hollow Federal Coal Lease Tract UTU-

84102, Sanpete and Sevier Counties, Utah, February 2015 
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Authorization 10: RIC245 
Contact 10: CANYON FUEL 
E><piralion Date: 12131/2034 
Use Code: 521 

U.S. DEPARTMENT OF AGRICULTURE 
FOREST SERVICE 

SPECIAL USE PERMIT 

Authority: ORGANIC ADMINISTRATION ACT June 4,1897 

Page 1 of8 

FS'270Q-4 (10109) 
OMS No. 0596-0082 

CANYON FUEL COMPANY. LLC. C/O BOWlE RESOURCE PARTNERS. LLC ATTN: SCOTT KEHRER ,225 N 5TH 
STREET. SUITE 900 GRAND JUNCTION CO 81501 (hereinafter "the holder") is authorized to use or occupy National 
Forest System lands in the Fishlake National Forest of the National Forest System. subject to the terms and conditions of 
this special use permit (the permit). 

This permit covers 28.5 acres or.04 miles in the Sec. 12. T. 22 S .• A. 4 E .• SALT LAKE MERIDIAN. ("the permit area"). 
as shown on the map attached as Appendix A. this permit issued 'or the purpose of: 

A storage yard to include sediment ponds. coal storage. coal conveyor systems, access roads to sediment ponds and 
coal storage, a load out facility including scales and a building, a guard shack, and trash storage area for the temporary 
storage of refuse. Also Including a spring collection system. culinary water storage tanks. water transmission lines, 
sanitary discharge lines, sanitary drainfield. access roads to utilities, 25 Kv power1lne. and a pumphouse. The total permit 
area is 28.5 acres. 

TERMS AND CONDITIONS 

I. GENERAL TERMS 

A. AUTHORITY. This permit is issued pursuant to ORGANIC ADMINISTRATION ACT June 4, 1897 and 36 CFR Part 
251, Subpart B, as amended, and is subject to their prOvisions. 

B. AUTHORIZED OFFICER. The authorized officer Is the Forest or Grassland Supervisor or a subordinate officer with 
delegated authority. 

C. TERM. This permit shall expire at midnight on 1213112034. approx. 20 years from the date of issuance. 

D. RENEWAL. This permit Is not renewable. Prior to expiration of this permit, the holder may apply for a new permit that 
would renew the use and occupancy authorized by this permit. Applications for a new permit must be submitted at least 6 
months prior to expiration of this permit. Renewal of the use and occupancy authorized by this permit shall be at the sole 
discretion of the authorized officer. At a minimum, before renewing the use and occupancy authorized by this permit. the 
authorized olticer shall require thai (1) the use and occupancy to be authorized by the new permit is consistent with the 
standards and guidelines in the applicable land management plan; (2) the type of use and occupancy to be authorized by 
the new permit is the same as the type of use and occupancy authorized by this permit; and (3) the holder is In 
compliance with all the terms of this permit. The authorized officer may prescribe new terms and conditions when a new 
permit is issued. 

E. AMENDMENT. This permit may be amended in whole or in part by the Forest Service when, at the Mcretion of the 
authorized officer. such action Is deemed necessary or desirable to incorporate new terms that may be required by law, 
regulation, directive. the applicable forest land and resource management plan. or projects and activities implementing a 
land management plan pursuant to 36 CFR Part 215. 

F. COMPUANCE WITH LAWS, REGULATIONS, AND OTHER LEGAL REQUIREMENTS. In exercising the rights and 
privileges granted by this permit, the holder shall comply with all present and future federal laws and regulations and all 
present and luIure state, county, and municipal laws, regulations, and other legal requirements that apply to the permit 
area, to the extent they do not conllict with federal law, regulation, or policy. The Forest Service assumes no responsibility 
for enforcing laws, regulations, and other legal requirements that fall under the jurisdiction of other governmental entities. 

G. NON·EXCLUSIVE USE. The use or occupancy authorized by this permit is not exclusive. The Forest Service reserves 
the right ot access to the permit area, Including a continuing right of physical entry to the permit area for inspection. 
monitoring, or any other purpose consistent with any right or obligation of the United States under any law Q r~u~tion. 
The Forest Service reserves the right to allow olflers to use the permit area in any way that is not inconslste IlWttJi t OR ATE 0 
holder's rights and privileges under this permit, after consultation with all parties involved. Except for any restrictions that 
the holder and the authorized officer agree are necessary to protect the installation and operation of authorized temP-9rary 
improvements, the lands and waters covered by this permit shall remain open to the public for all lawful purposes. APR 1 9 201B 
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H. ASSIGNABJUTY. This permit is not assignable or transferable. 

I. TRANSFER OF TITLE TO THE IMPROVEMENTS. 

1. Notification of Transfer. The holder shall notify the authorized officer when a transfer of title to all or part 
of the authorized improvements Is contemplated. _ 

2. Transfer of Title. Any transfer of title to the improvements covered by this permit shall result in 
tennination of the pennlt. The party who acquires title to the Improvements must submit an application for a 
pennit. The Forest Service is not obligated to issue a new permit to the party who acquires title to the 
improvements. The authorized officer shall determine that the applicant meets requirements under 
applicable federal regulations. 

J. CHANGE IN CONTROL OF THE BUSINESS ENTITY. 

1. Notification of Change in Conlrol. The holder shall notify the authorized officer When a change in control 
of the business entity that holds this pennlt is contemplated. 

a. In the case of a corporation, control is an interest, beneficial or otherwise, of sufficient outstanding voting 
securities or capital of the business so as to pennit the exercise of managerial authority over the actions 
and operations of the corporation or election of a majority of the board of directors of the corporation. 

b. In the case of a partnership, limited partnership, joint venture, or individual entrepreneurship. control is a 
beneficial ownership of or interest in the entity or its capital so as to pennit the exercise of managerial 
authority over the actions and operations of the entity. 

c. In other circumstances. control Is any arrangement under which a third party has the ability to exercise 
management authority over the actions or operations of the business. 

2. Effect of Cha~ge in Control. Any change in control of the business entity as defined in paragraph 1 of 
Ihis clause shall result in termination of Ihis permit. The party acquiring control must submit an application 
for a special use pennit. The Forest Service is not obligated to Issue a new pennit to the party who 
acquires control. The authorized officer shall detennine whether the applicant meets the requirements 
established by applicable federal regulations. 

K. CONVEYANCE OF LANDS COVERED BY THIS PERMIT. The authorized officer shall give the holder at least 90 days 
prior written notice of any pending conveyance of the lands covered by this permit. With the holder's consent. the Forest 
Service may convey the lands covered by this pennit without reserving the right-of-way granted by this permit. If the 
holder does not consent to conveyance without reservation of the right-ot-way. the Forest Service may convey the lands 
covered by this permit only if the lands are subject to the right-of-way granted by this permit. 

II. IMPROVEMENTS 

A. LIMITATIONS ON USE. Nothing in this permit gives or implies permission to build or maintain any structure or facility 
or to conduct any activity, unless specifically authorized by this permij. Any use not specifically authorized by this permit 
must be proposed in accordance with 36 CFR 251.54. Approval of such a proposal through issuance of a new permit or 
permit amendment is at the sole discretion of the authorized officer. 

B. PLANS. All plans for development, layout, construction, reconstruction, or alteration of improvements in the permit 
area, as well as revisions to those plans must be prepared by a professional engineer, architect, landscape architect. or 
other qualified professional based on federal employment standards acceptable to the authorized officer. These plans and 
ptan revisions must have written approval from the authorized officer before they are Implemented. The authorized 0 
may require the holder to fumlsh as-built plans, maps, or surveys upon completion of the work. NCORPOR 
B. CONSTRUCTION. Any construction authorized by this permit shall commence after July 1, 2014 and shall ~e 
completed by October 31,2015. P,PR ,9 201tl 

o 

III. OPERATIONS. 

A. PERIOD OF USE. Use or occupancy of the pennit area shaH be exercised at least 365 days Wr 
i Oil Gas & Minin~J 
sr. ' 

B. CONOmON OF OPERATIONS. The holder shall maintain the authorized Improvements and permit area to standards 
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of repair. orderliness. neatness. sanitallon. and safety acceptable to the authorized Officer and consistent with other 
provisions of this pennit. Standards are subject to periodic change by the authorized officer when deemed necessary to 
meet statutory, regulatory, or policy requirements or to protect nalional forest resources. The holder shall comply with 
inspection requirements deemad appropriate by the authorized officer. 

C. INSPECTION BY THE FOREST SERVICE. The Forest Service shall monitor the holder's operations and reserves the 
right to inspect the permit area and tranSfl'lisslon facilities at any time for compliance with the terms of this permit. The 
holders oblfgations under this permit are not contingent upon any duty 01 the Forest Service to Inspect the permit area or 
transmission facilities. A failure by the Forest Service or other govemmental officials to inspect is not a justification for 
noncompliance with any of the terms and conditions of this permit. 

IV. RIGHTS AND UABILmES 

A. LEGAL EFFECT OF THE PERMIT. This permit, which Is revocable and terminable, is not a contract or a lease. but 
rather a federal license. The benefits and requirements conferred by this authorization are reviewable solely under the 
procedures set forth In 36 CFR Palt 251, Subpart C. and 5 U.S.C. 704. This permit does not constitute a contract tor 
purposes of the Contract Disputes Act, 41 U.s.C. 601. The permit is not real property. does not convey any interest in real 
property. and may not be used as collateral for a loan. 

B. VALID OUTSTANDING RIGHTS. This permit is subject to all valid outstanding rights. Valid outstanding rights Include 
those derived under mining and mineral leasing laws of the United States. The United States is not liable to the holder for 
the exercise of any such right. 

C. ABSENCE OF THIRD-PARTY BENEFICIARY RIGHTS. The parties to this permit do not intend to confer any rights on 
any third party as a beneficiary under this pelmit. 

D. SERVICES NOT PROVIDED. This permit does not provide for the furnishing of road or trail maintenance, water, fire 
protection, search and rescue. or any other such service by a government agency, utility. association. or individual. 

E. RISK OF LOSS. The holder assumes all risk of loss associated with use or occupancy of the permit area. including but 
not limited to theft. vandalism, lire and any fire-fighting activities (Including prescribed bums). avalanches. rising waters, 
winds, falling limbs or trees. and other forces of nalure. If authorized temporary improvements In the permit area are 
destroyed or substantially damaged, the authorized officer shall conduct an analysis to determine whether the 
improvements can be safely occupied in the future and whether rebuilding should be allowed. If rebuilding is not allowed, 
the permit shall terminate. 

F. DAMAGE TO UNITED STATES PROPERTY. The holder has an affirmative duty to protect from damage the land, 
property, and other Interests of the United States. Damage includes but Is not limited to fire suppression costs, damage to 
govemment-owned improvements covered by this permit, and all costs and damages associated with or resulting from the 
release or threatened release of a hazardous material occurring during or as a result 01 activities of the holder or the 
holder'S heirs. assigns, agents, employees, contractors, or lessees on. or related to, the lands, property, and other 
Interests covered by this permit. For purposes of clause IV.F and section V, ·hazardous material" $hall mean (a) any 
hazardous substance under section 101(14) of the Comprehensive Environmental Response. Compensation, and LIability 
Act (CERCLA), 42 U.S.C. § 9601(14); (b) any pollutant or contaminant under section 101(33) of CERCLA. 42 U.S.C. § 
9601 (33); (e) any petroleum product or its derivative. including fuel oil. and waste oils; and (d) any hazardous substance, 
extremely hazardous substance, toxic substance. hazardous waste, ignitable, reactive or corrosive materials. pollutant. 
contaminant. element, compound, mixture, solution or substance thai may pose a present or potential hazard to human 
health or the environment under any applicable environmental laws. 

1. The holder shall avoid damaging or contaminating the environment. including but not limited to the soil, 
vegetation (such as trees, shrubs, and grass). surface water, and groundwater, during the holder's use or 
occupancy of the permit area. If the environment or any government property covered by this permit 
becomes damaged duling the holder's use or occupancy of the permit area. the holder shall Immediately 
repair the damage or replace the damaged Items to the satisfaction of the authorized officer and at no 
expense to the United States. 

2. The holder shall be liable for all injury, loss. or damage. including fire suppression, prevention and 
control of the spread of invasive species. or other costs in connection with rehabilitation or restoration of 
natural resources associated with the use or occupancy authorized by this permit. Compensation shall 
include but not be limited to the value of resources damaged or destroyed, the costs of restoratio 
cleanup. or other mitigation, fire suppression or other types of abatement costs, and all admirB RPORATED 
legal (including attorney's fees). and other costs. Such costs may be deducted from a perforrnance bond 
required under clause IV.I. 

. ,l!.PR 1 9 2018 
3. The holder shall be hable for damage caused by use of the holder or the holder's heirs, assigns, agents, 

Div. of Oll, Gas & Mining 
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employees, contractors, or lessees to all roads and trails of the United States to the same extent as 
providt:ld under clause IV.F.1, except that liability shall not include reasonable and ordinary wear and tear 

G. HEALTH, SAFETY, AND ENVIRONMENTAL PROTECTION. The holder shall promptly abate as completely as 
possible and in compliance with all applicable laws and regulations any activity or condition arising oul of or relating to the 
authOrized use or occupancy that causes or threatens to cause a hazard to public health or the safety of the holder's 
employees or agents or harm to the environment (including areas of vegetation or timber, fish or other wildlife populations, 
their habitats, or any other natural resources). The holder shall prevent impacts to the environment and cultural resources 
by implementing actions Identified in the operating plan to prevent establishment and spread of Invasive species. TM 
holder shall Immediately notify the authorized officer of all serious accidents that occur in connection with such activities. 
The responsibility to protect the health and safety of all persons affected by the use or occupancy authorized by this 
pennit is solely that of the holder. The Forest Service has no duty under Ihe terms of this permit to inspect the permit area 
or operations and activities ot the holder for hazardous conditions or compliance with health and safety standards. 

H. INDEMNIACAnON OF THE UNITED STATES. The holder shall Indemnify, defend, and hold harmless the United 
states for any costs, damages, claims, liabilities, and judgments arising from past. present. and future acts or omissions 
u: U IQ ,Io:dai ki ror."c~t:On ~, .. ,!th !h~ :.:cs or occ:..tpgncy 2ut"'!ori.zerl by t~s ~!t Th!S !ndem!1~f,~-atilJn prov!~i~n inc::I~J(t~~ 
but is not limited to acts and omissions of the holder or the holder's heirs, assigns, agents, employees, contractors, or 
lessees in connection with the use or occupancy authorized by this permit which result In (1) violations of any laws and 
regulations which are now or which may in the future become applicable. and including but not limited to those 
environmental laws listed in clause V.A of this permit; (2) judgments, claims, demands. penalties, or fees assessed 
against the United States; (3) costs, expenses, and damages incurred by the United States: or (4) the release or 
threatened release of any solid waste, hazardous waste, hazardous materials, pollutant, contaminant. oil in any form, or 
petroleum product Into the environment. The authorized officer may prescribe terms that allow the holder to replace, 
repair, restore, or otherwise undertake necessary curative actions to mitigate damages in addition to or as an alternative 
to monetary indemnification. 

I. BONDING. The authorized officer may require the holder t.o fumish a surety bond or other security for any of the 
obligations imposed by the terms and conditions of this permit or any applicable law, regulation, or order. 

V. RESOURCE PROTECTION 

A. COMPLIANCE WITH ENVIRONMENTAL LAWS. The holder shall In connection with the use oJ occupancy authorized 
by this permit comply with all applicable federal, state, and local environmental laws and regulations, including bu, not 
limited to those established pursuant to the Resource Conservation and Recovery Act, as amended, 42 U.S.C. 6901 et 
seq .• the Federal Water Pollution Conlrol Act, as amended, 33 U.S.C. 1251 et seq., the Oil Pollution Act, as amended, 33 
U.S.C. 2701 et seq., the Clean Air Act, as amended, 42 U.S.C. 7401 et seq .• CERCLA, as amended, 42 U.S.C. 9601 el 
seq., the Toxic Substances Control Act, as amended, 15 U.S.C. 2601 et seq., the Federallnsecticido, Fungicide, and 
RodenticIde Act, as amended, 7 U.S.C. 136 et seq., and the Safe Drinking Water Act, as amended, 42 U.S.C. 300t at seq. 

e. VANDALISM. The holder shall take reasonable measures to prevent and discourage vandalism and disorderly conduct 
and when necessary shall contact the appropriate law enforcement officer. 

C. PESTICIDE USE. Pesticides may not be used outside of buildings to control undesirable woody and herbaceous 
vegetation (including aquatic plants), insects, rodents, fish, and other pests and weeds without prior written approval from 
the authorized officer. A request for approval of plaMed uses of pesticides shall be submitted annually by the holder on 
the due date established by the authOrized officer. The report shall cover a 12·monlh period of planned use beginning 3 
months after the reporting date. Information essential for review shall be provided in the fonn specified. Exceptions to this 
schedule may be allowed, subject to emerge cy request and approval, only when unexpected outbreaks of pests or 
weeds require control measures that were not anticipated at the time an annual report was submitted. Only those 
materials registered by the U.S. Environmental Protection Agency for the specific purpose planned shall be considered for 
use on National Forest System lands. Laballnstructions and all appficable laws and regulations shall be strictly followed In 
the application of pesticideS and disposal of excess materials and containers. 

O. ARCHAEOLOGICAL·PALEONTOLOGICAL DISCOVERIES. The holder shall immediately notify the authorized officer 
of all antiquities or other objects of historic or scientific Interest. including but not limited to historic or prehistoric ruins, 
fossils, or artifacts discovered In connection with the use and occupancy authorized by this permi 1; e. Jlolda - a U~'«(f,-0 
these discoveries Intact and in place until directed otherwise by the authorized officer. Protective an'd mit!d e ea~uies 
specified by the au1horlzed officer shall be the responsibility of the holder. 

E. NATIVE AMERICAN GRAVES PROTECTION AND REPATRIATION. In accordance with 25 U.S.<A 2 d~ a ~ 
CFR 10.4, if the holder inadvertently discovers human remains, funerary objects, sacred objects, or objects of cultural 
patrimony on National Forest System lands, the holder shall Immediately cease work in the arel\.Rt the cqif¥:~ye~AA.d!J ~ q i n i n 9 
make a reasonabte eHort to protect and secure the Items. The holder shall immediately notity~me O\h'otized-I ~ffl& by 
telephone of the dlscovery and shall follow up with written confirmation of the discovery. The activity that resulted in the 
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inadvertent discovery may not resume until 30 days after the authorized officer certifies receipt of the written confirmation. 
if resumption of the activity is otherwise lawful, or at any time if a binding written agreement has been executed between 
the Forest Service and the affiliated Indian tribes that adopts a recovery plan for the human remains and objects. 

F. PROTECTION OF HABITAT OF THREATENED, ENDANGERED, AND SENSmVE SPECIES. The location of sites 
within the permit area needing special measures for protection of plants or animals listed as threatened or endangered 
under the Endangered Species Act (ESA) of 1973, 16 U.S.C. 1531 et seq., as amended, or identified as sensitive or 
otherwise requiring special protection by the Regional Forester under Forest Service Manual (FSM) 2670, pursuant to 
consultation conducted under section 7 of the ESA, may be shown on the ground or on a separate map. The map shall be 
attached to this permit as an appendix. The holder shall lake any protective and mitigative measures specified by the 
authorized officer. If protective and mitigative measures prove inadequate, if other sites within the permit area containing 
threatened, endangered, or sensitive species or species otherwise requiring special protection are discovered, or if new 
species are listed as threatened or endangered under the ESA or Identified as sensitive or otherwise requiring special 
protection by the Regional Forester under the FSM, the authorized officer may specify additional protective and mitigative 
measures. Discovery of these sites by the holder or the Forest Service shall be promptly reported to the other party. 

G. CONSENT TO STORE HAZARDOUS MATERIALS. The holder shall not store any hazardous materials at the site 
without prior written approval from the authorized officer. This approval shall not be unreasonably withheld. If the 
authorized officer provides approval, this permit shall include, or in the case of approval provided after this permit is 
issued, shall be amended to Inc/ude specific terms addressing the storage of hazardous materials, including the specific 
type of materials to be stored, the volume. the type of storage, and a spill plan. Such terms shall be proposed by the 
holder and are subject to approval by the authorized officer. 

1. If the holder receives consent to store hazardous material, the holder shall Identify to the Forest Service 
any hazardous material to be stored at the site. Such identification information shall be consistent with 
oolumn (1) of the table of hazardous materials and special prOvisions enumerated at 49 CFR 172.101 
whenever the hazardous material appears in that table. For hazard communication purposes, the holder 
shan maintain Material Safety Data Sheets for any stored hazardous chemicals, consistent with 29 CFR 
1910.1200(c) and (g). In addition, all hazardous materials stored by the holder shall be used, labeled, 
stored, transported. and disposed of in accordance with all applicable federal, state, and local laws and 
regulations. 

2. The holder shall not release any hazardous material as defined in clause IV.F. onto land or into rivers, 
streams, impoundments. or natural or man-made channels leading to them. All prudent and safe attempts 
must be made to contain any release of these materia/so The authorized officer in charge may specify 
specific conditions that must be met, including conditions more stringent than federal. state, and local 
regulations, to prevent releases and protect nalural resources. 

INCORPORATED 
H. CLEANUP AND REMEDIATION 

1. The holder shall immediately notify all appropriate response authorities, including the National RS'S ~. se1 9 2018 
Center and the authorized officer or the authorized officer's deSignated representative, of any oil discharge 
or of the release of a hazardous material in the permit area In an amount greater than ~ceq fll Rlit lac & MinIng 
reportable quantity, in accordance with 33 CFR Part 153. Subpart B, and 40 CFR Part 'S-02. 'Fhl tl'le .> 
purposes of this requirement, ·oil" Is as defmed by section 311(a)(1) of the Clean Water Act. 33 U.S.C. 
1321(a)(1). The holder shall immediately notify the authorized officer or the authorized officer's deSignated 
representative of any release or threatened release of any hazardous material In or near the permit area 
which may be harmful to public health or welfare or which may adversely affect natural resources on 
federal lands. 

2. Except with respect to any federally permitted release as that term is defined under Section 101(10) of 
CERCLA, 42 U.S.C. 9601(10). the holder shall clean up or otherwise remediate any release, threat of 
release, or discharge of hazardous malerials that occurs either In the permit area or in connection with the 
holder's activities in the permit area, regardless of whether those activities are authorized under this permit. 
The holder shall perform cleanup or remediation immediately upon discovery of the release, threat of 
release, or discharge of hazardous materials. The holder shall perform the cleanup or remediation to the 
satisfaction of the authorized officer and at no expense to the United States. Upon revocation or 
termination of this permit, the holder shall deliver the site to the Forest Service 'ree and clear of 
contamiml~ion. . 

I. CERTIFICATION UPON REVOCATION OR TERMINATION. If the holder uses or stores hazardous materials at the 
site. upon revocation or termination of this permit the holder shall provide the Forest Service with a report certified by a 
professional or professionals acceptable to the Forest Service that the permit area is uncontaminated by the presence of 
hazardous materials and that there has not been a release or discharge of hazardous materials upon the permit area, into 
surface water at or near the permit area, or into groundwater below the permit area during the term of the permit. This 
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certification requirement may be waived by the authorized officer when the Forest Service determines that the risks posed 
by the hazardous material are minimal. " a re1ease or discharge has ~rred, the professional or professionals shall 
document and certify that the release or discharge has been fully ramediated and that the pennit area is in compliance 
with all federal, state, and local laws and regulations. 

VI. LAND USE FEE AND ACCOUNTING ISSUES 

A. LAND-USE FEES. The holder shall pay an Initial annuaiJand use fee _as shQwn onJhe blU {oJ co~on for th~ period 
from January 1, 2015 to December 31, 2015, and thereafter on the date shown on the bill for correction, shall pay an 
annual land use fee as determined by the market value of the authorized use. 

B. MODIFICATION OF THE LAND USE FEE. The land use fee may be revised whenever necessary to reflect the markel 
value of the authorized use or occupancy or when the fee system used to calculate the land use fee Is modifled or 
replaced. 

c. FEE PAYMENT ISSUES. 

1. CredjJing of Payments, Payments shall be credited on the date received by the deposit facility, except 
that if a payment Is received on a non-workday, the payment shall not be credited until the next workday. 

2. Disputed Fees. Fees are due and payable by the due date. Disputed fees must be paid in full. 
Adjustments will be made if dictated by an administrative appeal decision, a court decision, or settlement 
terms. 

3. Late Payments 

(a) ~. Porsuant to 31 U.S.C. 3717 et seq., interest shall be charged on any fee amount not paid 
within 30 days from the date it be~me due. The rate of interest assessed shall be the higher of the Prompt 
Payment Act rate or Ihe rate of the current value of funds to the Treasury (i.e., the Treasury tax and loan 
account rate), as prescribed and published annually or quarterly by the Secretary of the Treasury in the 
Federal Register and the Treasury Fiscal Requirements Manual Bulletins. Interest on the principal shall 
accrue from the date the fee amount is due. 

(b) Administrative Costs. H the account becomes delinquent, administrative Costs to cover processing and 
handling the delinquency shall be assessed. 

(c) Penalties. A penalty of 6% per annum shall be assessed on the total amount that is more than 90 days 
delinquent and shall accrue from the same date on which interest charges begin to accrue. 

(d) Tennination for Nonpayment. This pennit shall tenninale without the necessity of prior notice and 
opportunity to comply when any penni. fee payment is 90 calendar days from the due date in arrears. The 
holder shall remain responsible for the delinquent fees. 

4. Administrative Offset and Credit Reporting. Delinquent fees and other charges associated with the 
permit shall be subject to all rights and remedies afforded the United States pursuant to 31 U.S.C. 3711 et 
seq. and common law. Delinquencies are subject to any or all of the following: 

(a) Administrative offset of payments due the holder from the Forest Service. 

(b) If in excess of SO days, referral 10 the Department of the TreasuIY for appropriate collection actiQn as 
provided by 31 U.S.C. 3711(9)(1). 

(c) Offset by the Secretary of the Treasury of any amount due the holder, as pr v 
seq. 

(d) Disclosure to consumer or commercial credit reporting agencies. 

VII. REVOCATION, SUSPENSION, AND TERMINATION 
'0'\\ G~:', & Mining Div. OI I " . ... 

A. REVOCATION AND SUSPENSION. The au1horized officer may not revoke or suspend this permit without the consent 
of the head of the agency that holds this permit. 

B. APPEALS AND REMEDIES. Written decision,S by the authorized officer relatihg to administration of this permit are 
subject to adminis1ratlve appeal pursuant to 36 CFR Part 251, Subpart C, as amended. Revocation or suspension of this 
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permit .hall not give rII. to any claim for daml!lQlSS by the holder egalnet the For.t IeNfce, 

C. TERMINATION. 1111. permit lhaU lermlnal. when by Ita terms a fixed or agreed upon condition. evant, or lime oCcur. 
without any actJcn by the authorized o1flclr. ElCImp(ee Include but are not limited to "raI!on of the permit by II4Ieryna on 
a IPecIIIId date and ttrmhlUon upon change of contRlI of the buaIMu entity. Termfnation of thta pennlt 8hall not Ie4JQ 
n01l0l, a ded$Ion document, or 'rtf InWoMl8f11a1 ana/yIlt or other documentation. T~n of thIt pennlt fa nCit 
subject to admlnle:lratlve appeal and IhID not gr". rt .. to any claim fOt damaga by th. holdllr ~'the f1)rnt ServIce. 

D. RIGHTS AND RE8PONStBILmes UPON REVOCAnOH OR TERMINATION WmtOUT ReNEWAL Upon 
nwocatfon or termlnaJlon or tIlla permit without renewal of the authorf%ed use, lhe holder 8hall remove aD IinIcturIe and 
ImpnMmlent8, except those ownod by the United 8tafIe, within a reasonable pertod pl'llCl1bld by [he authoriZed 01lJcer 
and IhalI I'88tOIU ttlt lite 10 the aatIIfactitwl or Ihe allhOJtzed ellicer. If the hofder fda to remove all ItrucIunta and 
ImprOYemtnta wIItIln the pr8ICI1bed pertod, they ahaII become the pmpa!1y of the UnI1ld Slatn and may be lOkI. 
dee1roved, or othtlWl8e df8pQeed of wt1hout any II$bWy to !he United Staf8t. Howvvw, the holder .Itd nmU'i1lable rot an 
col18 auocIated wtlh thel, removal, including costa of sale and Impoument. cleanup. nf reetoratlon of tt.1I •. 

VIII. MJICEWNEOUI PROVI8IOH8 

A. MEMBlR8 OP CONQREI . No member of or delepl8 to Congreaa or nt!ik*It comm/aaloner shaD benefit from IhIa 
permit either dIrectly or IndfnJclly, ,xQ8pt to thilXt8nt th. aU1hOriDd use provldee a general benefit to IS corporalon. 

8. CURRENT ADDR!88es. The hoidel' and the Forell S-rvtce .hall keep NCtI O1her Informed of curren! mallng 
addrelaee, IncCudlng those neceaary for bUli\g and payment of land UIG feN. 

e. 8UPER8I!OED PERMIT. Thla permit .upetHdeI. tpeOIal .... permildBlgnattd CANYON FUEL COMPANY. LL.C., 
RlCS8 and Rl00f07B02. dated 0112&'2006 and 7f<!111888. 

D. 8UP1RlOR CLAUSU. H thin II a oonflJct belWMn Iny of the precedlng PMItd dsuaea and any or the folfowfng 
c:fauH8, the prececlng prfnIItd cfauIee IhIIt control. 

E. Impr9yIqJtnt ReIpcw1lpn (X33). ,.,. authori%8llon II granted with the exprue underatandng that Ihoold fulUre 
Iocalion of United Slaw Gowmment~ Improvementt or road rfght&-of.way requIre the raIooatIon aI the hoIdel'e 
Improwmera •• UCh relocallon wlJJ be done by, and at the expense of, the hOldlr wilhln tll'888Onabie lIma as apecffIed by 
the avthor\zod of/IQtr. 

INCORPORATED 

Thlt permit .. accepted 8UbJeat to lhe oondltton ... t out abow. APR 19 201B 
, \' 1'-:' 

Di'!. or O~~~G~s & ~Aini n 
Dale: CORPORATE NAME . , I 

~\ 
. 

(CORPORATE SEAL) . I 
t.I . - , 

.... 1\ A() A 
';1~ 

.. 
-'i 

By: A<..L t'" £X, ....... A -r/t'R') 
'E!=" ~~Ph ... m . 

~J.l1 e;J~TJAf~ oR7CEt2- ........ 

ATTE8T~ 

~ C'f.?"J--
I~ . 

(kat 'aLI) 8ecretaty 
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The followfng certificate shall be elC80Utecf ~ the secretary or aaaletant l8Cf8tary of the corporation: 

I, 13,;&'t .r~-I-II:.t . certify that I am the Secl1!ltary 01 the corponstlon lIlat eX9ClJted the abovt 
~; thlt &A" 0; (l" .... CI!I 0 • who Ilgned laid pennlt on behalf of MId Corporallon was then of 
eakI Corporati«l: th .. I knew hlall'ler IIgn1lUre on HId permH Is gtOutne: end that eaId permit was duly IIW*f. eaaled. 
IIIld atteeted to for end on behalf of aa/d CoJl)Orat/on by autllorlty of Its govemlng body • 

. 
-

lCORPORATl.S!;AU .1 ( . 

~ ,~ 
.•. ~ l " 

.' ~ 
,; , 

r ,: " ~: - ( [,'\ j', • .. 
fA¥!, .. 8eaetary) ; I 

~i. . ., :-! 

;~\, -' • k~ 
) , 

: I..... ... 
J ~ '~) '.' 

U." DEPAATM!NTOF AGRICULTURE 
Fol1!l8t-seNroe 

By: 
(AuthorlDed OffIcer Slanaturel 

Alhlake National Forut 

Allen Rowley. Fomt Su~r 

Ode: 

Aoclonllng to 1M PapllWOI1C Re«IctJon Act elf 1995. an agency may not conc1xt or IpOneor. and • pel'lOn II not requll8d to fHPOIId,lo II 
coIIlCllon of Informel<w'l LWeae II dIIpIaya II valid OMS ~ number, n. VIId 0M8 C<lntrol ntnIbet for this InformlJlon coIIclIIon Ie 
058&-0082. TIlt arne Nqund to c:cmpIMiI thIIlnIorrndon ooleolon I. eItIrnntd to .".,. t hour per ~, Inc:IudklQ Iht lime for 
~ In~n •• tI1I8tChI. ~ <1m 1O\IroIII. gIdhIlfnll and maintainIng tho data nHdId, and compftllnll and reviewing the 
co!/eeGon or Informallon. 

lh& U.S. o.s-tment 01 AQI1CtAlIn (USDA) ptOhfb/II cllcM*don ~ 1II111a progtemt end.aMtlet on the bUll of AICG. ClCIor. national 
ortgIn. 8Ot. =' IIKf. ~ ~. au. marfIIJ etaIlI8. f.n6I ttatus. pnnIaIlfIdut, 1'IIIgJon. IIlC\III oltenllllon, gird: 
information. btIIIfI, ,..,. or beC&uIt aB or PII1 or en 1ndMctIa1, IncOme II dIw!VIId from IJPf pAllo UIhIMDI. (Net III 
prOh/bIIed ~ ~ to all progtII11I.) "1IOn8 wIIh dIdWeI wtIQ '*lW. IlIemIIIve rnuna ror communlclllon of progftIIII 
Informallon (8ralU1,1Itge pdnl,lUCIotlPt. 411.0.) IhoUd ~ USDA .. T ARGEr cent« II 2O'.!.1»2eOO (\,'OICt and TOO). 

To "Ie • complaint of dIa1mlnllon, write USDA. DIreoIor. 0tfIc0 of CMI Rghts. 1400 I~ AwnUl, SW. WaHngtOll. DC 
20260+110 or c.o toll "" {888} e32-M2 tvaIcI). TOO \.ell <*I CClf'II.Ict USDA thTo.91loc111 ,...~ Of '* r:.dMJ "*y at (800) m· 
83a9 (TOO) or (888) S77~2 (191~ voIoI).lJSDA It an eqlal oppor\Jn1ty provIdtt' and tmpICJII.,. 

The Prtvacy Ad. of 1874 (5 U.s.C. e62e) and fie FIMdom of ~ IG (5 U.s.C. 562) goY.m the conlldenlllllHy 10 lit proyIded fer 
InfOl"lMUon received by the Fo .... t SIlMoe. 

.. 
~ ': ' .. 

INCORPORATED 

l \ j.JR ! 9 2018 

Div. (.It' Oil G;::)<' & M' . 
j • c •• ;:. . .rnlng 
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Fonn 3400-12 
(Seplember2013) UNITED STATES 

DEPARTMENT OF THE INTERIOR 
BUREAU OF LAND MANAGEMENT 

COAL LEASE 

PART 1. LEASE RIGHTS GRANTED 

Serial Number 

FORM APPROVED 
OMB NO. 1004-0073 
Expires: June 30. 20 16 

UTU-84102 

This lease. entered into by and between the UNITED STATES OF AMERICA. hereinafter called lessor. through the Bureau of Land Management (BLM). and 
(Name and Address) 

hereinafter called lessee, is effective (date) • for a period of 20 years and for so long thereafter as coal is produced in 
leased lands. subject to readjustment oflease terms at the end of the 20th lease year and each lo-year period thereafter. 

Sec. I.This lease is issued pursuant and subject to the terms and provisions of the: 

Ilt The Mineral Leasing Act of 1920, as amended, 30 U.S.C. 181 - 287; or 
n The Mineral Leasing Act for Acquired Lands, 30 U.S.C. 35 I - 359; 
and to the regulations and formal orders of the Secretary of the Interior which are now or hereafter in force, when not inconsistent with the ex 
provisions herein. 

Sec. 2. Lessor, in consideration of any bonuses, rents, and royalties to be paid, and the conditions and covenants to be obsetved as herein set forth, hereby grants and 
leases to lessee the exclusive right and privilege to drill for, mine, extract, remove, or otherwise process and dispose ofthe coal deposits in, upon, or under the 
following described lands: . 
T, 20 S" R. 4 E., SLM, Utah 
sec. 36, lot 4, E~NE~, NE~SE~; 

T. 21 S" R. 4 E., SLM, Utah 
sec, 1, a 11 ; 

T. 20 S" R. 5 E, , 
sec. 19, lots 5-8, 
sec. 20, S~; 

SLM, Utah 
E~W~, SE~; 

sec, 2, SE~; 
T. 21 S., R. 5 E., SLM, Utah 

6, all; 
sec. 11, E~, E~~~; sec. 21, W!.-~W~; 

sec. 28, W~; sec. 12, NE~, W~, W~~E~; 
sec. 13, W~NE~, NW~; sec. 29, all; 
sec, 14, NE~, E~NW~; sec. 30, a 11 ; 

sec. 31, all; 
sec. 32, N~, N~~~; 
sec. 33, NW~NW~. 

containing 6,175. 39 acres, more or less, together with the right to construct such works. buildings, plants, structures, equipment and appliances and the right 
to use such on-lease rights-of-way which may be necessary and convenient in the exercise of the rights and privileges granted, subject to the conditions herein 
provided. 

PART II. TERMS AND CONDITIONS 
Sec. I. (8) RENTAL RATE - Lessee must pay lessor rental annually and in 
advance for each acre or fraction thereof during lite continuance of the lease at the 
rate ofS 3. 00 for each lease year. 

(b) RENTAL CREDITS - Rental will not be credited against either production or 
advance royalties for any year. 

Sec. 2. (a) PRODUCTION ROYALTIES - The royalty will be 8 pcrce'nI of 
the value ofl,he coal as sel forth in the regulations. Royalties are due 10 lessor the 
final day of the monlh succeeding the calendar month in which the royalty 
obligation accrues. 

(b) ADVANCE ROYALTIES - Upon requesl by the lessee, the BLM may accept. 
for a 10lal of not more than 20 years, the payment of advance royalties in lieu of 
conlinued operation, consistent with the regulations. The advance royally will be 
based on a percent oflhe value ofa minimum number of tons delermined in the 
manner eslabl ished by the advance royalty regulalions in en-ect at the time the 
lessee requests approval to pay advance royal lies in lieu of continued operation. 

co · ~ 3. BONDS - Lessee must maintain in the proper office a lease bond in the 
}t ofS . The BLM may require an increase in this 

' .~t when additional coverage is determined appropriate. 

Sec. 4. DILIGENCE - This lease is subject to the conditions of diligent 
develo men! and continued 0 eration, excc t that Ihese conditions are excused 
(Continued on page 2) 

when operations under the lease are inlcrrupted by strikes, the elements. or 
casualties notoltribulablc to the lessee. The lessor, in the public interest, may 
suspend the condition of continued operation upon payment of advance 
royalties in accordance with the regulations in existence al the time of the 
suspension. Lessee's failure to produce coal in commercial quanlities al the 
end of 10 years willterminalc the lease. Lessee must submit an operation and 
reclamation plan for the BLM's approval pursuant to 30 U.S.C. 207(c) prior 
10 conducting any development or mining operations or taking -any other 
action on a lea~ehold which might cause a significant disturbance of the 
environment. 

The lessor reserves the power to assent to or order the suspension of the 
terms and conditions of this lease in ac~ordance I it , . r 8eqlio 3r~f D 
the Mineral Leasing Act, 30 U.S.C. 209. ,.... C 

5. LOGICAL MINING UNIT (LMU) - Either upon aRl!!rg~1 qy #peJ~ of 
the lessee's application or at the direction of the lessof.-ihi~ lea!e:Wilf.flW0me 
an LMU or part of an LMU. subject to the provisions set forth in the 
regulations. ! ' c "i 0 /'1 r:;~ C' ., M' . 

• - , ~ L , • ~.( mJng 
The stipulations establishcd in an LMU approval in effect at the time of LMU 
approval will supersede the relevant inconsistent terms of this lease so long 
os the lease remains committed to the LMU. If the LMU of which this lease 
is a part is dissolved, the lease will then be subject to the lease tenns which 
would have been a lied if the lease had not been included in an LMU. 



Sec. 6. DOCUMENTS, EVIDENCE AND INSPECTION - At such times and in 
such fonn as lessor may prescribe, lessee must furnish detailed statements 
.-: ~ving lhe amonnts and quality of all products removed and sold from the 

):, the proceeds therefrom, and the amount used for production purposes or 
..... dvoidllbly losl. 

Lessee must keep open at all reasonable limes for the inspection by B LM the 
leased premises and all surface and underground improvements, works. 
machinery, ore stockpiles, equipment. and all books, accounts, maps, Dnd 
records relntive to operations. surveys, or investigations on or under the leased 
lands. 

Lessee must allow lessor BCCesS to and copying of documents reasonably 
necessary to verify lessee compliance with terms and conditions of the lease. 

While this lease remains in effect, infonnation obtained under this section will 
be closed to inspection by the public in accordance with the Freedom of 
Information Act (5 U.S.C. 552). 

Sec. 7. DAMAGES TO PROPERTY AND CONDUCT OF OPERATIONS
Lessee must comply at its own expense with 011 reasonable orders of the 
Secretary, respecling diligent operations, prevention OfW8Slt, and protection of 
other resources. 

Lessee must not .conduct exploration operations, other than casual usc, without 
an approved exploration plan. All exploration plans prior 10 Ihc commencement 
ofmining operations within an approved mining permit area must be submitted 
to the BLM. 

Lessee musl cany on all operations in accordance with approved methods and 
practices as provided in the operating regulations, having due regard for the 
prevention ofinjury to life, health, or property, and prevention of waste, damage 
or degradation 10 any land, air, water, cullural, biological, visual, and other 
resources, including mineral deposits and formations of mineral deposits not 
, 'sed hereunder, and to other land uses or users. Lessee must take measures 

cd necessary by lessor 10 accomplish the intent of this lease term. Such 
... urcs may include, but arc not limited to, modification to proposed siting or 

design offacilHies, timing of operations, Bnd specification ofinlerim and finnl 
reclamation procedures. Lessor reserves to itsel fthe right to lease, sell, or 
otherwise dispose of the surface or other mineral deposits in the lands and lhe 
right to continue existing uses and to Duthorize future uses upon or in the leased 
lands, including issuing lea~es for mineral deposits nol covered hereunder and 
approving easements or rights-of-way. Lessor must condition such uses to 
prevent unnecessary or unreasonable interference with righLS oflessee as may be 
consistent with concepts of multiple use and multiple mineral development. 

Sec. 8. PROTECTION OF DIVERSE INTERESTS, AND EQUAL OPPORTU
NITY - Lessee must: pay when due al1l.axes legally assessed and levied under 
the lows ofthe State or Lhe United States: accord all employees complete 
freedom of purchase; pay all wages at least twice each month in lawful money 
of the United States; maintain a safe working environment in accordance with 
standard industry practices; restricl the workday to not more than 8 hours in Bny 
one day for underground workers, except in emergencies; and take measures 
necessary to protect the health and safely of the public. No person under the age 
of 16 years should be employed in any mine below the surface. To the extent 
that laws of the Slate in which the lands arc situated are more reslrictive lhan the 
provisions in this paragraph, then lhe State laws Bpply. 

Lessee wil1 comply with all proviSions of Executive Order No. 11246 of 
September 24, 1965, as amended, and the rules, regulations, and rclevDnt orders 
of tile Secretary of Labor. Neither lessee nor lessee's subcontractors should 
maintain segregated facilities . 

Sec. 15. SPECIAL STIPULATIONS-

(Continued on page 3) 

Sec. 9. (a) TRANSFERS -
This lease may be transferred in whole or in part to any person, 
association or corporation qualified to hold such lease interest. 

This lease may be transferred in whole or in part lO another public body 
or to a person who will mine coal on bellal f of, and for the usc of. the 
public body or to a person who for the limited purpose of crealing a 
security interest in favor of II lender agrees to be obligated 10 mine lhe 
coal on behalfofthe public body. 

This lease may only be transferred in whole or in part to another small 
business qualified under 13 CFR 121. 

Transfers of record litle, working or royalty interest must be approved in 
accordance with the regulations. 

(b) RELINQUISHMENT - The lessee may relinquish in writing at any time all 
rights under this lease or any portion thereof as provided in the regulations. 
Upon lessor's acceptance of the relinquishment, lessee will be relieved of all 
future obligations under the lease or the relinquished portion thereof, 
whichever is applicable. 

Sec. 10. DELIVERY OF PREMISES. REMOVAL OF MACHINERY, 
EQUIPMENT, ETC. - AI such time o~ all portions oflhis lease are returned to 
lessor, lessee must deliver up to lessor the land leased, underground timbering, 
and such other supports and structures necessary for the preservation ofLhe 
mine workings on the leased premises or deposits IUld place all workings in 
condition for suspension or abandonment Within 180 days thereof, lessee 
must remove from Lhe premises all other structures, machinery, equipment, 
tools, and materials that it elecLS to or as required by the BLM. Any such 
slructures, machinery, equipment, tools, and materials remaining on the leased 
lands beyond 180 days, or approved extension thereor, will become the 
property of the lessor, but lessee may either remove any or all such property or 
continue to be liable for the cost of removal and disposal in the amount 
actually incurred by the lessor. Irthe surface is owned by third parties. lessor 
will waive the requirement for removal, provided the third parties do not object 
to such waiver. Lessee must, prior to the termination or bond liability or at any 
other time when required and in accordance with oil applicable laws and 
regulations, reclaim 011 lands the surfa.ce of whic.h has been disturbed, dispose 
of all debris or solid waste, repair the offsile and onsite damage caused by 
lessee's activity or activities incidental thereto, and reclaim access roads or 
trails. 

Sec. II. PROCEEDINGS IN CASE OF DEFAULT - If lessee fails to comply 
with applicable laws. existing regUlations, or the terms, conditions and 
stipulations of Ibis lease, and the noncompliance continues for 30 days after 
wrilten notice thereof, this lease will be subject to cancellalion by the lessor 
only by judicial proceedings. This provision will not be construed to prevent 
the exercise by lessor of any other legal and equitable remedy, including 
waiver of the defaull Any such remedy or waiver will not preventlaler 
cancellation for the same default occurring al any other time. 

Sec. 12. HEIRS AND SUCCESSORS-IN-INTEREST - Each obligation of this 
lease will extend to and be binding upon, and every benefit hereof will inure 
to, the heirs, executors, administrators, successors, or assigns of the respective 
parties hereto. 

Sec. 13. INDEMNIFICATION - Lessee must indemnify and hold hannless the 
United States ITom any and all claims arising out of the lessee's activities and 
operations under this lease. 

Sec. 14. SPECIAL STATUTES - This lease is subject to the Clean Water ACI 
(33 U.S.C. 1252 et seq.), the Clean Air Acl (42 U.S.C. 4274 el seq.). and to all 
other applicable laws pertaining to exploration activities, mining operations 
and reclamation, including the Surface Mini f ~ IJ er A 
1977 (30 U.S.C. 1201 et seq.). 

(Form 3400-12, page 2) 



Sec. 15. SPECIAL STIPULATIONS (Cont'd.)· 

SEE ATTACHED SPECIAL STIPULATIONS 

INCORPORATED 

I\PR 1 9 2018 

Div. of Oil, Gas & Mining 

I (Company or L~ee N{me) r J 

<~ __ ~ C& iLL 0 Edwin L. Roberson 
(BLM) 

(Title) 

3. / JD/J7 
(Date) (Date) 

8 u.s.c. Section 100 I, makes it a crime for any person knowingly and willfully to make to any department or agency of the United States any false, 
fictitious or fraudulent statements or representations as to any matter within its jurisdiction. 

(Continued on page 4) (Fonn 3400·12, page 3) 



NOTICES 

The Privacy Act and 43 CFR 2,48(d) require that you be furnished with the following information in connection with the information 
requested by this form. 
AUTHORITY: 30 U.S.c. 181 - 287 and 30 U.S.c. 351 - 359 permit collection of the information requested by this form. 
PRINCIPAL PURPOSE: The BLM will use the information you provide to process your application and determine if you are eligible 
to hold a coal lease on public lands. 
ROUTINE USES: The BLM will only disclose this information in accordance with the provisions at 43 CFR 2.S6(b) and (c). 
EFFECT OF NOT PROVlDrNG INFORMATION: Submission of the requested in formation is necessary to obtain or retain a benefit. 
Failure to submit all of the requested information or to complete this form may result in delay or preclude the BLM 's acceptance of 
your application for a coal lease. 

The Paperwork Reduction Act requires us to inform you that: 
The BLM collects this information to evaluate and authorize proposed exploration and mining operations on public lands. 
Submission of the requested information is necessary to obtain or retain a benefit. 
You do not have to respond to this or any other Federal agency-sponsored information collection unless it displays a currently valid 
OMB control number. 

BURDEN HOURS STATEMENT: The public reporting burden for this form is estimated to average 25 hours per response when 
the fonn is used under the authority of 43 subpart 3422 (Lease Sales), or 800 hours per response when the form is used under the 
authority of 43 subpart 3430 (Preference Right Leases). The estimated burdens include the time for reviewing instructions, gathering 
and maintaining data, and completing and reviewing the form. You may submit comments regarding the burden estimate or any other 
aspect ofthis form to: U.S. Department of the Interior, Bureau of Land Management (1004-0073), Bureau Information Collection 
Clearance Officer (WO-630), 1849 C Street, Mail Stop 401 LS, Washington. DC 20240. 

(Fonn 3400-12, page 4) 
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SPECIAL STIPULATIONS FOR 

COAL LEASE UTU-84102 

1. In accordance with Sec. 523(b) of the "Surface Mining Control and Reclamation Act of 
1977," surface mining and reclamation operations conducted on this lease are to conform with the 
requirements fthis act and are subject to compliance wi~ Office of Surface Mining regulations, or as 
applicable the Utah program approved under the cooperative agreement in accordance with sec. 
523(c). The United States Government does not warrant that the entire tract will be susceptible to 
mining. 
2. Before undertaking activities that may disturb the surface of previously undisturbed leased 
lands, the lessee may be required to conduct a cultural resource inventory and a paleontological 
appraisal of the areas to be disturbed. These studies shall be conducted by qualified professional 
cultural resource specialists or qualified paleontologists, as appropriate, and a report prepared 
itemizing the findings. A plan will then be submitted making recommendations for the protection of, 
or measures to be taken to mitigate impacts for identified cultural or paleontological resources. 

If cultural resources or paleontological remains (fossils) of significant scientific interest are 
discovered during operations under this lease, the lessee, prior to disturbance, shall immediately 
bring them to the attention of the appropriate authorities. Paleontological remains of significant 
scientific interest do not include leaves, ferns, or dinosaur tracks commonly encountered during 
underground mining operations. 

) ') The cost of conducting the inventory, preparing reports, and carrying out mitigating measures shall 
be borne by the lessee. 

3. If there is reason to believe that Threatened or Endangered (T &E) species of plants or 
animals, or migratory bird species of high Federal interest occur in the area, the Lessee shall be 
required to conduct an intensive field inventory of the area to be disturbed and/or impacted. The 
inventory shall be conducted by a qualified specialist and a report of findings will be prepared. A 
plan will be prepared making recommendations for the protection of these species or action 
necessary to mitigate the disturbance. 

The cost of conducting the inventory, preparing reports, and carrying out mitigating measures shall 
be borne by the lessee. 

4. The Lessee shall be required to perform a study to secure adequate baseline data to quantify 
the existing surface resources on and adjacent to the lease area. Existing data may be used if such 
data are adequate for the intended purposes. The study shall be adequate to locate, quantify, and 
demonstrate the interrelationship of the geology, topography, surface and ground water hydrology, 
vegetation and wildlife. Baseline data will be established so that future programs of observation can 
be incorporated at regular intervals for comparison. INCORPORATED 

l ;~):< 1 9 2018 
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5. Power lines used in conjunction with the mining of coal from this lease shall be constructed 
so as to provide adequate protection for raptors and other large birds. When feasible, power lines 
will be located at least 100 yards from public roads. 

6. The limited area available for mine facilities at the coal outcrop, steep topography, adverse 
winter weather, and physical limitations on the size and design of the access road, are factors which 
will determine the ultimate size of the surface area utilized for the mine. A site specific 
environmental analysis will be prepared for each new mine site development and for major 
modifications to existing developments to examine alternatives and mitigate conflicts. 

7. Consideration will be given to site selection to reduce adverse visual impacts. Where 
alternative sites are available, and each alternative is technically feasible, the alternative involving 
the least damage to the scenery and other resources shall be selected. Permanent structures and 
facilities will be designed, and screening techniques employed, to reduce visual impacts, and where 
possible achieve a final landscape compatible with the natural surroundings. The creation of 
unusual, objectionable, or unnatural land forms and vegetative landscape features will be avoided. 

8. The lessee shall be required to establish a monitoring system to locate, measure, and quantify 
the progressive and final effects of underground mining activities on the topographic surface, 
underground and surface hydrology and vegetation. The monitoring system shall utilize techniques 
which will provide a continuing record of change over time and an analytical method for location 
and measurement of a number of points over the lease area. The monitoring shall incorporate and be 
an extension of the baseline data. 

9. The lessee shall provide for the suppression and control of fugitive dust on haul roads, 
permitted roads, and at coal handling and storage facilities. On National Forest System Roads 
(NFSR), lessees may perform their share of road maintenance by a commensurate share agreement if 
a significant degree of traffic is generated that is not related to their activities. 

10. Except at locations specifically approved by the Authorized Officer, with the concmrence of 
the Forest Service, underground mining operations shall be conducted in such a mariner so as to 
prevent surface subsidence that would: (1) cause the creation of hazardous conditions such as 
potential escarpment failure and land'slides, (2) cause damage to existing surface structures, and (3) 
damage or alter the flow of perennial streams. Where the Forest Service specifically approves 
exceptions to the above restrictions on subsidence, the Jessee shall provide specific measures for the 
protection of escarpments, and determine corrective measures ~o assure that hazardous conditions are 
not created. 

11. In order to avoid surface disturbance on steep canyon slopes and to preclude the need for 
surface access, all surface breakouts for ventilation tunnels shall be constructed from inside the mine, 
except at specifically approved locations. 

12. If removal of timberis required for clearing of construction sites, etc., such timber shall be 
removed in accordance with the regulations of the surface management agenc .NCORPORATED 
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13. The coal contained within, and authorized for mining under this lease, shall be extracted only 
,"' by underground mining methods. 

14. Existing Forest Service owned or permitted surface improvements will need to be protected, 
restored, or replaced to provide for the continuance of current land uses. 

15. In order to protect big game wintering areas, elk calving and deer fawning areas, sagegrouse 
strutting areas, and other critical wildlife habitat and/or activities, specific surface uses outside the 
mine development area may be curtailed during specific periods of the year. 

16. No new surface facilities shall be authorized in sage grouse priority habitat management areas. 

17. Support facilities, structures, equipment, and similar developments will be removed from the 
lease area within 2 years after the final termination of use of such facilities. This provision shall 
apply unless the requirement of Section 10 of the lease form is applicable. Disturbed areas and those 
areas previously occupied by such facilities will be stabilized and rehabilitated, drainages 
reestablished, and the areas returned to a pre-mining land use. 

18. The Lessee at the conclusion of the mining operation, or at other times as surface disturbance 
related to mining may occur, Will replace all damaged, disturbed, or displaced corner monuments 
(section comers, quarter comers, etc.) their accessories and appendages (witness trees, bearing trees, 
etc.), or restore them to their original condition and location, or at other locations that meet the 
requirements of the rectangular surveying system. This work shall be conducted at the expense of 
the Lessee, by Bureau of Land Management (BLM) land surveyors, to the standards and guidelines 
found in the Manual of Surveying Instructions, U.S. Department of Interior. 

19. The Lessee, at their expense, will be responsible to replace any surface water and/or 
developed ground water sources identified in Record of Decision for protection, that may be lost or 
adversely affected by mining operations, with water from an alternate source in sufficient quantity 
and quality to maintain existing riparian habitat, fishery habitat, livestock and wildlife use, or other 
land uses (authorized by 36 CFR 251). 

INCORPORATED 
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Table 1. Spring sources identified for protection during minine operations 
Spring Site IDa Elevation Easting Northing 

M SPOI 8420 465615 4319979 
M SP02 8335 466086 4319977 
M SP04 8812 464246 4319267 
M SP05 8937 464212 4319133 
M SP06 8952 464215 4319121 
M SP08 8820 464754 4317178 
M SP09 8849 464791 4317141 

M SP012 8739 464583 4319397 
M SP015 8811 463884 4316685 
M SP018 8295 465794 4320892 
M SP019 8968 462644 4316124 
M SP020 9395 462191 4316826 
M SP040 9163 463677 4318041 
M SP041 9223 463475 4318025 
M SP045 8505 465156 4319780 
M SP060 8801 462887 4316092 
M SP087 7922 465309 4322427 
M SPIOO 8975 463616 4316719 
M SPI03 8999 463271 4316302 
M SP104 9052 463250 4316335 
M SP105 8971 463233 4316280 
M SPI06 8997 462626 4316155 

B Derived from Table 3.2 in the Greens Hollow Federal Coal Lease Tract Final SEIS 

20. The LicenseelPermitteelLessee must comply with all the rules and regulations of the 
Secretary of Agriculture set forth at Title 36, Chapter il, of the Code of Federal Regulations 
governing the use and management of the National Forest System (NFS) when not inconsistent with 
the rights granted by the Secretary of the Interior in the license/permit/lease. The Secretary of 
Agriculture's rules and regulations must be complied with for (1) all use and occupancy of the NFS 
prior to approval of a permit/operation plan by the Secretary of Interior, (2) uses of all existing 
improvements, such as Forest Development Roads, within and outside the area licensed, permitted or 
leased by the Secretary of Interior, and (3) use and occupancy of the NFS not authorized by a 
permit/operation plan approved by the Secretary of the Interior. 

All matters related to this stipulation are to be addressed to: 
Forest Supervisor 
Manti-LaSal National Forest 
599 West Price River Drive 
Price, Utah 84501 
Telephone No.: 435-637-2817 

who is the authorized representative of the Secretary of Agriculture. 

INCORPORATED 
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21. The licensee/lessee must comply with the Roadless Area Conservation Rule, 36 CFR Part 
294- Special Areas, Subpart B- Protection of Inventoried Roadless Areas, January 12, 2001. 

In addition, on lands within inventoried roadless areas any surface disturbance from authorized 
temporary cross-country motorized access will be restricted to the minimum necessary to safely and 
efficiently complete surface activities. 

22. Notwithstanding the approval of a resource recovery and protection plan (R2P2) by the BLM, 
lessor reserves the right to seek damages against the operator/lessee in the event (i) the 
operator/lessee fails to achieve maximum economic recovery [as defined at 43 CFR § 3 480.0-5(21)] 
of the recoverable coal reserves or (ii) the operator/lessee is determined to have caused a wasting of 
recoverable coal reserves. Damages shall be measured on the basis of the royalty that would have 
been payable on the wasted or unrecovered coal. 

The parties recognize that under an approved R2P2, conditions may require a modification by the 
operator/lessee of that plan. In the event a coal bed or portion thereof is not to be mined or is 
rendered unminable by the operation, the operator shall submit appropriate justification to obtain 
approval by the AO to leave such reserves unmined. Upon approval by the AD, such coal beds or 
portions thereof shall not be subject to damages as described above. Further, nothing in this section 
shall prevent the operator/lessee from exercising its right to relinquish all or a portion of the lease as 
authorized by statute and regulation. 

In the event the AO detennines that the R2P2 as approved will not attain MER as the result of 
changed" conditions, the AO will give proper notice to the operatornessee as required under 
applicable regulations. The AO will order a modification if necessary, identifying additional 
reserves to be mined in order to attain MER. Upon a final administrative or judicial ruling upholding 
such an ordered modification, any reserves left unmined (wasted) under that plan will be subject to 
damages as described in the first paragraph under this section. 

Subject to the right to appeal hereinafter set forth, payment of the value of the royalty on such 
unrnined recoverable coal reserves shall become due and payable upon detennination by the AO that 
the coal reserves have been rendered unminable or at such time that the lessee has demonstrated an 
unwillingness to extract the coal. 

The BLM may enforce this provision either by issuing a written decision requiring payment of the 
Office of Natural Resource Revenue (ONRR) demand for such royalties, or by issuing a notice of 
non-compliance. A decision or notice of non-compliance issued by the lessor that payment is due 
under this stipulation is appealable as allowed by law. 

23. WASTE CERTIFICATION: The lessee shall provide upon abandonmentandlor sealing offa 
mined area and prior to lease tenninatioD/relinquishment, certification to the lessor that, based upon 
a complete search of all the operator's records for the mine and upon their knowledge of past 
operations, there has been no hazardous .substances per (40 CFR 302.4) or used oil as per Utah 
State Management Rule R-315-15, deposited within the lease, either on the surface or underground, 
or that all remedial action necessary has been taken to protect human . ent 
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with respect to anY'such substances remaining on the property. The back-up documentation to be 
provided shall be described by the lessor prior to the first certification and shall include all 
documentation applicable to the Emergency Planning and Community Right-to-know Act (EPCRA, 
Public Law 99-499), Title III of the Superfund Amendments and Reauthorization Act of ]986 or 
equivalent. 

24. ABANDONMENT OF EQUIPMENT: The lessee/operator is responsible for compliance 
with reporting regarding toxic and hazardous material and substances under Federal Law and all 
associated amendments and regulations for the handling such materials on the land surface and in 
underground mine workings. 

The lessee/operator must remove mine equipment and materials not needed for continued operations, 
roof support and mine safety from undergrOlmd workings prior to abandonment of mine sections. 
Exceptions can be approved by the Authorized Officer (BLM) in consultation with the surface 
management agency. Creation of a situation that would prevent removal of such material and by 
retreat or abandonment of mine sections without prior authorization would be considered 
noncompliance with lease terms and conditions and subject to appropriate penalties under the lease. 

25. UNDERGROUND INSPECTION: All safe and accessible areas shall be inspected prior to 
being sealed. The lessee shall notify the Authorized Officer in writing 30 days prior to the sealing of 
any areas in the mine and state the reason for closure. Prior to seals being put into place, the lessee 
shall inspect the area and document any equipment/machinery, hazardous substances, and used oil 
that is to be left underground. 

The purpose of this inspection will be: (l) to provide documentation for compliance with 42 U.S.C. 
9620 section 120(h) and State Management Rule R-315-15, and to assure that certification will be 
meaningful at the time of lease relinquishment, (2) to document the inspection with a mine map 
showing location of equipment/machinery (model, type of fluid, amount remaining, batteries etc.) 
that is proposed to be left underground. In addition, these items will be photographed at the lessee's 
expense and shall be submitted to the Authorized Officer as part of the certification. The 
abandonment of any equipment/machinery shall be on a case by case basis and shall not be 
accomplished unless the Authorized Officer has granted a written approval. 

LEASE NOTICE: 
portions of federal coal lease UTU-84102 are in an inventoried roadless area (IRA) and may be 
subject to restrictions on road construction and timber harvest pursuant to rules and regulations of the 
Secretary of Agriculture pertaining to roadless area management applicable at the time such activities 
may be proposed on the lease. Locations of any proposed surface use will be verified for relationship 
to IRA boundaries using site-specific maps iti'when surface operations are proposed. 
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United States Department of the Interior 
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3452 
UTU-63214 
UTU-76195 
(UT-9223 ) 

CERTIFIED MAIL 
91 7199 9991 7033 9110 6510 

Canyon Fuel Company 
225 North 5th Street 
Suite 900 
Grand Juction, CO 8150 I 

Ulllh Stllte Oflice 
440 West 200 South, Suile 500 
Salt Lake City. UT 84101-1345 

hll!, :i \\ \\ \\ bllll. t.! o\ ut sl len.hlml 

AUG 08 2016 

DECISION 
Coal Leases 
UTU-632 14, and UTU-76195 

Coal Lease Part ia l Relinquishments Accepted 

On March 27, 2015, partial relinquishments, concerning the above noted federal coal leases, were filed in 
the office by Canyon Fuel Company. 

A determination has been made that the partial relinquishment of U-63214 and UTU-76195 is npproved 
as of the date of tiling. The relinquished lands are subject to the continued obligation of the lessee to 
make paymt!nt of all accrued rentals and royalties and to complete the reclamation of the relinquished 
lands. 

The relinquished and retained lands are described as follows : 

Coal lease UTU-63214: 
Relinquished Lands 
T. 21 S., R. 5 E., SLM, Utah 
Tract I: 
Sec. 15, W1 1 ; 

Sec. 16, EI2,EI1EI~Wll; 

Sec. 20, E' 2SE'4; 
Sec. 21, E' 2, E'iE'jNW'~, SW',; 
Sec. 22, 
Sec. 27, 
Sec. 28. 
Sec. 29, 

WI:; 
NW!4, W2N'2SW I 4; 
N'1, Nl iNI 2SI 2; 
E'2NE'~, N':NE'4SE'~; 

Retained Lands 
T. 21 S., R. 4 E., SLM, Utah 
Tract I: 
Sec. 12, EI2SE' 4 ; 

INCORPORATED 

,l\PR 1 9 2018 Sec. 13, E' 2NEI 4, Sli; 
Sec. 14, E':SW' A, SEI 4 ; 

Sec..23, E':, E1 2 W'2; 
Sec. 24, all; !'-;l/. fA Oil, Gas & Mining 

T. 21 S., R. 5 E., SLM, Utah 
Sec. 16, WI:EI 2Wl i, W1 :WI 2: 

Secs. 17-19, all; 
Sec. 20, NEI 4, WI 2, WI.1SEI 4 ; 

Sec. 21, WI 1EI 2NWI 4, WI 2NWI 4 ; 

Sec. 26, WI ~2NWI JSWI~, SWI ~SW'4; 



Conlilining 2,493,36 ilCn:s 

Rclinqlli hed I~ 
Tract 2: 
T. 21 S .. R. 5 E .. SUVI, Utah 
Sec. 10, E' :E' 2SWI4NWI~, SEI.NW'", 

E",S WI~, /:I, lEI ~ \V I. lS \-\/1 ~; 

RclinqLl i ~h c J Lnnd. 
Tract 3: 
None 

Containing 2,490.00 acres 

Coal lease UTU-76195: 
Relinquished Lunds 
T. 21 S., R. 5 E .. SLM, Utah 
Sec. I 0, W'·~NE':I, SE'.NE'~, SE ' 4; 
Sec. J I, SWI4SW~~NWI~, WI~NWI4SWI4, 

sw: .SW'< ~; 

Sec. 14, W',iNW'.i, SWI., WI~NE'4SE'< 4, 
WI, ~SEI4, WI ;S£14SEI~; 

Sec. IS, E' 1; 
Sec. 22, NE'., NI 2 SEI., N';S'iSE'.; 
Sec. 23, NW'.NE', .NE'~, N' iNW'.NE'., 

sw: .N\\T1 ~NE'., NW' 4SW 1 .,NEI., 
NI 2NW l 4, SW'.NW'., N'.:SE'.NW'., 
NW'.SW' :" NI2SW'4SWI •. 

Containing 1,556.51 acres 

Sec. 27. E'~,S'< ~N':S\V'~,S'~S\V' .. ; 
Sec. 28, S' ~N'.S'" SE'·,SW'" SI2SEI,; 
Sec. 19, SI2NEI :.S£1 4 ; 

Sec. 30, 101 I, NI 2NEI 4; 

S('>!;, 33, NE'~, E' :NW~ ,1. NE' ~SWI.I, N' ~SE' 4; 

Sr:~ . 34, NW' ~NE' 4, NW' .. , NW' 15W I .; 

Conlllining 40,00 "cres 

RetaIned Lnnt.ls 
Tract 2: 
None 

Retained Lands 
Tract 3: 
T. 21 S., R. 4 E., SLM, Ulah 
Sec. 26, EI '. E' 2S W1 4 ; 

Sec. 35. NW'4. \\/I~SWI .l; 

Contilining 6,336.34 acres 

Retained Lands 
T. 21 S., R. 6 E .• SLrvl, Utah 
Sec. 19, loIs 3,4, EI 2SWI 4; 
Sec. 30, lots 1-3, EI ~NWI4, NE; 4SW'4, 

T. 21 S., R. 5 E., SLlVl, Utah 
Sec. 10. NEI~NF4; 
Sec. ) I, E':" NI 2NW'4, N'1S'1NW' ·~, 

SEI 4SWI 4NW'4, SI.2SEI 4NW; 4, 
NE' 4SWI., EJ ~NWI4SWI4, SEI 4SE' .1; 

Sec. 12, NW'~SW~~, S'~SWI.; 
Sec. 13, NW'~, SI~; 
Sec. 14, NEI 4, E' 1NW' 4 , E'2E' :SW' .1; 
Sec. 22, NI 2SI 1SEI 4; 

Containing 4,138. I 5 neres 

0111 c 1 C):I (~' 
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The recoverable coal reserves (RCR) are adjusted as follows due to the partial relinquishment of the 
bnds: 

r Federal Leases 
SL-062583 

, UTU-062453 -- ----
UTU-0149084 
UTU-28297 

T Existing RCR 
24,574,745 
~,166.863 
1,017.786 o --- -1-0 -- ----

Nev,. RCR 
24,574.745 
3 , 166 , 86~ 

1,017.786 
3JO~.!.419 

j 
f 

---I 



L; T UA70HO 
I ~j_~-~~2 1-~ 
; l1T t '-76 195 

rot 'l l I . lLI 

, I ~: -c-::! -l::-5:..;.' • __ 3 2,.-3.,-
I 9J .~3".90" 
I .. 1,85°1875 . 
: I \ I . 9), I 
I • ._.. __ • ..-

' 0 
t 26,01),185 
1 17,258.816 
. ",3,~~,~,~~1. 

16._.\ 5. 1~_ 

65,363.7 19 
2"!:'i92.0S9 

: I. H.-\6 ,t) 1-1 

TIlis d~cision may be uppealed to the Int erior 130ard of Land Appeal s, Office of the Sem~lflry, in 
accordance with the regulations contained in 43 CFR, Part 4, and the enclosed Form 1842- I. I f an appc1l1 
is taken, your notice of appeal must be likd in this orti,~ 1.! (at the above address) within 30 cbys nrter 
receipt of thi s decision. The appellant has the burd • .:n of showing that the decision appealed from is in 
CtTor, 

If YOLI wish to flIe a petition (pursuant to regulation 43 CFR 4.2\)(58 FR 4939, January 19, 
1993)irequesl) f'or a stay (suspension) of the effectiveness of tilis decision during the time tll"t your 
appeal is being reviewed by the Board, the petition for a stay must accompany your notice of appeal. A 
petition for a stny is required to show sunieiel1l justificntiol1 based on the standnrds listed below. Copies 
orthe notice ofnppcal and petition for a stny must also be submitted to cach porty named in this decision 
and to the Interior Board of Land Appeals and to the appropriate Onice of Ihc Solicitor (scc 43 CFR 
4.413) at the same time the originnl documents arc lib! in this office. Ifyoll request n stny, YOLI have the 
burden of proo r to demonstmte that a Sin), should be granted. 

S Wlld. rus for Obtnin ing a IllY 

Except as otherwise provided by bw or other pertinent regulation, n petition for a slny of a decision 
pending appeal shall show sufficientjustilicOlion based on the following standards: 

(I) The relative harm to the pnrties if the stay is granted or denied, 
(2) The likelihood orthe appellant's success on the merits, 
(3) The likelihood of immediate and irreparable harm irthe stay is not granted, and 
(4) Whether the public interest favors granting the Slay. 

I f you have any further questions, please call Bill Bugc of this office al (801) 539-4086. 

knnn Whitlock 
Acting State Director 
Utah Slate Oflice 

l j. , .. 
. " . 

cc: Resource Development Coordinating Committee, ATTN : Mineral Lensing Taskforce, 
116 Slate Capital Building, Salt Lake City, Utah 84114 

ONRR, ACM. Solid Minerals Siaff, Attn : LeeAnn Martin. MS62300B, Box 25165. Denver, CO 
80225-0165 

Price Field Office 

Mr. John Gaza, Director, UDOGM, Box 14580 I, Salt Lake City,Utah 84114-580 I 



} ') 

) } 

Allen Rowley. PoreSl Supervisor, Manli , La Sal National Forest, 599 Price River Dr., Price, UT 
84501 
Tillu Garciu, USDA·Forest Service, Southwest Region, 333 Broadway Blvd., SE, Albuquerq~IC:, NM 
87101 
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2.10 Introduction 

CHAPTER 2 

SOILS 

Mining and Reclamation Plan 
April 2018 

This chapter and Volume 3 of this M&RP contains all pertinent information relating to identification, 

management, and reclamation activities associated with the soil resources present in the disturbed 

area of the SUFCO Mine. 

Greens Hollow Lease 

Much of the information presented for the permitting of the Greens Hollow Lease (GHL) was 

prepared with a conceptual mine plan assuming full extraction mining, associated subsidence and 

represents maximum impacts in the Bureau of Land Management's Environmental Impact 

Statement (FSEIS). The information in the text represents the permittees accepted obligations 

and commitments, the information provided in appendices from the (FSEIS) unless reference 

specifically is provided as background or baseline for the obligations and commitments within the 

text. 

2.20 Environmental Description 

The SUFCO Mine area lies in central Utah at the southern end of the Wasatch Plateau. 

Topography is dominated by plateaus separated by deeply incised canyons. Canyon walls are 

generally composed of laterally continuous (several thousand feet) ledge-forming sandstones, 

interbedded with slope forming shales and siltstones. Topography in the SUFCO Mine area ranges 

from 6500 to about 9,000 feet above sea level. Soils are generally not cultivated due to their thin 

nature, shortag~ of irrigation water, and a short growing season. Residual and colluvial soils are 

present at the SUFCO Mine surface facilities area. These soils have formed from residual 

sandstone and shale particles that mixed as they migrated down slope. Soils are usually very 

shallow, consisting predominantly of sand and silty sand loams which have high percolation rates. 

The soils are highly susceptible to wind erosion. The inherent erosion hazard from water is low. 

Rock outcrops consist of alternating layers of sandstone and shale. Subordin s of coal 
RATED 
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and limestone are also present. The landscape is steep and rocky with massive sandstone ledges, 

and siltstone/shale slopes. Surface and subsurface layers are often rocky. 

2.2.1 Prime Farmland Investigation 

No prime farmland exists in the SUFCO Mine disturbed area, Link Canyon disturbed area, or in any 

of its lease areas. Mining activities will not impact prime farmland. In compliance with R645-302-

313, a pre-application investigation was conducted by the Applicant to determine if any prime 

farmland would be impacted by the projett. Based on the federal criteria for determining the f 

presence or absence of prime farmland, the Convulsion Canyon area, Link Canyon, the Pines Tract 

area, and the SITLA Muddy Tract area cannot be classified as prime farmland. Consultation with 

Dr. Theron B. Hutchings, State Soil Scientist for the Soil Conservation Service, substantiated the 

absence of prime farmland in the Convulsion Canyon and Link Canyon areas. (Appendix 2-1). 

2.2.2 Soil Survey 

A Level I soil survey of the entire SUFCO Mine disturbed area, including the Link Canyon 

Substations No.1 and 2 , has been conducted. Soil survey data are presented in Appendix 2-2 

for the majority of the permit area, Appendix 2-6 for the Link Canyon Substation areas, and are 

herein summarized in Sections 2.2.2.1 through 2.2.2.3. Survey data includes the following 

information: taxonomic classification, horizon name and depth, dry and moist color, texture (percent 

sand, silt, and clay), class, structure, percent rock fragments and organic matter, pH, 

effervescence, EC, and solubility of calcium, magnesium, and sodium (Appendices 2-2 and 2-6). 

A cross-reference list of map unit, soil taxonomic classification, and sample site appears in pages 

17 through 19 of Appendix 2-2. 

A site specific soil survey will be completed for the Overflow Pond prior to disturbance and this 

information will be utilized in determining topsoil salvage depth. The results of this soil survey will 

be included in the as-built addendum to be included in Appendix 2-2. 

An Order 2 soil survey has been completed for the Link Canyon Substation No.1 disturbed area 

and is included in Appendix 2-2. Additionally, an Order 1 soil survey was conducted of the 

substation Nos. 1 and 2 pad areas and the results are included in Appendix 2-6. 'NCO, PORATED 
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An Order 3 soil survey has been conducted for the Pines Tract and the results are included in 

Appendix 2-8. (Plate 2-2) 

An Order 3 soil survey has been conducted for the SITLA Muddy Tract and the results are included 

in Appendix 2-10. (Plate 2-3). Soils associated with the 70 Acre BLM Right of Way are part of the 

Order 3 soil survey located in Appendix 2-10. 

2.2.2.1 Soils Map 

Plates 2-1 and 2-2 delineates the soil types present in the disturbed and adjacent areas. 

2.2.2.2 Soil Identification 

Soils present in the narrow V-shaped East Spring Canyon, which lie within and immediately 

adjacent to the disturbed area of the SUFCO Mine have been identified, characterized, and their 

spatial occurrences documented (Appendix 2-2). Four soil types are present in the disturbed area, 

and are herein referred to as soil types 0, W, T, and X (Plate 2-1). Soil type 0 is a loamy-skeletal, 

mixed, frigid Ustic Torriorthent. Soil W is a loamy-skeletal, mixed, frigid Typic Xerothent. Soil type 

T is a loamy-skeletal, mixed, frigid, Calcixerollic Xerochrept. Soil X is a complex composed of both 

a clayey-skeletal, mixed, frigid, shallow Lithic Calcixeroll, and a fine, mixed, frigid Mollic Haploxeralf. 

Analytical and field methodology utilized in characterizing these soil types and their soil horizons 

are found in pages 13 and 14 of Appendix 2-2. Soils were classified to family unit using the Soil 

Conservation Service's classification system (Johnson, 1975). 

2.2.2.3 Soil Description 

Soil Type 0 

Soil type 0 is found at the north end of the disturbed area, in the area of the confluence of the Mud 

Spring Hollow and East Spring Canyon drainages (Plate 2-1). The taxonomic classifications of Soil 

o are that of a loamy-skeletal, mixed, frigid Ustic Torriorthent. This soil is found on slopes with 

grades of 60 percent or greater; consists of well-drained soils that have formed from residuum and 
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colluvium; and supports Pinyon, Juniper, and Mountain Mahogany vegetative growth. The water 

holding capacity is 3.5 inches. ' 

The A soil horizon ranges from 0 to 2 inches in depth and is a sandy clay loam composed of about 

52% sand, 22% silt, and 26% clay. The dominant color is a pale brown (10YR 6/3) when dry, and 

a dark grayish brown (1 OYR 4/2) when moist. Rock fragments (predominantly gravel) account for 

15% by volume of this horizon. A pH of 7.66, EC of 740 mmhoslcm, and organic matter values of 

2.22% are present. Solubility values (ppm) of Ca, Mg, and Na, are 116.3, 14.4, and 6.7, 

respectively. 

The AC soil horizon ranges from 2 to 12 inches in depth and is a sandy clay loam composed of 

approximately 50% sand, 18% silt, and 32% clay. Predominant color is a yellowish brown (10YR 

5/4) dry, and a dark grayish brown (10YR 4/2) wet. Rock fragments make up about 45% (15% 

gravel, 10% cobbles, 20% stones) of the AC horizon by volume. A pH of 7.73, an EC of 940 

mmhoslcm, and an organic matter percent of 2.2% are common. Solubility values (ppm) of Ca, 

Mg, and Na, are 150, 18, and 6, respectively. 

The C soil horizon ranges in depth from 12 to 31 inches. This horizon is also a sandy clay loam 

composed of 45% sand, 23% silt, and 32% clay. Soil color is light yellowish brown (2.5Y 6/4) when 

wet. Rock fragments account for 30% (20% gravel, 5% cobbles, 5% stones) of the C soil horizon 

by volume. A pH value of 7.92, EC of 560 mmhoslcm, and an organic matter percent of 0.54 are 

present. Solubility values (ppm) of Ca, Mg, and Na, are 83, 12, and 9, respectively. Bedrock is 

encountered at a depth of 31 inches. 

Soil Type W 

Soil type W is found along the western edge of the disturbed area on an east facing slope with a 

grade of 60% or more (Plate 2-1). The taxonomic classifications of Soil Ware that of a loamy

skeletal, mixed, frigid Typic Xerothent. Soil W supports vegetation consisting of sage-grass and 

mountain brush in this area. This soil consists of excessively well drained soils that have formed 

in residuum and colluvium. Rock outcrops comprise 30% of the mapped area containing soil type 

W. INCORPORATED 
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The A 1 soil horizon occurs from the surface to a depth of 4 inches. This surface soil horizon is a 

sandy clay loam composed of 53% sand, 21% silt, and 26% clay; rock fragments compose about 

80% (40% gravels, 40% cobbles) of its volume. The A1 horizon has a brown to dark brown color 

(10YR 4/3) when moist. A pH value of 7.5, EC of 3300 mmhos/cm, and a percent organic matter 

of 1.54 are present. The solubilities of Ca, Mg, and Na, are 430, 118, and 42 ppm, respectively. 

The A1 soil is underlain by a brown to dark brown (10YR 4/3) C soil horizon. The C soil occurs 

between depths of 4 to greater than 60 inches. It is also a sandy clay loam with sand, silt, and clay 

percentages of 53,21, and 26, respectively. Rock fragments compose about 45% byvolume (25% 

gravel, 10% cobbles, 10% stones) of this soil horizon. Solubilities of Ca, Mg, and Na are identical 

to those in the A 1 horizon. 

Soil Type T 

Soil type T is found in the south-central region of the disturbed area and encompasses the original 

drainage channel of the East Spring Canyon (Plate 2-1). This unit consists of excessively well

drained soils that have formed in colluvium and residuum. Slopes range in excess of 60%. Soil 

T is classified as a loamy-skeletal, mixed, frigid, Calcixerollic Xerochrept. Rock outcrops comprise 

30% of the mapped area containing soil type T. The water holding capacity of the soil is 4 inches. 

Soil T supports pinyon pine, juniper, and wild rye vegetation. 

The surficial A1 soil horizon ranges in depth from 0 to 2 inches. This horizon is a sandy clay loam, 

composed of 45% sand, 23% silt, and 32% clay. Soil color is yellowish brown (10YR 5/4) when 

moist. Rock fragments account for only 5% (gravel) by volume. A pH value of 7.57, EC of 1110 

mmhos/cm, and an organic matter percent of 5.57% are present. Solubility values (ppm) of Ca, 

Mg, and Na, are 149, 29, and 8, respectively. 

The 81 horizon, a clay loam, occurs between depths of 2 to 12 inches, and is composed of 37% 

sand, 29% silt, and 34% clay. Rock fragments compose 55% (10% gravel, 5% cobbles, 40% 

stone) by volume of this soil resource. When moist the 81 horizon is brown to dark brown (1 OYR 

4/3) in color. Geochemical tests reveal a pH of 7.45, an EC of 1340 mmhos/cm, and an organic 

INCORPORATED 

2-5 APR 1 9 2018 

Div. of Oil, Gas & rJiining 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
April 2018 

matter percent of 4.07. Solubility values of Ca, Mg, and Na, are 182, 35, and 7.4 ppm, 

respectively. 

The underlying B2 soil horizon ranges from depths of 12 to 24 inches, and is brown (10YR 5/3) in 

color. It is a clay loam composed of 35% sand, 27% silt, and 38% clay. Rock fragments account 

for 45% (40% gravel, 5% cobble) by volume of this soil horizon. PH value of 7.66, an EC of 820 

mmhos/cm, and organic matter values of 2.63 are present. Ca, Mg, and Na solubility 

corfcentrations are 99, 20, and 9 ppm, respectively. 

The basal yellowish brown (10YR 5/4) C soil horizon occurs from 24 to 58 inches below ground 

level. Soil C is also a clay loam, with sand comprising 37%, silt 27%, and clay 35%. Rock 

fragments make up 50% of this soil horizon, with stones accounting for 40%, gravel 5%, and 

cobbles 5%. Solubility concentrations of Ca, Mg, and Na are 220, 80, and 37 ppm, respectively. 

Soil Type X 

Soil X lies along the eastern edge and in the north-central region of the disturbed area (Plate 2-1). 

This soil is a complex consisting of two soil types: (1) a clayey-skeletal, mixed, frigid, shallow Lithic 

Calcixeroll, and (2) a fine, mixed, frigid Mollic Haploxeralf. The former soil comprises approximately 

70% of the soil cover in this region, the latter soil type accounts for about 20%, with about 10% of 

the area covered with rock outcrop. Both soil types support pinyon pine and juniper trees. 

The Lithic Calcixeroll soil is composed of A 1, AC, and Cca soil horizons. The A 1 horizon occurs 

from the surface to a depth of 4 inches below the surface and is dark brown (7.5YR 3/2). It is a 

clay loam composed of 43% sand, 29% silt, and 28% clay. Rock fragments (gravel) comprise 25% 

by volume this horizon. An organic matter content of 7%, pH value of 7.44, and an EC of 1280 

mmhos/cm are present. Soluble concentrations of Ca, Mg, and Na are 205, 27, and 6.6 ppm, 

respectively. 

The AC soil horizon occurs between 4 to 8 inches below ground level, and is predominately a clay 

composed of 33% sand, 25% silt, and 42% clay. Its color when moist is dark brown (7.5YR 3/2). 

Gravel makes up 20% of this horizon, by volume. Organic matter accounts for ~~£ %po H~TED 
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horizon. PH and EC values of 7.9 and 510 mmhos/cm are present. Ca, Mg, and Na soluble 

concentrations are 73, 19, and 3 ppm, respectively. 

The underlying Cca soil horizon extends from 8 inches to depths of about 17 inches, where bedrock 

is encountered. The Cca horizon is a reddish brown clay. Clay comprises 42% of this horizon; 

subordinate amounts of sand (35%) and silt (23%) are also present. Rock fragments account for 

55% (40% gravel, 15% cobbles) of this zone. EC values of 380 mmhos/cm, along with a pH of 

7.97, and an organic matter percent'of only 1.21 % are present. Soluble concentrations for C~, Mg, 

and Na are 10, 10, and 6 ppm, respectively. 

The Mollic Haploxeralf soil is characterized by an A, AC, and Cca soil horizons. The surficial A 

horizon extends to 5 inches below ground level, and is a very dark brown (10YR 2/2) sandy clay 

loam. It is typically composed of 59% sand, 15% silt, and 26% clay. Gravel accounts for only 5% 

by volume of this horizon. Percent organic matter is about 7%. A pH of 7.63 and an EC 'of 1620 

mmhos/cm are present. The soluble concentrations (ppm) of Ca, Mg, and Na are 168, 72, and 26, 

respectively. 

The underlying AC soil zone occurs between 5 to 14 inches below the surface, and is a pale brown 

(1 OYR 6/3) clay. Clay is the dominant constituent comprising 44% of this zone, silt (39%) and sand 

(17%) are also present. Rock fragments make up 20% (5% gravel, 15% cobbles) of this horizon, 

by volume. An organic matter value of 3.8%, a pH level of 7.48, and an EC of 6340 mmhos/cm 

characterize this soil horizon. Solubilities of Ca, Mg, and Na are 517, 279, and 317 ppm, 

respectively. 

The basal soil horizon, Cca, a light brownish gray clay, typically extends to depths of 34 inches 

where bedrock is encountered. Cca is composed of 52% clay, 37% silt, and 11 % sand. Rock 

fragments comprise 40% (10% gravel, 20% cobbles, 10% stones) of this horizon. Percent organic 

matter is only 1.7. PH and EC values are 7.87 and 9590 mmhos/cm, respectively. 
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A general description of the soils located in the Overflow Pond area will be provided in Appendix 

2-2. 

Link Canyon Soils 

A description of the soils located in the Link Canyon Substation Nos. 1 and 2 disturbed areas is 

provided in~ppendix 2-6. 

Link Canyon Mine Portals 

A description of the soils located in the Link Canyon Mine Portals area is provided in Appendix 2-9. 

The description of the soils was prepared by Dan Larsen, a soils scientist with EIS Environmental 

and Engineering Consultants. 

Pines Tract 

The general description of the soils within the Pines Tract is provided in Appendix 2-8. 

SITLA Muddy Tract and Greens Hollow Tract 

The general description of the soils within the SITLA Muddy Tract and Greens Hollow Tract is 

provided in Appendix 2-10. 

3 Right 4 East - Quitchupah Tract 

A general description of the soils associated with the Quitchupah Tract is provided in the 

Supplemental Environmental Assessment prepared by UDOGM October 27, 1989, included in 

Appendix 2-7. No surface disturbance as in the construction of facilities, etc. is associated with the 

ming of the 3 Right 4 East panel(s) 
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The general description of the soils associated with the Quitchupah Tract is provided in the 

Supplemental Environmental Assessment prepared by UDOGM October 27, 1989, included in 

, Appendix 2-7. The soils above the 4 Right panel support sagebrush, grassland, mountain brush 

and Pinyon/Juniper, with islands of quaking aspen and scattered pines. No other disturbance as 

in the construction of facilites, etc. is associated with mining of the 4Right 4 East panel. 

2.2.2.4 Soil Productivity 

In areas where soil disturbance has resulted from mining activities, the soils have lost their native 

identities. In most cases the soils have been quite thoroughly mixed. As a result, soil textures and 

horizons have been altered. Textures are now primarily loams and silty clay loams; depths over 

indurated material or shale are generally greater than 30 inches, except along "cut" slopes of the" 

mountain where geologic strata are exposed. 

As a result of this disturbance in "fill" areas, the potential for reclamation has been enhanced. The 

soils are deeper and the resulting textures are more desirable for plant growth. 

Saturation percentages are unavailable. When the original sampling and analyses of soils for the 

portal yard area were completed, saturation percentage was not required by the regulatory 

agencies. 
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2.5.1 Topsoil, Subsoil, and Topsoil Supplements Management 

All topsoil, subsoil, and topsoil supplements shall be managed as outlined in Sections 2.30 and 

2.40. 

2.5.2 Stockpiled Topsoil and Subsoil 

All stockpiled topsoil and subsoil will be manage'd according to plans outlined in Sections 2.30 and 

2.40. 

REFERENCES: 

Johnson, Wm. M., 1975, Soil Taxonomy, A Basic System of Soil Classification For Making and 

Interpreting Soil Surveys, Supt. of Doc. S.C.S., Washington, D.C. 

U.S. Department of the Interior, Final Supplemental Impact Statement for Leasing 

and Underground Mining of the Greens Hollow Federal Coal Lease Tract UTU-841 02, 

Sanpete and Sevier Counties, Utah, February 2015 
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CHAPTER 3 

BIOLOGY 

3.10 Introduction 

This chapter presents a description of the biological resources found on the SUFCO Mine site. The 

mine is located approximately 30 miles east of Salina, Utah. 

Several consultant reports will be referenced in this M&RP, so for simplicity purposes the report 

titles will appear as the following abbreviations: 

EPS 

INV 

AQU -

WIL 

RAP 

FSW 

VWP -

Report of Studies of Vegetation and Soils for SUFCO Mine - 1980 (Appendix 2-2) 

Report of 1983 Field Investigations - 1983 (Appendix 3-1) 

Aquatic Resource Inventory of Southern Utah Fuel Company Permit Area - 1980 
(Appendix 3-2) 

Wildlife Assessment of the Southern Utah Fuel Company Mining Property and 
Adjacent Areas - 1980 (Appendix 3-3) 

Raptor and General Avifauna Studies - 1980 (Appendix 3-4) 

Fauna of Southeastern Utah and Life Requisites Regarding their Ecosystems -
1990 (Appendix 3-5) 

Vegetation and Wildlife of the Pines Tract Project - 1999 (Appendix 3-9). 

Reports in the appendices are provided only to present Baseline Data in support of the Mining and 

Reclamation Plan. Proposals or recommendation presented by consultants were duly considered 

in preparation of the Mining and Reclamation Plan chapter commitments but not all of them were 

determined to be appropriate or advisable. 

Greens Hollow Lease 

Much of the information presented for the permitting of the Greens Hollow Lease (GHL) was 

prepared with a conceptual mine plan assuming full extraction mining, associated subsidence and 

represents maximum impacts in the Bureau of Land Management's Environmental Impact 

Statement (FSEIS). The information in the text represents the permittees accepted obligations 

and commitments, the information provided in appendices from the (FSEIS) un ~ ,I AT-D 
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specifically is provided as background or baseline for the obligations and commitments within the 

text. 

3.1.1 Vegetative, Fish and Wildlife Resources 

Vegetative, fish and wildlife resource conditions in and adjacent to the SUFCO Mine are discussed 

in Section 3.20. 

3.1.2 Potential Impact to Vegetative, Fish and Wildlife Resources 

Potential impact to vegetative, fish and wildlife resources and the associated mitigation plan are 

presented in Sections 3.30 and 3.40 of this application. 

3.1.3 Description of Reclamation Plan 

The reclamation plan used to restore the vegetative, fish and wildlife resources to a condition 

suitable for the postmining land use is presented in Section 3.40. 

3.20 Environmental Description 

3.2.1 Vegetation Information 

This section contains the environmental descriptions for the vegetation for the permit and adjacent 

areas. 

3.2.1.1 Plant Communities Within the Proposed Permit Area 

"Vegetation changes from one landform to another. On the benches landform, there is a 

combination of sagebrush-grass community and ponderosa pine stands. Intermixed are patches 

of low quality Quaking Aspen, Mountain Mahogany, and Manzanita brush. Ground cover is 

composed of several native grasses, forbs, and low brush species. Density is generally good. 

The steep slopes and scarp faces landform is sparsely vegetated. Pinyon, Juniper, and Mountain 

Mahogany are scattered over the landform. The site is very harsh and ground vegetation is limited 

to light quantities of native grasses and forbs in cracks and shelves where soil can accumulate. 

Composition includes a few drought resistant grasses, annual forbs, Mountain Mahogany and other 

brush. 

Narrow stringers in canyon bottoms are the most productive in the area. 

native grass, low brush and forbs' growing together to form a heavy sod. 

3-2 
APR 19 20t8 

Oiv. of nil r:;a'~ & M· . 
" : ', .... - Cl IIllng 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
December 2017 

willow, rose, rabbit brush, sand brush and others. Carex grows in some of the wetter spots. Only 

an occasional tree occurs in the bottoms. 

The rolling hills landform is covered by an occasional small patch of trees which include Ponderosa 

pine, Douglas-fir, Alpine-fir, Spruce and Aspen. More common are brush species including oak, 

snowberry, and sagebrush. Grasses and forbs are very sparse and include several native 

species." (Blumer, 1979) 

The plant communities identified within the proposed permit area are (see Plate 3-1): 

Sagebrush-grass 

Grass-black sagebrush 

Mountain Brush (oak, serviceberry, mountain mahogany, etc.) 

Aspen 

Aspen-oak 

Aspe':l-Douglas fir-limber pine 

Mountain mahogany-oak-ponderosa pine 

Douglas fir-spruce-limber pine 

Pinyon-juniper-mountain mahogany 

Limber pine 

Ponderosa pine-mountain mahogany-manzanita 

Pinyon-juniper-Douglas fir 

Wiregrass-foxtail-haplopappus 

Douglas fir-spruce-limber pine-aspen 

Limber pine-mountain mahogany-serviceberry 

Mountain mahogany 

Pinyon-juniper 

Douglas fir & other 

Riparian 

Ponderosa pine-douglas fir-aspen-serviceberry 

Grassland-perennial forbs 

Sagebrush 

Mountain brush 

Conifer timber 

Mixed 

Barren ground INCORPORATED 
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Aspen-deciduous forest 

Additional plant communities are designated on Plate 3-1. 

Mining and Reclamation Plan 
Decem ber 2017 

Field sampling of these plant communities was initially done in July of 1983 and the findings were 

documented in the INV report. A Level II riparian inventory has been conducted along portions of 

East Fork of Box Canyon (USDA-USFS, 1993). The plant communities and reference areas are 

outlined on Plate 3-1. In 1999, another vegetation (and wildlife) report (VWP) was prepared for 

the proposed mine expansion called the Pines Tract Project. Vegetation communities were 

described and shown on a map included in that document, most of which are also listed in the plant 

communities shown above. The vegetation types in the SITLA Muddy Tract were identified by 

Cirrus and reported in EIS documents for the entire BLM and SITLA Muddy Tract. The vegetation 

types in the SITLA Muddy Tract are illustrated on Plate 3-1. This plate will be updated in the 

appropriate season of 2006 to more clearly indicate types and extent of vegetation in the SITLA 

Muddy Tract. As of October 2005, the available Forest Service information used to create the map 

is e~sentially correct but Sufco has agreed the vegetation .boundaries and descriptions can be 

further refined. The work to be performed in 2006 will include the evaluation of available aerial 

photos of the area by a qualified person who then will create an updated vegetation map of the 

tract. The updated version of the plate will be submitted to the Division before the end of 2006. 

Greens Hollow. The following is a listing of the approximate coverage of habitat vegetation. 

Mahogany and mountain brush constitutes the most abundant habitat, covering 27.4 percent of the 

tract and associated extended analysis area. Sagebrush covers 23.3 percent, aspen and aspen

mixed conifer 17.2 percent, grassland/forbland 11.7 percent, ponderosa pine 5.3 percent, pinyon

juniper 2.9, Rock outcrops/barren 2.1 percent and mixed conifer 1.1 percent. Limber and 

or/bristlecone pine were in the extended analysis area only covering 1 percent. 

A description of the potential impacts of mining on vegetation is included in Section 3.3.3.3 of this 

permit. 

3.2.1.2 Land Productivity Prior to Mining 

The land productivity of the mine area was not measured in 1941 when mining began. However, 

Appendix 2-2 contains a consultant study (EPS, pgs. 45 - 78) compiled in 1980, which states total 

cover, production pounds per acre and species within the permit area. Additional information was 

presented in INV Report, August 12, 1983 (Appendix 3-1). fNCORPOHATED 
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A summary of the fish and wildlife resource information for the permit and adjacent areas is 

contained in Sections 3.2.2.1 through 3.2.2.3. As mentioned above, a wildlife report was included 

with a vegetation report in 1999 (VWP) for the proposed mine expansion called the Pines Tract 

Project. Fish and wildlife resources in the SITLA Muddy tract are as described in Sections 3.2.2.1 

through 3.2.2.3 and in the "Muddy Creek Summary Report - Wildlife" prepared by Cirrus and 

included as Appendix 3-11. Fish and wildlife resources within the West Coal Lease Modifications 

and the area of the 2016 sinkhole repair are summarized in Appendix 3-13 and Section 3.2.2.2. A 

description of the potential impacts and mitigation of impacts of mining on fish and wildlife is 

included in Section 3.3.3.3 of this permit. 

Due to either their small size, intermittent flows, poor habitat or water quality, the surface waters 

in the lease area are not of game fish quality. The low importance of the streams as a fishery 

resource, has categorized them as being of little value for extensive study. An inventory of the 

aquatic resources is located in App~ndix 3-2. Aquatic resources of the Pines Tract Proje~t are 

briefly described in the wildlife section of Appendix 3-9. Aquatic resources within the Muddy Tract 

are summarized in Appendix 3-11. Aquatic resources within the West Coal Lease Modifications 

and the area of the 2016 2RWL sinkhole repair are summarized in Appendix 3-13. Aquatic 

resources for the Greens Hollow Tract are summarized in Appendix 3-16. 

3.2.2.1 Level of Detail 

The scope and level of detail within this M&RP are sufficient to design the protection and 

enhancement plan for wildlife and fish in the area. 

This assessment of wildlife resources has been compiled pursuant to guidelines issued by the 

State of Utah Division of Oil, Gas and Mining (UDOGM). Appendices 3-3, 3-4, 3-5, and 3-9 

contain wildlife studies related to their resources in the mine area. 

3.2.2.2 Site-specific Resource Information 

The following information was summarized from the WIL, RAP, AQU, and VWP Reports. 

Additional information is available in Appendix 3-2 through 3-5, and 3-9. 

Reptiles and Amphibians 
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Increasing elevation rapidly reduces the number and kind of reptiles and amphibians. Furthermore, 

in Utah the effects of the more northern latitude reduces the number of reptiles in much the same 

way as does the increase in elevation. 

These geographical and associated climatic factors have eliminated most desert species, leaving 

species that are adapted either to mountain habitats or montane type habitats developed in the 

more northern areas. 

Literature pertaining to the amphibians and reptiles is extensive; but, much of it refers to species 

occurring in the desert areas and has only limited reference to forms inhabiting Utah mountains. 

Based on the extensive literature review and limited field work it was determined that potentially 

8 species of amphibians (Appendix 3-5) inhabit the area of concern which provides substantial 

value habitat. All amphibians are legally protected, but since the species listed are all widespread 

throughout t~e mountains of Utah, none are treated as high-interest ~pecies. It is doubtful that the 

proposed action would seriously impact populations, but localized individuals may be involve in 

habitat destruction due to subsidence. An exception to this would be if subsidence interrupted 

underground aquifers and caused drying of present wet habitats essential to reproduction. 

Based on the literature search and limited field work, it was determined that potentially 14 species 

of reptiles (Appendix 3-5) occupy the mine land area, a substantial value habitat for all species. All 

reptiles are legally protected but since the species listed are all widespread throughout montane 

habitats in Utah, none are treated as high-interest species and, therefore, are not individually 

discussed. It is doubtful that the proposed action would seriously impact populations. 

Information about reptiles and amphibians specific to the Pines Tract Project area is provided in 

the VWP report (Appendix 3-9). Information about reptiles and amphibians specific to the Muddy 

Tract area is provided in the Cirrus report (Appendix 3-11). Information about reptiles and 

amphibians specific to the West Coal Lease Modifications are summarized in Appendix 3-13. 

Wetlands and riparian areas exist within the permit area and have been estimated to represent less 

than one percent of the total acreage within Pines Tract Project Area and SITLA Muddy Tract. 

These areas are supported by streams, springs, and seeps located throughout the drainages. 

Studies in the semi-arid West comparing riparian areas with adjacent uplands showed that riparian 

zones support up to 400 percent more plant biomass, up to 200 percent mor a alATED 
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contribute to large increases in density and species richness for birds when compared to upland 

areas. 

Between 69% to 92% of all amphibian occur in wetland ecosystems. The scaleless, permeable 

amphibian skin requires constant moisture to retain body fluids. Both water quantity and quality 

parameters are of importance to the survival of individual amphibians and ultimately populations 

of the species. 

Reptiles are not nearly as dependent on wetlands since their scaly covering provide resistance to 

desiccation. Riparian areas are heavily utilized (50% to 72% of all species) for the available 

drinking water, prey, and vegetative resource (cover). The moist soil characteristic of riparian 

zones also provide preferred nesting habitat for many reptiles. 

The riparian areas for the Pines tract Project Area, Link Canyon, and SITLA Muddy Tract are 

shown on Plate 3-1. A survey for amphibia.ns and mollusks was conducted in the Link Canyon 

Portal area in June of 2002. No amphibians or mollusks where found in the portal area nor where 

any protected or sensitive species found in the area. A copy of a report of the investigation is 

contained in Appendix 2-9. 

Raptors 

Only one nest, that of a Cooper's Hawk, was found in 1980 (Appendix 3-4). The one Cooper's 

Hawk nest found was in an area seemingly less favorable than surrounding canyons. Quitchupah 

Canyon appeared to be prime habitat, but no nests were found. 

Golden Eagles were seen on nearly every survey day during the 1980 survey by Clayton White of 

Brigham Young University (Appendix 3-4). The presence of two adults accompanied by a juvenile 

suggest their nearby breeding, however no nests were located. 

Appendix 3-4, Table 1 contains a list and the number of sightings for the birds inventoried during 

the 1980 raptor survey. 

A raptor survey conducted April 14, 1987, located three Golden Eagle nests (Appendix 3-4). Two 

of the nests were tended and contained greenery, the third had an adult eagle incubating eggs. 

In October of 1988 an environmental assessment of the Quitchupah Lease area was performed 

by personnel from the Forest Service and Bureau of Land Management. During the a ~ I ~- . t HATE 0 
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The SUFCO Mine portions of the annual raptor surveys conducted by UDWR and others are 

located in Appendix 3-4 in the Sufco Mine MRP Confidential file. Refer to Section 3.3.3.3 for 

commitments and other raptor survey information. 

The Prairie Falcon has also been reported by U.S. Forest Service and Bureau of Land 

Management personnel for the planning unit that encompasses the SUFCO ~ine area. 

The Quitchupah Drainage, of which Link Canyon is a tributary, was identified in the Quitchupah 

Creek Road DE IS (2001) as not likely to contain Mexican Spotted Owls and dedicated surveys 

were not necessary. However, the Manti-La Sal National Forest reported that a Mexican Spotted 

Owl survey of the area was being conducted as part of their Muddy Creek EIS Data Adequacy 

study. Results of surveys conducted in 2002 and 2003 indicated no Mexican Spotted Owls were 

found in the Link Ca~yon Portal area or the Muddy Tract area (Appendix 3-12). Additionally, Sufco 

does not plan to conduct construction activities during the nesting and rearing times (February 1 

through August 31) of the owl. 

The lack of permanently running water has an effect on raptors. Many species, such as accipiters, 

appear to rely on streams and the associated riparian vegetation (Hennessy, 1978). 

Known raptor nests are shown on Plate 3-3, refer to Section 3.3.3.3 for additional raptor 

information. 

Information about raptors specific to the Pines Tract Project area is provided in the VWP report 

(Appendix 3-9). Information about raptors specific to the Muddy Tract area is provided in the Cirrus 

report (Appendix 3-11). Information about raptors specific to the West Coal Lease Modifications 

and the area of the 2016 2RWL sinkhole repair are summarized in Appendix 3-13 and Section 

3.2.2.2. Raptor surveys conducted in the Greens Hollow Tract are located in Appendix 3-4 and 

a discussion of raptors and bird species from technical reports prepared by Cirrus Ecological 

Solutions, LC is located in Appendix 3-16. 

3 Right 4 East Panel(s) - Township 21 South, Range 5 East 

A helicopter survey to locate raptors and migratory bird species was conducted in 1982 and 1988 

by UDWR, USFWS, BLM, and USFS. In 1988 ten golden eagle nests were 10calI'dJG it in- 9 j ATED 
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Quitchupah lease boundary, two were active, two were tended and the remaining six were inactive. 

One active nest and two inactive nests were located in Section 33 (Dry Fork Canyon) during these 

surveys. During a conversation with Jeff Jewkes it was reported that the raptor nests in the canyon 

located in Section 33 were surveyed in 2014, 2015 and 2016 by the DWR. One of the three nests 

in the canyon was active in 2015, and the same nest appeared tended in 2014 and 2016. The 

other nests were inactive during the three-year survey period. The nests in Dry Canyon were re

surveyed in 2017, in April, May and June, during the surveys the nests were inactive. An 

application for a "nest take permit" for nests 793, 794 and 795 was submitted to the USFWS prior 

to the mining of the 3 Right 4 East panel. An e-mail from the USFWS is included in Appendix 3-15, 

documenting the schedule of review and the potential date of issuance of the "nest take permit." 

The permittee's intention is to be given permission by the USFWS permit to take the nests, provide 

and have an approved mitigation plan for the taking of the nests. The permittee will have the 

obligation of following the requirements of the USFWS permit. The location of the three nests is 

shown on confidential raptor nest drawing within Appendix 3-15 of this M&RP. Once the "nest take 

permit" has been granted the Manti-La Sal biologist ~nd the UDOGM biologist will be informed of 

the requirements and stipulations associated with the"nest take permit" and will be provided a copy. 

In 2017 during the rapotors surveys of the mine area, including the 3R4E and 4R4E mining panels, 

the Raptor Survey Guidelines (DOGM, 2010) were followed. The active mining areas with the 

potential to subside are surveyed in or before the first year of mining and until subsidence 

movement, as determined by the mine's annual subsidence survey, has ceased. Subsidence 

survey data is provided to DOGM annually for their files. 

Other than golden eagles, no TES species are known to inhabit the area of the panel. According 

to the DWR in a 1989 assessment the southern portion of the lease area is considered crucial 

winter range for deer and elk. 

Although no surface facilities are planned for construction above the 3 Right 4 East underground 

panel, as requested by the Manti-La Sal Forest Biologist and Forest Service Supervisor the 

following standard has been included in the requirements pertaining exclusively to the lands above 

the 3 Right 4th East underground panel. "To protect sage-grouse habitat, locate new appurtenant 

surface facilities outside priority habitat management areas, unless no technically feasible 

alternative exists. If new appurtenant surface facilities cannot be located outside of priority habitat 

management areas, locate them with and existing disturbed areas, if possible. If location with and 

existing disturbed area is not possible, the construct new facilities to minimize disturbed area while 

meeting mine safety standards and requirements in the established mine-plan app" I q~s ATEO 
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and locate the facilities in and area least harmful to greater sage-grouse habitat based on 

vegetation topography, or other habitat features. (Greater Sage-grouse Record of Decision, GRSG

M-CML-ST-093)" 

4 Right 4 East Panel - Vegetation Information 

At approximately 11 :30 am on April 24, 2017 a walking survey of the surface above and 

immediately adjacent to the panel was conducted by a qualified CFC employee. Vegetation types 

were documented within the potential subsidence impact area above the 4R4E panel and adjacent 

areas (See the 4R4E Projected Subsidence Map in Appendix 6-4). The vegetation types found 

during the survey include pinyon-juniper, sagebrush/grass, and mountain sagebrush types of the 

desert shrub biome. These findings coincide with data found in an environmental assessment and 

a supplemental environmental assessment complete in 1988 and 1989 respectively. Appendix 2-7 

contains the aforementioned EA and supplemental EA associated with the Quitchupah Lease. 

Refer to Plates 5-6 and 5-7 of the M&RP for information regarding the location of both the 

Quitchupah Lease and the 4fME panel. The findings of the walking survey also coinc:ide with data 

shown on Plate 3-1. 

4 Right 4 East Panel- Raptor Information 

The 4R4E panel is located in Sections 27 and 34,Township 21 South, Range 5 East. It is located 

in Dry Fork Canyon perpendicular and west of the North Fork of Quitchupah Creek. A helicopter 

survey to locate raptors and migratory bird species was conducted in 1982 and 1988 by UDWR, 

USFWS, BLM, and USFS. In 1988 ten golden eagle nests were located within the Quitchupah 

lease boundary, two were active, two were tended and the remaining six were inactive. There were 

no nest located within a 0.5 mile radius around the current location of the 4R4E panel during these 

surveys. The nests in Dry Fork Canyon were re-surveyed in April, May and June of 2017. Four 

inactive Golden Eagle nests were found (793GoEa, 794GoEa, 795Goea, 315GoEa) within a 1.5 

mile radius around the 4R4E panel. These surveys show that there are no active or in-active nest 

within 0.25 miles from the area of potential subsidence above the 4Right 4 East panel (See the 

4R4E Projected Subsidence Map in Appendix 6-4). The permittee will perform raptor surveys 

before, during and after mining as required by the Division. These reports will be submitted 

annually to the Division. The 2017 raptor survey reports are found in Appendix 3-4 and 3-15. 

Areas surveyed in these reports designated for the 3 Right 4 East panel also apply to the 4 Right 

4 East panel. 

INCORPORATED 
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The 4R4E panel is located in the southern portion of the Quitchupah Lease (See Plated 5-6 and 

5-7 of the M&RP). The panel is located just outside of within what is considered crucial or critical 

winter range for deer and elk. The escarpment in the southeastern portion of the tract which lies 

between Quitchupah Canyon and Link Canyon is known as an elk migration route, providing 

access to and from the winter range from the plateau top (See Plates 3-2 and 3-3 of the M&RP). 

The permittee is obligated to monitor and mitigate subsidence that poses a risk to livestock and 

wildlife as soon as feasibly possible. This will be done according to the subsidence monitoring plan 

(See Section 5.2.5.1) and migration commitments (See Sections 3.3.3.3 and 3.4.1.2) within the 

MRP. An effort will be made by the permittee to monitor subsidence between 60 and 90 days 

following completion of the 4R4E longwalll panel or as soon as access is feasible. The permittee 

recognizes that this time constraint commitment only apples to the 4R4E panel. 

4 Right 4 East Panel - Greater Sage-Grouse 

Data provide<;i to the public by the Utah Division of Wildlife Resource~ (UDR) show approximately 

30,000 acres of designated sage grouse habitat north of where the 4R4E panel is located. A small 

portion of the panel is located in this area, but the majority of the panel lies outside of the 

designated habitat boundary. After consulting with UDWR, Division (DOGM) personnel determined 

that the proposed 4R4E panel is not likely to have an impact on sage grouse lekking, nesting, or 

brood rearing activity. 

4 Right 4 East Panel - Seed Mix Information 

Should a seed mix be required to be used on soil filled subsidence cracks the seed mix previously 

used for the sinkhole repair and reclamation project will be used. See Section 3.4.1.2 for 

information regarding the sinkhole project seed mix. Soils used to fill subsidence cracks which 

receive seed will not receive mulch or fertilizer. Refer to Section 5.2.5.2 (Correction of Material 

Damage) for additional information. 

Elk 

The elk herd (#14) is a significant wildlife resource to the citizens of Utah and there is considerable 

hunting pressure. Winter and summer range is in generally good conditions, but drought is an 

immediate concern (Big Game Annual Report, 1991). 

Although the potential area of impact is not critical to the continued existence and perpetuation of 

the herd, it is important to maintenance of current population levels, and portions of th tlf 1t4-; RATE 0 
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area are used annually on a seasonal basis. The aspen areas of Duncan Mountain serve as 

calving areas for the small herd, (10-20 animals observed during the 1980 summer in that area) 

but based on pellet counts (WIL, Table 7) the major portion of the lease area is utilized in late fall, 

winter, and early spring. 

In May, while there was still snow on the ground, considerable fresh elk sign (pellets and tracks) 

was found around the Acord Lakes. By June 5, 1980, when access was available to the other 

areas, elk tracks were concentrated in the . ponderosa, mahogany, aspen and manzanita 

communities along the ridges and rims of the canyon, plus in the canyons such as Duncan's Draw 

and Lizonbee Springs. During the summer the elk and elk signs were sighted near the top of 

Duncan Mountain and at"the head of the South Fork of Quitchupah. It seems that the elk in 

question do not always winter on the rims nor the plateau but in the lower elevation areas to the 

southeast. This observation was substantiated by a conversation with a local forest ranger out of 

Richfield. The amount of snow is probably the determinant, with the elk wintering wherever there 

is available forage from the rim to the low br~sh areas in the southeast. 

The fact that elk utilize the entire area of concern during some time of the year means that all 

aspects and timing of the actions must be considered. However, since the SUFCO Mine has been 

operational since the early 1940's and since there are no plans for additional surface facilities other 

than ventilation portals along the cliffs, there should be little additional disturbance to the elk. The 

animals have already accommodated the human disturbance associated with the mining and 

hauling of coal. 

Information about elk winter-range and migration routes specific to the Pines Tract Project area is 

provided in the VWP report (Appendix 3-9). Information about elk winter-range and migration 

specific to the Muddy Tract area is provided in the Cirrus report (Appendix 3-11). Information about 

elk winter-range and migration specific to the West Coal Lease Modifications and the area of the 

2016 2RWL sinkhole repair are summarized in Appendix 3-13. 

3 Right 4 East Panel(s) 

The southern portion of the lease area is considered crucial winter range for deer and elk. The 

escarpment in the southeastern portion of the tract which lies between Quitchupah Canyon and 

Link Canyon is known as a elk migration route, providing access to and from the winter range from 

the plateau top. INCORPORATED 
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Mule deer on the mine area are considered part of Herd Unit 43 by the UDWR. The animals in the 

environs of concern utilize the entire assessment area but seasonally concentrate in and more 

heavily utilize specific habitat types. 

During the summer the mule deer generally utilize all of the habitats near watering areas. The 

most heavily used communities were the sage, mountain brush and the composite of aspen, 

mountain mahogany, manzanita and ponderosa. This is as expected since there is considerably 

more browse in these communities than in the others sampled. 

With the onset of fall and winter the mule deer latitudinally migrate. Initially (late fall and early 

winter) they concentrate on the plateau area where they intermingle with the elk but when the snow 

gets too deep for them to traverse they move into the low elevation sage, and pinyon juniper areas 

to the southwest. The Wintering areas for mule deer make them susceptible to road strikes in the 

vicinity of the haul an.d access road for the SUFCO Mine and Interstate 70. 

Information about mule deer winter-range and migration routes specific to the Pines Tract Project 

area is provided in the VWP report (Appendix 3-9). Information about mule deer winter-range and 

migration specific to the Muddy Tract area is provided in the Cirrus report (Appendix 3-11). 

Information about mule deer winter-range and migration specific to the West Coal Lease 

Modifications are summarized in Appendix 3-13. 

Cougar 

The entire SUFCO Mine area provides substantial value, and year long habitat for cougar. The 

animal ranges throughout the area as evidenced by a sighting one third of the way down the slope 

in Quitchupah Canyon, one half mile below the confluence of South Fork, and tracks in the mud 

near Jack Adley's Monument, Broad Hollow, and in the dust of the road near Acord Lakes. Though 

animals range throughout the area, their movements are often dictated by migration patterns of 

their primary food source (mule deer) and human disturbance. Concern must be given to the 

cougars particularly when the females are accompanied by their young who are learning to hunt 

and survive. This is considered a sensitive period for cougars and it is best if disturbance is 

minimized during this time. However, this period in their life cycle is difficult to determine for 

cougars since they are known to reproduce year round. 

INCORPOHATED 
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The mine and adjacent areas provide substantial value habitats for bobcats, who were evidenced, 

by sightings and tracks, to occupy or use all terrestrial habitats on the entire area of potential 

impact. Sensitive periods would be late February when parturition occurs, May and June when 

young bobcats are first exploring and learning to hunt. Bobcats are not as secretive as cougar, 

making them less likely to avoid the high human disturbance areas and making them more 

vulnerable to open human harassment and illegal killing. Since this is an ongoing mining operation, 

pressures on bobcats should be unchanged. 

Black Bear 

Bear tracks were observed in Broad Hollow, but Forest Service personnel indicated to us that most 

of the bear sightings occurred on White Mountain. At best black bear are not abundant nor are 

they active year round. Sensitive periods in the life cycle of the black bear are February and March 

when the cubs are born and when they accompany their mother on initial foraging expeditions 

during early summer. Since parturition occurs within.the winter den and since disturbance in the 

black bear habitat will be limited to subsidence, this sensitive period will be little impacted by the 

proposed action. 

Mountain Cottontail 

The entire mine area provides substantial value, and year long habitats for cottontail rabbits. The 

young are born between April and July which is considered a sensitive period, but the proposed 

actions will in all probability not seriously alter the reproductive potential of the population. Hunting 

pressure will likely not increase, nor will illegal kills. However, this would not matter since hunted 

rabbit populations are more healthy and stable than non-hunted populations. Subsidence could 

potentially cause death from caving burrows and disrupt reproduction for a short time. 

Snowshoe Hare 

The snowshoe hare is present in and dependent upon the limited spruce-fir vegetation habitat of 

the mine area year round. The sensitive period for reproduction is from April 1 to August 15. 

Subsidence will not impact the above ground dweller as it does subterranean inhabitants. Little 

change in snowshoe hare populations will result from the proposed actions. Hunting pressure, 

legal and illegal, will be the most influential activity of man upon snowshoe hares, but will be of little 

far reaching impact. 
INCORPORATED 
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Limited portions of the mine and adjacent areas provide substantial value habitats for a few species 

categorized by management agencies as fur bearers: ermine, long-tailed weasel, badger and the 

striped skunk. The breeding and rearing activities of these non-migratory species occurs within 

the area and their dens and burrow systems are important to maintenance of their populations, but 

it is unlikely that the proposed actions will seriously impact them for any length of time. Subsidence 

will be localized and new burrows will be built or old ones reconstructed after it occurs. These 

species are widespread and adaptable to the activities of man. 

Small Mammals 

Small mammals represent a significant part of the ecosystem. The majority are herbivores and are 

the primary source of food for higher trophic levels, particularly raptorial birds, canids and felids. 

The potential exists for caving burrows in and/or changing burrow continuity due to fracturing of the 

strata. Should this occur, it is likely that young mammals in the nest would be crushed or cut off 

from parental care. Although this would temporarily alter the population density and age structure, 

recovery would be imminent and rapid. The 1997 Bat Survey for the SUFCO Mine conducted by 

J. Mark Perkins & Joshua R. Peterson is included in Appendix 3-8. 

Information about small mammals specific to the Pines Tract Project area is provided in the VWP 

report (Appendix 3-9). General information about small mammals specific to the Muddy Tract area 

is provided in the Cirrus report (Appendix 3-11). General information about small mammals specific 

to the West Coal Lease Modifications and the area of the 2016 2RWL sinkhole repair are 

summarized in Appendix 3-13 and Section 3.2.2.2 and in Appendix 3-16 for the Greens Hollow 

Tract. 

Threatened and Endangered Plant and Wildlife Species. Passage of the Endangered Species 

Act of 1973 (Public Law 23-20S) provided the legal basis for establishment of lists of endangered 

and threatened plant species. Such lists were prepared under direction of the Smithsonian 

Institution, and were published subsequently in the Federal Register (40: 2782427924, 1975; and 

41: 2452 4 24572, 1976). The region under investigation was included in a report on threatened 

and endangered species of the Central Coal lands of Utah (Welsh 1976). An inventory of 

endangered wildlife species performed in 1989 by the Division of Wildlife Resources recorded no 

species within the proposed permit area (conversation with Pamela Hill, DWR, Cedar City, 1991). 

Table 3-1 provides a list of Federally listed Threatened and Endangered Specie . fED 
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identified in the Utah counties in which Sufco lies. However, this list does not necessarily indicate 

these species are found within the mine permit boundaries. 

A survey of the literature has failed to indicate the presence of any endangered or threatened plant 

species in the area. This lack of critical or unique species is supported by the field surveys of the 

lease areas. The region was searched by walking parallel transects on a quarter-section by 

quarter-section basis, with each community type within each quarter-section being traversed. No 

endangered or threatened species were encountered in the lease area or in the adjacent areas. 

There are no federally listed threatened or endangered fish species inhabiting the aquatic habitat. 

A discussion about threatened, endangered or otherwise sensitive plant and animal species of the 

Pines Tract Project area is given in Appendix 3-9. A discussion about threatened, endangered or 

otherwise sensitive plant and animal species of the Muddy Tract area is provided in the Cirrus 

report (Appendix 3-11). A discussion about threatened, endangered or otherwise sensitive plant 

and animal species of the West Coal Lease Modifications and the area od the 2016 2RWL sinkhole 

) repair are summarized in Appendix 3-13 and Section 3.2.2.2. 

) 

Table 3-1 

Federally Listed and Proposed Endangered Species in Utah 

Sevier, Sanpete and Emery Counties 

April 2, 2013 (2016) 

Plants 

Barneby Reed-Mustard Schoenocrambe barneb~i 

Heliotrope Milk-Vetch Astragalus montii 

Jones Cyciadenia C~cladenis humilis var. jonesii 

Last Chance Townsendia Townsendia aprica 

San Rafael Cactus Pediocactus despainii 

Wright Fishhook Cactus Sclerocactus wrightiae 

Winkler Cactus Pediocactus winkleri 

Dwarf Bear-poppy* Arctomecon humilis 

Kodachrome Bladderpod* Lesquerella tumulosa 

Autumn Buttercup* Ranunculus aestivalis (acriformia) 

3-16 

Status 

E 
T 

T 

T 

E 
E 
T 

E 
E 
E 

Present 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 
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Mammals 

Utah Prairie Dog* Cynomys l2arvidens T NP 

Canada Lynx* Lynx canadensis T NP 

Desert Tortoise* GOl2herus agassizii T NP 

Birds 

Mexican Spotted Owl * Strix occidentalis lucida T NP 

Southwestern Willow Flycatcher* EmQidonax traillii extimus E NP 

Gunnison Sage-grouse* Centrocersus minimus T NP 

Western Yellow-billed Cuckoo* Cocc~us americanus T NP 

Three-toed Woodpecker Picoides ridactytus S P 

Fish 

Bonytail Chub* Gila elegans E NP 

Colorado Pikeminnow* Ptychocheilus lucius E Np · 

Humpback Chub* Gila cYl2ha E NP 

Razorback Sucker* Xyrauchen texanus E NP 

June Sucker* Chasmistes liorus E NP 

Greenback Cutthroat Trout* Oncorhynchus clarki stomias T NP 

Lahontan Cutthroat Trout* Onxhohynchus clarkii henshawi T NP 

Virgin River Chub* Gila seminuda (robusta) E NP 

Woundfin* Plagopterus aregantissimus E NP 

Am~hibians & Re~tiles 

None listed in the Counties 

Snails 

Kanab Ambersnail* Oxyloma haydeni kanabensis E NP 

E - Endangered T - Threatened Extirpated - No longer occur in Utah C - Candidate 

NP - Not Present (BLM, USFWS, FSEIS) P - Present (BLM, FSEIS) 

For additional information contact: U. S. Fish and Wildlife Service, 2078 Administ ~tie 
I 

1745 West 1700 South, Salt Lake City, Utah 84204-5110 Telephone:(801) 975-3300 
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Habitats of Unusually High Value. The area of potential impact contains a variety of important 

habitats for several species that are considered of "high interest" to various management agencies 

because these species are of economic or recreational value. There are ten recognizable 

vegetation habitats from a faunal standpoint: chaparral (ponderosa pine, curl-leaf mountain 

mahogany, manzanita, aspen), spruce-fir (englemann spruce, douglas fir, sub-alpine fir, white-fir), 

aspen, sagebrush, mountain brush (oak, curl-leaf mountain mahogany, smooth-leaf mountain 

mahogany, service berry sagebrush), streamside, pinyon-juniper, ponderosa pine, grass, and 

scotch pine-spruce. Conifer, aspen, high sage and meadow areas on Duncan Mountain are used 

as summer range and calving areas for elk and summer range for mule deer. Ponderosa pine 

along ridge tops are heavily used by elk during the late winter, early spring and occasionally during 

the summer. The cliff areas harbor mountain lion, bobcat and bear. Mountain brush habitats are 

heavily utilized by deer and elk during the winter and spring. Deer and elk winter on the lower 

elevation areas, particularly in the vegetation communities traversed by the access road (WIL, pgs. 

2-3, Appendix 3-3). 

Literature and field data were summarized for all terrestrial vertebrates of concern, and the species 

categorized to determine habitat affinities and high interest species status. These results are 

reported in tabular form (WIL, Tables 3 through 5, Appendix 3-3). They are listed according to their 

various ecological classifications. All species whose ranges appear to overlap any or all of the 

potential area of impact are listed. Generally speaking, the project area could potentially be 

inhabited by 64 mammalian, 8 amphibian and 14 reptilian species (Wasatch Plateau, Appendix 3-

5). Some of these are considered high interest species for the habitats and local area of concern. 

Since the immediate area of the mine portal, access roads, loading and storage facilities has 

already been lost as habitat, concern will be given to revegetation with species that will not only 

benefit, but promote wildlife. 

The cliffs in Quitchupah Canyon are habitat for cougar. The observed animals seem to use them 

for denning activities. Therefore care has been taken to avoid placement of portal openings where 

there are caves or other natural denning sites. There are a limited number of trails going from the 
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was also a part of an Environmental Assessment in 1981 as part of the lease application package. 

3.2.2.3 Fish and Wildlife Service Review 

If requested, the applicant authorizes the release of information pertaining to Section 3.2.2 and 3.3.3 

to the U.S. Fish and Wildlife Service Regional and Field office for their review. 

3.2.3 Maps and Aerial Photographs 

The lease area was mapped by use of a mosaic of aerial photographs and assured by ground 

inspection. Vegetation sampling locations/reference areas are shown on Plate 3-1. 

Greens Hollow. To the best of the applicants knowledge there are no reference areas, monitoring 

stations for fish and wildlife, habitat features, facilities used to protect and enhance fish/wildlife within 

the Greens Hollow Lease area. Land Uses for the Greens Hollow Lease are shown on Plate 4-1 C. 

3.2.3.1 location and Boundary of Proposed Reference Area 

The locations of the vegetative reference areas are found on Plate 3-1. Area 13 shown on Plate 

3-1 is to be used as a mapping unit only and not a reference area or validation site. Site 12 will be 

used as the reference area for the minesite sedimentation pond area. 

3.2.3.2 Elevations and locations of Monitoring Stations 

Raptor nest locations and elk and deer range are shown on Plate 3-2 and 3-3. The permit area 

contains no fish monitoring stations. 

3.2.3.3 Facilities for Protection and Enhancement 

Sections 3.3.3.3 and 3.5.8.5 contain additional discussion pertaining to protective measures taken 

by the applicant in behalf of wildlife. 

Power lines within the SUFCO Mine permit area were modified during the summer of 1981 to 

comply with the guidelines of REA Bulletin 61-10, "Power Line Contacts by Eagles and Other Large 

Birds" (see Plate 5-5 for the power pole locations). 

3.2.3.4 Vegetation Type and Plant Communities 

Vegetative types and plant communities are outlined on Plate 3-1 of this application. 

INCORPORATED 
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Utah Wildlife Species of Special Interest - Sevier, Sanpete and Emery Counties 

Mammals 

Brown (Grizzly) Bear 

Black-footed Ferret 

Utah Prairie Dog 

Fringed Myotis 

Big Free-tailed Bat 

Townsend's Big-eared Bat 

Canada Lynx 

Kit Fox 

White-tailed Prairie-dog 

Pygmy Rabbit 

Birds 

Southwestern Willow Flycatcher 

Bald Eagle 

Ferruginous Hawk 

Yellow-billed Cuckoo 

Spotted (Mexican) Owl 

Northern Goshawk 

Burrowing Owl 

Short-eared Owl 

American White Pelican 

Three-toed Woodpecker 

Greater Sage-Grouse 

Long-billed Curlew 

Black Swift 

Lewis's Woodpecker 

Grasshopper Sparrow 

October 1, 2015 

Ursus arctos 

Mustela nigripes 

Cynomys parvidens 

Myotis thysanodes 

Nyctinomops macrotis 

Plecotus townsendii 

Lynx canadensis 

Vulpes macrotis 

Cynomys leucurus 

Brachylagus idahoensis 

Empidonax traillii extimus 

Haliaeetus leucocephalus 

Buteo regalis 

Coccyzus americanus occidentalis3 

Strix occidentalis2 

Accipiter gentilis 

Athene cunicularia 

Asio flammeus 

Pelecanus erythrorhynchos 

Picoides tridactylus 

Centrocercus urophasianus 

Numenius americanus 

Cypseloides niger 

Melanerpes lewis 

Ammodramus savanna rum 

3-29 

State Status 

S-ESA (S,SV) 

S-ESA (E) 

S-ESA (S,SV) 

SPC (SV) 

SPC(SV 

SPC (E,S,SV) 

S-ESA (E,S,SV) 

SPC (E,S,SV) 

SPC (E) 

SPC (SV) 

S-ESA 

SPC (E,S,SV) 

SPC (E,S,SV) 

S-ESA 

S-ESA 

CS (E,S,SV) 

SPC (E,S,SV) 

SPC (SV) 

SPC(SV 

SPC (S,SV 

SPC (E,S,SV) 

SPC (S,SV) 

SPC (SV) 

SP) 
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Fish 

Bonytail 

Humpback Chub 

Razorback Sucker 

Roundtail Chub 

Flannelmouth Sucker 

Bluehead Sucker 

Colorado River Cutthroat Trout 

Bonneville Cutthroat Trout 

Colorado Pikeminnow 

Southern Leatherside Chub 

Reptiles and Amphibians 

Western (Boreal) Toad 

Great Plains Toad 

Mollusk 

Carinate Glenwood Pyrg 

Otter Creek Pyrg 

Smooth Glenwood Pyrg 

Ninemile Pyrg 

South Bonneville Springsnail 

Gila elegans 

Gila cypha 

Xyrauchen texan us 

Gila robusta 

Catostomus latipinnis 

Catostomus disco bolus 

Onco"rhynchus clarki pleuriticus 

Oncorhynchus clarki utah 

Ptychocheilus lucius 

Lepicomeda aliciae 

Bufo boreas 

Bufo cognatus 

Pyrgulopsis inopinata 

Pyrgulopsis fusca 

Pyrgulopsis chamberlini 

Pyrgulopsis nonaria 

Pyrgulopsis transversa 

Mining and Reclamation Plan 
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S-ESA (E) 

S-ESA (E) 

S-ESA (E) 

CS (E) 

CS (E) 

CS (E,S 

CS (E,S,SV) 

CS (S,SV 

S-ESA (E) 

SPC (S,SV) 

SPC (E,S,SV), 

SPC (E) 

SPC (SV) 

SPC (SV) 

SPC (SV) 

SPC (S) 

SPC (S) 

None of these species are known to be located in the mine lease area. 

Key to State Status Field (Table 3-2) 

Symbol 

S-ESA 

SPC 

CS 

Definition 

Federally-listed or candidate species under the Endangered Species Act. 

Wildlife species of concern. 

Species receiving special management under a Conservation Agreement in 

order to preclude the need for Federal listing. INCORPOnATED 
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E 

S 

Emery County List 

Sanpete County List 

SV Sevier County List 
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Utah Division of Wildlife Resources, 1596 West North Temple, Salt Lake City, Utah 84116-3195 

Utah Natural Heritage Program's Biodiversity Tracking and Conservation System (BIOTICS) 

Table 3-3 

USDA-FS Region 4 Sensitive Species - Fishlake and Mahti-LaSal 

February 2013 Update (June 2016) 

Plants Status 

Link Trail Columbine* Aguilegia flavescens var. rubicunda K 

Cruetzfeldt-flower Cryptanth* Cryptantha creutzfeldii K 

Carrington Daisy* . Erigeron carringtoniae K 

Canyon Sweetvetch* Hed~sarum occidentale var. canone K 

Maguire Campion* Silene petersonii KIP 

Musinea Groundsel Senecio musinensis K 

Arizona Willow* Salix arizonica K 

Wonderland Alice Flower* Aliciella caespitosa K 

Chatterley Onion* Allium ge~eri var. chatterleyi K 

Sweet-flower Rock Jasmine* Androsace chamaejasme ssp. Carinata K 

Bicknell Milkvetch* Astragalus consobrinus KIP 

Isely's Milkvetch* Astragalus iselyi K 

Desert Milkvetch* Astragalus desereticus K 

Tushar Paintbrush* Castilleja parvula var. Qarvula K 

Pinnate Spring-parsley* Cvmopterus beckii K 

Abajo Peak Draba* Draba abajoensis K 

Mt. Belknap Draba* Draba ramulosa K 

Creeping Draba* Draba sobolifera K 

Nevada Willowherb* Epilobium nevadense K 

Abajo Daisy* Erigeron abajoensis K 

Kachina Oaisy* Erigeron kachinensis K 

Present 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

Maquire Oaisy* Erigeron maguirei K IN CO '0 ArED 
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LaSal Daisy* Erigeron mancus K NP 

Elsinore Buckwheat* Eriogonum batemanii var. ostlundii K NP 

Canyonlands Lomatium* Lomatium latilobum K NP 

Fish Lake Naiad* Nafas caespitosa K NP 

Beaver Mountain Groundsel* Packera casto reus K NP 

Little Penstemon* Penstemon parvus K NP 

Ward Beardtongue Penstemon* Penstemon wardii K NP 

Bicknell Thelesperma* Thelesperma subnudum var. alpinum K NP 

Barneby Woody Aster* Tonestus klngii var. barneby:ana K NP 

Sevier Townsendia* Townsendia jonesii var. lutea K NP 

San Rafael Cactus* Pediocactus despainii K NP 

Clay Phacelia* Phacelia argillacea P NP 

Last Chance Townsendia* T ownsendia aprica K NP 

Ute LadiesTresses Orchid* Spiranthes dlluvialis K NP 

Heliotrope Milk-Vetch* Astragalus .montii P NP 

Winkler Cactus* Pediocactus winkleri K NP 

Desert Milk-Vetch* Astragalus desereticus K NP 

Mammals 

Townsend's Western Big-eared Bat* Cory:nothinus townsedii townsendii K NP 

Spotted Bat* Euderma maculatum K NP 

Bighorn Sheep* Ovis canadensis K NP 

Pygmy Rabbit* Brach~agusidahoens~ K NP 

Utah Prairie Dog* Cy:nomy:s parvidens K NP 

Birds 

Northern Goshawk* Accipiter gentilis K P 

Flammulated Owl* Otus flammeolus K P 

Northern Three-toed Woodpecker* Picoides tridacMus K P 

Bald Eagle* Haliaeetus leucocephalus K P 

Greater Sage-grouse* Centro cercus urophasianus K P 

Peregrine Falcon* Falco peregrinus anatum K P 

Yellow-billed Cuckoo* Coccyzus americanus KIP NP 

Southwestern Willow Flycatcher* Empidonax traillii extimus K INC POBATED 
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Mexican Spotted Owl* 

Fish 

Colorado River Cutthroat Trout* 

Bonneville Cutthroat Trout* 

Southern Leatherside Chub* 

Greenback Cutthroat Trout* 

Amphibians 

Columbia Spotted Frog* 

Boreal Toad* 

Strix occidental is lucida 

Oncorhynchus clarki pleuriticus 

Oncorhynchus clarki utah 

Lepidomeda aliciae 

Oncorhynchus clarki stomias 

Rana luteiventris 

Bufo boreas 

Mining and Reclamation Plan 
December 2017 

K 

K 

K 

K 

K 

K 

K 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

K - Known distribution species and or habitat 

P - Suspected species or potential habitat NP- Not Present (BLM FSEIS) 

USDA-Manti-LaSal National Forest, 599 Price River Dr., Price, Utah 84501 

INCORPOFiATED 
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3.30 Operation Plan 
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3.3.1 Measures Taken to Disturb the Smallest Practicable Area 

No vegetative disturbance is anticipated beyond that encountered during exploratory drilling, portal 

site construction or that created by subsidence. New operational facilities are kept to a minimum. 

Only facilities required to maintain the coal operation or satisfy environmental or safety requirements 

are built. 

Revegetation methods to be used to temporarily stabilize are described according to degree of slope 

angle and accessibility. Interim stabilization is discussed in Section 3.5.2. 

The seed mixture (see Section 3.4.1) will be used to revegetate areas disturbed by mining and all 

associated activities. The climate of the area was reviewed to assess the need for drought

tolerance in the species selected for the seed mixture. The vegetation report (Appendix 2-2) was 

evaluated to determine seed mixture constituents in light of production, cover, and diversity 

requirements. The soils report was reviewed to select species adapted to the soil's physical and 

chemical condition. Plant species were selected on the basis of wildlife needs and requirements. 

In addition, the operations plan was reviewed to determine the need for species with quick 

establishment, rapid spreading and high erosion control potentials. 

3.3.2 Description of Anticipated Impacts of Subsidence 

Surface disturbance associated with certain mining operations and techniques can be extremely 

detrimental to terrestrial and aquatic vertebrates, but the longwall technique used within the SUFCO 

Mine minimizes much of the impact. Since no overburden is removed, the major problem is surface 

subsidence. The acreage that will be undermined may subside up to a maximum of 70 percent of 

the thickness of the mined coal. Similarly mined areas in comparable habitats in New Mexico have 

experienced less than 12 percent subsidence with little or no visible disturbance. The existing mined 

area has subsided and shows minor surface fissures. It is probable that the integrity of the above 

ground terrestrial vertebrate communities will generally remain status quo, with occurrence of 

occasional fractures and minor slippages that will not be detrimental to vegetation or wildlife. 

~NCOF1POR/\TED 
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Credibility to this statement comes from the lack of detectable differences in terrestrial vertebrates 

in comparable habitats in expansion areas. 

Subterranean changes, however, are not currently fully understood. There is the possibility that 

when subsidence occurs, it will disrupt burrow systems and underground aquifers. The loss of the 

burrow system will destroy the home and habitat of fossorial mammals, reptiles and amphibians and 

possibly cause death to some species in the immediate area at the time of collapse. If subsidence 

were to occur simultaneously and non-uniformly over the entire area of concern, this would be a 

major problem not only for the prey species, but particularly for predators dependent upon the prey 

base. However, since subsidence will occur systematically and in small areas at a given time, only 

localized populations will be impacted and only for a short while. Reproductive potential coupled 

with dispersal will facilitate almost immediate recovery and negate the temporary population 

reduction. There are no threatened nor endangered species present in the area, so none will be 

impacted. It has also been observed that burrowing mammals frequently make new dwellings along 

subsidence induced fractures. 

The question of underground aquifer disruption is not easily dismissed. The geology and 

hydrological system in this area has been studied for several years. Surface waters and habitats 

are significant resources to elk and deer during the late summer months when water becomes the 

limiting resource to habitat utilization. Alteration of the groundwater resources would be serious, 

not to the perpetuation of the population and herds as an entity, but to harvestable productivity. 

Such habitat loss would also be detrimental to amphibians and aquatic dependent reptiles. 

3.3.3 Plan to Minimize Disturbances and Adverse Impacts 

In new mine operations it is easy to suggest, provide and implement mitigative measures. But in 

the case of the SUFCO Mine, preconstruction design and associated mitigation does not apply nor 

can it be implemented without major additions or modifications. The mine has been operating 

approximately 55 years, and little can or should now be done to change the design of the portal 

facilities to lessen the impacts. Any significant change now would increase impacts. Any species 

inhabiting and utilizing the area of concern have likely habituated to the present facilities and 
INCORPORATED 
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consequently adjusted their behavior including migration so that change would be more impacting 

than status quo. 

Construction of additional ventilation portals could potentially cause problems. These portals will 

be opened to the outside from the underground mine entries. Chainlink fence is placed over the 

portal opening, to protect wildlife from harm. These portals will be placed so that no major big game 

migration trails are interrupted and no caves or natural cougar denning or resting ledges are 

destroyed. 

Noise, created from operation of the mine, is not expected to increase in the existing areas of 

disturbance associated with the mining activity, not even with the addition of any ventilation intake 

portals along the cliffs. These portals are only for intake air. The present exhaust fans are at the 

mine site and at the 4 East Portal in Quitchupah Canyon. 

Appendix 3-16 contains a sound monitoring report conducted by Tetra Tech, Inc in 2008. The 

) monitoring was conducted to collect baseline data in association with the potential development and 

operation of a ventilation shaft near Quitchupah Canyon. The data was collected around an existing 

ventilation fan and at selected sensitive resource location such as Forest System Roads, and 

Greater Sage-grouse leks. The collected sound level data will be used to determine measures 

which could reduce sound related impacts associated with the operation of the proposed ventilation 

fan. 

Sound level measurements taken within the resource locations ranged between 27.6 dBA and 70.3 

dBA. Sounds from the existing fan were discernable at the leks and forest service roads, however 

most were at or near the background sound levels. Refer to Table 1 for average, minimum and 

maximum levels at each location. 

Efforts have already been made to minimize wildlife loss and/or harassment associated with 

operation of the mine. Speed limits are set and posted on the county controlled access road to the 

mine to alert drivers to the presence of wildlife. Although the danger of road strikes is more harmful 

to wildlife than transportation vehicles, there is the potential for loss of human~ i 
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damage. Therefore avoiding collisions has become a practical company policy. Wildlife crossing 

areas or sites of limited visibility are adequately marked. The applicant has instituted the use of a 

commuter bus to reduce traffic and emissions on the access road from Salina, Utah to the mine. 

SUFCO prohibits the discharge offirearms by employees on the road in East Spring Canyon (portal 

site). In conjunction with this restriction, the Applicant has initiated an employee education program 

to reduce harassment and disturbance of wildlife during sensitive stages in their life history. 

Perhaps the most promising mitigation action is that of enhancement or maintenance of wildlife 

habitat. Enhancing wildlife habitat away from the mine area will improve habitat, possibly increase 

wildlife numbers, and attract wildlife away from impacted areas. Since much of the area is public 

domain, wildlife habitat enhancement is a viable management tool. However, any such effort should 

be carefully coordinated among appropriate regulatory agencies. Some examples of these 

measures include: 

1. 

2. 

Development of springs, wells or other water supplies outside the mine area. 

Fencing of developed water sources to restrict cattle trampling of vegetation, 

control erosion, and provide non-game habitat; 

3. Altered livestock management policies, to avoid potential competition with wildlife. 

4. Control of other human-related impacts, including recreation and timber harvest. 

Revegetation of disturbed areas, as part of the reclamation effort, will include a mixture of grasses, 

forbs, shrubs and trees. 

The total disturbed area acreage to be revegetated is small enough that fencing is considered to 

be an economically feasible means of protection, if deemed necessary. If grazing animals do prove 

detrimental to revegetation attempts, measures will be implemented following consultation with the 

regulatory authorities. 

Water is perhaps the most limiting resource and as mentioned in the subsidence discussion, the 

present resources must not be decreased. The applicant herein commits to restore stream water 

resources in addition to previously identified springs which are contarrfr:l ~ €i, 
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interrupted as a result of the applicant's underground coal mining activities and which will not 

obviously be restored naturally within a reasonable period of time. 

Potential water depletions from mining operations that may have an effect on endangered fish 

species identified in pertinent fish recovery programs of the USFWS have been evaluated by the 

Windy Gap Process as it applies to existing coal mines in the Upper Colorado River Basin. 

1. Mining Consumption 

Water used underground to mine coal: 

2.29% moisture added to coal by cutting and dust suppression operations 

Projected 2005 tonnage of coal mined 7,605,685 tons 

Projected 5-year average tonnage of coal mined 7,510,217 tons 

Tons water/year (based on projected 5 yr average) 171,984 tons 

Pounds water/yr 

Gallons/year (8.337 Ibs/gal of water) 

Acre feet/year 

2. Ventilation Consumption 

33,068 gallons/day (05/02 ventilation survey) 

343,967,939 pounds 

41,257,999 gallons 

126.62 ac-ft 

33,068 gallons/day x 365 days/year = 12,069,820 gallons/year = 37.05 ac-fUyear 

3. Coal Producing Consumption 

No washing or processing of coal involving water occurs at the Sufco Mine. 

Therefore, Coal Producing Consumption = 0 ac-ft/yr 

4. Sediment Pond Evaporation 

Mine Site Pond 0.236 acres (surface area) 

Evaporation 18.1 in/yr 

18.1 in/yr = 1.508 ft/yr 

1.508 fUyr x 0.236 acres = 0.356 ac-ft/yr 

Waste Rock Pond 0.219 acres (surface area) 

Evaporation 18.1 in/yr 

18.1 in/yr = 1.508 ft/yr 

1.508 ft/yr x 0.236 acres = 0.330 ac-ft/yr 
APR 1 9 2018 
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Total Annual Pond Evaporation = 0.686 ac-ftlyr 

5. Subsidence Effects on Springs and Seeps 

Spring Pines 303 appears to have reduced flow due to mining. Prior to mining, flow 

appears to have averaged about 2.8 gpm (Pines EIS data). The flow was reduced 

to 0 gpm by late summer 2001. Flow measured in summer of 2005 indicated the 

flow is returning at a rate of about 0.17 gpm. Assuming the flow stabilizes at 0.2 

gpm, the 2005 reduction of flow is 2.6 gpm. Note: The spring flow may return to its 

premining rate over time as the drained aquifer recovers. Modification to this 

calculation will then be required. 

2.6 gpm x 1440 min/day x 365 days/yr = 1,366,560 gal/yr 

Annual reduction in flow in 2005 = 1,366,560 gal/yr + 325,850 gal/ac-ft = 4.2 ac-ftlyr 

6. Alluvial Well Pumpage 

Sufco does not pump water from an alluvial well. 

7. Alluvial Aquifer Abstractions into Mine 

The mine has not created alluvial aquifer abstractions into the mine. 

8. Deep Aquifer Pumpage 

Sufco does not pump from deep aquifers. 

9. Postmining Inflow to Workings 

Current data indicates postmining inflows to the mine will be minimal and from 

aquifers storing water several thousand years old. Inflows will not consist of 

intercepted surface water or ground water that would discharge to the surface at a 

perceptible rate. 

10. Coal Moisture Loss 

8.34% inherent moisture - source Sufco Geologist 

Projected Tonnage 2005 7,605,685 tons 

Tons water/yr 634,314 tons 

Pounds water/yr 1,268,628,258 pounds 

Gallons water/yr 152,168,437 = 466.9 ac-ftlyr 

* This amount of water is not included in the overall calculation of the water removed from 

the drainage system since it is inherent moisture (water locked in the coal) and is not 

considered as part of the active or inactive ground water system. INCOR\::lORATED 
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Culinary Water - from spring (Water Right 94-87) = 10.50 ac-ft (2004 consumption) 

Mine Discharge: 

2004 Average 4,948,260gpd = 1,806,114,900 gallyr = 5544.3 ac-ftlyr. 

Consumption Volume from items 1 - 11 above = 179.1 ac-ftlyr 

Total mining operations net water gain/loss = 5365.2 ac-ftlyr gain. 

Deer regularly migrate through and graze in the surface facilities and down the canyons to lower 

altitudes during severe winters. Numerous side canyons to Convulsion Canyon have been left 

undisturbed to allow uninterrupted big game movement. 

INCORPORATED 
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3.5.8.4 Replacement of Wetland and Riparian Vegetation 

No riparian habitat has been disturbed. 

3.5.8.5 Manmade Wildlife Protection Measure 

Electric Power Lines. All power lines within the SUFCO Mine permit area were modified during 

the summer of 1981 to comply with the guidelines of REA Bulletin 61-10, "Power Line Contacts by 

Eagles and Other Large Birds". Various correspondence regarding the Applicant's modification of 

power lines is presented in Appendix 3-7. The locations of mine site power poles are shown on 

Plate 5-5. 

Potential Barriers. The mine has been operating approximately 55 years and little should now be 

done to change the design of the portal facilities to lessen the impacts. The wildlife inhabiting and 

utilizing the area of concern have likely acclimated to the present facilities and consequently 

adjusted their behavior including migration so that a modification of the facilities to providing 

corridors would be more adverse than leaving the facilities as they are. 

Pond Protection. Fences or other appropriate methods will be used to exclude wildlife from ponds 

containing hazardous concentrations of toxic-forming materials. However, at this time the applicant 

has no ponds containing hazardous concentrations of toxic-forming materials. 

REFERENCES: 

Blumer, Ralph J., 1979. Environmental Analysis, pp 25-26. 

Forest Service. 1981. Lease Application U-47080. 

Hennessy, S. P., 1978. Ecological relationships of accipters in northern Utah -- with special 
emphasis on the effects of human disturbance. MS thesis, unpbl., Utah State Univ., p 66. 

USDA, Forest Service, Intermountain Region 1988. Environmental Assessment for SUFCO Mine 
Coal Lease Application U-63214 Quitchupah Tract. 

Utah Division of Wildlife Resources, Department of Natural Resources, 1991. Utah Big Game 
Annual Report 1991. Publication 91-12. 

U.S. Department of the Interior, Final Supplemental Impact Statement for Leasing 
and Underground Mining of the Greens Hollow Federal Coal Lease Tract UTU-841 02, 
Sanpete and Sevier Counties, Utah, February 2015 INCORPOi'i/\TFI) 
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2.0 Methods 

2.1 CONTACTS MADE 

The following resource agencies and specialists were contacted over the contract period to obtain data, 
species lists, and/or discuss survey methods and results : 

• Manti La-Sal National Forest, USDA Forest Service 
• Fishlake National Forest, USDA Forest Service 
• Rocky Mountain Research Station, Flagstaff, Arizona Office, USDA Forest Service 
• Price, Utah Field Office, DOl Bureau of Land Management 
• Utah Division of Wildlife Resources (UDWR) 
• USDI Fish and Wildlife Service 
• TetraTech, Inc., Environmental Consulting Firm 
• Bruno Engineering, Engineering Consulting Firm 
• Utah State University (USU) Graduate Degree Candidate 

2.2 SOURCES AND DESCRIPTIONS OF EXISTING 
INFORMATION 

• Muddy Creek Wildlife TecImical Report (Cirrus 2004). Prepared by CimlS Ecological Solutions, 
LC,2003. 

• Assessment of the Effects of Surface Impacts Resulting from LongwalI Mining in the Greens 
Hollow Tract, Utah (Maleki 2008). Maleki Teclmologies, April 2008. 

• Greens Hollow Sound Study (TetraTech 2008). TetraTech, Inc., October 2008. 

• Digital coverage data for mule deer winter and summer range was acquired from the UDWR GIS 
Data website (UDWR 2013) 

• Utah big game annual report - 2011 (Bernales et aI. 2012) . Publication Number 12-27. UDWR. 

• Digital coverage data for elk winter and summer range was acquired from the UDWR GIS Data 
website (UDWR 2013). 

• Sage-grouse data collected by UDWR was acquired from the UDWR Southeastern Region. 
Digital coverage data of sage grouse habitat was acquired from the UDWR GIS Data website 
(UDWR 2013). 

• Winter and spring lek count data for sage-grouse leks on the MLNF (Forest Service 2013a). 

• Intermountain Region Threatened, Endangered, Proposed, and Sensitive Species: 
Known/Suspected Distribution by Forest (Forest Service 20 13b). 

• Revised Wildcat Knolls sage-grouse Iek boundaries obtained from MLNF, Ferron Ranger District 
(Forest Service 2008a). !NCOnPOFV3,TED 
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• List of Federally-listed, Forest Service Region 4 Sensitive, Manti-La Sal National Forest 
Management Indicator, and Migratory Bird Species to be considered in the Greens Hollow 
Analysis (Forest Service 2008b). 

• Potential presence of species of high federal interest, small-mammals, and non-game birds was 
predicted by consulting the following resources: 

Fauna of Southeastern Utah and life requisites regarding their ecosystems (Dalton et al. 
1990). Publication No. 90-11 (http ://www.wildlife.utah.gov/habitat/sefauna.htm) . 
The Birder's Handbook (Erlich et a1. 1988). 
Utah Big Game Range Trend Studies (UDWR 2007a) 
Inventory of Sensitive Species and Ecosystems in Utah. Inventory of Sensitive Vertebrate 
and Invertebrate Species: A Progress Report (UDWR 1997). 
Colorado GAP Analysis Project website (latest revision), 
http://ndis l.nrel.colosta te .edu/ cogap/ coga phome.html/). 
Utah Conservation Data Center. Utah Division of Wildlife Resources, UCDC website, 
species information and Utah distribution maps (h llp:l/dwrcdc.m.utaluwv/ucdcl). 
Birds of Conservation Concern (USFWS 2008) 
Partners in Flight (Parrish et a1. 2002) 
Utah Comprehensive Wildlife Conservation Strategy (UDWR 2005a) 

• Land and Resource Management Plan for the MLNF (Forest Service 1986); 1986 and 2003 
amendments. 

• Vegetative coverage for the Manti-La Sal National Forest: Manti Division and Sanpitch Divisions 
(Forest Service 2002). 

• Final Environmental Impact Statement for the Pines Tract Project (Forest Service 1999). 

• 2008 sage-grouse survey data from Chris Perkins a graduate student with USU (Perkins 2008). 

• 2006 MLNF Forest Plan Amendment regarding macroinvertebrates (Forest Service 2006). 

2.3 DATA COLLECTION AND ANALYSIS METHODOLOGY 

Wildlife surveys and/or habitat assessments were conducted as part of the contract stipulations for the 
previous, Muddy Creek coal tract evaluation project. This technical report tiers off of the data collected 
and surveys completed for that report (Cirrus 2004). Where new data is available and management 
decisions have changed, the information has been updated herein. Data was collected for the 2004 
wildlife teclmical report for the following categories of terrestrial and aquatic wildlife: federally listed 
threatened and endangered species, and Forest Service sensitive species (TES), management indicator 
species (MIS), species of high federal interest, amphibians and reptiles, small mammals, and non-game 
birds . ' Cimls personnel conducted field surveys between 2001 and 2003 for the Muddy Creek coal tract 
analysis and within a 2-mile buffer surrounding the tract. Ongoing field surveys have continued since 
that analysis was completed. These surveys have been conducted by Forest Service and UDWR 
biologists. Table 1 summarizes the methods associated with data collection and analysis by species. 
More detailed discussion of wildlife inventory methods and results is included in section 2. 0 .) F).r\ '"'A-r __ 
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Table 1. \Vildlife survey methodology for species considered in this analysis on the Greens Hollow 
project area, Manti-La Sal and Fishlake National Forests. 

Species Data Collection I 

TESJ 

Bonytail Existing data acquired from Fish and 
Gila elegans Wildlife Service. No additional surveys 
(Federally endangerd) .. -are-needed. - .. 

Colorado pikeminnow Existing data acquired from Fish and 
Ptychocheillis !lIeiUS Wildlife Service. No additional surveys 
(Federallyendangerd) are needed 
Humpback chub Existing data acquired from Fish and 
Gila, cyp/w Wildlife Service. No additional surveys 
(Federallyendangerd) are needed 
Razorback sucker Existing data acquired from Fish and 
Xyranuchen texanlls Wiidhfe Service. No additionai survcys 
(Federally endangerd) are needed 
Bald eagle Existing data acquired from UDWR. No 
Haliaeeills !ellcocephalus additional surveys were needed. 
(R4 Sensitive) 

Flammulated owl Presence/absence surveys conducted by 
Otis flammeollus Cirrus over two field seasons. UDWR 
(R4 Sensitive) Northern Region forest owl inventory 

protocol used (UDWR 1992). 
Greater sage-grouse Presence/absence surveys and lek counts 
CCllfrocerCllS were conducted by Cirrus and uDWR 
lIrophasialllls during lekking seasons in 2002 and 2003. 
(R4 Sensitive) Incidental observations also were made. 

Agency biologists have continued annually 
since the Muddy Creek eff0l1 (Forest 
Service 2013a). 

Northern goshawk Presence/absence surveys conducted by 
Accipiter gentilis Cirrus from 2001-2003 . R4 survey 
(R4 Sensitive) protocol for northern goshawks used 

(Forest Service 1993). Continued surveys 
have been conducted through 2010. 

Peregrine falcon A falcon was observed during aerial 
Falco peregrinlls surveys in 2003 (Cirrus 2004). No 
(R4 Sensitive) additional surveys were needed. 
Pygmy rabbit FS surveys have been conducted in the 
BrachylagLls idaho ens is past. No additional surveys were needed. 
(R4 Sensitive - Fishlake Future surveys will continue as habitat is 
only) present in the project area. 
Spotted bat Structural habitat searches were conducted 
ElIdel7lla maculatllm and incidental sightings were recorded by 
(R4 Sensitive) qualified biologists in 2001 and 2002. 

Survey data from the Utah Natural 
Heritage Program and the SUFCO mine 
was acquired and used in this analysis 
(Toone 1993, Perkins and Peterson 1997). 

Three-toed woodpecker Presence/absence surveys conducted by 
Picoides tridactyills Cirrus in 2001 and 2002 (Cirrus 2004) 
(R4 Sensitive) UDWR (1992) woodpecker survey 

protocol used. 

2014 8 

Data Analysis 

Species observations summarized in text. 

Species observations summarized in text. 

Species observations summarized in text. 

Species observations summarized in text. 

Species presence or absence in the analysis 
area determined with the use of GIS. No 
digital coverage was created because no 
nests were found. 
Digital coverage of species presence 
(based on vocal responses) and survey 
points created with Microsoft Excel and 
ESRI ArcGIS software. 
Digital coverage of species presence and 
sign, survey areas, and lek sites created 
with Microsoft Excel and ESRI ArcGIS . 

Digital coverage of species presence 
(based on vocal responses and goshawk 
observations) and survey points created 
with Microsoft Excel and ESRI ArcGIS 
software. 
Species observations summarized in text. 

Species observations summarized in text. 

I 

nigil-. I I'() I'r;-loge- of wr.ie nre,~e ~c It I 
t ~ J \r<' 
a i·l atlon ) created 

r-. 
~) 

(based on audible 
with Microsoft Excel and ESRI ArcGIS 
software. APR \ 9 20\8 

niv. of Oil, Gas &. M 
Digital coverage of species presence 
(based on vocal responses and woodpecker 
observations) and survey points created 
with Microsoft Excel and ESRI ArcGIS 
software. 
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Table 1. (cont'd) 'Wildlife survey methodology for species considered in this analysis on the Greens 
Hollow project area, Manti-La Sal and Fishlake National Forests. 

Species Data Collection l 

TO\\-l1send's big-eared bat Conducted habitat assessment surveys 
Plecotus to,vnsendii using information on mine status. 
fowllselldii Structural habitat searches also conducted 
(R4 Sensitive) in 2001 and 2002. Survey data from the 

Utah Natural Heritage Program and the 
SUFCO mine was acquired and used in 
this analysis (Oliver 2000, Perkins and 
Peterson 1997). 

Colorado River Cuttlu'oat Collected survey results from UDWR 
Trout sources (Berg2002a, 2002b, 2002c and 
Oncorhynchus clarkii Hart and Berg 2003). 
pleuriticus 
(R4 Sensitive) 
Bonneville Cutthroat Collected survey results from UDWR 
Trout sources (Berg2002a, 200b, 2002c, and 
OncorhYllchus clarki IItah Hart and Berg 2003). 
(R4 Sensitive) 

MIS 
Rocky Mountain elk Existing survey and habitat modeling data 
Cervus canadensis acquired from UDWR (UDWR 2013). No 
(MLNF, FLNF) additional formal surveys were needed. 

Mule deer' Existing survey and habitat modeling data 
Oc/ocoi/us hemiollus acquired from UDWR (UDWR 2013). No 
(MLNF, FLNF) additional surveys were needed . 

Northern goshawk Presence/absence surveys conducted by 
Accipiter gentitis Cirrus from 2001-2003 . R4 survey 
(MLNF, FLNF) protocol for northern goshawks used 

(Forest Service 1993). Continued surveys 
have been conducted (Forest Service 
2013b). 

Golden eagle Aerial survey for golden eagle nest sites 
Aquila chlysaetos conducted by Cirrus and UDWR in 2002 . 
(MLNF) Additional survey data for the analysis 

area acquired from UDWR. Ongoing 
surveys have been conducted since 1998 
(UDWR 2007b). 

Macroinvertebrates No site-specific surveys of aquatic 
Aquatic insects macroinvertebrates have been conducted 
(MLNF) and no site-specific monitoring is proposed 

for this project. Monitoring will continue 
at baseline stations to characterize Forest-
wide conditions (Forest Service 2006) . 

Sage nesters Existing survey and population data 
(FLNF) obtained from FLNF MIS report 

(Rodriguez et al 2006) for Brewer's 
sparrow (Spizella brelVeri), vesper sparrow 
(Poo ece fes gramineus), and sage thrasher 
(Oreoscoptes mOIl/aIlUS) . 

2014 9 

Data Analysis 
Survey results discussed in a narrative. 

Survey results discussed in a narrative. 

Survey results discussed in a narrative . 

Digital coverage of winter and summer 
range created by UDWR and clipped to the 
project area by Cirrus with Microsoft 
Access and ESRI ArcGIS software. 
Digital coverage of winter and summer 
range created by UDWR and clipped to the 
project area by Cirrus with Microsoft 
Access and ESRI ArcGIS software. 
Digital coverage of species presence 
(based on vocal responses and goshawk 
observations) and survey points created 
with Microsoft Excel and ESRI ArcGIS 
software. 

Digital coverage of nest locations created 
by UDWR and clipped to the project area 
by Cirrus with Microsoft Access, and 
ESRI Arc GIS software. 

Data analysis will be in cooperation with 
the Utah Division of Water Quality. 
Forest sampling stations wi II be reviewed 
in relation to DWQ sampling statewide 
(Forest Service 2006). 

Species habitat and populations trends 
summarized in the tex11\l1 e61cumcnt. 
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Table 1. (cont'd) \Vildlife survey mcthodology for species considered in this analysis on the Greens 
Hollow project area, Manti-La Sal and Fishlake National Forests. 

Species Data Collection) Data Analysis 

Cavity nesters Existing survey and population data obtained Species habitat and populations trenns 
(FLNF) from FLNF MIS report (Rodriguez et al summarized in the text of the document. 

2006) for hairy woodpecker (Picoides 
vilfosl/s), western bluebird-(Sialia mexicolla), 
and mountain bluebird (Sialia Cllrmcoides). 

Riparian nesters Existing survey and population data obtained Species habitat and populations trends 
(FLNF) from FLNF MIS report (Rodriguez et al summarized in the text of the document. 

2006) for Lincoln's sparrow (Melospiza 
lillcolnii), song sparrow (Me/ospiza 
melodia), yellow warbler (Dendroica 
petechia), and MacGillivray's warbler 
(Oporomis wimjei). 

Species of HiJ!h Federal Interest 
Migratory birds- Presence/absence surveys were conducted in Digital coverage of observed territories 

suitable habitat by Cirrus from 2001-2003. created with Microsoft Excel and ESRI 
Incidental observations also made. Raptor ArcGIS software. 
nest data acquired from UDWR. (Cirrus 
2004). 

Othcr Wildlife Species 
Amphibians Presence/absence surveys were conducted in Digital coverage of suitable habitat and 

suitable habitat by Cirrus from 2001 -2003 species presence created \vith :rvIicrosoft 
(Cirrus 2004). Excel and ESRI ArcGIS. 

Reptiles Incidental sightings recorded (Cirrus 2004). Species observations summarized in text. 
No formal surveys required since 
construction of mining facilities and roads 
was not proposed in previous Muddy Creek 
project. Scope of work for this analysis did 
not require any new surveys. 

Small mammals Incidental sightings recorded (Cirrus 2004) Probability of occurrence analysis 
by field biologists while conducting wildlife conducted using existing literature and 
surveys in the area. other resources. Results summarized in 

tabular format. 
Non-game birds Incidental sightings recorded (Cirrus 2004) Probability of occurrence analysis 

by field biologists while conducting wildlife conducted using existing literature and 
surveys in the area. other resources. Results summarized in 

tabular format. 

1 All referenced field survey work was completed for the analysis documented in the 2004 Muddy Creek Wildlife Technical Report. 
2Neotropical migratory bird species considered in this analysis can be fOllnd in Table 5. 

Many special status species have been excluded from discussion in Table 1. This is because it was 
determined by Kevin Albrecht (MLNF, Ferron Ranger District Wildlife Biologist), and Chris Colt 
(FLNF, Richfield Ranger District Wildlife Biologist), that those species (including all federally-lis ted _ _ . "t.-. 

threatened and endangered species), either do not occur or have no habitat in the proj ecl t<l ~ J i ~ OH{\ 1 r.:D 
species with the potential to be impacted by the Proposed Action are analyzed throughout this document. 
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2.4 DESCRIPTION OF INVENTORIES AND DATA 
COLLECTED BY THE CONSULTANT 

A description of field surveys and other forms of data acquisition, including survey methods and results 
from the previous analysis, is discussed below in sections 2.4.1 - 2.4.4. Order of species described 
follows that outlined above in Table 1. Summary figures and tables of the previous Muddy Creek study 
efforts can be found in the Muddy Creek Wildlife Technical Report (Cirrus 2004) in the project record. 
In addition to the required survey data, general species lists were generated to document incidental 
wildlife sightings in the analysis area and are included in Appendix C of the Muddy Creek Technical 
Report (Cirrus 2004). 

2.4.1 TES WILDLIFE SURVEYS 

Lists of federally-listed threatened and endangered, and R4 sensitive species were obtained at the onset of 
the project analysis period. Updated lists were acquired in 2013 (Forest Service 2013b, USFWS 2013). 
Each of the species on these lists, and the habitats they utilize, were considered for analysis in this 
document. However, it was detennined by Kevin Albrecht, MLNF, Ferron Ranger District Wildlife 
Biologist; and Cluis Colt, FLNF, Richfield Ranger District Wildlife Biologist; that some species listed 
(including all federally-listed threatened and endangered species) either do not occur or have no habitat in 
the project area. Only species with the potential to be impacted by the Proposed Action are analyzed 
throughout this document. The complete lists of all species (including those dropped from this analysis) 
can be found in the project record. 

2.4.1.1 Bald eagle 
Data on bald eagle nest sites was acquired from the UDWR (2005b) and is reported below. 

There are only eleven known nesting bald eagle pairs in Utah (UDWR 2009). None are present in the 
project area or elsewhere on the Manti-La Sal National Forest or vicinity of the project area on the 
Fishlake National Forest. The closest nest is on private land about 18 miles east of the northeastern 
boundary of the analysis area, near the town of Castledale. It is unlikely that individuals from this eagle 
pair would utilize portions of the analysis area for foraging, since suitable habitat is available closer to the 
nest site. Five bald eagle individuals (3 adults and 2 juveniles) were observed in November 2003 along 

owboy Creek (in the middle of the proposed lease tract) presumably during faJl mi&r i9 r ~~il)·~ 1 FlATED 
2004). No other observations of lhis specie wer made during field visits between Marchano 
November, 2001-2003. 

APR 1 9 2018 
2.4.1.2 Flammulated owl 
Surveys for flammulated owls were conducted in suitable foraging and nesting habitat i re a ~Is facE(; & Mining 
from June 20 to July 19 in 2001, June 7 to June 26 in 2002, and on June 25, 2003 (Cirrus 2004). Survey 
periods were selected to correspond with the breeding season when male owls were most likely to 
vocalize to signal their occupied territory. Suitable owl habitat was originally defined as pine woodlands, 
especially ponderosa pine. After owls were heard in alternative habitat types in the survey area, this 
definition was expanded to include mixed conifer forest stands that included an aspen and pine 
component. 

Another survey was completed specifically for the area within suitable habitat through which surface 
disturbance could occur. The survey was completed on July 22, 2008, following accepted protocols for 
broadcast flammulated owl surveys, beginning at dusk. Calling stations were established on 0.25 mile 
spacing along the alignment in suitable habitat (Cirrus 2008). Other flammulated owl surveys were 
conducted in The Pines tract in 2008 by MLNF personnel. This area is directly north and east of the 
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Wildcat Knolls lek sites. Flammulated owl responses were detected in this area during this survey effort 
(Jewkes 2008a). Further surveys by MLNF personnel were conducted in the Wildcat Knolls area 2009 
through 2011. No flammulated owl responses were detected through these surveys (Forest Service 
2013d). 

2.4.i.2.i Survey jY1eihoas 
l'''' forest owl inventory protocol (UDWR 1992), developed for LIse in the Northern Region and received 
from the Utah Department of Natural Resources, was followed to detennine the presence of flammulated 
owls in the analysis area. The survey method employed the use of a conspecific broadcast calling tape of 
male flammulated owl vocalizations. The same equipment used for the goshawk surveys was used for 
owl surveys. Surveys consisted of broadcasting repeated sequences of a 30-second adult owl call 
followed by a IS-second period of silence. Twenty minutes were spent at each survey station. After 
listening for owls for 3 minutes, calls were broadcast in four directions, rotating 90 degrees every 4 
minutes, approximately. Broadcast calling surveys began one-half hour after dusk, and continued 
throughout the night, as late as 3:30 am. Surveys were aborted or not conducted ifit was rainy or windy. 

Survey routes were determined using transects and isolated points, drawn on USGS topographic maps 
over areas containing suitable flammulated owl nesting and foraging habitat. Suitable habitat was 
determined by examining Forest Service vegetation coverage maps and aerial photos, and by field 
reconnaissance. Survey calling stations were located at approximately O.S-mile intervals along transects, 
and 0.5 miles apart when isolated, to promote effective coverage of suitable habitat. 

A digital coverage of the flammulated owl calling points and positive responses was created in Microsoft 
Excel. The coverage "vas mapped in l-\rcGIS and overlaid onto the existing Forest Service vegetation 
layer to better assess distribution of positive responses in relation to habita( type (see Muddy Creek 
Wildlife Technical Report; Figure A-3, Appendix A; Cirrus 2004). Results of the surveys are discussed 
below. 

2.4.1.2.2 Survey Results 
In 2001, surveys were conducted at 38 calling points. In 2002, calling points that had no response in 
2001 were resurveyed, and 15 new points were surveyed to cover additional potential habitat. These new 
points were resurveyed in 2003 unless a positive response was recorded in 2002. (Cirrus 2004). 

Owls responded to broadcast calls at a total of 26 stations in the analysis area over the 3-year survey 
period. Twelve flammulated owl responses were elicited from surveys conducted in 2001, twenty owl 
responses in 2002, and one in 2003. A flammulated owl was also heard incidentally along Cowboy 
Canyon in May 2003, at a location where no response had been recorded during the 2001 and 2002 

.. surveys. At some of the stations, more than one owl responded to calls during the survey visit. The 
; habitat surrounding the stations where positive responses were recorded can be categorized into 
ponderosa pine, limber pine and aspen, and mixed conifer and aspen forest types. The number of 
responses does not indicate the number of owl pairs on the tract, as unpaired male flammulated owls are 
thought to call more during the breeding season than paired owls (Reynolds and Linkhart 1987, UDWR 
1992). However, we can assume that numerous pairs are utilizing the survey area based on the high 
number of male responses and the presence of suitable habitat throughout the tract. In addition to 
flammulated owls, great-horned owls occasionally responded to the broadcast calls. ailing efforl w s,. ·f~ 0 
aborted at these stations once the great-horned owl was h ard. A saw-whet owl was al s tl ea· a~ l" rfg) I "· 1.= 

the tract during a flammulated owl survey in 2001. For the 2008 survey along the proposed power line 
alignment that intersects suitable habitat, no flammulated owl responses were detected. APR ,9 20\8 

In sl~mmary, two years of surveys w.ere oon~pleted for all suitable fl~~nmulated owl I~abitat ,:,,!thi the & Mining 
prevIOUS Muddy Creek study area dunng the -,-year survey effort. Poslhve responses ~ e M 6 
calling stations in the survey area, for a total of 33 responses, as more than one owl responded at some of 
the stations. Some of these responses were likely from the same individuals as they were received at 
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adjacent calling stations. It is assumed that several pairs of flammulated owls occur in the analysis area 
even though no responses were detected in the Greens Hollow survey areas. 

2.4.1.3 Greater sage-grouse 
Surveys for the greater sage-grouse consisted of visits to known lek sites and searches for grouse sign in 
suitable habitat that could potentially be used during the breeding season. Grouse sign was in the form of 
tracks, fecal and cecal pellets. Suitable habitat was defined as plains, foothills, and mountain valleys, 
where the predominant slmlb species is sagebmsh, of short to medium stature. Suitable habitat for sage
grouse exists in the area. Forty-eight sage-grouse were transplanted to the southern portion of the Muddy 
analysis area by UDWR between 1987 and 1990 (UDWR 1997). 

2.4.1.3.1 Strutting Ground Surveys 
The Forest Service and UDWR have been annually monitoring the stmtting ground utilized by 
reintroduced grouse on the Muddy tract since 1991. This ground, referred to as the Wildcat Knolls lek 
complex, has received use by 3 to 36 cocks on a given year with the lowest numbers observed in 2003 
Forest Service 2013a). Cirms personnel assisted with the survey in April 2002 and 2003 and also 
observed three hens in the area in 2002. This lek complex is currently the only one in the analysis area 
known to be active. In 2003, UDWR and Cimls personnel also surveyed additional areas identified as 
potential lek sites by Cirnts in 2002, along the east side of Box Canyon and near Pines Knolls. UDWR 
observed two cocks and two hens between Box Canyon and the East Fork of Box Canyon in early April 
2002, but the birds were not engaged in any lekking displays. No sage-grouse were observed near Pines 
Knolls. These two sites were revisited by Cirrus later in April 2002, but no grouse were observed. 
(Cirrus 2004). 

Surveys continue to be conducted in the Wildcat Knolls lek complex areas each season. Beginning in 
2005, new field equipment was' secured (OHVs with track systems), that allowed MLNF biologists to 
access the lek complex earlier in the year. This has greatly increased that data available and has shown 
that more grouse use the area than previous years' surveys have recorded. For example, in 2004 when 
biologists were unable to access the site earlier in the season, the highest lek count observed was 15 total 
hens and cocks. The following year with additional access to earlier survey, that number grew to 65 in 
2005, 80-100 in 2006, and 36 in 2007. Even on a low year such as 2007, greater access is still showing 
greater than double the usage observed prior to gaining early access (Forest Service 2013a). For more 
infonnation see Section 2.4.1.3.4 and Table 2. 

2.4.1.3.2 Grouse Sign Surveys 
Sagebmsh habitat potentially suitable for sage-grouse was surveyed for sign by Cirms. Priority was 
given to areas with historic grouse use and to those containing a good understory of grasses and forbs, 
although lesser quality habitat was also surveyed. Survey methods consisted of walking along closely 
spaced, parallel transects through sagebntsh habitat and searching the ground for fecal and cecal pellets, 
feathers, and tracks. The majority of the survey effort took place in April 2002, although one area not 
visited at that time was surveyed in June 2002. (Cimls 2004). 

2.4.1.3.3 Survey Results 
Surveys for sage-grouse sign within the Muddy analysis area took place from mid to late April 2002 in 
the following locations: Greens Hollow, The Pines, Julius Flat, the area from Wildcat ~ J Q "l Ip e . 
tip of Box Canyon, the area west of Box Canyon, and between Box Canyon and enlr t!ao1 ·nATE:D 
Additional surveys were conducted in early June 2002 between Box Canyon and East Fork Box Canyon 
(Cirrus 2004). APR 1 9 2018 

Ther~ was no grouse sign observ~d at .G.reens Hollow or near Julius Flat reservoir, :PR ~ i p} ~l a 'f:S~ lh , M"" 
sage III that area was very tall, With rmmmal understory grasses and forbs. Although tile sageonls , \Va i llilng 
shorter between Greens Canyon and Box Canyon, only a few old piles of grouse pellets were found. As 
expected, abundant sage-grouse sign was found in the area around the Wildcat Knolls site, clear up to the 
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intersection of FS roads 044 and 007. Further north from this intersection, on the west side of Box 
Canyon, there was very little grouse sign. One concentrated area of grouse use was found on the western 
pOli ion of FS road 028 in The Pines. This area contained numerous patches of sagebmsh that had been 
burned to increase cattle forage, and the grouse pellets were found on the edge between burned and 
unburned areas (Cimls 2004). The sage-grouse were probably using the taller sagebmsh for roosting and 
the burned areas for foraging. The most extensive sign of sage-grouse outside of the Wildcat Knolls area 
was between the East Fork and main fork of Box Canyon. Numerous piles of fecal and cecal pellets and a 
few feathers were found at the junction of and between FS roads 318 and 058. In addition, 12 roosting 
adults were flushed near the head of Box Canyon during this survey effort (See Muddy Creek Wildlife 
Tec1mical Report; Figure A-12, Appendix A, Cim,lS 2004). South of this area, near Box Pond, SUFCO 
Mine personnel also reported seeing over a dozen sage-grouse (adults and chicks) in June 2002. 

2.4.1.3.4 Updated Population COllnts and Lek Boundaries 
Due to the ongoing process of the MNLF Forest Plan revision, many wildlife species range mappings are 
being re-vprifjpn Ann revisen ACroSS the Forest to greater reflect new data and land use that has been 
documented since the previous Forest Plan of 1986. District Biologists on the North Zone of the MLNF 
have been completing thorough monitoring of sage-grouse since 2002 and have discovered 
inconsistencies between the lek map and the existing on-the-ground conditions. It has been detennined 
that some areas mapped as suitable lek habitat are in actuality not suitable. Conversely, other areas that 
are not mapped actually provide quality habitat for sage-grouse. The Wildcat Knolls sage-grouse lek 
complex near this project's analysis area is one area that has undergone revision to better reflect grouse 
use and current data. This revision of the lek boundaries in this area of the Forest was completed in early 
2008 and the analysis for this project reflects those new lek boundaries based on the best current 
infonnation (Forest Service 2008a). 

No additional sage-grouse surveys were required of Cirrus personnel for this project. However, yearly 
sage-grouse surveys have been completed by the UDWR and Forest Service biologists since the 2003 
survey effort. There are five historic leks on the MLNF. Of these, the Wildcat Knolls lek complex is the 
most prominent sage-grouse feature in the proj ect area. In 2007, a further revision of the Wildcat Knolls 
lek complex was completed when a satellite lek was discovered near to and north of this area and 
integrated into the lek complex. Table 2 below outlines the most recent Iek count data available for the 
Wildcat Knolls lek in the project area as well as the other known leks in the North Zone of the MLNF. 

As discussed above, it ought to be noted that although the data appear to show a large increase in grouse 
use on the leks, these data should be put into perspective. For the 2005 count season and beyond, track
over-snow vehicles allowed surveyors greater access to the lek sites earlier in the year. This is likely the 
reason for the elevation in count numbers for survey seasons 2005 to 2008. It is assumed that the leks 
have been receiving this level of use in the past, but it has been impossibl to document due to the 
inaccessibility of lek sites in the late winter and very early spring. Continued mon . 1 11> . 5h ' ,,/\T[::.o 
whether this assumption is tme and lek use remains high as earlier counting brings in new data each year 
(Forest Service 2013a). APR 1 9 2018 
2.4.1.4 Northern goshawk 
Surveys for northern goshawks were conducted in suitabl foraging and nesting hae h{~ f t 1 ila ' I~Sl s& Mining 
area from June 21 to July 19 in 2001, July 9 to August I in 2002, and July 14 to July 17 in 2003 (Cimls 
2004). The survey periods were selected to coincide with portions of the nestling period in 2001 and the 
post.fledgling dependency period in 2002-2003. Suitable goshawk habitat was defined as gentle to 
rrloderate slopes (0 to 30 percent) containing mature conifer stands with closed canopies and open 
understories. Aspen stringers near perennial streams were also considered suitable nesting habitat, 
regardless of the grade of the adjacent slopes. 
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Table 2. \Vinter and Spring Lek Counts on the North Zone of the MLNF Showing Maximum 
Number of Cocks Observed By Lek Per Year.] 

Dates 
Wildcat Knolls 

South Horn Barbwire Pond North Horn East Rim 
Monitored South Rim SOB Hill TV Towers 

1990 0 2 0 3 
1991 20 1 0 6 
1992 22 4 0 3 
1993 0 1 0 2 
1994 11 3 0 2 
1995 12 0 0 0 
1996 20 0 0 0 
1997 15 0 0 0 
1998 15 0 0 0 
1999 16 0 0 0 
2000 14 0 0 0 
2001 11 0 0 0 
2002 8 NV 0 0 
2003 3 0 0 0 
2004 15 7 0 0 
2005 652 (12) 9 2 0 
2006 80-100l (30) 18 14 0 
2007 36 17 3 0 
2008 l7 17 2 0 
2009 13 NV NV NV 
2010 NY 14 NV NV 
2011 28 NV NV NY 
2012 25 7 NV NY 
2013 24 14 NV NY 

Forest Service 2013a 
2These numbers are winter counts taken in January and February and represent a total cOllnt of hens and cocks. The other 
numbers in parenthesis represent the actual lek COllnts and were counted in March through May. Only the highest count in that 
year is given. 

NV=Not Visited 

2.4.1.4.1 Survey Methods 
Survey methods outlined in the draft Region 4 survey protocol for northern goshawks (Forest Service 
1993) were used to detennine the presence of goshawks in the analysis area. The method employed the 
use of a conspecific broadcast calling tape of an adult northern goshawk alarm call and a portable tape 
player with external speakers capable of broadcasting at 90-100 decibels at one meter from the source. 
The taped alarm calls were played back as repeated sequences of 10 seconds of alarm calls followed by a 
30-second observation period. At each broadcast station, the observer played a total of three sets of the 
10 seconds of alarm call/30 seconds of observation sequence, rotating 120 degrees after each set. During 
all observation periods, the surveyor scanned the area vertically and horizontally for goshawks. Calling 
surveys were conducted during daylight hours, primarily from sunrise until early afternoon (about 1400 
hours) . No surveys were conducted in inclement weather (i.e., rain or wind). 

Survey routes were determined using transects drawn on USGS topographic maps over areas containing 
suitable goshawk nesting and foraging habitat. Suitable habitat was determined by examining Forest 
Service vegetation coverage maps and aerial photos, and by field rec' tI ·vex..call.ing stations 

I ,. ,l\ I fD 
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were located at approximately 900 feet intervals along transects to promote effective coverage of suitable 
habitat. Results of the surveys are discussed below. 

2.4.1.4.2 Survey Results 
In 2001, 110 calling points were surveyed for northern goshawks. - In 2002, these calling points were 
resurveyed and 102 new points were surveyed because of the additional potential habitat identified from 
vegetation maps or during field visits. In addition, goshawk alarm calls were broadcast at 59 of the 
stations surveyed for three-toed woodpecker between June 8 and June 23, 2002, to see if a response could 
be prompted earlier in the breeding season. Of these stations, 52 were resurveyed later in the year as pali 
of the regular goshawk survey effort. In 2003, stations visited for the first time in 2002 were revisited, 
except where habitat was deemed unsuitable, so that each station with suitable habitat was visited twice 
over the 3-year study period. (Cin-us 2004). Surveys have continued on the Forest since the Muddy 
Creek analysis was completed. Goshawk territory occupancy has trended upward in the past five years 
(2008 to 2012), to the point of 42.4 percent occupancy in 2012 (Forest Service 2013b) . 

Positive responses were received at three calling stations in the Muddy analysis area in 2001 , two calling 
stations in 2002, and one calling station in 2003. One of the responses in 2002 was at a station where a 
response was also received in 2001. Goshawk responses were associated with mixed conifer/aspen forest 
at elevations above 8,650 feet. Positive responses were either silent fly-overs or vocalizations of adult 
birds. Of the responses in 2001, two were silent fly-overs and the third bird was flushed from a tree. Two 
of these responses were most likely from the same individual as the goshawk flew from the direction of 
the last positive calling station within fifteen minutes of the original response. Of the two responses in 
2002, one goshawk flew in and vocalized and perched on a tree, the other one vocalized but did not fly in. 
In 2003, the response consisted of a single alarm ca ll. Four of the responses were in the forested patches 
west of the tract, inside the buffer, and two were inside the tract. The number of responses observed does 
not represent the number of individuals.' The responses were likely from individuals of one (or possibly 
two) goshawk pair or family unit. No physical nests were observed, but it was assumed that there was at 
least one active nest in the area. In addition to the surveys, one incidental visual observation was made in 
September 2003, when an adult goshawk was seen flying over Black Fork Creek then disappearing into 
the forest canopy on the other side of the creek, near its confluence with the South Fork Muddy Creek. 
(CilTlls 2004). 

In summary, two years of surveys were c mpl ted for all uitable goshawk habitat within the analysi 
area during the 3-year survey e ffoli. Pos itive resp Ilses were received at fiv callin I t~f 9l;\ . ~ n ,j irl 0 
resp nses at one of rhe stations, for a total of 6 responses. Researchers pent time searc ling the ar n, bllt 
were unable to locate nests or juveniles. (Cimls 2004) . 

2.4.J .s Peregrine falcon 

2.4.1.5.1 Survey Methods 

APR'9 2018 

n iv. ot Oil, G(1::; 8t Mining 

Migratory bird surveys were conducted during the 2001 to 2003 field survey effort (both concurrent and 
in addition to other required surveys) in the following general habitat types: riparian, grassland and 
forblands, sagebmsh, mixed conifer, aspen and aspen mixed conifer, ponderosa pine, mahogany and 
mountain bmsh, limber pine, and pinyon pine/juniper. Greater emphasis was given to surveying forested 
and sagebmsh habitat types. Cliff habitat is surveyed annually specifically for golden eagles; incidental 
falcon sightings are also recorded if observed (Cimls 2004). 

Considerable time was spent traversing coniferous and mixed-coniferous forests and riparian habitats 
during the breeding season while surveying for sensitive species. Extensive time was also spent 
traversing shmb-steppe environments during the breeding season while surveying for sage-grouse. Time 
surveying in grassland habitat in 2001 to 2002 was limited to those areas adjacent to sagebmsh habitat, 
and to the grasslands traversed while traveling to other habitats . In 2003, the survey effort specifically 
included grasslands. 
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2.4.1.5.2 Survey Results 
A pair of peregrine falcons was observed in the analysis area during the survey effort in 2002. The 
falcons were encountered while walking along the rim of Muddy Creek Canyon within the 2-mile buffer 
on the west side of the tract (see Muddy Creek Wildlife Technical Report; Figure A-ll, Appendix A, 
Cimls 2004). The pair was exhibiting territorial behavior, and it was presumed that a nest was nearby 
within the cliff faces. One peregrine falcon was observed circling above an inactive golden eagle nest 
during UDWR aerial surveys in 2003. No falcons were observed in 2001. The FLNF performs surveys 
each year for peregrine falcons; however, there have been no eyries located on the Forest (Rodriguez et al 
2006). 

More recent data shows that as of 2008, there are five known peregrine nests on the MLNF. None of 
these occur within the project area. The closest is approximately 16 miles northeast of the project area in 
Rock Canyon. This nest was active in 2006 and 2008, but inactive in 2007. From 1999 to 2005 it was 
not surveyed, but was active in 1998 (Jewkes 2008a). 

2.4.1.6 P gmy rabbit 
The pygmy rabbit is a listed sensitive species for the whole of Region 4. However, the region has 
developed a list of known and/or suspected distribution of such species by forest (Forest Service 2013b). 
On this list the pygmy rabbit only is listed as possibly occurring on the FLNF and not the MLNF in the 
project area. With this in mind, all references to pygmy rabbits throughout this document will be 
assumed that potential populations and habitat occur on the FLNF. The expected subsidence zone of the 
project area consists of only approximately 81 acres of FLNF -managed land (Figure 1). 

2.4.1.6.1 Survey Methods 

During the 2003 analysis period and 2001 to 2003 field seasons, pygmy rabbits were not listed as a target 
species on any list. Thus, they were not specifically surveyed for. Incidental mammal surveys were 
completed, and although no trapping took place, sixteen species of small mammals were observed 
incidentally in the project area. 

2.4.1.6.2 Survey Results 

Although there is some potential habitat in the project area, pygmy rabbits were not obse ed ~h -ir\g . 'V~'.,n:::D" 
2001 to 2003 field survey effort. Further, there are no known occurrences of this species in 'the PlOj ' L 

area, or the counties wherein the project lies. 

APR 19 2018 
2.4.1.7 Three-toed woodpecker 

Surveys for three-toed \ oodpeckers were conducted in suitable foraging and nesting h SiMI dJf t II _~b' El.I Min inq 
analysis area from June 21 to July 19 in 2001 and May 24 to June 23 in 2002 (Cirrus 2004). Survey ~ 

periods were selected to coincide with the nest excavation period. Suitable woodpecker habitat was 
defined as spruce-fir forests, especially those that had been recently infested by bark beetles. 

2.4.1. 7.1 Survey Methods 
A modification of the northern three-toed woodpecker inventory protocol, received by the Forest Service 
in 2001 (UDWR 1992) was used to conduct surveys . The method employed the use of a con-specific 
broadcast calling tape of an adult three-toed woodpecker call plus three intermittent episodes of 
drumming and silence. The tape was played using a portable tape player with external speakers capable 
of broadcasting at 90-100 decibels at one meter from the source. The tape was played back as a repeated 
s~quence of 10 seconds of calls and drumming followed by a 30-second observation period. At each 
survey station, the observer broadcast the call in all four cardinal directions for a total of eight minutes (2 
minutes in each direction) . During the observation periods, the surveyor scanned the area vertically and 
horizontally for woodpeckers and listened for drumming responses. Calling surveys were conducted 
during daylight hours, primarily from sunrise until early afternoon, when it became too warm (about 1400 
hours). No surveys were conducted in inclement weather (i.e., rain or wind). 
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Survey routes were determined using transects drawn on USGS topographic maps over areas containing 
suitable three-toed woodpecker nesting and foraging habitat. Suitable habitat was determined by 
examining Forest Service vegetation coverage maps and aerial photos, and by field reconnaissance. The 
majority of transects traversed for goshawk surveys were used also for woodpecker surveys, because of 
the similarity of habitat requirements. When the same transects were used for both species, the survey 
calling stations \vere located at approximately 900 feet intervals. When transects were used to survey 
only for woodpeckers, the calling stations were located at intervals ranging between 0.15 and 0.25 miles, 
depending on tenain and forest density. If surveys were conducted for woodpeckers and goshawks 
during the same time interval, the woodpecker calls were always broadcast first. Results of the surveys 
are discussed below. 

2.4.1.7.2 Survey Results 
In 2001, 98 calling stations were surveyed, which comprised the best habitat in the tract. In 2002, 96 new 
calling stations were surveyed, which contained a variety of habitat including poor (canyon edges), 
marginal, and suitable habitats. In addition, 32 calling stations visited in 2001 were resurveyed in 2002 
because they were originally surveyed after July 15, towards the end of the nest excavation period. 
(Cinus 2004). 

Fifteen woodpecker responses resulted at twelve calling stations in 2001. Six of these responses were 
paired, and one was incidental, occun·ing in the same location as a prior positive response. One 
woodpecker responded during the survey effort in 2002, and an additional one was observed incidentally 
during a goshawk survey in mid-July 2002, when an adult female was observed drumming and flying. 
No nest sites were found. Positive identifications were made visuaily and aurally and were associated 
with dense forested .habitats above 8,800 fect that contained patches of snags. Woodpecker responses 
consisted of drumming or a combination of flying to a few different trees and snags and drumming. All 
of the responses were in the spruce beetle infested forest habitat within the survey buffer, west of the tract 
boundary. Although, for a given year, it is difficult to determine the exact number of individuals 
observed during surveys, it can be assumed that there were at least three, and potentially more, 
woodpecker pairs nesting on the tract. This assumption is made based on the number of pairs observed, 
timing of and distance between positive survey responses, and home range size. 

In summary, all suitable three-toed woodpecker habitat was surveyed between 2001 and 2002. Responses 
were received at 13 calling stations in the Muddy analysis area, for a total of 16 responses, as both birds 
ill a pair responded at three stations. Additionally, a female was observed incidentally in the area during a 
goshawk survey. It is assumed that three or more nesting pairs were present during the survey period. 

2.4.1.8 Spotted bat 
Surveys for spotted bats were conducted by Cirrus in potential roosting habitat in the Muddy analysis area 
in 2001 and 2002. Spotted bats have been recorded in a variety of habitats, including open ponderosa 
pine, desert shrub, pinyon-juniper, and open pastures and hay fields. Foraging occurs in riparian areas 
and open meadows wi th wet seeps or wetlands. Roosting habitat is more restrictivc, being confined to 
rock crevices or overhangs associated with large cliff faces (Wai-Ping and Fenton 1989). Roosting 
habitat for spotted bats is abundant in vertical cracks of the sandstone cliff faces of th t l? cany-ons in 
the tract. The riparian habitat and forest edges in the tract also provide potential forag! pp r Lni t! .JYl ED 
(Cirrus 2004). 

2.4.1.8.1 Survey Methods APR t 9 2018 
Survey for spoiled bats in 200 I and 2002 consisted of structural searche of rock c ·eyices or overhangs 
of cliffs that potentially upporl roosts sites. Due to the hazards of steep cliff t ~tl1 ,c ea th€fsJ , r ) 
confined to areas accessible safi ly by fool. No rock-climbing or rep lIing gear was used. Th following 
structures were searched for bat roosts in the analysis area: Muddy Canyon east of Box Canyon, Greens 

Minino ... ~~ 
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Canyon, the East Fork of Box Canyon, the head of Box Canyon, and the North Fork of Quitchupah 
Canyon. 

In addition to roost site searches, incidental observations of spotted bats were recorded. Spotted bat 
vocalizations are audible. The only other audible bat species in Utah, Allen's big-eared bat and the big
free-tailed bat, do not occur within the range of the project area. Therefore, when audible bat detections 
were made, it was assumed that the species ' heard was the spotted bat. UTM coordinates were recorded 
for these observations and were used to create the digital coverage provided in conjunction with this 
report. 

2.4.1.B.2 Survey Results 
No roosting sites or sign of bats were found during stmctural searches in the analysis area (Cimls 2004) . 

Numerous spotted bats were identified in the survey area by audible vocalizations or a combination of 
vocalizations and vi sual detection. Observations were made primarily in conjunction with nighttime 
flammulated owl survey efforts. A total of 36 spotted bat observations were recorded. Observations were 
associated with the rocky cliff habitat and ponderosa pine along the east fork and main stem of Box 
Canyon and along Greens and Cowboy Canyons . Bats were also observed foraging above the North Fork 
of Muddy Creek, and in the limber pine/Douglas-fir habitat along the jeep trail running west and south of 
Cowboy Creek. 

INconrOHAT~:: ' 
See section 2.4.1.10 for results of additional bat surveys conducted by other parties (Perkins and Peterson . t:: 0 
1997). 

APR 19 2018 
2.4.1.9 Townsend's big-eared bat 

Oiv. f ( '/ "~Q ,. 
Surveys for Townsend's big-eared bat (Col)lfIorhinus (owlIsendii lowIIselldii) , .. er conducted y n" I b c< Ali/n ino 
in potential hibernacula and roosting habitat in the Muddy analysis area in 2001 and 2002. Townsend's ""' 
big-eared bats have been recorded in juniper/pine forests, shrub/steppe grasslands, deciduous forests, and 
mixed coniferous forests . They roost in hibernacula within caves, abandoned mine shafts, and 
occasionally in old buildings (Perkins and Peterson 1997). Winter hibernacula for big-eared bats are very 
scarce in the analysis area due to the scarcity of suitable caves and open mine shafts. Cliff overhangs and 
shelter caves eroded in the sandstone cliffs could provide potential SUlmner roosting habitat. 

2.4.1.9.1 Survey Methods 
Before surveys were initiated, the status of mines in the area was determined. One inactive mine, the 
Richie Mine, is present in the survey area. This mine was visited and detennined closed because of lack 
of visible openings. The Link Canyon Mine, just south of the buffer boundary is closed, with the 
exception of a small magazine, roughly 4 by 4 by 8 feel. One active mine, the SUFCO Mine, is present 
within and west of the Muddy analysis area, with its operating facilities southwest of the tract buffer 
boundary. 

Surveys for Townsend's big-eared bats in 2001 and 2002 consisted of structural searches of rock 
overhangs and magazines that potentially support roost sites or hibernacula. These surveys were 
conducted concurrently with those for spotted bats and included searches of accessible structures in 
Muddy Canyon east of Box Canyon, Greens Canyon, the East Fork and head of Box Canyon, and the 
North Fork of Quitchupah Canyon. The Richie Mine and tramway were visited to determine the status of 
the mine and look for potential hibernacula. A rock overhang exists at the head of Box Canyon and was 
surveyed for sign of bat roosts. In addition, the magazine at Link Canyon Mine was surveyed for roosting 
bats. Because big-eared bats are highly susceptible to temperature changes and disturbance, they would 
not occupy an active mine, thus the SUFCO Mine was not considered for the survey effort. 
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2.4.1.9.2 Survey Results 
No roosting sites, potential hibernacula, or bat sign were found during structural searches in the tract. No 
substantial caves were observed on the tract and no other structures were considered potentially suitable 
for Townsend's big-eared bat hibemacula. No mine openings were found at the Richie Mine site after an 
extensive search of the area, and no bat sign was observed. This mine was considered closed. No bats or 
bat sign were observed in the magazine in Link Canyon Mine. Because of the disturbance of this opening 
by cattle and vehicular traffic, it is unlikely that Townsend's big-eared bats would roost there. Since no 
big-eared bats and little suitable habitat were observed, a digital coverage for this species was not created. 
(Cirrus 2004). 

See section 2.4.1.10 for results of additional bat surveys conducted by other parties(Perkins and Peterson 
1997). 

2.4.1.10 Additional Bat Survevs 

2.4.1.10.1 Cooperative Challenge Cost Share Project 
A general inventory was conducted for spotted bats in selected areas on the Ferron Ranger District in 
1992 as part of a cooperative challenge cost share project between the MLNF and Utah Natural Heritage 
Program (Toone 1993). The survey methods employed consisted of listening for spotted bat audible 
echolocation sounds and categorizing them as a "bat pass" or a "foraging buzz", represented by the rate of 
echolocation heard, and mist netting. Survey locations were by Quitchupah Creek, just south of the 
Muddy tract boundary. 

No bats were captured in mist nets at Quitchupah Creek, but audible bat detections were made on two 
occasions during the netting period. Bat activity was noted as low at this site. 

2.4.1.10.2 SUFCO Mine Bat Survey 
Surveys for spotted and western-big-eared bats were conducted in 1997 in Link, Muddy Creek, and Box 
Canyons as part of the SUFCO and Dugout Canyon Mine's pennit requirements (Perkins and Peterson 
1997). Four different survey methods were employed, including structure searches, mist netting, bat 
detectors, and audible bat transects. The survey area overlapped with the eastern portion of the Muddy 
tract and buffer, therefore, the SUFCO survey results are likely indicative of the species composition in 
the analysis area. 

Results of the structure searches yielded no bats or bat sign in any shelter caves or in the Link Canyon 
magazine. No habitat suitable for Townsend's big-eared bats was observed. Mist netting resulted in the 

aplure of California myotis (Myolis cali/om icus) and Yuma myotis (M y umcmenslfs) in Link Canyon, 
and no species at Muddy Creek. The bat detector surveys resulted in the detection of spotted bats, as well 
as numerous other bat species including California myotis, Yuma myotis, big brown bat (Eptesicus 
fiISCllS), silver-haired bat (Lasionycteris noctivagrans), small-footed myotis (M. ciliolabrum), long-eared 
myotis (M. evotis), little brown bat (M. lucifuus), western pipistrelle (Pipistrellus he5perus), and an 
unidentified Myotis species. No Townsend's big-eared bats were detected. Transect surveys resulted in 
detection of spotted bat calls in nearly all stations in lower Box Canyon and throughout Muddy Canyon. 
No calls were heard in the upper reaches of the three canyons or in Link Canyon. 

The results of the surveys conducted by Perkins and Peterson (1997) suggest that these canyons do not 
contain suitable habitat fo r Townsend s big-ea red bats; suitable structures for day roosting and 
hibernacula are absent. liff habitat below the rims of Muddy reek Canyon and tIe ft\ e re;. 911 .. P 0 
Box Canyon surveyed by Perkins and Peterson (1 997) appear to provide ample habi a fdr'S'pdt e bats. 

~PR ,9 20'S 
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2.4.2 MAl~AGEMENT INDICATOR SPECIES 

2.4.2.1 Rockv Mountain elk 
Rocky Mountain elk are an MIS on both the MLNF and FLNF. Data on elk was acquired for the analysis 
area from UDWR (Bernales et al 2012, UDWR 2013), MLNF (Forest Service 2013b), and FLNF 
(Rodriguez et al 2006) . 

The Greens Hollow and surrounding areas contain crucial winter and crucial summer range for elk 
(UDWR 2013). Quitchupah Canyon is considered general winter range. Although the area is not 
designated in the MLNF Forest Plan (Forest Service 1986) as general or key winter range for elk, there 
are both key and general rangelands within miles of the project area. Although not designated as key or 
general rangelands, habitat in the project is clearly very important both in summer and winter to local deer 
and elk populations. 

No true migration routes have been identified or mapped by the UDWR or Forest Service in the analysis 
area. Since the area contains both winter and summer range, movements are not extensive, occur between 
ranges, and follow the seasons. All areas are used, and the animals move from place to place as 
necessary. In some years they move greater distances than others, depending on the weather and 
available resources. 

Specific calving areas have not yet been identified, studied, reported, or mapped within the Greens 
Hollow project area. It is assumed that calving potentially occurs in all suitable habitats. In the analysis 
area, suitable calving habitat coincides with aspen forests and mountain brush and mahogany cover types. 
Predicted calving areas occur in and around the southwestern portion of the analysis areas, as far north as 
Julius Flat Reservoir, and as far south as the North Fork of Quitchupah Creek (Hodson·2004). Potential 
calving habitat was modeled by the MLNF. Modeled habitat coincided with the aforementioned 
predicted habitat, but also occurred in and around the northwest portion of the analysis area. Modeled 
calving habitat was associated primarily with aspen and aspen mixed conifer habitat types that were close 
to water (Jewkes 2004b). 

The elk population on the MLNF has remained relatively stable over the past decade (Forest Service 
20 l3b). The elk population for the most part is dependent on the number and type of hunt tags issued by 
the UDWR annually, and weather cycles and patterns . It appears that due to the large amount of habitat 
on the Forest, these factors playa larger role in popUlation numbers than do land management practices. 
The 1986 Forest Plan has a minimum viable population for elk of2,125. The current population estimate 
of elk on herd on the Manti Division is 12,500 (Forest Service 20l3b, Bernales et al 2012). Figure 3 
below illustrates estimated population levels of elk on the Manti Division. 

The latest data for the FLNF is from the 2004 to 2005 census. Based on data collected by the UDWR and 
FLNF biologists, there were approximately 7,225 elk in the winter of2004 to 2005. This displays a 5,225 
head increase since 1986 when the Forest Plan was signed. Overall, on the FLNF, elk population trends 
continue to increase (Rodriguez et al 2006) . 
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Figure 3. Elk aerial census from 200 to 2011 within the Manti Elk Census Unit (Forest Service 
2013b). 

2.4.2.2 Mule deer 
Mule deer are an MIS on both the MLNF and FLNF. Data on mule deer was acquired for the analysis 
area from UDWR and Forest Service (Forest Service 2013b, Bernales et aI2012). 

The Greens Hollow and surrounding areas contain crucial winter and crucial summer range for mule deer 
(UDWR 2013). Quitchupah Canyon is considered general winter range. Although the area is not 
designated in the MLNF Forest Plan (Forest Service 1986) as general or key winter range for deer, there 
are both key and general rangelands within miles of the project area. Although not designated as key or 
general rangelands, habitat in the project is clearly very important both in SUl1uner and winter to local deer 
and elk populations. 

No true migration routes have been identified by the UDWR or Forest Service in the analysis area. Since 
the area contains both winter and summer range, movements are not extensive and follow the seasons. 
All areas are used, and the animals move from place to place as necessary. 

Specific fawning areas have not yet been identified, studied, reported, or mapped within the Greens 
Hollow project area. It is assumed that fawning potentially occurs in all suitable habitats. Generally, 
su it<1bl fawning habitat c in ides with coniferOlls forests, mi' d aspen miferous fi . s . oung 11~ e IE 
stands, ·and mountain brush and mahogany cover types, with the latter being prefer d u of the 
protective cover it affords. These habitats occur in the western and southern portions of the analysis area

018 Deer fawning habitat overlaps elk calving habitat to some degree. APR '9 2 

T))'e' mule deer population throughout Utah has fluctuated historically-usually due $R. dro~'f :tl i' r ~r .. 
winter conditions. Populations in eastern Utah declined in the early 1990s, but bega'~Vro 'i'ecov~r 111 the 
late 1990s. The mule deer population on the Manti'Division, as of 2011, is estimated at about 20,900 
individuals (Figure 4), which is below the objective of 38,000 individuals (Forest Service 2013b). Like 
elk, the mule deer population for the most part is dependent on the number and type of hunting tags 

. issued by the UDWR annually, as well as weather cycles an,d patterns. It appears that due to the large 
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amount of habitat on the Forest, these factors play a larger role in population numbers than do land 
management practices. The 1986 Forest Plan has a minimum viable population for mule deer of 19,820. 

Manti Division Mule Deer Population 
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J.'igure 4. Mule deer population estimates on the Manti Division from 1999 to 2011 (Forest Service 
2013b). 

2.4.2.3 Northern goshawk 
Northern goshawks are an MIS on both the MLNF and the FLNF and data on them was gathered from 
both Forests. Goshawks are also a R4 sensitive species and as such are discussed above in section 
2.4.1.4. 

Goshawk popUlations fluctuate within reproductive seasons, and from season to season. PopUlations are 
affected by a number of factors such as drought; cold and wet early spring conditions, low prey densities, 
significant wind events, fire, modified vegetation in the landscape, and predators (Rodriguez et al 2006). 
Over the past 12 years goshawk territory occupancy has fluctuated substantially on the MLNF, but has 
rebounded to near 2000 rates as of 2012 (Figure 5). On the FLNF, goshawks have seen a decline in 

,. nesting activity and occupancy in the 26 known territories. This is likely due to the severe drought 
condition,s that southern Utah had experienced in the years leading up to the most current ~·v 'J RATe 
(Rodriguez et al 2006). Nesting on the FLNF has averaged 8 to 12 pairs annually with con In led I-D 
active in 2004 (Rodriguez et aI2006). 

APR 1 9 2018 
2.4.2.4 Golden eagle 
Golden eagles are an MIS on the MLNF. Surveys for golden eagles were conducte 1~l {;< ~P!l ' . & Mining 
suitable nesting habitat in the Muddy analysis area with the assistance of UDWR. Additional golden 
eagle survey data was acquired for this area from UDWR for the period between 1998 and 2003 and from 
the MLNF for 2004 to 2007. Suitable habitat was defined primarily as tall cliffs and occasionally trees. 
(Cirrus 2004). 
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Figure 5. Northern Goshawk occupancy on the MLNF (Forest Service 2013b). 

2.4.2.4.1 Survey Methods 
Aerial helicopter surveys were conducted annually during the eagle breeding season by UDWR. Survey 
methods included flight transects over and adjacent to suitable cliff habitat and some forested habitat. 
When nests were observed, the UTM coordinates of the location were recorded, and the type (species) 
and status (active, inactive, tended) of the nest were determined, if possible. Cirrus participated with the 
survey effort in 2002. Results ofthe surveys are discussed below. 

2.4.2.4.2 Survey Results 
In 2002, 12 golden eagle nests were known in the analysis area, of which 11 were surveyed, Of these, 
none were active, two were tended, seven were inactive, one was dilapidated, one was not found, and one 
was not surveyed. No eagles were seen during this survey effort. In 2003, eight of the known nests were 
surveyed. Of these, none were reported as active, but two were tended. No new golden eagle nests were 
identified during this survey effort and no golden eagles were observed. Results from surveys between 
1998 and 2003 are found in Table 3, and results from 2007-2013 are found in Table 4. Of all the golden 
eagle nests in the analysis area, one had been active at least once between 1998 and 2003 and seven I\"T'E 0 
additional nests had been tended at least once (Cirrus 2004), Ie"'" pO t"'\ I -

Table 3. Golden Eagle Surveys Conducted in the analysis area by UD 
2004). 

Species Nest Status 1998 1999 2000 2001 

Golden eagle Active 1 0 0 0 
Tended 1 1 2 2 
Inactive 4 4 5 7 
Dilapidated 1 1 0 0 
Not found 0 1 0 1 
Not surveyed 0 2 2 0 
Total 7 9 9 10 
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Table 4. Golden Eagle Surveys Conducted in the analysis area by UD\VR and the Forest 
Service, 2007-2013 (Forest Service 2013c). 

Species Nest Status 2007 2008 2012 20131 

Golden eagle Active 1 0 1 NA 
Tended 0 0 1 NA 
Inactive 6 9 3 NA 
DilafJidated 2 0 1 NA 
Not found 0 0 0 NA 
Not surveyed 3 3 6 NA 
Total 12 12 12 12 

These sites were surveyed in 2013; however status has not yet been compiled (Jewkes 2013a). 

Incidental sightings of golden eagle individuals were made during summer 2002. One observation was 
made of an eagle soaring over the North Fork Muddy Creek near the junction with the South Fork. The 
other observation was of a golden eagle perching and vocalizing on a tree and then soaring over the main 
stem of the Muddy Creek about one mile below the confluence of the South and North Forks. One 
individual was seen flying over the North Fork of Muddy Creek in July 2003 and several eagle 
observations were made over the main stem of Muddy Creek in 2002 and 2003 (Cimls 2004). 

Nesting activity appeared to rebound in 2004 and active nesting was above the eight year average in 2005 
and 2006 (Forest Service 2013b). Forest Service management practices have not shown to be a factor in 
dramatic change in the past eight years (2000 to' 2007) nests have been surveyed. There has been some 
variation over the course of the years in nesting (Figure 6). Annual nesting variation is likely a result of 
precipitation rates which affect prey base (rabbits, prairie dogs etc.), numbers. In spi ~['F a tij ~/\TED 
nests have been recorded in higher numbers on the MLNF than off the Forest at lower elevations (UD 
2007b). 

APR 1 9 2018 
2.4.2.5 Macroinvertebrates 
Macroinvertebrates are an MIS group on the MLNF. Aquatic macroinvertebrates inc 1: . f ie '!,s ibRta M Mining 
mayflies, stoneflies, caddis flies and dipterans (two-winged flies). They provide an ecological link 
between microscopic prey organisms and fish. Aquatic insects go through a series of life stages in a 
stream. Insects with incomplete metamorphosis (mayflies and stone flies) go through three stages: egg, 
nymph and adult. InsectS with complete metamorphosis (caddis flies and dipterans) go through four 
stages: egg, larva, pupa and adult. The maj ority of their life is spent in the nymph or larva stage. While 
growing they go through a variety of stages called instars. The nymphs and larva emerge from the water 
as winged adults. The adults reproduce (lay eggs), completing the cycle. 

The most resistant life stage of many aquatic insects is the egg; although, other life stages have shown to 
be persistent during dewatering events of up to 98 percent flow reductions (James 2008b, Danehy and 
Bilby 2009). Eggs of many aquatic insects can survive dry conditions for many months, and extended 
hatching periods are common to many stream insects (Hynes 1972). Aquatic insects also have a variety 
of life cycles with a few having multiple generations per year, and some take more than a year for each 
generation. Even with species that have annual generations, there may be overlapping generations (Hynes 
1972). These factors increase the likelihood that the more resistant egg stages are present over prolonged 
periods, reducing the impacts of short-term environmental disturbances. These cyclic and highly variable 
populations also mean that monitoring of individual taxon popUlations is not feasible for land 
management monitoring purposes. 
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Figure 6. Percentages of active golden eagle nests monitored by the MLNF from 1998 to 2012 
(Forest Service 2013b). 

2.4.2.5.1 Monitoring Direction Update 
The 1986 MLNF Forest Plan monitoring and evaluation program included aquatic macro invertebrate 
'species as .MI~ and called for monitoring as needed for select projects at baseline survey stations. This 
was the direction followed for the 2004 Technical Report (Cirrus 2004). The Forest Plan was amended in 
2006 to update the protocols used to collect macro invertebrate data and to change the method used to 
analyze the data. The 2006 amendment did not alter the language regarding macroinvertebrate monitoring 
as an optional technique for selected projects. No site-specific surveys of aquatic macro invertebrates 
have been conducted and no site' specific monitoring is proposed for this project (Forest Service 2~Q1D 
Monitoring will continue at baseline stations to characterize Forest-wide conditio s·lda.ta ·an,a s.i ' \ il l l1'e 
in cooperation with the Utah Division of Water Quality. I 

2.4.2.6 Sagc Ncstcl's 
APR ,9 10\S 

Sage nesters are all MI group for the FLNF. Brewer's sparrows (Spizella bl'el4eri) ve. ey-s.J? Ining 
(Pooeceles gramilleus), and age thra her (Oreos opte ilion/anus ) were sele .t~ . 'n ( 1986 LNF 
Forest Plan as MIS to be indicators of the health of sage brush communities . In the Fishlake Forest's MIS 
reporting, Rodriguez et al (2006), discuss each species separately giving natural history infonnation, 
population trends, and other infonnation. Below that information is summarized. See that document for 
full details and natural history information. 

Potential Brewer's sparrow habitat has been mapped across the entire FLNF approximating 213, 491 
acres of NFS land. However, suitable habitat on the FLNF portion of the project area is minimal. 
Surveys for avian MIS have been performed since the 1980s, and data has been collected field biologists 
for the species (on the Forest), from 1994 to 2004. During surveys on the Forest, the population trend 
appears to increase up to 2004 and then decrease in that year. Then, the population appeared to increase 
again in 2005 with only preliminary data being reported. Furthermore, the Breeding Bird Survey (35 
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years of data), and Nature Conservancy status (S4, Apparently Secure), show data that statewide 
populations (including points on the FLNF), are trending downward. Rodriguez et al (2006) interprets 
these data such that the population is viable on the FLNF, but the trend is slightly downward. 

Potential suitable vesper sparrow habitat is located on all four FLNF ranger districts in the Forest on 
approximately 213,491 acres. However, suitable habitat on the FLNF portion of the project area is 
minimal. The Breeding Bird Survey (35 years of data), and Nature Conservancy status (S5, Secure), 
show data that statewide populations (including points on the FLNF) , are slightly trending downward. 
Surveys for avian MIS have been perfonned since the 1980s, and data has been collected by professional 
birders for the species (on the Forest), from 1994 to 2004. Rodriguez et al (2006) interprets these data 
such that the population is viable on the FLNF, but the trend is slightly downward. 

Potential sage thrasher habitat is located on the FLNF. However, suitable habitat on the FLNF portion of 
the project area is minimal. The Breeding Bird Survey (35 years of data), and Nature Conservancy status 
(S4, Apparently Secure), show data that statewide popUlations (including points on the FLNF) , are 
trending downward. The Forest has expanded its efforts to locate populations of sage-related avian 
species. The sage thrasher has been observed on the Richfield Ranger District-the district in which this 
project area is located. Very little data is available on the species for the Forest, and additional field 
surveys and data collection is on-going to fine tune the population status of the species on the Forest. H /('- "1)"', 'or.. .. _ 

.. \l'de n l I. J r~p.l ED 

2.4.2.7 Cavity Nesters APR 1 9 20t8 
Cavity nesters are an M1S group for the FLNF. Hairy woodpecker (Picoides VillOSlIS), western bluebird 
(Sialia me,'dcana) , a~d ~ountain bluebirds (Sialia cllrru~~ides) we~e.selecte~ in the. 1986 F.LNf) , r ~t (Jil Gn,' 8 ~ .. 
Plan as MIS to be mdlcators of the health of commumtles contammg cavlty nestmg habltat. In the ' -.. , ~ f\l!lllm 
Forest's MIS reporting, Rodriguez et al (2006), discuss each species separately giving natural history 
infonnation, population trends, and other information. Below that information is summarized. See that 
document for full details and natural history infonnation. 

Potential hairy woodpecker habitat has been mappe~ across the entire FLNF approximating 423,432 acres 
of NFS land. Surveys for avian MIS have been perfonned since the 1980s, and data has been collected by 
professional birders for the species (on the Forest), from 1994 to 2004. Further, fonnal, Forest-wide 
surveys on the Richfield, Loa, and Beaver Ranger Districts have been conducted by a Brigham Young 
University graduate student. Additionally, the Breeding Bird Survey (35 years of data), and Nature 
Conservancy status (S4, Apparently Secure), show data that statewide populations (including points on 
the FLNF) , are stable. Taking all of this data, Rodriguez et al (2006) interprets these data such that the 
population is stable and viable on the FLNF. 

Potential western bluebird habitat is located on all four FLNF ranger districts in the Forest on 
approximately 423,432 acres. The Breeding Bird Survey (35 years of data), reports data that statewide 
populations (including points on the FLNF), are significantly increasing, especially since 1985. However, 
the Nature Conservancy has presented data demonstrating the species in an S2, Imperiled status. Surveys 
Jar avian MIS have been performed since the 1980s, and data has been collected by professional birders 
for the species (on the Forest), from 1994 to 2004. Considering all of this, Rodriguez et al (2006) 
interprets these data such that the population is viable on the FLNF, but additional monitoring efforts are 
needed to continue to evaluate the population trend and viability of the species on the Forest. 

Potential mountain bluebird habitat is located on all four FLNF ranger districts in the Forest on 
approximately 423,432 acres. The Breeding Bird Survey (35 years of data), and Nature Conservancy 
status (S4, Apparently Secure), show data that statewide populations (including points on the FLNF), are 
stable. The Forest has expanded its efforts (including a Utah State University study in 2001), to locate 
populations of cavity-nesting avian species. Data is limited on the species for the Forest, and additional 
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field surveys and data collection is on-going to fine tune the population status of the species on the Forest. 
However, the data suggest mountain bluebird populations on the FLNF are viable and stable. 

2.4.2.8 Riparian Nesters 
Riparian nesters are an MIS group for the FLNF. Lincoln's sparrows (Melospiza lincoln ii), song 
sparrows (Melospiza melodia), yellow warblers (Dendroica petechia), and MacGillivray's warblers 
(Dendroica petechia) were selected in the 1986 FLNF Forest Plan as MIS to be indicators of the health of 
riparian cOimmmltIes. In the Forest's MIS reporting, Rodriguez et al (2006), discuss each species 
separately giving natural history information, population trends, and other information. Below that 
information is summarized. See that document for full details and natural history information. 

Potential Lincoln 's sparrow habitat has been mapped across the entire FLNF on all four ranger districts, 
approximating 423,432 acres of NFS land and the species is wide-ranging and easily detectable. Surveys 
for avian MIS have been performed since the 1980s, and data has been collected by professional birders 
for rhe spccies (on rhe Foresr), from 1994 IO 2004. AddiLionally, ine Breeding Bird Survey (35 years uf 
data), found that statewide, the species enjoys an upward population trend including survey points on the 
FLNF. The Nature Conservancy lists its status as S4, Apparently Secure. Taking all of this data into 
consideration, Rodriguez (2006) interprets it such' that the Lincoln's sparrow popUlation is stable and 
viable on the FLNF. 

Potential song span'ow habitat has been mapped across the entire FLNF on all four ranger districts, 
approximating 423 ,432 acres of NFS land and the species is wide-ranging and easily detectable. Surveys 
for avian MIS have been performed since the 1980s, and data has been collected by professional birders 
for the species (on the Forest), from 1994 to 2004. Additionally, the Breeding Bird Survey (35 years of 
data), found that statewide, the species enjoys a slight upward popUlation trend including survey points on 
the FLNF. The Nature Conservancy lists its status as S4, Apparently Secure. Forest specific surveys 
have shown decreasing numbers, but in these surveys, not all transects were monitored and the sample 
size was small. Additional sampling and data collection will be required to fine tune the status of the 
popUlation trend and viability on the FLNF. However, taking all of this data into consideration, 
Rodriguez (2006) interprets it such that the Lincoln's sparrow population is stable or in a slightly 
downward trend, but still viable on the FLNF. 

Potential yellow warbler habitat has been mapped across the entire FLNF on all four ranger districts, 
approximating 423,432 acres of NFS land and the species is wide-ranging and easily detectable. Surveys 
for avian MIS have been performed since the 1980s, and data has been collected by professional birders 
for the species (on the Forest), from 1994 to 2004. Additionally, the Breeding Bird Survey (35 years of 
data), found that statewide, the species enjoys a stable to slightly upward popUlation trend including 
survey points on the FLNF. The Nature Conservancy lists its status as S4, Apparently Secure. Forest 
specific surveys have shown decreasing numbers, but in these surveys, not all transects were monitored 
and the sampl size was smaIL Additional sampling and data collection will be r ql1ired to fin~. f·uq r- TED 
status of the population trend and viability on the FLNF. However, taking all ol lis t oa(8 in 6 . 
consideration Rodrigucz (2006) int rprets it such that the Lincoln' s sparrow population is in a stable \8 
trend and still viable on the FLNF. ~PR \ 9 20 

Potential MacGillivray's warbler habitat has been mapped across the entire FLNF on .all f'tlt)!) . ·(1 ~ ·s & Mining 
distriCts, approximating 423,432 acres ofNFS land and the species is wide-ranging and ' n,lp de'teb a e. 
Surveys for avian MIS have been performed since the 1980s, and data has been collected by professional 
birders for the species (on the Forest), from 1994 to 2004. Additionally, the Breeding Bird Survey (35 
years of data), found that statewide, the species enjoys an upward population trend including survey 
points on the FLNF. The Nature Conservancy lists its stahls as S4, Apparently Secure. Forest specific 
surveys have been limited and in these surveys, not all transects were monitored each year. Furthermore, 
the sample sizes were small. Additional sampling and data collection will be required to fine tune the 
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stahls of the population trend and viability on the FLNF. However, taking all of this data into 
consideration, Rodriguez et al (2006) interpret it such that the Lincoln's sparrow population is in a stable 
trend and still viable on the FLNF. 

2.4.3 SPECIES OF HIGH FEDERAL INTEREST 

2.4.3.1 1\1igratorv Birds 
The species of high federal interest for the Uinta-Southwestern Utah coal production region of Utah and 
Colorado includes many species of migratory birds. Kevin Albrecht, MLNF Ferron Ranger District 
\vildlife biologist detennined the species on this list that are considered in this analysis (Forest Service 
2008b). TIllS list was adapted from the Utah Partners in Flight Avian Conservation Strategy Version 2 .0 
(Parrish et al 2002) and species \vere excluded due to habitat and elevation requirements not found in the 
project area. The final list is located below in Table 5 along with the general habitat types required, 
elevation range, and predicted occurrence. 

Table 5. Migratory birds of high federal interest. 

S . I Elevation 
Breeding Habitae 

Occurrence 
pecles Range (ft)z Expected4 

Prairie falcon 
3,000-14,000 Cliff, high-desert scrub Observed 

(Falco mexicalllls) 

Brewer's sparrow~ 
7,750-12,1006 Shrub steppe, high-desert shrub Observed 

(Spizella brewer!) 
Sage spal'row 

4,000-10,000 Shrub steppe, high-desert shrub Yes 
(Amphispiza belli) 
Black-throated gray warbler 

3,000-9,500 Pinyon-juniper, mountain shrub Possible 
(Dendroiea nigreseens) 
Pinyon jay 

4,500-7,500 Pinyon-juniper, ponderosa pine Observed 
(Gy mllorhinlls eyanoeephallls) 
Virginia'S warbler 

6,000-9,000 Pinyon-juniper, northern oak Possible 
(Vermivora virginia e) 
Gray vireo 

3,000-7,800 Pinyon-juniper, northern oak 
Observed 

(Vireo vieinior) 
Lewi s's woodpecker 

3,000-8,000 Pine, mixed conifer, P/J, deciduous Possible 
(Melallerp~s lewis) 

Three-toed woodpecker 5 

(Pieoides tridaetyllls) 
4,265-9,025 Sub-alpine conifer, lodgepole pine Observed 

Williamson's sapsucker 
5,500-11,000 Sub-alpine conifer, aspen Observed 

(SphyrapjclIs thy roidells) 
Broad-tailed hummingbird At least to 

Low-land riparian, mountain riparian 
Observed 

(Selasphorus platyeerells) 10,6006 

Forest Service 2008b. 
2 NatureServe 2013 , Elevation range data is general. INCOf-1POR ~TED 
3Parrish et al 2002. 
4Cirru s 2004, Appendix C. 

APR 1 9 2 5These species are addressed in more detail in additional sect ions of th is report. 18 
6Elevation data not complete or very littl e data (csp.:cia lly state or sitt!-spcci fic data). exists for these species. 

Div. cd Oil, G:':,(8 l~. Mining 
2.4.3.1.1 Survey Methods 
Migratory bird surveys were conducted during the previous Muddy Creek analysis survey effort (Cirrus 
2004). Formal surveys following protocol for specific species were not perfonned. Migratory bird 
presence data collection was conducted as incidental sightings while conducting other surveys throughout 
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the project area. These surveys were conducted in the following general habitat types: riparian, grassland 
and forblands, sagebrush, mixed conifer, aspen and aspen mixed conifer, ponderosa pine, mahogany and 
mountain brush, limber pine, and pinyon pine/juniper. Greater emphasis was given to surveying the 
forested and sagebrush habitat types . It was determined that additional surveys were not required for this 
analysis . 

Considerable time was spent traversing coniferous and mixed-coniferous forests and riparian habitats 
during the breeding season while surveying for sensitive species. Extensive time was also spent 
traversing shrub-steppe environments during the breeding season while surveying for sage-grouse. Time 
surveying in grassland habitat in 2001 to 2002 was limited to those areas adjacent to sagebrush habitat, 
and to the grasslands traversed while traveling to other habitats . In 2003, survey effort specifically 
included grasslands. 

2.4.3.1.2 Survey Results 

Due to changes in the species list (Forest Service 2UU~b), not all of the species iisted during the previous 
2003 Muddy Creek analysis (Cimls 2004) were analyzed for this project. Further, many of the species 
listed for this project were not listed and not surveyed for during the 2001 to 2003 survey seasons. This 
data was collected for the Muddy Creek analysis (Cim.ls 2004) and will reflect some of the discrepancies 
noted above. 

Additional migratory bird surveys were completed over approximately 7,800 acres in the Wildcat Knolls 
area during the 2008 survey season. Several of the species listed above in Table 5 were recorded during 
these survey efforts (Forest Service 2008c). 

Three known prairie falcon nests oc~ur in the Muddy Creek tract buffer and have been surveyed' with 
helicopters intennittently by UDWR since 1998. All three nests were surveyed with the assistance of 
Cirrus in 2002. Two were inactive and one was not found (Cimls 2004). Overall, in the six-year survey 
period (1998 to 2003), including earlier than the 2002 aerial surveys, one of the nests was active twice 
and another nest was tended twice. The third nest was never recorded as either active or tended. One 
prairie falcon was observed across the canyon near Buzzard Bench during the 2002 aerial survey effort . 
No prairie falcons were observed in 2003 . Two of these nests occur just east of the Greens Hollow tract 
boundary between the tracl and lhe Wildcat Knolls lek complex. However, these nest locations are down 
in the canyon and separated elevationally from the project location. 

Since the Muddy Creek Report (Cimls 2004) was complete, prairie falcon ~urveys have continued on the 
nests in the area. Near the current Greens Hollow study area there are (wo nests that have continuing 
surveys. One located in Quitchupah Canyon is located approximately 0.2 miles from the project 
boundary and was not located in 2005 and 2006 and was recorded as inactive in 2008. This nest was not 
surveyed in 2004 and 2007. The other nest is located northeast of Muddy Creek approximately 2.6 miles 
from the project area. This nest has been inactive since 2001. (Jewkes 2008a). 

urvey efforts in hm b-s leppe environmenls and high-desert shrub where Brew r' clod age sparrows 3r 

expected resulted in observations of Brewer's but not sage sparrows (Cirrus 2004 Appendix C). Sage 
sp~rrows were expec.ted to use habitat fOllnd within the project area a?d eventual.ly wereJe~9l: e,d in,:) eA 'ED 
Wildcat Knolls area m 2008. Brewer's sparrows were also observed m 2008. High-de er 5(111.111 hat51 a 
is located tlu' ughout the project area (4,485.3 acres or 13.5 per enl) and likely provides ample habitat to \8 
support Ihese species. Brewer's sparrows are also a R4 sensitive species and di cllssed abovefltfl~et\tl! i"O 
Section 2.4.2.6. 

BI k I ed bl . . V' " bl d . II'I 'V t Oi \' G,as <Ie -t1l'Oal war . ers, pmyon Jays, Irgmta war er', an gray Ireos a lib Z PJ yon Jumper 
woodlands with another component. This can be mountain shrubs, ponderosa pine, northern oak brush, or 
a combination of them all. During the suryeys for the Muddy Creek analysis (Cimls 2004 Appendix C), 
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pinyon jays and gray vireos were observed. During the 2008 surveys pinyon jays, Virginia warblers, and 
gray vireos were observed. It is possible that black-throated could breed in the project area as well. 
Pinyon juniper woodlands (977.6 acres or 2.9 percent) are limited in the analysis area but oak brush 
(l,4 76.9 acres or 4.4 percent) and particularly mountain slmlb (4,485.3 acres or 13.5 percent) are much 
more prevalent which affords these species additional breeding habitat. All suitable habitat added 
together provides for a substantial amount of suitable breeding habitat within the project area. 

The majority of the forested portions of the analysis area above 9,000 feet, thus it is possible that this 
habitat is above the elevation usually used by Lewis' woodpeckers. Although these woodpeckers 
generally use pine (2,098.8 acres or 6.3 percent) and mixed-coniferous (37l.3 acres or l.1 percent) 
forests, they are also associated with pinyon juniper (977.6 acres or 2.9 percent) and deciduous woodlands 
(Parrish et al 2002). As was mentioned above, pinyon juniper habitat is sparse in the project area, but 
there is an abundance of oak brush (1,476.9 acres or 4.4 percent), aspen (2,319 acres or 7.0 percent), and a 
few other deciduous habitat types available. During the 2001 to 2003 field survey effort for the Muddy 
Creek analysis, no Lewis' woodpeckers were observed. 

One female Williamson's sapsucker was observed while conducting three-toed woodpecker surveys in 
2002. It was observed first on a north-facing embankment above a tributary of the North Fork Muddy 
(Cirrus 2004). The embankment contained a mixture of spruce-fir (39.5 acres or 0.1 percent), aspen 
(2,319 acres or 7.0 percent) and snags. The sapsucker was then observed entering a nest tree. The nest 
was in a 14 inch dbh aspen snag within an old beaver pond site. Williamson's sapsuckers were also 
recorded during the 2008 survey efforts. Three-toed woodpeckers are also a R4 sensitive species and 
discussed above in greater detail in Section 2.4.1.8. 

During the Muddy Creek survey effort from 2001 to 2003, broad-tailed hummingbirds were observed in 
the project area (Cimls 2004 Appendix C). Broad-tailed hummingbirds often nest 1 to 4 meters above the 
ground, and often above water in riparian areas (Nature Serve 2013). Although they are known to 
frequent a variety of habitats, the Utah Partners in Flight Avian Conservation Strategy Version 2.0 
(Parrish et al 2002) lists its breeding habitat as low-land and mountain riparian. The project area contains 
just 47.6 acres (0.14 percent) of riparian habitat. fNCOHi-)OnATED 

2.4.4 OTHER WILDLIFE SPECIES 
APR 1 9 2018 

2.4.4.1 Amphibians . D 
. urveys for amphibians were conducted in suitable breeding habitats in the analysis are~Vin of(f{!' 2062, Mining 
and 2003. lIitable habitat was defined as natural pond and wetland. and pooled habitat adjacent t 
streams. Man-made water holes and reservoirs containing emergent vegetation were also considered 
suitable habitat. Potential pond sites were identified from aerial photographs and through field 
reconnaIssance. 

2.4.4.1.1 Survey Methods 
Amphibian encounter surveys were conducted in June and July 2001 within the analysis area by walking 
around the periphery of ponds and pools and scanning the area for amphibian adults, larvae, and/or eggs. 
Visual scans for amphibians were also made in streams where habitat conditions looked favorable. In 
addition, aural observations of the more vocal amphibian species were made during late afternoon and in 
the evening. (Cirrus 2004). 

Additional amphibian habitat was assessed during the pond monitoring effort conducted for the Utah 
School and Institutional Trust Land Administration (SITLA) in September 2002. A total of 11 ponds 
were surveyed for the previous Muddy Creek analysis area. Of these, five were natural basins and six 
were man-made. The majority of natural basins were dry during the survey effort. In addition to the 
survey parameters recorded for SITLA, the ponds were visually scanned for the presence of amphibians, 
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and were assessed for habitat suitability (water depth, presence of emergent vegetation, and livestock 
disturbance). (Cirrus 2004). 

Ponds that were dry during the 2001 and 2002 surveys and appeared to offer suitable habitat for 
amphibians were revisited in early spring of 2003. As soon as they became accessible, to survey for 
amphibians and the ponds still held water. Ponds where boreal toads (El/fo boreas) had been observed in 
2001 were also revisited in 2003, tu allt:mpl to confinn lhose sightings. Additional sites identified from 
aerial photos were also visited. (Cimls 2004). 

2.4.4.1.2 Survey Results 
Four species of amphibians were observed in the analysis area in 200 I (Cimls 2004). Chorus frogs 
(Pselldacris sp.) were found in a series of ponds in the western portion of the 2-mile buffer, from White 
Mountain Cabin to Julius Flat Reservoir and in one pond just inside the tract. Choms frogs were also 
heard calling in late June at Julius Flat Reservoir. Tiger salamander (Ambystoma tigrinllm) larvae were 
ilhllmhmt in il panel in The Pines; in the eastern portion of the 2-mile buffer of the previous Muddy Creek 
project area, and were also present in four ponds in the western part of the buffer zone and in one pond 
just inside the tract. Boreal toad larvae were observed in July 2001 in a pond 1.3 miles west of the current 
Greens Hollow tract boundary. This pond site is located within the old, 2004 Muddy Creek analysis area 
and is the only site boreal toads were observed. Great Basin spadefoot toads (Scaphiopus intermontanlls) 
were potentially heard calling in the southeast corner of the Muddy Creek buffer zone, in a cattle pond 
and at the bottom of Box Canyon. However, the elevation of the analysis area may be above that used by 
this species. Very few amphibians were found inside of the tract boundary, proper, presumably because 
very little amphibian breeding habitat is present. 

No amphibians were observed during the 2002 survey effort, presumably because it was conducted after 
the breeding seas'on and the majority of the suitable habitat was dry. However,' chorus frogs were heard 
calling at Julius Flat Reservoir. Ponds that were considered suitable amphibian habitat were recorded for 
future surveys during the breeding season. 

In 2003, chorus frogs were observed at eight new ponds and at two ponds where they had already been 
observed in 2001, and tiger salamanders were observed at three new ponds and at one pond where they 
had been opserved in 2001. All those ponds were located in the western part of the previous Muddy 

; Creek project buffer zone. No boreal toads or Great Basin spadefoot toads were observed in 2003. 

In summary, over the three-year survey period, chorus frogs were observed at fifteen ponds, tiger 
salamanders at nine ponds, and boreal toads at two ponds. Additionally, Great Basin spadefoot toads 
were possibly heard at two locations. Most of those ponds were located in the western portion of the 
2003 Muddy Creek buffer zone, with the exception of the two potential spadefoot toad observations and 
one salamander pond located in the southeast part of the buffer, and one pond located inside the tract, near 
its western edge. 

2.4.4.2 Reptiles 
No formal surveys for reptiles were conducted in the analysis area for the 2003 Muddy Creek project. 
However, Cirms personnel traversed abundant habitat at all hours of the day, and performed informal 
searches on and under rocks and ledges in rock outcrops and sandstone formations. Five species of 
reptiles were observed incidentally during field visits in the analysis area (eastern fence lizard (Sceloporus 
llndu/allls), western terrestrial garter snake (Thamnophis elegans), tree lizard (Urosaunls sp. g f I 
lizard (Sceloporus gracioslls) , and short-homed lizard (Phrynosoma hernandef > J1e~\V~1 20 1 'and 
2003. Overall, very few reptiles were observed. . 
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2.4.4.3 Small mammals 
No surveys were required for small mammals. Twenty-two species of mammals, including sixteen small 
mammals, were observed incidentally in the previous Muddy Creek analysis area between 2001 and 2003 
(Cirrus 2004). A few additional chipmunks, ground squirrels, and pocket gophers were observed but not 
identified to species. For the purpose of this analysis, small mammals include shrews, bats, small 
carnivores (Procyonidae, Bassariscidae, and Mustelidae, with the exception of the wolverine (Gll!O gulo», 
rodents, and lagomorphs. Ungulates and large carnivores (Ursidae, Canidae, Felidae, and the wolverine) 
will not be addressed in this section. 

Since no trapping was conducted, and since the nocturnal nature of many small mammals makes them 
difficult to observe, probability-of-occurrence analysis was conducted to determine what additional 
species could potentially occur in the analysis area. Factors used to determine probable occurrence 
included habitat requirements reported in the literature, habitat presence in the project area, and 
documented occurrence, through surveys, historic records, and incidental observations of individuals in or 
near the analysis area. Results of this analysis are discussed generally below, by habitat type, and 
depicted in the Muddy Creek Wildlife Technical Report; Appendix D (Cirrus 2004). 

According to Dalton et al. (1990), 69 species of small mammals are likely present in the Wasatch Plateau 
area, where the analysis area is located. These species include 5 shrews, 15 bats, 9 small carnivores, 34 
rodents, and 6 lagomorphs. However, based on the UDWR inventory of sensitive species in Utah 
(UDWR 1997), two of these species are not expected to occur in the project area: the red bat (Lasillrlls 
blossevillii) and the river otter (Lontra canadensis). On the other hand, two additional species, the 
spotted bat and the grasshopper mouse (Onychomys sp.), were obserVed by Cirrus personnel in the 
analysis area, and one more species, the Hopi chipmunk (Tamias rufus), could also occur there, based on 
predicted habitat maps found on the UDWR web site (Utah Gap Analysis 1997). This would .bring the 
total number of small mammal species potentially occurring in the analysis area to 70 (5 shrews, 15 bats, 
8 small carnivores, 36 rodents, and 61agomorphs), of which 16 were observed during the survey effort for 
the 2003 Muddy Creek analysis (Cirrus 2004). 

A comprehensive list of small mammal species and their habitat requirements and relative abundance in 
the Wasatch Plateau area is presented in the Muddy Creek Wildlife Technical Report; Appendix C (Cirrus 
2004). County records of species occurrence, the presence of predicted suitable habitat, and the expected 
occurrence of individual species in the analysis area are also depicted. Species were included in the table 
if they were mentioned as occurring in the Wasatch Plateau area by Dalton et al. (1990); or if predicted 
habitat for these species was present on or near the analysis area, according to the maps on the UDWR 
web site (UDWR 2013); or if records of the species existed in one or more of the counties in which the 
analysis area was located. However, some of these species are not expected to occur in the analysis area 
proper. For instance, Utah prairie dogs (Cynomys parvidens) are present in Sevier County but are not 
expected to occur in the analysis area due to lack of habitat. Predicted habitat for the dwarf shrew (Sorex 
nanus) exists in the analysis area but this species is seemingly very rare, known from only four localities 
in Utah, and is not expected to occur in the Wasatch Plateau area. 

Various habitat types are represented in the analysis area (Figure 7). General types include sagebrush 
(Artemesia sp.), pinyon-juniper, mahogany and mountain brush, grassland and forbland, aspen (Populus 
tremu!oides) and aspen-mixed conifers, mixed conifers, ponderosa pine (Pinus ponderosa), limber pine 
(Pinus flexilis), rock outcrops and. barren areas, and riparian areas, wetlands, and reservoirs. Some 
wildlife species may occur in only one particular habitat type, while others may use a wide variety of 
habitats. Riparian and wetland areas are used by the highest number of wildlife species but represent only 
a very small proportion of the habitat in the analysis area (Cirrus 2004). A general description of species 
that use each habit.at type follows. . 

INCOnp()IlAf[D 

2014 33 
APR Wiali~chnical Report 

Greens Hollow Tract 

Div . . of Oil, Gas & \\rlining 



", 
\ 

\ 
\ 
L. 

Figure 7. 

s 
0.5 1 __ -======-~_ Miles 

a 0.5 

1 :52,500 

APR' 9 20\8 

Habitat types. 

Legend 

r=:J M,mll·la SillIFiS1lah Fores! BotJndary 

.. ~pan 

~A!plln MlKad Conlf!'!, 

Barren Rock Oulcrop orl_dge 

Basin Big Silgebfush 

~ Bi9 Mo~l.i" Sagllbru~ 
I:) SI;,ckSagobrush 

Sllv",Sagebruv. 

eoUonwootllBnnh 

Curlle"rMlluntalnMah0!ilany 

~TrUCMo linlalnMahogilny 
Jumper;Curl-lealMohogany 

MilladCol'llf9f 

. sp,ueolFIfFo,ut 

" \o\'lIleFirFo,. ", 

Pond.JOU FIIIII f ornl 

PInyon J.Jnipor v\'Oo !;!l ~nd 

Rocky Moun~in JuniporWolldland 

Mal.lnlail BrUllh 

umbllr&or Bri,jlll(onl! Plnl! Forll=" High Mountain Brush 

Dou!illiI\I,FrrFo[l'l!;1 " ClkbrlJYI 

Paf,,""ial Forb lMd (high & mid ale'lalon) 

J.:~ Perennial Forb lAnd (mid 10 low al,vahon) 

Perennial GrafoSland III'Wf IIle 'o' 81100) 

Prillmnial G(;)If./and (mId ale'lal lon) 

.. PtlaMt.l W t'llllllf otU .... 

Intcrmltll nt WIt/Dry Meadow 

WIJow Dominlll. d Riparian Ar-a 



) 

Sagebrush 
Sagebmsh is one of the most widespread (19.27 percent) and abundant habitat types in the analysis area. 
Small mammal species using sagebmsh on the Wasatch Plateau include the least chipmunk (Tamias 
minilllus), Great Basin pocket mouse (Perognathus pan'lIs), long-tailed vole (Microtlls longicalldlls), 
meadow vole (Microtus pennsylvaniclls), black-tailed jackrabbit (Lepus californicus), white-tailed 
jackrabbit (Lepus tmvnsendii), desert cottontail (Sylvilagus alldubonii), and mountain cottontail 
(Syll'ilaglls nllttallii). Both species of jackrabbits and the mountain cottontail were observed in the 
analysis area. The desert cottontail occurs at lower elevations than the mountain cottontail, generally 
below 6,000 feet. Since the analysis area is above 6,000 feet, most cottontails present in the area are 
likely to be mountain cottontails. 

Pinyon-Juniper 
Pinyon-juniper habitat type is rare (1.78 percent) in the analysis area. Small mammal species found in 
this habitat on the Wasatch Plateau include the cliff chipmunk (Tamias dorsalis), which was observed in 
the analysis area), Hopi chipmunk, Great Basin pocket mouse, canyon mouse (Peromyscus crinitlls), and 
pinyon mouse (Peromysclls tntei). The ringtail (Bassarisclls astlltlls) could also potentially occur, in 
Muddy Creek Canyon. 

Mahogany and Mountain Brush 
Mahogany and mountain brush represent the most abundant (33.30 percent) habitat type in the analysis 
area. Species associated with this habitat on the Wasatch Plateau include the spotted skunk (Spilogale 
gracilis), cliff chipmunk, brush mouse (Peromysclls boylii), canyon mouse, and mountain cottontail. The 
cliff chipmunk and mountain cottontail were observed in the analysis area. 

Grasslands and Forblallds 
Grasslandlforbland habitats are relatively common (10.93 percent) in the analysis area, occurring 
primarily in patches adjacent to pinyon-juniper, and sagebrush habitat types. Small mammals found in 
these habitats on the Wasatcl1 Plateau include the badger (Taxidea taxus), yellow-bellied marmot 
(Marmota jlaviventris), Uintah ground squirrel (Spermophilus armatus), least chipmUnk (Tamias 
minimus), northern pocket gopher (Thomomys talpoides), plains pocket mouse (Perognathus jlavescens), 
Great Basin pocket mouse (Perognathus parvus), long-tailed vole, montane vole (Microtus montanus), 
meadow vole, western jumping mouse (Zapl/s princeps), black-tailed jackrabbit, and white-tailed 
jackrabbit. The badger, yellow-bellied marmot, Uintah ground squirrel, northern grasshopper mouse, 
both species of jackrabbits, and an unidentified pocket gopher species were observed in the analysis area. 

Aspen and Aspen-Mixed Conifer 
The aspen and aspen-mixed conifer habitat type is common (24.96 percent) in the analysis area. Small 
mammal species using those habitats include beaver (Castor canadensis), porcupine (Erethizon 
dorsa/um), and snowshoe hare (Lepus americanus), all of which were observed in the analysis area. 

Mixed Conifer 
Mixed conifers (mostly Douglas-fir (Pseudo/sllga menziesii var. glauca), subalpine fir (Abies lasiocaJpa), 
Englemann spruce (Picea engelmallnii» represent small (0.72 percent) component of the analysis area 
and are associated primarily with the perennial drainages. Typical small mammal species inhabiting 
coniferous forests on the Wasatch Plateau include the northern flying squirrel (Glal/comys sabrinlls), the 
red squirrel (Tamiascillnts hlldsoniclls), the porcupine, and the snowshoe hare. The Uintah chipmunk is 
found in openings in coniferous forests or at forest edges. Most of these species were observed in the 
analysis area, with the exception of the northern flying squirrel. 

Ponderosa Pine 
Ponderosa pine represents a minor component (0.06 percent) in the analysis area as is limber pine (0.22 
percent), occurring only in small, localized areas. Small mammal species using these two habitats on the 
Wasatch Plateau primarily include generalist species that can be found in a variety of other habitats as 
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well including the cliff chipmunk (observed in the analysis area), least chipmunk, northern pocket gopher, 
deer mouse (PeromysclIs sp.), and long-tailed vole. 

Rock Outcrops alld Barrell Areas 

Rock outcrops and barren areas are rare (2.48 percent) in the analysis area. Several small mammals use 
these habitat features on the Wasatch Plateau. Species observed in the analysis area include the yellow
bellied marmot, golden-mantled ground squirrel (Spennophi!us la tera lis) , cliff chipmunk, Uintah 
chipmunk (Tamias lImbrinlls), bushy-tailed woodrat (Neotoma cinerea), and mountain cottontail. The 
spotted bat uses cliffs with rock crevices for roosting and was heard vocalizing at night. The ringtail, 
spotted skunk, rock squirrel (Spermophilus vari 'gatlls), Hopi chipmunk, desert woodrat (Neotoma 
lepida), canyon mouse (Peromysclls crinitus), and pika (Ochotona princeps) could also occur in this 
habitat type. 

Riparian Areas and Wetlands 
Riparian areas and wetlands are scarce (0.22 percent) in the analysis area but are used by the highest 
number of wildlife species. These habitats are present in Muddy Creek Canyon and associated tributaries, 
and along the North Fork of Quitchupah Creek and several other sections of the project area. Typical 
riparian or wetland species found on the Wasatch Plateau include the masked shrew (Sorex cinerellS) , 
northern water shrew (Sorex pallistris), vagrant shrew (Sorex vagrans), ringtail, raccoon (Procyon lotor), 
ermine (Mustela erminea), mink (Neovison vison), beaver, western harvest mouse (Reithrodontomys 
megatotis), western jumping mouse, long-tailed vole, meadow vole, water vole (Microtus richardsoni), 
and muskrat (Ondatra zibethiclls). Of these species, only the beaver was actually seen in the analysis 
area, but the other species are also expected to occur there. Most bat species also forage near water. 

2.4.4.4 Non-game birds 
A list of bird species observed was compiled from incidental observations made during field visits to tIle 
study area in spring, summer, and fall 200 I to 2003. This list is presented in the Muddy Creek Wildlife 
Teclmical Report; Appendix C (Cinus 2004). Cirms personnel identified 90 species of birds in the 
previous Muddy analysis area, including 84 non-game birds and 6 game birds. Unidentified flycatchers 
(Tyrannidae sp.) and vireos (Vireo sp.) were also observed. Forest Service personnel completed 
additional migratory bird surveys in June and July of 2008. Some 7,800 acres in the Wildcat Knolls area 
was surveyed for this effort (Forest Service 2008c). 

A probability-of-occurrence analysis was conducted to detennine what additional non-game bird species 
(that were not observed during field surveys), could potentially occur in the analysis area. Factors used to 
determine probable occurrence included habitat requirements reported in the literature, habitat presence in 
the project area, and documented occurrence, through surveys, historic records , and incidental 
observations of individuals in or near the analysis area. Results of this analysis are discussed generally 
below by habitat types described in section 2.4.4.3, and are depicted in Appendix E of the Muddy Creek 
Wildlife Technical Report (Cimls 2004). 

Acconling to the infonnation presented in Dalton et a1. (1990), 20 1 species of non-game birds frequent 
the Wasatch Plateau area, excluding accidental species that are not normally found in the area. This 
includes 69 yearlong residents, 92 summer residents, 8 winter residents and 32 transients. Yearlong and 
summer residents are species that breed in the area (161 species total), winter residents breed in northern 
regions and only spend the winter in the area, and transients pass through the area during spring and/or 
fall migrations and do not remain in the area for any extended period of time. Nine of these species are 
unlikely to occur in the project area due to lack of suitable habitat or because the project area is outside of 
their range. On the other hand, six additional species were observed by Cirrus personnel in the analysis 
area or its vicinity, and five more could potentially be present there, based on the predic~ed 1 . t maps 
from the UDWR web site (UDWR 2013). TIllS brings the total numb · . -gal \ b rd potentially 
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present in the analysis area to 203, of which 84 were actually observed dllling the 2001 to 2003 survey 
effort. 

A comprehensive list of non-game bird species and their habitat requirements, seasonal status, and 
relative abundance in the Wasatch Plateau area is presented in Appendix E of the Muddy Creek Wildlife 
Technical Report (Cirrus 2004). Upland game birds, waterfowl, and pigeons/doves were considered to be 
game birds and are not included in the table. Five species of upland game birds, 20 waterfowl species (10 
of them transient) and 3 pigeon/dove species are also present in the Wasatch Plateau area. 

Non-game bird species observed in sagebrush habitat in the analysis area included the turkey vulture 
(Cathartes aura), golden eagle (Aquila chl}'saetos), common poorwill (Phalaenoptillis nllttallii), broad
tailed hummingbird (Selasphorlls platycercus), gray flycatcher (Empidonax wrightii), sage thrasher 
(Oreoscoptes montanlls), and vesper sparrow (Pooecetes graminells). The Brewer's sparrow (Spizella 
bretveri) was also observed, even though this species was listed by Dalton et al. (1990) as not known to 
inhabit the Wasatch Plateau area. The rough-legged hawk (BlIteo lagoplls) is expected to occur in this 
habitat during winter but most of the analysis area is usually inaccessible in that season due to deep snow 
or mud making the roads un-drivable, therefore, the presence or absence of this species could not be 
determined. 

Species observed in pinyon-juniper habitat included the gray flycatcher, ash-throated flycatcher 
(Myiarchlls cinerascens), western scrub jay (Aphelocoma californica), pinyon jay (Gymnorhinlls 
cyanocephallls), green-tailed towhee (Pipilo chlorllrlls), and gray vireo (Vireo vicinior, which was not 
listed by Dalton et al. (1990) as present in the Wasatch Plateau area). The bushtit (Psaltriparus minimlls), 
juniper titmouse (Baeolophus ridgwayi), blue-gray gnatcatcher (Polioptila caerll/ea), Bewick's wren 
(Thryomanes bewickii) , black-throated gray warbler (Dendroica nigrescens), and Virginia's warbler 
(Vermivora virginiae) could also occur in this habitat in the analysis area. 

Species commonly occurring in mahogany and mountain brush on the Wasatch Plateau include the broad
tailed hummingbird, the dusky flycatcher (Empidona.x: oberholseri), the western scrub jay, the black
billed magpie (Pica hudsonia), the bushtit, the Virginia's warbler, the dark-eyed junco (Junco hyemalis), 
and the spotted towhee (Pipilo maculallls). Of these, the broad-tailed hummingbird, western scrub jay, 
black-billed magpie, dark-eyed junco, and spotted towhee were observed in the analysis area, as well as 
unidentified flycatchers. 

Species observed in grassland and forbland habitats in the analysis area included the turkey vulture, 
prairie falcon (Fa/co mexicanus), short-eared owl (Asio jlammells), common poorwill, vesper sparrow, 
and western meadowlark (Stllrnella neglecta), even though this last species was not listed as present on 
the Wasatch Plateau by Dalton et al. (1990). Other species potentially using these habitats in the analysis 
area include the northern harrier (Circus cyan ells), rough-legged hawk (in winter), and homed lark 
(Eremophila alpestris). In 2004 Cirrus surveyed some of the grasslands in the analysis area for 
burrowing owls (Athene cllnicularia) but did not find any. Grasslands in the analysis area may not be 
open enough for this species, as most of them are small and interspersed with shrubs. 

Aspen and aspen-mixed conifer habitats in the analysis area are used by the Cooper's hawk (Accipiter 
cooperii), northern goshawk, flammulated owl, broad-tailed hummingbird (near openings), northern 
flicker (Colaptes allratlls), downy woodpecker (Picoides pllbescens), hairy woodpecker (Picoides 
l'il!OSlIS), Williamson's sapsucker (Sphyrapicus thyroideus), red-naped sapsucker (Sphyrapiclls ll11chalis), 
olive-sided flycatcher (Contoplls cooperi), western wood-pewee (Contoplls sordidullls) , violet-green 
swallow (Tachycineta thalassina), black-capped chickadee (Poecile atricapilllls), red-breasted nuthatch 
(Sitta canadensis), brown creeper (Certhia americana), warbling vireo (Vireo svvainsonii), yellow
rumped warbler (Dendroica coronata), orange"crowned warbler (Vermivora celata), western tanager 
(Piranga llldovici(fi/a) , and dark-eyed junco. The white-brea ted nuthatch (Sit/a ell Ii Ie l ' ilS fan 'tt .: 0 
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vireo (Vireo solitarills) were not observed but are also expected to occur in that habitat in the study area 
(Cimls 2004). 

Mixed conifers provide habitat for the Cooper's hawk, northern goshawk, great homed owl (Bubo 
virginianlls), flanullulated owl, northern saw-whet owl (Aegolius aeadiclIs), broad-tailed hummingbird 
(near openings), three-toed woodpecker (Picoides tridaelyllls) , hairy woodpecker, Williamson's 
sapsucker, rcd-naped sapsucker, olive-sided flycatcher, western wood-pewee, tree s'Nallow (Tachyein eta 
hieolor) , violet-green swallow (Tachyeineta thalassina), Steller's jay (Cyanoeitta stelleri) , Clark's 
nutcracker (Nlieifraga collimbiana), gray jay (Perisorells canadensis), mountain chickadee (Poecile 
gambeli) , red-breasted nuthatch (Sitta canadensis), brown creeper, mby-crowned kinglet (Regulus 
calendula), hermit thrush (Cathams guttatlls), Townsend's solitaire (Myadestes townsendi), yellow
mmped warbler, western tanager, dark-eyed junco, chipping sparrow (SpizeUa passerina), pine siskin 
(Cardllclis pinus), and pine grosbeak (Pinicola enuclcator). Additional species that were not observed 
but are expected to occur in this habitat include the cordilleran flycatcher (Empidonax occidentalis), 
\vhit~-br~ast~d m1thRtr:h , e()lnen-r:rownen kinglet (Regulus satrapa) , Swainson's thrush (Catharus 
ustlilatus), Cassin's finch (Carpodaclls cassinii), and red crossbill (Loxia cllrvirostra). The Townsend's 
warbler (Dendroica townsendi) could occur here during migrations. 

Species observed in ponderosa pine included the flammulated owl, northern flicker, hairy woodpecker, 
brown creeper, and pine grosbeak. The pygmy nuthatch, solitary vireo, and Cassin's finch are also likely 
to be present in this habitat in the study area and the Williamson's sapsucker could occur in this habitat 
also (it was observed in the analysis area in a different habitat). 

Species associated with rocky outcrops or barren areas included the golden eagle, peregrine falcon, prairie 
falcon, white-throated swift, canyon wren, and rock wren. Many of these species are known to occur in 
close proximity to the Greens Hollow area in the canyon areas just southeast o(the project area and 
directly south of the Wildcat Knolls lekking areas. 

Of all habitats, riparian areas, wetlands, and reservoirs are used by the highest number of bird species. 
Some species use almost exclusively these habitats while others spend part of their time in other habitats. 
Most transient species use these habitats during migrations, including loons, grebes, shorebirds, 
waterfowl, gulls, and warblers. Two reservoirs are present in the Muddy Creek buffer surveyed for the 
2003 EIS (Julius Flat Reservoir and Brush Reservoir), as well as various ponds and several perennial 
streams. Typical species using riparian areas, wetlands, or reservoirs in the analysis area include the sora 
rail, spotted sandpiper, cliff swallow, tree swallow, American dipper, MacGillivray's warbler, yellow 
warbler, and song sparrow. Five bald eagles were also observed along Cowboy Creek on the Muddy 
Tract in November 2003, as mentioned earlier in this report. The common loon, western grebe, pied
billed grebe, American white pelican, American coot, common snipe, great blue heron, California gull, 
belted kingfisher barn swallow, bank swallow, northern rough-winged swallow, wiUow flycatcher, 
Wilson's warbler, and lazuli bunting were not observed but could also occur in the t"-I~y ar\ ,@' . I III So 
variety of transient shorebirds, I I 
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This section provides background information necessary to assess potential impacts to terrestrial and 
aquatic wildlife that could occur as a result of implementing the action alternatives. The potential andlor 
known occurrence and habitat requirements for four categories of wildlife are discussed. The categories 
of wildlife addressed include the following: (1) federally listed endangered, threatened, and candidate 
species and Forest Service sensitive species (TES), (2) management indicator species (MIS), (3) species 
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of high federal interest, and (4) other wildlife species not addressed in the previous categories, including 
fishes, amphibians, reptiles, small mammals, and non-game birds. 

3.1 DESCRIPTION OF THE AFFECTED ENVIRONMENT 

3.1.1 AQUATIC AND TERRESTRIAL HABITAT 

The analysis area is comprised of the mining analysis area boundary as described in Chapter 2. The 
proposed area of subsidence mining varies in size depending on the alternative being proposed. Those 
acreages will be disclosed with the discussions of alternatives . 

Ten wildlife habitat types are used in this analysis, of which one is aquatic and the rest terrestrial. The 
digital coverage of vegetation types for the MLNF (Forest Service 2002) was used as a guide to define 
these types, and similar vegetation cover types in this coverage were consolidated. A brief description of 
habitat types used in this analysis follows. Further discussion of habitat types can be found in the 
Vegetation Resources Technical Report (Cirrus 2013a). 

3.1.1.1 Aquatic Habitat 
The primary perennial streams in and around the analysis area include Muddy Creek, North and South 
Forks of Muddy Creek, and the North Fork of Quitchupah Creek. In addition, perennial flow is present 
intennittently in portions of Cowboy Creek, Greens Hollow, Greens Canyon, and North Fork of 
Quitchupah Creek. Of these streams, only portions of Muddy Creek and its north and south forks, 
Cowboy Creek, Greens Hollow, and the North Fork of Quitchupah Creek occur within the mining 
analysis area boundary. Most streams in the analysis area are intennitten! and do not provide good 
quality fish habitat. Intermittent streams are unlikely to contain cutthroat trout or other fish species. A 
complete list of perennial streams in the analysis area is included in the Surface and Ground Water 
Technical Report (Cirrus 2013b). 

The analysis area includes a riparian habitat component which comprises less than one percent of the 
entire analysis area; however, it is of critical importance to wildlife species. Included in this habitat 
component are wetlands; dry and wet meadows; willow and tree dominated riparian areas; lakes, ponds, 
and reservoirs; and springs and seeps . These habitats are important for a variety of wildlife species, as 
many wildlife use riparian areas for at least some part of their life cycle. The extent of wetlands in the 
analysis area is detailed in the Vegetation Resources Teclmical Report (Cimls 2013a). 

3.1.1.2 Terrestrial Habitat 
The analysis area contains a variety of terrestrial habitats, including sagebmsh, pinyon-juniper, mahogany 
and mountain bmsh, grassland and forbland, aspen and aspen-mixed conifers, mixed conifers, ponderosa 
pine, limber pine, and rock outcrops and barren areas (Figure 7) . 

Mahogany and mountain bmsh (9,092.8 acres or 27.4 percent) constitute the most abundant habitat type, 
occurring throughout the analysis area. Sagebmsh (7,740.6 acres or 23.3 percent) is the second most 
widespread and abundant habitat type in the analysis area. The aspen and aspen-mixed conifer (5,724.4 
acres or 17.2 percent) habitat type is common throughout the analysis area as well. Grasslandlforbland 
(3,891.6 acres or 11.7 percent) habitats are relatively common in the analysis area, occurring primarily in 
patches adjacent to pinyon-juniper and sagebmsh habitat types. Mixed conifers (371.3 acres or 1.1 
percent, mostly Douglas-fir, subalpine fir, and Englemann spmce) represent a small component of the 
analysis area and are associated primarily with the perennial drainages. Ponderosa pine represents a 
minor component (1,754.1 acres or 5.3 percent) in the analysis area, occurring throughout the tract. 
However, this is one of the only locations where ponderosa pine occurs on the North Zone of lh L Tl' 1POH/\TED 
The pinyon-juniper (977.6 acres or 2.9 percent) and limber and/or bristlecone pine (344.6 acre r 1.0 
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percent) habitat types are rare in the analysis area, occurring mostly outside the tract. Rock outcrops and 
barren areas (706.7 acres or 2.1 percent) are also rare in the analysis area, being limited primarily to the 
canyon walls of the Muddy drainage. 

3.1.2 TES 

The U.S. F,ish and Wildlife Service's (USFWS) annual list of federally listed and proposed endangered, 
threatened, and candidate species and habitat in Utah by County (USFWS 2013) indicates that three 
terrestrial threatened or endangered species (endangered: California condor, and threatened: Utah prairie 
dog, and yellow-billed cuckoo), and one candidate species for listing (greater sage-grouse) could 
potentially occur in Sanpete and/or Sevier counties. Four aquatic Colorado Ri ver endangered fishes 
(bonytail, Colorado pikeminnow, humpback chub, and razorback sucker), have recently been listed for 
Sanpete and Sevier Counties since water from drainages in these counties ultimately reaches the Colorado 
River (USFWS 2013). There is also one aquatic candidate species (least chub) (USFWS 2013). The 
Forest Service document titled Intermountain Region Threatened, Endangered, Proposed, and Sensitive 
Species: KnovvnlSuspected Distribution by Forest (Forest Service 2013b) indicates Forest Service 
Sensitive species that could occur on the MLNF and FLNF. The species that could occur on one or both 
forests and their status are listed in Table 6. 

Of the species listed in Table 6, the yellow-billed cuckoo, Utah prairie dog, Columbia spotted frog, least 
chub, southern leatherside chub, bighorn sheep, and Canada lynx are not predicted to occur in the analysis 
area and are not analyzed in this document. The remaining species could potentially occur in the analysis 
area and are addressed in this document. 

The yellow-billed cuckoo is not addressed because the analysis area is above the elevational range (2,500 
to 6,000 feet in Utah) of this species (Parrish et al 2002) . 

Although approximately 10 percent of the project area is low-to-mid-elevation perennial grasslands and 
forblands, Utah prairie dogs do not occur within the project area. Suitable habitat is present near the town 
of Emery, however, the last record of this species in this area was in 1929 (Utah Gap Analysis 1997). 
The Utah prairie dog is not addressed as there is no evidence of historical occupation or current and likely 
recurring presence of prairie dog towns or complexes in the project area (NatureServe 2013). 

The Columbia spotted frog is not addressed because the analysis area is outside of the habitat range for 
this species. Although this species does occur in Sanpete County, it has only been found in the Sanpete 
Valley along the San Pitch River. This population is geographically isolated from all other populations 
and is known only from 11 spring complexes on private agricultural land. (USFWS 2002b). 

The least chub and southern leatherside chub are not addressed since they are lower elevation species that 
are not known to occur on the MLNF or FLNF (Forest Service 20 13b). 

Bigham sheep ar known to OCClIr on (he MLNF and FLNr:; h wever they do not occur in the analysi 
area (Forest Service 2013b). 

The Canada lynx is not addressed because there are not suitably large tracts of denning or winter foraging 
habitat for the species in the project area. However, a single, transient lynx from the Colorado Division 
of Wildlife (CD OW) reintroduction program was trapped south of the town of Emery (more than 30 
straight-line miles away) in early November 2004. The sub-adult male lynx had taken up residence in a 
des~rt wash adjacen~ to agricultural fields in historical bobcat habitat. Fearing the lynx wOtlldr~ ir· ~r.~ 
dunng bobcat trappmg season UDWR and CDOW personnel trapped the lynx all '] ' ~l!li:rt, - · ~lt \ lO more 
traditional, high-alpine lynx habitat in Colorado. (UDWR 2004). 
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Table 6. Federally listed threatened and endangered and candidate species and Forest Service 
sensitive species potentially occurring on the MLNF and FLNF in Sanpete and/or Sevier counties. 

Species Status 

Fishes 

Bonytail (Gila elegaJ/s) Endangered 

Colorado pikeminnow (Ptychocheillis lucius) Endangered 

Humpback chub (Gila cypha) Endangered 

Razorback sucker (Xyrallchen texan us) Endangered 

Colorado River cutthroat trout (Oncorhynchus clarki plellriticus) Sensitive (FLNF and MLNF) 

Bonneville cutthroat trout (OncorhyJ/chlls clarki IItah) Sensitive (FLNF and MLNF) 

Southern leatherside chub (Leidomeda aliciae) Sensitive (FLNF and MLNF) 

Birds 

California condor (GYl1lnogyps califomialllls) Endangered 

Bald eagle (Haliaeetlls lelicocephallls) Sensitive (MLNF and FLNF) 

Western yellow-bilIed cuckoo (CoccyzlIs americal1l1s occidentalis) Threatened (Sanpete and Sevier counties) 

Northern goshawk (Accipiter gentilis) Sensitive (MLNF and FLNF) 

Flammulated owl (OtliS flammeolus) Sensitive (MLNF and FLNF) 

Peregrine falcon (Falco peregrinus) Sensitive (MLNF and FLNF) 

Three-toed woodpecker (Picoides ridactytus) Sensitive (MLNF and FLNF) 

Greater sage-grouse (Celltrocercus IIrophasiantls) 
Candidate (Sanpete and Sevier counties) 
and Sensitive (MLNF and FLNF) 

Mammals 

Utah prairie dog (CYllomys parvidens) Threatened 

Bighorn sheep (Ovis calladensis) Sensitive (FLNF and MLNF) 

Pygmy rabbit (Brachylagus idahoensis) Sensitive (FLNF) 

Spotted bat (Euderma mandatum) Sensitive (MLNF and FLNF) 

Townsend's big-eared bat (Corynorhinlls townsendii pallescells) Sensitive (MLNF and FLNF) 

Amphibians 

Columbia spotted frog (Raila luteiventris) Sensitive (MLNF) 

Western boreal toad (Bl/fo boreas boreas) Sensitive (FLNF and MUNF.), ORPOI1~ TED 

APR 1 9 2018 
3.1.2.1 TES Fish 
Habitat requirements and life history characteristics of the fish species present within111Y.a If. i ,afj ,9 r& Mininq 
in the vicinity of it are described below. Special emphasis is given to Threatened, Endangered and . 
Sensitive species. However, although the bonyt ail , Colorado pikeminnow, humpback chub, and 
razorback sucker do not occur within the analysis area, it is reasonably foreseeable that water from the 
Colorado River drainage could be used for conceptual implementation of surface resources. Within the 
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analysis area, Colorado River and Bonneville cutthroat trout are the only fish species listed as sensitive by 
R4 of the Forest Service. No other TES fish are present within the analysis area 

The results of fish surveys conducted in 2001 and 2002 on perennial sh'eams by the Utah Division of 
Wildlife Resources (UD'vVR) indicated that native cutthroat trout are present in Muddy Creek and the 
South Fork of Muddy Creek (Berg 2002a, Berg 2002b, Berg 2002c, and Hart and Berg 2003). Surveys in 
2010 confirmed the persistence of cuttlu-oat trout in tributaries of the South Fork of Muddy Creek 
although surveys downstream, near the MLNF border detected no fish in Muddy-Creek (Jewkes 2013c). 
Cutthroat trout were also observed incidentally on the North Fork of Muddy Creek, but formal surveys 
have not yet occurred there. This cutthroat trout is thought to be of the Colorado River subspecies based 
on their known distribution in Utah. No cuttlu'oat trout were observed at the North Fork of Quitchupah 
Creek (Berg 2002a, Berg 2002b, Berg 2002c, and Hart and Berg 2003). 

3.1.2.1.1 Colorado River Clitthroat Trollt 
Th~ ciistrihlltion and abundance of Colorado River Cuttlu-oat Trout (CRCT) have declined and it is now 
believed that this species occupies less than 14 percent of its historical range. CRCT historically 
occupied about 21,386 miles of habitat in the western U.S. CRCT clllTently occupy about 3,022 miles of 
habitat, of which 1,111 miles are within the state of Utah. Of the 3,022 miles of habitat currently 
occupied by CRCT, 2,248 miles are administered by Federal agencies. Two-thirds of all occupied 
habitats occur on National Forests (Hirsch et a1. 2005). Within the Lower Colorado Geographic Unit, 
there are 14 CRCT conservation populations in 50 miles of stream and 5 conservation populations in 21 
acres of lakes throughout the state (CRCT Coordination Team 2006). As noted previously, CRCT are 
thought to occur in the analysis area in the South Fork of Muddy Creek. 

3.1.2.1.2 Bonneville Cutthroat Trollt 
A total of 153 separate Bonneville Cutthroat Trout (BVCT) populations occupy 2,061 miles of habitat 
which were designated as "conservation popUlations" (87 percent of currently occupied habitat). These 
conservation popUlations were spread throughout the historical range, occurring in 19 of the 23 
hydrologic units hi torically occupied by BY T (May and Albeke 2005). urrenllx the)" (j ' 91 ~ ' t l 

streams on the MLNF with population of BY T. There are no BY T popula i hs {...i'lhin th'e ana YSIS 

area (Jewkes 2008b). 

3.1.2.1.3 Bony tail APR' 9 2018 
The bony tail evolved 3 to 5 million years ago and is a member of the minnow nuuily .. Hi toA cally t l ing 
were probably the most abundant fish species in the main river channels of the <ro~'d r( a I ~e 1 Ivers. . 
They tlu-ived in open areas of large river channels of uniform depth and current velocity. This species is 
considered to be adapted to pools and eddies of mainstream rivers that have moderately swift CUlTents and 
shifting sand bottoms. They were once common in portions of the upper and lower Colorado River 
basins. It has been extirpated from most of its historic range, and nearly extinct upstream of Lake Powell. 
Currently, a small number of adults exist in Lake Mohave and Lake Havasu in the Lower Colorado River 
Basin, and there are small numbers of individuals in the Green and Yampa Rivers and in sub-basins of the 
Upper Colorado River Basin (USFWS 2002a). .This species was given full protection under the 
Endangered Species Act (ESA) when it was listed as endangered by the U.S. Fish and Wildlife Service 
(USFWS) in 1980, and it was given protection under Utah law in 1974. There are no known reproducing 
populations in the wild; however bonytail are being hatchery raised, and reintroduced into the wild 
tlu-ough stocking in the Colorado, Green, and Yampa rivers. They have been known to live nearly 50 
years, are capable of spawning at 5 to 7 years of age, and are thought to spawn during late June and early 
July in warm water reaches. 

3.1.2.1.4 Colorado Pikeminnow 
The Colorado pikeminnow is the largest minnow in North America, and is endemic to the Colorado River 
Basin. It historically extended from the Green River in Wyoming, to the Gulf of California; it was 
widespread and abundant in wann-water rivers and tributaries. Currently in Utah, they exist in the Green 
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River from Lodore Canyon to the confluence of the Colorado River, and in the lower Duchesne River. It 
is a long-distance migrator (hundreds of miles to and from spawning areas). Adults require deep pool and 
eddie habitats in streams that have high spring flows (USFWS 2002c). This species was listed as 
endangered by the Service in 1967 and given full protection under ESA in 1973, and it was given 
protection under Utah law in 1973. They live 50 or more years , begin spawning by 6 years of age, and 
spawn between Late July and early September. 

3.1.2.1.5 Humpback Chub 
The humpback chub is thought to have evolved 3 to 5 million years ago. It is restricted to deep, swift 
mainstems and large tributaries in relatively inaccessible canyons of the Colorado River Basin. Adults 
require eddies and sheltered shorelines in streams that maintain high spring flows that flush sediments 
from spawning areas and form clean gravel deposits . Young require low-velocity shoreline habitats 
(USFWS 2002d). Historically, this species inhabited white water canyons of the Colorado River and four 
of its tributaries: the Green, Yampa, White and Little Colorado rivers . Currently there are two stable 
populations in canyons in the upper Colorado River and one in the Grand Canyon. There are smaller 
populations in the Yampa and Green rivers. This species was listed as endangered by the Service in 1964 
and given full protection under the ESA in 1973, and given protection under Utah law in 1973. They may 
live more than 30 years in the wild, can reproduce by 2 to 3 years of age, and spawn between March and 
July. 

3.1.2.1. 6 Razorback Slicker 
Historically the razorback sucker was widely distributed in warm-water reaches of the Colorado River 
and its tributaries from Wyoming to Mexico. Adults require deep pools, eddies and backwaters in the 
spring; shallow water associated with sandbars in summer; and low velocity pools and eddies in winter. 
Young require quiet, warm, shallow water found at tributary mouths and in coves or shorelines in 
reservoirs. Currently, within the Upper Colorado River Basin this species is only found in small manpers 
in the middle Green River between the confluence of the Duchesne and Yampa rivers, and in the lower 
reaches of those two tributaries (USFWS 2002e). This species was listed as endangered by the Service in 
1991, and it was given protection under Utah law in 1973. They have been known to live 40 years or 
more. They can begin reproducing as early as age 3 or 4, and typically spawn between mid-April and 
Mid June, but have known to spawn as early as November. 

3.1.2.1. 7 Southern Leatherside Chub 
Southern leatherside chub inhabit desert streams of the Bonneville Basin. Southern leatherside require 
flowing water and do not persist in lakes or reservoirs . Stream systems occupied by this species have a 
broad range of widely varying physical conditions including high variability of stream flow, annual 
precipitation, gradient, elevation, conductivity, and pH. The elevational range of observations for 
southern leatherside is from 3,700 to 8,600 feet (UDWR 2010). Southern leatherside chub have been 
documented in three 4tll level HUCs (Hydrologic Unit Code) in the Utah Lake drainage and six 4tl• level 
HUCs in the Sevier River Drainage (UDWR 2010). There are no populations of southern leatherside chub 
present within the analysis area. The southern leathers ide chub is not addressed in detail in Chapter 4 
because the analysis area is outside of the range for this species . 

3.1.2.2 TES Birds 

3.1.2.2.1 Bald Eagle 
In Utah, the bald eagle is primarily a winter resident, with only eleven known pairs of nesting eagles in 
the state, none of which occur on the MLNF or FLNF (UDWR 2005a, 2009). An eagle nest does occur 
on private land about 18 miles east of the northeastern boundary of the analysis area, nea r I e> O~\' l1 r f. \ ' :.1 "\ "", __ ~'. 
Castledale. It is unlikely that individuals from this eagle pair would utilize portions of the ana ysi a:'ca ) I d ~ I L:.. (J 
for foraging, since suitable habitat is available closer to the nest site. 
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Only one observation of bald eagles was recorded in the analysis area during the 2001 to 2003 analysis 
period (Cirrus 2004). Five bald eagle individuals (3 adults and 2 juveniles) were sighted in November 
2003 along Cowboy Creek, presumably during fall migration (Cirrus 2004). Winter roosting habitat is 
limited in the analysis area due to the high elevation and lack of roost trees. In general, use of the pennit 
area would be incidental and likely in connection with fall or spring migration. 

3.1.2.2.2 Northern goshawk 
Suitable habitat is present in the analysis area, but is limited primarily to the aspen and aspen-mixed 
conifer cover types on the western portion of the tract buffer. Two years of surveys were conducted for 
goshawks in suitable habitat in the analysis area from 2001 to 2003 (see section 2.4.1.3). During the 
survey period for the Muddy Creek analysis, goshawks were heard and/or seen at three calling stations 
within the analysis area (Cirms 2004). 

The Forest Service has been monitoring two goshawk nests near the analysis area. One occurs north of 
Julius Flat Reservoir. This territory was unoccupied during the 2000, 2004, 2005, 2007, and 2010 
breed1l1g seasons, but found [0 be occupied in 2006 and 2008 Ut:wkes 2008<1). The uthel llC:S[ 0GCUfS iiCii( 

Meadow Gulch, about four miles northeast of the Greens Hollow tract. This territory has been 
unoccupied since 1996 (Jewkes 2008a). In 2009, a goshawk was observed on two different occasions 
during breeding bird surveys (Forest Service 200ge). None of the goshawk responses during the survey 
effort occurred within the home ranges of the known goshawk pairs, indicating that these goshawks were 
from a different pair or pairs. 

The northern goshawk was added to the list of MIS for the MLNF in hme 2003 as an amendment to the 
1986 Forest Plan. This species replaced the blue grouse as a MIS. One of the standards and guidelines 
associated with goshawk management is monitoring of territory occupancy on a Forest-wide basis. Less 
thim 20 percent decline in territory occupancy over a 3-year period is considered acceptable for this 
species. As of 2012, territory occupancy of total nests checked is approximately 42 percent forest-wide 
(Forest Service 2013b). This is slightly lower than the 2001 high of approximately 45 percent, but the 
trend over the past five years (since 2008), shows a dramatic increase in territory occupancy (see Figure 5 
above). 

3.1.2.2.3 Flal1llllulated Owl 

Flammulated owls occur in mixed pine forests, from pine mixed with oak and pinyon at lower elevations 
to pine mixed with spmce and fir at higher elevations. They have also been found in aspen, second
growth ponderosa pine, and mixed coniferous forest. Preferred habitat is mature ponderosa pine/Douglas
fir forests with dense saplings and oak or other bmshy understory (McCallum 1994). Large diameter 
(>20 inch dbh) dead trees with cavities at least as large as northern flicker cavities are important site 
characteristics. Flammulated owls are strictly nocturnal and feed almost exclusively on insects. Foraging 
occurs in large, open forest stands with space between the tree crowns to provide room for flight and 
hovering (Reynolds and Linkhart 1987). Territory size varies and is determined by age and patchiness of 
tree canopy. Flammulated owls are migratory in the northern part of their range. They arrive on their 
breeding territories in May and depaii by mid-October, when they migrate south to central Mexico and 
Central America (McCallum 1994) . 

Preferred habitat is present in and around the southeastern portion of the analysis area . In addition, aspen 
stands to the west provide suitable habitat for this species. Two years of surveys were conducted for 
flammulated owls in suitable habitat in the Muddy Creek analysis area between 2001 and 2003 as well as 
surveys in 2008 (section 2.4.1.2). Flammulated owls were heard and/or seen at 26 calling stations 
(section 2.4.1.2). Surveys conducted in 2008 received no responses to broadcast calls (Cimls 2008 . 
Surveys were also conducted on the Pines Tract in 2008, 2009, and 2010 by MLNF £qr ne .. If!t t 
Service 20,10a) . This area is directly north and east of the Wildcat Knolls sage-gl;' ,l 6 .€'kS! , urveys were 
conducted in the Wildcat Knolls area in 2009, 2010, and 2011 (Forest Service '20 13d) . etecli~t\tver 
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recorded during these survey efforts at the Pines Tract but not at Wildcat Knolls (Jewkes 2008a, Forest 
Service 201 Ob, Forest Service 2013d). 

3.1.2.2.4 Peregrine Falcon 
Peregrine falcons are found in a wide variety of habitats in the Intermountain West. They prefer to nest 
on cliffs (generally at least 200 feet in height), usually in mountainous areas or in river canyons and 
gorges; although aeries are also known in metropolitan areas on structures such as towers and high-rise 
buildings (White et al 2002). Peregrines prey almost exclusively on other species of birds, especially 
doves, pigeons, shorebirds, waterfowl, and passerines. They may forage up to 18 miles away from their 
aeries, although most hunting occurs within a 10-mile radius of the nest, and often over 80 percent of the 
foraging occurs within 1 mile of the aerie (Ehrlich et a!. 1988). Peregrines overwinter in a wide range of 
habitats, but in the Intermountain West they appear to concentrate along large rivers and in wildlife 
refuges. Some birds may remain on their breeding territories throughout the year if there is an adequate 
food supply. Aeries have been reported at elevations above 10,500 feet, although nesting above 8,000 
feet is extremely rare (White et al 2002). 

Suitable nesting habitat is present in the analysis area on the rock escarpments bordering parts of Muddy 
Creek and its tributaries. A pair of peregrine falcons was observed in 2002 near the rim of Muddy Creek 
Canyon outside of the expected subsidence zone to the east of the analysis area. The pair was exhibiting 
territorial behavior and it was presumed that a nest was nearby within the cliff faces. A peregrine falcon 
was observed circling above an inactive golden eagle nest during UDWR aerial surveys in 2003, less than 
one-half mile from the 2002 observation. No falcons were observed in 2001 (Cimls 2004). Additional 
peregrine falcon surveys have not been completed in the project vicinity since 2003. 

3.1.2.2.5 Three-Toed Woodpecker 
Three-toed woodpeckers typically inhabit spruce/fir forests up to 9,000 feet, but where insect popUlations 
are high they may also occur in ponderosa or lodgepole pine forests. They are most apparent in years and 
locations where trees have high insect populations, and are attracted to areas with numerous dead trees 
from wildfires, insect epidemics, blow-down, or other die-off (Andrews and Righter 1992). The 
woodpeckers forage on wood-boring insects in dead trees, primarily spruce beetles (Peterson 1990). 
Foraging habitat appears to be more strongly affected by the proportion of dead and damaged trees as 
opposed to particular tree species . Soft snags are preferred for excavating nest cavities, although they 
occasionally excavate live trees. This species may make small movements off its breeding territory in the 
winter to find food but is generally a year-round resident (Wiggins 2004). 

Surveys for this woodpecker in the analysis area from June 21 to July 19 in 2001 and May 24 to June 23 
in 2002 resulted in 16 individual responses at 13 separate locations (see section 2.4.1. 7). Additionally, a 
female was observed incidentally in the area during a goshawk survey in 2002. All woodpecker 
observations were in or within two miles of the western portion of the analysis area boundary and 
associated with the aspen and aspen mixed conifer habitat type (Cirrus 2004). During 2010 surveys, no 
three-toed woodpeckers were observed in the Wildcat Knolls area (Forest Service 201Oc); however two 
were observed in The Pines area (Forest Service 2010d). 

3.1.2.2.6 Greater Sage-grouse 
The greater sage-grouse is an upland game bird that is entirely dependent upon sagebrush communities 
for all stages of its life cycle, with extensive areas of this habitat type required year-round. Sage-grouse 
have a high fidelity to their seasonal habitats (breeding, late brood-rearing, and wintering habitats), and 
females commonly return to the same areas to nest each year (Peck et al 2012) . Depending on geographic 
location, breeding activities occur from March through early summer. Most sage-grouse nests are located 
under sagebrush plants that provide overhead cover, with 15 to 30 percent canopy cover preferred. Late 
brood-rearing habitats, used from summer into fall, usually have less dense sagebrush canopy than neslin~ "T ro' n . _ _ 
habita ts and generally have a higher proportion of grasses and forbs in the understory. I ' ~a-A ar~ \ JU nf.)" rf.:: 0 
meadows, springs, and streams are also used during this time, especially in dry years, as these areas 
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produce the forbs and insects necessary for juvenile birds. Because the diet of chicks consists of forbs 
and insects, diverse plant communities with abundant insect populations are especially important. During 
winter, sage-grouse feed almost exclusively on sagebrush leaves and buds, so exposure above the snow, 
rather than canopy cover, is critical (Connelly et al 2004). 

One known lek complex adjacent to the analysis area (the Wildcat Knolls strutting ground) is currently 
used by the species (Forest Service 2013a) . While no formal surveys of this population were conducted 
prior to 1991, biologists in the area observed a decline in the sage-grouse population to the point where it 
was suspected that there were only a few remaining individuals in the area. In order to reverse this 
decline, 48 sage-grouse were transplanted to the southern pOliion of the analysis area by UDWR between 
1987 and 1990 (Cimls 2004). UDWR and the Forest Service have been annually monitoring the Wildcat 
Knolls lek complex since 1991 . The site has received use by 3 to 36 cocks on a given year, with the 
lowest numbers observed in 2003. In recent years (2011 to 2013), higher grouse numbers have been 
observed (Forest Service 2013a). Sage-grouse counts in 2013 show numbers at 33 birds (Forest Service 
20 13a). 

Grouse sign was observed in additional portions of the analysis area that potentially provide suitable 
habitat for lek sites. These sites were surveyed during the .breeding season between 2001 and 2003, and 
although a few cocks and hens were observed between the Head of Box Canyon and East Fork Box 
Canyon, the birds were not engaged in any lekking displays. Abundant grouse sign was observed in that 
area and several adults were observed near the headwaters of Box Canyon later in the survey years. It is 
assumed the canyon edges are used for roosting. Brood-rearing habitat is also present. In addition, 
several grouse were observed drinking from cattle troughs in this area. Grouse were also observed using 
Box Pond as a watering site. (Cirrus 2004) . 

Winter surveys for strutting greater sage-grouse on the Wildcat Knolls lek complex have been ongoing 
since 1991 (Forest Service 2013a). In Section 2.4.1.3 the results of these surveys are discussed and 
presented in Table 2. 

Sage-grouse habitat is fairly limited on the Greens Hollow tract (Figure 8). According to the UDWR 
"sage-grouse habitat" map there are 3,840 acres (including the lek) of "priority" sage-grouse habitat on 
the Greens Hollow tract. There is no "general" habitat in the area. However, the UDWR layer was 
created with a very coarse resolution and includes many areas that are not sage-grouse habitat (e.g., 
ponderosa pine stands, cliff areas, aspen stands); therefore, another layer was created for use on this 
project that more accurately reflects sage-grouse habitat in the area. The revised sage grouse habitat map 
shows a total of 1,617 acres of "priority" sage-grouse habitat on the Greens Hollow tract (Figure 8). 

The revised sage-grouse habitat layer in Figure 8 is a more accurate representation of sage-grouse habitat 
in the project area, and excludes non-habitat areas included in the UDWR habitat layer. This layer was 
created by Forest Service Biologists, Kevin Albrecht and Jeff Jewkes, after site visits on July 8, 2013, and 
October 25, 2013. Photos provided (Figures 9-16) correspond to photo points on Figure 8 and show 
representative areas of unsuitable habitat that were removed from the UDWR sage-grouse habitat layer. 

Research on the Wildcat KnoBs sage-grouse population has been recently concluded by Utah State 
University graduate students. This research not only supports lek counts collected by Forest Service 
personnel, but has mapped nesting and brood-rearing locations in the area as well. Their findings indicate 
that the Wildcat Knolls area not only serves as good lekking habitat but sage-grouse use the area year 
round and are nonmigratory (Perkins 2010). The USU research suggests that given the nonmigratory, 
isolated nature of this popUlation, great care should be taken to protect this habitat (Perkins 2010). 
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Figure 8. Revised sage-grouse habitat. 
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Figure 9. Photopoint 1, facing northeast. 

Figure 10. Photopoint 2, facing southwest. 
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Figure 11. Pbotopoint 3 facing south. 
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Figure 12. Photo point 4, facing south. 
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FitJ"urc 13. Photopoint 5, facing south. ., 
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Figure 14. Photopoint 6, facing southwest. 
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Figure 15. Photopoint 7, facing north. 
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3.1.2.2.7 California Condor 
California condors were recently added to the Sanpete and Sevier County lists (USFWS 2013) of 
federally endangered species in Utah. Not a habitat specialist, the species demonstrates very broad 
habitat and climatic tolerances. Historically, condors covered a large portion of western North America 
from British Columbia to Baja Mexico and as far east as western Colorado and Wyoming. Currently, the 
species inhabits a much smaller range, but still, diverse habitats within that range are occupied (Snyder 
and Schmitt 2002) . 

Nesting habitats have ranged from scrubby chaparral to forested montane regions subject to winter 
snowfalls. Most foraging activity has been documented in relatively open grassland regions. In recent 
times, primary foraging regions have been separate from the primary nesting regions, necessitating 
substantial commutes between nests and food supplies. The most critical habitat requirements may be 
adequate food supplies, open-enough habitat that food can be readily found and accessed, and reliable air 
movements allowing extended soaring flight (Snyder and Schmitt 2002). 

3.1.2.3 TES Mammals 

3.1.2.3.1 Spotted bat 
Spotted bats are found in relatively remote, undisturbed areas in a variety of habitats, including open 
ponderosa pine, desert shrub, pinyon-juniper, and open pasture and hay fields, and have been recorded at 
elevations as high as 9,500 feet. They roost alone in rock crevices on steep cliff faces and have been 
found hibernating in caves. Spotted bats are territorial and use echolocation to avoid each other while 
foraging. Their diet consists primarily of moths caught in flight after dark in open pine stands and over 
marshes (Wai-Ping and Fenton 1989). Information on seasonal movements is scarce, though spotted bats 
are thought to migrate south to hibernate (Toone 1993). 

Suitable roosting habitat for spotted bats is abundant in vertical cracks of the sandstone cliff faces of steep 
canyons in the analysis area. Riparian habitat and forest edges in this area also provide potential foraging 
opportunities. Several spotted bats were identified in the analysis area by audible vocalizations. 

Auditory bat observations were associated with the rocky cliff habitat and ponderosa pine along the East 
Fork and main stem of Box Canyon and along Greens and Cowboy Canyons. Bats were also observed 
foraging in the limber pine habitat near Julius Flats Reservoir and above the North Fork of Muddy Creek, 
and in the limber pinelDouglas-fir habitat along the jeep trail running west and south of Cowboy Creek 
(Toone 1993). Spotted bats have also been identified in Muddy Creek Canyon and the lower end of Box 
Canyon with ANABAT detectors (Perkins and Peterson 1997). 

3.1.2.3.2 Townsend's Big-eared Bat 
Townsend's big-eared bats use juniper/pine forests, shrub/steppe grasslands, deciduous forests, and mixed 
coniferous forests from sea level to 10,000 feet. During winter they roost singly or in small clusters in 
caves, mine shafts, rocky outcrops, or occasionally in old buildings (Oliver 2000). They remain at these 
sites, called hibernacula, from October to February. They do not migrate, but will move to different roost 
locations within hibernacula during winter. In summer, females roost with their young in nursery roosts. 
Males and non-breeding females roost alone. Townsend's big-eared bats are sensitive to human 
disturbance and will abandon roost sites if disturbed. Townsend's big-eared bats are nocturnal 
insectivores and prey primarily on moths along forest edges (Oliver 2000). 

No substantial caves have been observed in the analysis area and no other structures are considered 
potentially suitable for Townsend's big-eared bat hibernacula (Cirrus 2004). However, there are some 
rock alcoves in or near the area that may serve as suitable habitat. The diet of this species specializes in 
moths, beetl~s, wasps, and other insects along the edges of vegetation. The analysis area l <.lllld vide ) '~ "'r' 

suitable foraging habitat for the species. IN", ,r (, hA 1 L: D 
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3.1.2.4 TES Amphibians 

3.1.2.4.1 Western Boreal Toad 
Westem boreal toads are found in westem North America from Alaska to Baja California, with their 
range extending as far east as Colorado. They are found at a wide range of elevations from sea level to 
more than 11,000 feet. Western boreal toads can occur around any slow moving or still water in their 
range. They use shallow slow moving portions of these habitats for egg-laying which occurs in late 
spring or early summer following snow melt in high elevation habitats. Eggs hatch in 3- 12 days and 
metamorphose in 1-3 months, with shorter durations in wanner habitats and longer durations in colder 
habitats. While westem boreal toads are dependent on water they can travel several kilometers away 
from water to find new habitats. (NatureServe 2013.) 

Surveys of potentially suitable amphibian habitat completed as part of the inventory work for the Muddy 
Tract analysis observed boreal toad larvae in July of 2001, approximately 150 yards SSW of the White 
Mountain Cabin (Cin'us 2004). This pond site is located within the old 2004 Muddy Creek analysis area, 
but is 1.3 miies wesi: of the curn::Il[ Gn::t:ll~ Huiiuw ili:1d uUlllJdillY. This is the 0i11y site ",;here boreal tOads 
were observed. 

3.1.3 MANAGEMENT INDICATOR SPECIES 

Rocky Mountain elk, mule deer, golden eagles, aquatic macroinvertebrates, sage nesters, cavity nesters, 
and riparian nesters are Manti-La Sal and/or Fishlake National Forest MIS discussed in the following 
section. The northem goshawk is also a MIS; however, it is addressed above as a Forest Service sensitive 
species in section 3.1.2.2.2. 

3.1.3.1 Rockv Mountain Elk 
Rocky Mountain elk inhabit coniferous and mixed-coniferous forests as well as woodlands, chaparral, and 
grasslands in the Rocky Mountains. Mid to late seral range vegetation is used for forage. They rely on 
grasses for most of the year but also consume forbs in the summer and may browse on woody plants 
where grasses are unavailable, especially during winter months. Water is an important habitat 
component, particularly on summer range. During the summer elk spend the majority of their time in 
alpine and subalpine mountain meadows or in stream habitats. Thermal and security cover is required 
year-round by elk and generally consists of mature forest with large amounts of edge along grasslands or 
meadows. During the winter, elk movements are restricted by forage availability and snow conditions, 
and heat and energy are conserved in order to survive. Elk migrate from higher to lower elevations where 
snow depth is shallow and typically inhabit coniferous forests interspersed with riparian areas, south
facing slopes with sagebrush and shrubs, as well as aspen forests. Calving habitat for elk contains forage 
areas, hiding cover, and thermal cover within forest stands. Components of this habitat include shrubs or 
downed logs, gentle slopes, succulent forage, and a source of nearby water (less than 1,000 feet). 
(Rodriguez et al 2006). 

The analysis area contains critical winter and critical summer range for elk (UDWR 2013). The winter 
aerial census for elk conducted in 2004 shows that the elk populations in the South Manti Sub-Unit of the 
Manti Management Unit to be below UDWR objectives and lower than they were when analyzed for the 
2001 to 2003 study (Cimls 2004). However, elk numbers were purposely decreased, through increasing 
the number of cow tags issued, to compensate for the effects of the drought (UDWR 2007b). The MLNF 
Foresl Plan has a minimum viabl populali n for elk of 2,125 (Fore I ervice 1986). The E'-!Jrt:.QL JED 
population e lirnale f elk on herd 011 the Manti Division is 12 SOO (Fore I ervice 201 , ,b, ~ . .rna Q e l raJ! 
2012). • 
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3.1.3.2 Mule Deer 
Mule deer are found in coniferous forests, slmlb steppe, chapan-al and grasslands with slmlbs, from dry, 
open country to dense forests. They are often associated with early successional vegetation. They are 
known to utilize rocky brushy areas, open meadows, open pine forests, and bums. Mid to late seral range 
vegetation is used for forage. They browse on various grasses and forbs during the spring, summer, and 
fall, and on woody plants during the winter. Thennal and hiding cover is required year-round by mule 
deer. Themlal cover for deer generally consists of small conifers and shrubs on winter range, and 
deciduous or evergreen saplings or shrubs with high canopy closure on summer and spring-fall ranges. 
Water is also an important habitat component, especially on summer range. Fawning habitat for deer 
consists of low shrubs or small trees (2 to 6 feet tall) under a partially closed forest canopy. The fawning 
areas tend to be relatively small, close to water (less than 600 feet), and on mild slopes where succulent 
vegetation is abundant. (Thomas et a1. 1979, Rodriguez et al 2006). 

The analysis area contains crucial winter and crucial summer range for mule deer (UDWR 2013) as well 
as General and Key Winter Range as designated by the Manti-La Sal Forest Plan. Annual winter counts 
of deer are not conducted by the UDWR. However, population data is modeled using harvest data for the 
entire Manti Deer Management Unit, which contains the analysis area. The mule deer population counts 
in 2011 for the state of Utah estimated population levels at 286,100 animals which were below the 
objective of 411,900 (Bernales et al 2012). The mule deer population on the Manti Division is estimated 
at 20,900 animals, which is below the objective of 38,000 (UDWR 2007a, 2007b, Bernales et a1. 2012) . 
The deer popUlation is far below the UDWR objectives for this unit and has been so for several years. 
The decline in deer populations is attributed to the drought and other natural environmental factors 
(UDWR 2007a, 2007b, 2008). 

3.1.3.3 Golden Eagle 
Golden eagles are typically found in open country, including slmlblands, grasslands, canyons, and desert 
plains, as well as open coniferous forests in mountainous regions. Elevated nest sites, typically on cliff 
faces near hunting grounds, are the prefen-ed breeding habitat. In the absence of suitable cliffs and rock 
outcrops, they have been known to nest in trees. Golden eagles feed mainly on small mammals, 
especially rabbits, marmots, and ground squin-els, but also eat insects, snakes, birds, juvenile ungulates , 
and can-ion. Golden eagles typically mate for life. The breeding season generally begins in mid-January 
and continues through mid-September, though it can vary according to geographic region. (Rodriguez et 
aI2006). 

Suitable nesting habitat is present in the northern and northeastern portions of the analysis area on rock 
escarpments along Muddy Creek Canyon and some of its tributaries. Aerial surveys for eagles have been 
conducted by UDWR since 1998 (Cirrus 2004). Over the past 10 years of surveys (1998 to 2007), 
approximately 10.7 percent of golden eagle nests on the MLNF have been active. In 2002 to 2004, 
nesting activity was extremely low, but appeared to rebound beginning in 2004 and was above the ten
year average in 2005 and 2006 (UDWR 2007b) . In 2007 and 2008, however, the population trend again 
declined. In 2012 (the next year surveys were conducted on the MLNF), activity rates for nests were up 
to 11.7 percent (Forest Service 20 13b). Annual nesting variation is likely a result of precipitation rates 
(drought) and declines in prey availability (rabbits, prairie dogs, etc.). 

3.1.3.4 Aquatic Macroinvcrtcbrate 
Macroinvertebrates are benthic organisms including aquatic insects (mayflies, caddis flies, daplmia, 
cyclops, stoneflies and others), mollusks and WOmlS. The 1986 Forest Plan's monitoring and evaluation 
program includes aquatic macroinvertebrates as a management indicator species and calls for monitoring 
at baseline stations or as needed for select project activities (page IV-6). Aquatic habitat is to be 
monitored and evaluated under the Forest Plan. Macroinvertebrates serve as natural indicators of 
management activities undertaken within each watershed. The Forest Plan (page E-9:iNC 'Mri\~)nATED 
macroinvertebrates states, "the composition of the [macroinvertebrate] community is an indication of the 

. Wildlife TechniC'IJ~pqTin 2018 
2014 57 Greens HolrdlN'TnlcP 



quality of the aquatic habitat and reflects the condition of the entire drainage". Representative baseline 
locations were selected for sampling. 

Most monitoring locations are near the Forest b~:)Undary and are designed to reflect the overall water 
quality and aquatic habitat quality of the stream system and watershed above the monitoring point. The 
sampling locations are not designed to monitor the effects of a single land use or activity. These locations 
are not suitable for project-level monitoring or evaluation. 

Freshwater macroinvertebrate commullities are highly variable. In a stream system, many physical, 
chemical, and biotic factors interact to affect macroinvertebrate communities in ways that are not fully 
understood. The effects of landslides, wildfires, floods and droughts may take several years to affect these 
communities. The effects may persist for several years and may outweigh the effects of human activities 
in the watershed. "Cause and effect are often separated in time and space, concealing linkages in a 
complex series of physical and biological interactions. Consequently, it is often difficult to: 1) clearly link 
1 ........... .-1." ... ,.,. ,...... ............. " .... ,... ....... a~".,c,o..."t n,.f'P£'tont,.., +1""\ .co 't"'l""~1"'(""\..,..,., t=& ntt)l ;"t'Y1nQ,.-.t" t:ln~ ,.." ,-,pn<:lro:lh::. ''''':In roo::lllC'Pri ';1,.,n~('tc frnn-l th,,~p 
.iLl1.1\".. ,,"'.:Iv VJ. J..lJ.U.l .lLL5"'J..lJ.""l.lL """'-'-.I. ........... "..., ,,'-" '-'J.J.'I'J..L'\J.lJ.J. •• ""' .............. J. ....... .Ly .......................... - -, .... _,t' ............... - .... .I. .......... "'~ .......... -- ........... 1"' ..... _ ................................. .... .... _ 

that result from natural phenomena" (Larsen and Herlihy 1998). 

The monitoring teclmiques of the 1986 Forest Plan were the Biotic Condition Index (BCI), a 
macroinvertebrate community index, and the Habitat Condition Index (HCI); the measurement frequency 
was 5 years. The BCI data indicated highly variable communities across the Forest; probably in response 
to droughts, floods, and landslides in addition to land management activities. There were no statistically 
significant trends in the data. There revealed no apparent upward trend in the number of streams that did 
not meet the Forest Plan standard, nor was there an apparent downward trend in the number of streams 
that surpassed the standard. Over the entire period of record, only 5% of the samples have not met the 
.Forest Plan BCI standard (Forest Service 2006). 

The Forest Plan was amended in 2006 to update the protocols used to collect macroinvertebrate data and 
to change the method used to analyze the data . The 2006 amendment did not alter the language regarding 
macroinvertebrate monitoring as an optional technique for selected projects. The Manti-La Sal National 
Forest will continue monitoring aquatic habitat using macroinvertebrate sampling, but change the type of 
appraisal method used. The methodology is similar to that being used by the Utah Division of Water 
Quality for macroinvertebrate monitoring. The State program has selected relatively unimpaired 
representative streams as reference sites for different stream types. Monitoring will continue at baseline 
stations to characterize Forest-wide conditions; data analysis will be in cooperation with the Utah 
Division of Water Quality. 

The closest Forest-wide monitoring site is located at the Forest Boundary where Muddy Creek leaves the 
National Forest. In 2009, samples were collected and the results were analyzed by the UDWQ and the 
OlE percentages determined. 0 is the number of species predicted and E is number of taxa present. Those 
reslilts were compared to the 2004 results. Currently, Muddy reek is meeting Foresl PI ta ~~~ ." ! AT D 

No site-specific survey of aquatic Hlacminvt::rlebralt: h 
monitoring is proposed for this project. 

b en no it - p ifi 
APR 1 9 2018 

3.1.3.5 Sage Nesters (Fishlake National Forest MIS) Div. of Oil, ens &. Mining 
Sage nesting species are species that require sagebmsh during at least part of the year for survival. Sage 
nesters are represented by Brewer's sparrow (Spizella breweri), vesper spalTow (Pooectes graminells), 
and sage thrasher (Oreoscoptes montanus). The analysis area as a whole (including both FLNF and 
MLNF lands), contains approximately 7,741 acres (or 23.3 percent) sagebrush habitat potentially suitable 
for the various sage nesting MIS. Each of these species has been detected recently on the MLNF in close 
proximity to the analysis area (Forest Service 2013d). 
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Although specific habitat requirements differ between species, general issues affecting sage nesters tend 
to be similar across species and include the loss, fragmentation, and degradation of sagebrush habitats. 
Habitat requirements of some species vary with life stage and season. Therefore, it is important to 
analyze the impacts for a diversity of habitat conditions within sagebmsh ecosystems, so that the 
requirements of all sagebmsh obligate species are met throughout their life cycles. In addition to local 
habitat conditions, landscape characteristics such as fragmentation and patch size are also important to 
many sagebrush obligate species. 

3.1.3.5.1 Brewer's sparrow (Spizella brewed) 
The Brewer's sparrow commonly breeds in arid sagebrush steppes of western North America (Rodriguez 
et al 2006). The distribution of Brewer's sparrows generally coincides with the distribution of sagebrush 
in the West, from British Columbia, southeast to Saskatchewan, south to California, and east to New 
Mexico (Rodriguez et al 2006). They breed in the northern Rocky Mountains of the Yukon and British 
Columbia and in the Great Basin south to southern California and New Mexico. The species winters in 
the southwestern United States, though they are absent from the Pacific Coast (Rodriguez et al 2006). 

A Brewer's sparrow is approximately 5 inches (13 cm) long. It has light brown upper-parts with black 
streaks, and pale unmarked undersides. It has a brown crown that is finely streaked with black. The ear 
patch is darker and well defined, and bordered by a fine black eye line. The Brewer's sparrow song 
usually consists of alternating trills that can be musical or buzzy. 

This species builds cup-shaped nests in sagebrush, with nests between 20 and 50 cm from the ground. 
Brewer's sparrows prefer SMlbs tall enough (about 69 cm) and dense enough to provide sufficient cover 
(Rodriguez et al 2006). They often build their nests in the outer branches. The nest is a cup of dry grass 
stems, forbs, and rootlets lined with find grasses, rootlets, and hairs (Rodriguez et al 2006). Brewer's 
sparrows breed primarily from late May through June (Rodriguez et al 2006). There are usually 3 or 4 
eggs per clutch, though occasionally 5 are laid (Rodriguez et al 2006). Incubation is between 11 and 13 
days, and the altricial young fledge in 8-9 days (Ehrlich et a1. 1988, Rodriguez et al 2006). 

The diet of this sparrow primarily consists of insects and spiders in the summer and seeds and grasses of 
forbs in the winter. This species will commonly drink and bathe, but may not require free water 
(Rodriguez et al 2006). They are able to meet water needs by eating insects and can subsist on dry seeds 
for up to 3 weeks (Rodriguez et al 2006). 

3.1.3.5.2 Vesper sparrow (Pooectes gram in ells) 

The vesper sparrow is found in fields, pastures, and roadsides in fanning country. This species breeds 
from British Columbia, Ontario, and Nova Scotia south to California, Texas, Tennessee, and western 
North Carolina. It winters in California, Oklahoma, New Jersey, and Long Island (Rodriguez et al 2006). 

This species is approximately 5-6 112" (13-17 cm) in length. It is grayish and streaked, though there is a 
patch of chestnut color on the bend of the wing. It has a white eye ring and white outer tail feathers. Its 
song begins with 4 whistles followed by a descending trill (Rodriguez et al 2006) . 

Vesper sparrow's arumal diet is about half insects and spiders, and half grass and forb seeds (Rodriguez et 
al 2006). Vesper sparrows have been observed drinking, but also recorded individuals 10-15 n 'l ~ A :JOnt\TED 
fro111 known surface water (Rodriguez et aI2006). Captives drank 19.7 percent of body weight per day, 
but could survive on dry seeds without water. 

APR 1 9 2018 
3.1.3.5.3 Sage thrasher (Oreoscoptes 11l0ntanlls) 

The sage thrasher breeds from southem British olumbia central Idaho, and southern ModwW<l,' .s @Uf '-: ~.l) S l\i~ining 
southern California, southern Nevada, New Mexico, and western Oklahoma. It winters mainly in the L 

southwestern United States and southern Texas (Rodriguez et al 2006). The sage thrasher breeds 
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primarily in semiarid sagebrush plains, but may extend into shrubby or open woodland growth on 
foothills (Rodriguez et al 2006). 

Sage thrashers eat insects and other small, terrestrial arthropods. They also eat berries when the fruit is in 
season. The sage thrasher gleans prey, including great numbers of grasshoppers and Mormon crickets 
from the ground beneath and between slmlbs (Rodriguez et al 2006). The sage thrasher apparently 
reduces nest paraSHlsm by removing cowbird eggs from its nest (Rodriguez et al 2006). 

The sage thrasher breeds in late April and early May. A clutch usually consists of 1-5 eggs. Incubation 
ranges from 13-17 days, averaging 15 days. Both parents tend their altricial young. Nests are built either 
on the ground belo'vv sagebrush or in the branches near the Inain axis of the plant. l'~ests may be lined \vith 
rootlets and grass, and often with fur or feathers. Sage thrashers require some foliage for cover above the 
nest. (Rodriguez et al 2006). 

Cavity nesting species are represented by hairy woodpeckers (Picoides villosus), western bluebirds (Sialia 
mexicana), and mountain bluebirds (Sialia currucoides). Generally speaking, cavity nesting species favor 
open woodlands with a well-developed understory of shrubs andlor herbaceous vegetation. During the 
breeding season, they are mainly found in open ponderosa pine forests, riparian woodlands dominated by 
cottonwoods, and burned stands. Snags are required for nesting. Oak woodlands and commercial 
orchards are typical habitats during winter. Cavity nesting avian species feed on insects during the 
breeding season and on nuts and fmits dming winter. Fire suppression, overgrazing of riparian areas, 
salvage logging, and loss of habitat to agriculture and urban development are detrimental to this species. 
Overgrazing suppresses ground cover and prevents regeneration of cottonwoods and other trees in 
riparian areas. (Rodriguez et al 2006). 

Although specific habitat requirements differ between species, general issues affecting cavity nesters tend 
to be similar across species and include the loss, fragmentation, and degradation of habitat. Habitat 
requirements of some species vary with life stage and season. Therefore, it is important to analyze the 
impacts for a diversity of habitat conditions within general cavity nesting ecosystems, so that the 
requirements of all species are met throughout their life cycles. In addition to local habitat conditions, 
landscape characteristics such as fragmentation and patch size are also important to many species. The 
project area includes approximately 8,193 acres (or 24.7 percent), of potential cavity-nesting MIS habitat 
as well as many more square miles of similar habitat outside the project area boundaries. 

3.1.3.6.1 Hairy woodpecker (Picoides villoslIs) 
The hairy woodpecker is a fairly common, permanent resident of mixed-conifer and riparian deciduous 
habitats at elevations up to 9,500 feet. The whole of temperate North America is occupied by one or 
another of its various subspecies. It uses stands of large mature trees and snags. The hairy woodpecker 
uses relatively open or patchy stands of conifers with abundant snags. (Rodriguez et al 2006). 

This woodpecker excavates a nest cavity from 3 to 55 feet above ground in the soft interior of a snag or 
dead branch of aspen, sycam re, pine, or other tree specie . 11 begins breeding from laLe March LO late 
May. ~he male drums on dry, resonant Ijmbs to attract the female. Avera~e clutch. is 4. g.'..I.hCi?9$A q . /\TED 
range IS 3-5. They have one brood per year. B U1 the male and female dig a cavIty, m 1I ate Ole ggs 
about two weeks, and care for altricial young. (Rodriguez et al 2006). 

APR' 9 20\8 
M st of the hairy woodpecker's food comes from (rees. The food consists of larvae beetles, spiders, flies, . ' 
ants, and in the winter, seed, grains, nuts, and acorns. It £len congregates to feed ind . tl & Mlrtlng 
burned areas and frequenls riparian habitats year-round. (Rodriguez el al 2006). 
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Competition for food between hairy woodpeckers and other birds, including those of their own species, is 
apparently reduced by feeding on different species of tree, or in different locations in same tree. Most 
foraging takes place on the trunk of the tree. Hairy woodpeckers may be important in reducing 
populations of adult and larval bark beetles. (Rodriguez et al 2006). 

3.1.3.6.2 Western bluebird (Sialia mexicana) 
The western bluebird prefers open woodlands and pastures where old trees provide nest sites. The western 
bluebird is most abundant in open ponderosa pine forests of the Transition Zone, but may also be found in 
oak woodlands, pinyon-juniper, mixed-conifer, and subalpine forests. They breed from southern British 
Columbia south to Baja and east, throughout the mountains of the West to New Mexico and Texas. It 
winters over most of the breeding range, though populations in the north may move southward. 
(Rodriguez et al 2006). 

The western bluebird requires nest cavities, low perches to hunt from, and insect prey at lower understory 
and ground levels. It can be found in open country. Availability of snags frequently limits population 
density (Rodriguez et al 2006). 

The western bluebird usually nests in old woodpecker holes or nahlral cavities, in oak, sycamore, and 
pine trees. It has been known to also use other cavities or nest boxes. It occasionally uses nests of cliff 
swallows or other species. Nests are usually 5-40 feet above ground. The western bluebird breeds from 
early April into May. Clutch size was 4-5 in a northern Arizona study from 1998-2000. Incubation lasts 
12 days. Both parents tend altricial young. This species is frequently double-brooded. The male may tend 
fledglings while the female re-nests (Rodriguez et al 2006). 

3.1.3. 6.3 Mountain bluebird (Sialia cu rrucoides) 
The mountain bluebird is differentiated from the· western bluebird by the lack of red on the breast. Males 
are pure sky blue above and lighter below. The females are similar, though duller and grayer. The 
bluebird nests in nearly all timber types of the Rocky Mountain region, and is usually found between 
7,000-11,000 feet in open forests or edges (Rodriguez et aI2006). 

This species prefers open terrain with an occasional tree, rock, fence post, power line, or similar perches. 
It requires suitable cavities for roosting and nesting, usually in a snag or dead portion of tree. In winter, 
this species occurs in virtually any open or sparsely wooded habitat (Rodriguez et al 2006). 

The mountain bluebird builds a nest in a natural cavity or woodpecker hole in a snag or dead portion of a 
tree. Less frequently it nests in a crevice or cavity in a rock, building, or other human structure; it also 
uses nest boxes or the nest of a cliff swallow or other species. The mountain bluebird is monogamous; it 
lays eggs mid-May to mid-June in Washington. It may double brood, with each brood clutch containing 
5-6 eggs. Incubation is 13-14 days and both sexes care for altricial young. Fledging age is -if2 IT S OFiATED 
(Rodriguez et al 2006) . 

3.1.3.7 Riparian Nesters CFisblake National Forest MIS) APR 1 9 2018 
Riparian nesting species are represented by Lincoln's sparrow (Me/ospiza lincolnii), ~~ ~p W .',: <, 0. ' '.' 

(Melospiza me/odia) , yellow warblers (Dendroica petechia), and MacGillivray's warblers (8pororhi:~ I ' .!.., C! MI! ling 
tofmiei). The analysis area as a whole (including both FLNF and MLNF lands), contains approximately 
48 acres (or 0.1 percent), of willow-dominated riparian habitat potentially suitable for the various avian, 
riparian MIS as listed by the FLNF Forest Plan, Migratory bird surveys were conducted in proximity to 
the analysis area in 2009. Song sparrows were observed near (on the adjacent Pines Tract), but not inside 
the analysis area during these survey efforts (Forest Service 2013d). The close proximity of this tract 
suggests that the species may use nearby habitat in the analysis area as well. 
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3.1.3.7.1 Lincoln's sparrow (Melospiza lincolnii) 
The Lincoln's Sparrow breeds from Alaska, northern Quebec, Labrador, and Newfoundland south to 
California, New Mexico, and northern New England. It can be found in bmshy bogs and willow and alder 
thickets. It winters across the southern tier of the United States in woodland thickets and bmshy pastures. 
The diet consists mainly of insects, but spiders and millipedes will also be eaten. Grass and forb seed are 
also consumed (Rodriguez et al 2006). 

The Lincoln's sparrow breed s very locally in wet montane meadows of com lily, sedges, and low 
willows . The nest is often on the edge of wet areas, or in wet places on drier raised mounds. The nest is a 
grass tussock or sunk in shallow depression on sphagnum or moss. It is a Clip made of grass or sedge and 
lined with fine grass and hair (Rodriguez et al 2006). 

Breeding season begins late in May in the south areas and mid-June in the north. Typically 4 to 5 eggs are 
laid, though 3 to 6 has been observed. Incubation is carried out by the female and lasts between 12 and 
ILl. r1~,,~ T],p " ltr;ri"l vnllna "rf' r."rf'r1 fnr hv hnth n"n~nt.~ ~no fleoge in 9-12 OilVS (RodriQUez et a1 
~ • ..... .... .I~. --- - _ 4 • • __ _ __ -' -----0 po _ •• ----- - .- - J .L J ...... '" ~ "-' 

2006). 

3.1.3.7.2 Song sparrow (Melospiza melodia) 
The song sparrow is one of the most widespread, diverse, and geographically variable of North American 
birds. There are 34 recognized subspecies, covering a breeding range from the Aleutians and mainland 
Alaska east to Newfoundland and south to California, North Dakota, and the Carolinas. They winter from 
southern Canada throughout the United States to the Gulf Coast and Mexico (Rodriguez et al 2006). 

The song sparrow builds its nest on the ground; however, it also nests in sl1mb, thicket , emergent 
vegetation, and small trees, usually within 4 feet of the ground. The ground nest is hidden under low, 
dense vegetation, usually near water, in emergent vegetation, or in other moist sites. The breeding season 
occurs from March to June, with a peak at the end of March. Clutch size is 3 or 5, rarely 2 or 6. They 
will often double-brood, or sometimes brood three times a year to replace lost clutches. Incubation lasts 
12-14 days . The altricial young are tended by both parents, leave the nest after about ten days, and 
become independent about 25 days later (Rodriguez et al 2006). 

Seeds are the most important foods in the annual diet of song sparrows, but insects, beetles, and other 
small invertebrates make up part of their diet. Numerous insects may be available for forage, especially 
in the summer. The song sparrow usually forages on the ground or in low vegetation, under cover of 
dense t!1ickets or ~etla~d vegetation. It glea?s from the ground or lo~ plants and often s~ ;{I ~y in ,l; ttel j f\. -- '1; 0 
Water IS also reqUired m a song sparrow temtory. The song sparrow IS commonly host to ne'st p-a\', s llfs m f, I t.: 
by brown-headed cowbirds (Rodriguez et al 2006). 

3.1.3.7.3 Yellow warbler (Dendroica petechia) APR 1 9 2018 
The yellow warbler breeds throughout n~ost of ~aska. across Ca~ada an~ south to SOlln~ern Ffl i ~9S'~~., :~' ~ '"I' 
northern Oklahoma, and northern eorg13. It wmters m the tropiCS. ThiS warbler IS f Oll 'dJ 't lhlfin ,-~ 1\ .llllng 

moist thickets, especially along streams and swampy areas . The male yellow warbler has golden yellow 
plumage with rusty streaks on the breast. The male's back may have a slight greenish tint. The females 
have plain yellow plumage and breast streaks are absent. (Rodriguez et al 2006). 

Yellow warblers select nest sites based upon characteristics surrounding the nest bush rather than the nest 
bush itself. Dense growth may be preferred in order to reduce nest predation and brood parasitism. It is 
subject to predation by jays, predatory birds, small mammals, and snakes, and is apparently quite rarely 
parasitized by cowbirds (Rodriguez et al 2006). 

Yellow warblers nest in slrrubs, willows, or low trees near water. They breed in slmlbby growth by 
swamps and watercourses, in wet scmb, tree foliage, mangroves, gardens, shrubberies and berry patches. 
The males are sometimes polygamous. The female builds a neat, compact cup nest in an upright twig 
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fork 2 to 12 feet up, sometimes up to 40 or even 60 feet. Incubation of the 3 to 6 (usually 4 or 5) whitish 
spotted eggs is for 11 days. Both parents tend the nestlings until fledging occurs at 9 to 12 days. Yellow 
warblers are insectivorous, with larger bugs being ingested as the birds grow (Rodriguez et al 2006). 

3.1.3.7.4 MacGillivray's warbler (Oporornis tolmiei) 
The MacGillivray's warbler is found in coniferous forest edges, burns, brushy cuts, or streamside growth. 
It breeds from Alaska and Yukon south to California and central New Mexico. Winters are spent in the 
tropics (Rodriguez et al 2006). 

The MacGillivray's warbler eats mostly insects, though young may take sap from sapsucker drillings in 
willows. Willow, alder, and other dense shrubs in riparian areas or in moist woodlands provide cover at 
all seasons. Drier shrub habitats near water are used to a lesser extent (Rodriguez et al 2006). 

The MacGillivny's warbler nests between May and early August. It lays 3 to 6 eggs, usually 4 . 
Incubation is 11 to 13 days, by the female only. Both parents tend altricial nestlings until the fledging 
stage in eight or nine days. This species prefers dense, moist, brushy habitat, or areas with tall weeds or 
ferns for nesting. The nest is usually placed 0.5 to 2 feet above ground in a shrub, up to 6 feet in saplings 
or juniper trees, or is attached to stalks of several plants (Rodriguez et al 2006). 

~NCOnpOF1j\TED 

3.1.4 SPECIES OF HIGH FEDERAL INTEREST APR 1 9 2018 
Species of high federal interest, as defined by the USFWS, include several migratory bi' s. No other 
categories of wildlife were identified by the USFWS. IV. of Oil, GC)"" 81 Mining 

3.1.4.1 Migrator Birds 
Thirty high priority migratory bird species and bird species of concern that could occur on the Manti 
Division of the Manti-La Sal National Forest were reviewed for this analysis. The list of species was 
gathered from the Avian Conservation Strategy (PIF, Parrish et aJ. 2002), Birds of Conservation Concern 
(BOCC, USFWS 2008), and the Utah Comprehensive Wildlife Conservation Strategy (CWCS, UDWR 
2005a). Of the thirty possible species on the Manti Division, ten were determined not to have suitable 
habitat that could be impacted by the Proposed Action. These ten species were removed from further 
analysis: bald eagle (also listed as sensitive in Section 3.1.2.2.1), black rosy finch, black swift, juniper 
titmouse, long-billed curlew, osprey, short-eared owl , southwestern willow flycatcher, veery, and yellow
billed cuckoo. The remaining species that could potentially be impacted by the Proposed Action are 
listed in Table 7. 

Many other species of non-game migratory birds use the analysis area and surrounding habitat. In 
addition to the species listed in Table 7, surveys in the Wildcat Knolls areas have recorded the following 
species: vesper sparrow, lark sparrow, chipping sparrow, American robin, northern flicker, western 
meadowlark, . mountain bluebird, yelJow-rumped warbler, violet-green swallow, tree swallow, homed lark, 
unknown hummingbird, hermit thrush, Clark's nutcracker, and h'Teen-tailed towhee (Forest Service 
2013d). Additionally, migratory bird surveys in The Pines area (Forest Service 20 13 d), have recorded 
American robin, chipping sparrow, song span'ow, mountain chickadee, unidentified woodpecker, northern 
flicker, red-naped sapsucker, vesper sparrow, lark sparrow, Clark's nutcracker, dark-eyed junco, unknown 
hummingbird, mourning dove, warbling vireo, Townsend's solitaire, Wilson's warbler, red-breasted 
nuthatch, dusky flycatcher, red-tailed hawk, olive-sided flycatcher, house wren, western bluebird, 
plumbeous warbler, black-capped chickadee, mountain bluebird, ruby-crowned kinglet, green-tailed 
towhee, white-breasted nuthatch, western tanager, yellow warbler, yellow-rumped warbler, violet-green 
swallow, northern mockingbird, pine grosbeak, pine siskin, unknown jay, hermit thrush, western 
meadowlark, and western wood-pewee. 
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Table 7. Migratory bird species that could occur on the Manti Division ofthe MLNF. 

Species Lists l Primary and Secondary Observations NearlIn the 
Habitat Types2 Analvsis Area3 

Black-throated gray warbler PIF, Boee, ewes Pinyon-juniper 
E 

Dendroica nigrescens Mountain Shrub 
Brewer's Sparrow4 PIF, ewes Shrub steppe 

A, B, e, E, I, M, N, 0 
Spize{{a breweri Hig h-desert scrub 

Broad-tailed hummingbird PIF, ewes Lowland riparian 
B, e,E, O 

Selasphvrus plalycerClis Mountain rifJarian 
Cassin's finch BOee Aspen 

B, e, I, N, 0 
Carpodaclls cassinii Sub-alpjne conifer 
Ferruginolls hawk PIF, BOlT, ewe s Pinyon-juniper 

K 
Bllteo rega/is Shrub-steppe 
Flammulated owl) Boee Ponderosa pine 

E, G, H, I, J, N 
OlliS (lall/meoilis Sub-alQine conifer 
,... _ 1 .J _. _ __ __ 1_ D Ilr'r' Cliff UVlUI,.,1I1"..,Q.5 1 ..... LJ \.J ,-,........-

E 
Aguila clJlysaetos High deseli scrub 

Grace's warbler ewes Ponderosa pine 
e,I,N,O 

Dendroica graciae Mixed conifer 
Gray vireo PIF, Boee, ewes Pinyon-juniper 

B, e, E, I, N, 0 
Vireo l'icil1ior Oak 
Greater sage-grouse) ewes Sagebrush 

A,B,E,F,O 
Cenlrvcerclls lIrophasialllls Shrub-steppe 

Lewis's woodpecker PIF, Boee, ewes Ponderosa pine 
L 

Melane/pes lewis Lowland riparian 
Northern goshawk) ewes Mixed conifer 

e,O,E,O 
Accipiter gentilis Aspen 
Peregrine falcon) ewes Cliff 

E 
Falco peregrinlls Lowland riparian 
Pinyon jay ewes Pinyon-juniper 

B, E, I, M, N 
GYl1ll1orhilllfs cyanocephallls Ponderosa pine 
Sage sparrow PIF, Boee, ewes Shrub-steppe 

B, e, E, I, M, N, 0 
AmpJ/ispiza belli High deseli scrub 
Sage thrasher4 ewes Shrub-steppe 

A, B, e, E, I, M, 0 
Oreoscoptes monlal1l1S High desert scrub 
Tlu'ee-toed woodpecker) ewes Sub-alpine conifer 

E, I 
Picoides tridactyilis 
Virginia's warbler PIF, Boee, ewes Oak 

e,E,O 
Ve17l1ivora vilgilliae Pinyon-juniper 

Williamson's sapsucker BOee, ewes Sub-alpine conifer 
E 

SphvrapiclIs thyroidells Aspen ""r--n· ·ro 'Tr- n 
Willow flycatcher BOee Lowland riparian 1,i\ - .I'" , 

ElJlpidonax traillii Mountain riparian 
K 

IplF = Partners In Flight (Parrish et al. 2002), BOCC = Birds of Conservation Concern (USFAflRO~89 c2Um = Utah 
Comprehensive Wildlife Conservation Strategy (UDWR 2005<1). 
1Where both primary and secondary habitat types are applicable. 

.. ,~ I s fill \ ;n g 
A == Ferron!Prie.:: Ranger District Migratory Bird urvcy ulllnmry 2008-Wildcat K\ltqlt ' 2 ' 0 , 

FerronJPricc/Sanpete RAnger Di tric t~ Migratory Bird Survey LllIlmary 2009-Wildc31 Knolls (Fore I Service 2009b). C = 
Ferron/Price/Sanpete Ranger Districts Migratory Bird Survey Summary 2009-The Pines (Forest Service 2009c), D = Greens 
Hollow Goshawk Tnmd Data (Forest Service 2009d), E = Muddy Creek Technical Report-Wildlif.:: (Cirrus 2004), F = Sage-
Grouse Strutting Ground Counts (Forest Service 2009a), G = Flammulated Owl Survey Data Fonn-The Pines 2008 (forest 
Service 2008d), H= Flammulated Owl Survey Data Fornl-The Pines 2009 (Forest Service 200ge), I = 20 I 0 Breeding Bird Survey 
(Forest Service 2010c, 2010d), J = 2010 Flammulated Owl Survey (Forest Service 2010a), K = Not observed, but presence is 
suspected (Cirrus 2004), L = Not observed, and presence is not suspected (Cirrus 2004). M = Ferron/Price Ranger District 
Migratory Bird Survey Summary 2010-Wildcat Knolls (Forest Service 20 13d), N = FerronfPrice Ranger District Migratory Bird 
Survey Summary 2010-The Pines (Forest Service 2013d), 0 = 2008 and 2009 Breeding Bird Survey (Forest Service 2013d). 
4AIso discussed as a sage nesting MIS for the FLNF in Section 3. \.3.5.3 
5 Also discussed as a TES avian species for the project in Section 3.1.2.2.5 
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3.1.5 OTHER SPECIES 

Other species of wildlife that are not classified as TEPS, MIS, or species of high federal interest are 
discussed below. 

3.1.5.1 Fishes 
Rainbow and brook trout were also observed during fish surveys conducted by UDWR on perennial 
streams in the analysis area (Berg 2002a, 2002b, and 2002c, Hart and Berg 2003). Rainbow trout were 
observed in Muddy Creek and South Fork of Muddy Creek, while Brook trout were only observed in 
Muddy Creek. Surveys conducted by the Forest Service in 2010 on Mill Fork Creek and Black Fork 
(both tributaries of South Fork of Muddy Creek) showed cutthroat trout and brook trout present but no 
rainbow trout. The fmiher downstream 2010 survey location near where Muddy Creek crosses the MLNF 
border showed a complete absence of fish (Jewkes 20l3c). The streams where cutthroat trout were also 
observed during surveys and incidentally (i.e., Muddy Creek and its South and North forks) present 
moderate to high quality trout habitat. As described above, no fish were observed in the North Fork of 
Quitchupah Creek. Erosion, siltation, and low water flows have led to the poor trout habitat in this 
stream. Speckled dace (Rhinichthys oscollls) have been observed on mainstem sections of Quitchupah 
Creek located outside of the analysis area (Cirrus 2004) . 

3.1.5.1.1 Brook trout 
Brook trout (Safl'efinlls fontinalis) is a sport fish native to the eastern United States and eastern Canada. 
This species has become established in many of Utah's cold higher-elevation lakes and streams. The diet 
of brook trout is based primarily on invertebrates, including insects and zooplankton; large individuals 
occasionally feed on small fishes. Spawning occurs in the fall over gravel substrate in lakes and streams. 
Hatching and emergence occurs approximately after two months. The successful reproduction of brook 
trout has led to overcrowding, and consequently, to a large number of stunted (small) individuals in 
streams in Utah. The overcrowding problem can be exacerbated by low fishing pressure in the brook 
trout's high elevation habitat. This species poses a threat to native cutthroat trout populations (Sigler and 
Sigler 1996). 

3.1.5.1.2 Rainbow trout 
Rainbow trout (Oncorhynchus mykiss) is a popular sport fish in Utah. This species is native to western 
North America but is not native to Utah. The popularity of this species in addition to their unsuccessful 
reproduction in the wild has led to the introduction of millions of rainbow trout to cold and cool waters 
throughout the state by the UDWR. Their diet is based primarily on invertebrates, including insects, 
worms, zooplankton, and insect larvae. Rainbow trout that reach larger sized can switch to a piscivorous 
diet. The species spawns in streams over gravel substrate during the spring, and the eggs hatch in about 
one month. Fry emergence occurs approximately two to three weeks after hatching. The presence of 
rainbow trout in streams that provide habitat to cutthroat poses a major threat to the native species. 
Similarities in the habitat and timing of spawning often lead to the production of rainbow - cutthroat 
hybrids, and thus, to the loss of genetic purity through hybridization (Sigler and Sigler 1996). 

3.1.5.2 Amphibians 
Amphibian habitat is limited in the analysis area, consisting of wetlands, ponds (natural and stock), edges 
of lakes ,and reservoirs, springs and seeps, and pooled habitat adjacent to streams. Potentially suitable 
amphibian habitat surveyed during the analysis period resulted in observations of boreal toads, chorus 
frogs, tiger salamanders, and possibly Great Basin spadefoot toads. Chorus frogs were the most abundant 
species observed (see section 2.4.4.1). All life stages of chorus frogs and tiger salamanders (eggs, 
tadpoles, and adults) were observed in ponds. Chorus frogs were also heard at Julius Flat Reservoir. All 
boreal toad observations were of larvae in ponds . Great Basin spadefoot toads were potentially he1r 
pond and at the bottom of a canyon (Clmls 2004). . I 
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Other amphibian species that could potentially occur in the analysis area include the Great Plains toad, 
Woodhouse's toad, and northern leopard frog. The R4 sensitive species Columbian spotted frog is not 
expected to occur as far south as the analysis area (USFWS 2002b). 

3.1.5.3 Reptiles 
Suitable habitat for several reptile species is present in the analysis area. Lizard, whiptail , and skink 
species primarily occur in desert and semi-desert areas with sandy or rocky soil and sparse vegetation, 
such as pinyon-juniper and sagebmsh, but also occur in grasslands and the lower edge of the spmce-fir 
zone. Habitat for snake species is also variable, ranging from lowlands to high mountains, with some 
species having an affinity for riparian habitats, and others for more arid environments. (Dahon et ai 
1990). 

Five reptile species were incidentally observed in the analysis area: the eastern fence lizard, tree lizard, 
sagebrush lizard, short-horned lizard, and western terrestnal garter snake tsee section 2.4.4.2). Reptiie 
species not observed but likely present include the common side-blotched lizard, gopher snake, night 
snake, striped whipsnake, and western rattlesnake. Other species possibly present include the Great Basin 
collared lizard, long-nosed leopard lizard, desert spiny lizard, western whiptail, western skink, eastern 
racer, milk snake, southwestern blackheaded snake, and ground snake. 

3.1.5.4 Small Mammals 
Seventy species of small mammals could potentially occur in the study area, including 5 shrews, 15 bats, 
8 small carnivores, 36 rodents, and 6 lagomorphs (see section 2.4.4.3). Of these, 16 were observed by 
Cirms personnel (1 bat, 1 carnivore, 10 rodents, and 4 lagomorphs). All habitats in the analysis area are 
potentially used by at least some slmill mammals, with riparian habitats being used by the largest mtmber 
of species. (Cirrus 2004). 

3.1.5.5 Non-Game Birds 
A total of 203 species of non-game birds could potentially occur in the study area (see section 2.4.4.4). 
Of these, 84 were observed by CilTUS personnel (2004). All habitats in the analysis area are potentially 
used by at least some non-game birds, with riparian habitats being used by the largest number of species. 
Non-game species that potentially use cliffs in the analysis area for nesting include, but are not limited to, 
the golden eagle, prairie falcon, peregrine falcon, red-tailed hawk, raven, white-throated and black swifts, 
cliff swallows, and canyon wren. 

Surveys in the area are ongoing. The 2008 Wildcat Knolls survey near the analysis area recorded vesper, 
lark, and chipping sparrows; American robins; and Northern flickers . Also, three bird species of interest 
were observed: Brewer's sparrow, greater sage-grouse, and sage thrasher (Forest Service 20l3d). 

The survey efforts in 2009 and 2010 recorded a greater variety of migratory bird species including: 
Vesper sparrow, western meadowlark, mountain bluebird, an unknown species of hUlluningbird, hermit 
thnlsh, Clark's nutcracker, chipping sparrow, and green-tailed towhee. A larger variety of species of 
in t resL were also observed in 2009 and 2010. These species included: greater sage-grot! e, br ad-~j-I €I 
hummingbird , gray vireo, pinyon jay, sage thrasher, sage sparrow, Brewer' s sp VI and" s 1 . fr C 1 

(Forest Service 2013d). ' 
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BLM and State sensitive species present in Sanpete and Sevier counties and their status in the 
Greens Hollow F ed eral Coal Lease Tract project area. 

Known Analyzed 

Analyzed Habitat Present 
to Occur Species 

Species 
in SE!S? in the Project Area? 

in the with 
Project Shared 

Area? Habitat 

Wildlife Species 

American white pelican No - Breeds on islands in 
Pelec[ll1l1s erythrorhy nchos No freshwater lakes . Winters at No None 

coastal sites .1 

Bald eagle 
Yes -

Haliaeetlls lellcocepha/us - -
Big free-tailed bat Yes - Rocky woodland habitat, 
Nyctinomops macrotis No roosts in caves, mines, old No Spotted bat 

buildings, and rock crevices. 

Black swift No - Nests on rock ledges near or 
ypseloides niger No behind waterfall s in montane No None 

areas. I 

Burrowing owl No - Nests ill open grasslands Utah 
Athene cunicll/aria No occupied by burrowing mammals No 

prairie dog such as prairie dogs. I 

Carinate Glenwood pyrg No - Three springs in Sevier 
Pyrglilopsis inopinata No County: two near Glenwood and No None 

one south of Sig urd." 

Ferruginous hawk No - Low elevation, flat, rolling 
Bliteo regalis No grassland and shrubsteppe habitats. 

No None 
Avoids forests and narrow 
canyons. 

Fringed myotis Yes - Inhabits caves, mines and 

Myotis thysanodes No bu ildings in desert and woodland No None 
1 

areas. -

Grasshopper sparrow 
No No - Nests in grasslands with 

No None 
Ammodramlls savannarum sparse shrub cover. 1 

Kit fox 
No No - Inhabits open deseli plains." 

No None 
Vulpes macrotis 
Lewis's woodpecker Yes - Inhabits ponderosa pine 

M elanerpes lewis No forests, lowland riparian areas with No None 
cottonwoods, oak woodlands, and 
pinyon-juniper woodlands. I 

Long-billed curlew No - Nests in low vegetative 
Nlifilenilis american liS No den ity grassland . Avoid' arcas No None 

with thick Du nchgl'asscs or shrubs. l 

Ninemile pyrg 
No 

No - Two springs near Ninemile 
No None 

Pyrgulopsis non([ria Reservoir in Sanpete County." 

Otter Creek pyrg No - Known from three sites in ~ -'.1'< 
c, 
\: 

Pyrgulopsis ft/sca tributaries of Otter Creek in Piute N{1(-\C: 
.. ' ,I' 

No .<' t None 
and Sevi e r Counties. , . . 

.~ ,Q 1~~1 
Pygmy rabbit 
Brachy/aglls idahoensis Yes -
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BLM and State sensitive species present in Sanpete and Sevier counties and their status in the 
Greens Hollow Federal Coal Lease Tract project area. 

Known Analyzed 

Analyzed Habitat Present 
to Occur Species 

Species 
in SEIS? in the Project Area? 

in the with 
Project Shared 
Area? Habitat 

Short-eared owl No - This species does not breed 
Asio jlammells further south than the northernmost 

parts of Utah. Nonbreeding habitat 
No consists of large expanses of open No None 

grasslands or shrubsteppe with 
abundant small mammals, often in 
and around marshes." 

Smooth Glenwood pyrg 
No 

No - Two springs near Glenwood 
No None 

PyrKlilopsis chamberlini in Sevier County." 

Southern Bonneville No - Six springs in north-central 
springsnaiI No Utah: four in Tooele County, one 

No None 
Pyrgulopsis transversa in Utah County, and one in 

Sanpete County.) 

Southern leatherside chub 
Yes 

Lepidomeda aliciae 
- - -

Three-toed woodpecker 
Yes - - -Picoides tridactylus 

Townsend's big-eared bat 
Yes - - -Corynorhinus townsendii 

Boreal (Western) toad 
Yes - -Buro boreas 

-

Vegetation Species 

Alicielia temlis No No - Limestone or sandstone, in No None 
Emery, Sevier open grass, shrub, and woodland 

communities, between 5,200 and 
7,100 feet elevation.4 Restricted to 
sandstone outcrops and sandy 
detrital slopes in association with a 
curious mixture of mountain brush, INCOFIf)( IJ j pinyon-juniper, and cushion plants. 
Largest concentrations are on 
sandstone (including mudstone and APR 1 ~ 
siltstone) with interbedded 2018 
gypsum, on ledges, in cracks, and DII 
on talus slopes. Most populations . of Oil n ~ 

, .- ~ I ' t~ f'v1ining 

Astragallls /oanlls No 
Sevier 

Eriogonllm braicalile No 
mitrophyllllm 
Sevier 

Ericameria lignumviridis No 
Sevier 

2014 

are on steep terrain.s 

No - Known only from the middle No None 
Sevier Vallel; sagebrush and PJ 
communities on igneous 
substrates, 6,300 to 6,800 ft. 7 

No - Edemic to Sevier County; No None 
Arapien shale on clay flats and 
slopes, 5,250 to 5,575 feet. 7 

No - 6150·6250ft elevation; No None 
crevices in igneous rock outcrops 
and cliffs7

•
8 
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BLM and State sensitive species present in Sanpete and Sevier counties and their status in the 
Greens Hollow Federal Coal Lease Tract project area. 

Known Analyzed 

Analyzed Habitat Present 
to Occur Species 

Species 
in SEIS? in the Project Area? 

in the with 
Project Shared 
Area? Habitat 

Menfzelia argillosa No No - Steeply sloping and No None 
Sanpete, Sevier constantly moving talus or scree 

slopes of the Arapien shale in Utah 
9 

Pensfemon H'ardii No No - Ephedra, rabbitbrush, No None 
Piute, Sanpete, Sevier shadescale, mountain mountain 

mahogany, sagebrush, and pinyon-
juniper communities on 
semibarren, white to gray, fine-
textured (often calcareous or 
gysiferous) substrates (mostly 
Arapicn shale), 5,500 to 6,800 ft. 7 

Phacelia lltahensis No No - Salt desert shrub on clay hills No None 
Carbon, Sevier, Sanpete and banks in the Arapien shale 

formation, 5,500 to 6,200 ft. Salt 
desert shrub on clay hills and 
banks in the Arapien shale 
formation, 5,500 to 6,200 ft . 7 

Townsendia jonesii III tea No No - Salt desert and mixed. desert No None 
Juab, Piute, Sevier shubs and juniper-sagebrush 

communities on Arapien shale and 
clays ill volcanic rubble, 5,500 to 
6,300 ft.7 

1. Birds of North America. hllp;l/blln.bircls.comcll.c.dulbna 
2. Utah Conservation Data Center. http: //dwrcdc.l1\'.utah.gov/ucdcldcf.1ull.asp 
3. Oliver and Bosworth 1999. 

Il llp:lldi gi tnlcommons.\lS !I .cdll/cgi/vio~vcon Lenl.cl!i?a rliclc=1530&contcxl=govclocs 
4. hllg:llwww.fs.fcd .uslwilc1f1owcrsll'arcplants/profileslcrilical ly. impcrilCd/aliciclla tClluislinclex.shtml 
5. 
6. 
7. 
8. 
9. 

2014 

htt[l ;lleol.org/~ages/487521ldclails 
/lllp :I/loco.~iosci .ariz.ona.cdu/aslragllluslilnagc.~As(ragnlliS imageslAloanus.htm 
Utah Rare Plants guide online. 
hllB:lleol.orIURagcsl48282:Z/details 
httn:/lcol .onun3e.es/487671/details 
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Biological Evaluation for the /\rk Land Company's Greens Hollo\\ Coal Lease Tract Project 
Sensit i\'e Wildlife and Plant Species 

I. INTRODUCTION 

This Biological Evaluation (BE) analyzes and evaluates the potential effects the Ark Land Company 
Greens Hollow Coal Lease Tract on Forest Service Region 4 (R4) sensitive wildlife and plant species 
Cfable 1) potentially occurring in areas proposed for coal extraction and where disturbances may occur on 
the Price/Ferron Ranger District of the Manti-La Sal National Forest (MLNF), and the Richfield Ranger 
District of the Fishlake National Forest (FLNF). It is a summary of the analysis disclosed in the Wildlife 
Technical Report (Cirrus 20 lOa) and Vegetation Technical Report (Cirrus 20 I Ob) prepared for this 
project. Additional infonnation regarding life histories and habitat requirements for these species can be 
found in those t\yO documents. This BE also recommends mitigation measures that, if implemented, 
would help preserve, maintain, or protect specific habitat or species in question. 

The Forest Service's list entitled Intermountain Region Proposed, Endangered, Threatened, and Sellsitil'e 
Species KnoH"lllSlIspected Distribution by Forest (Forest Service 2010a) was reviewed to detennine 
which sensitive species potentially present on the Forest should be addressed in this document. Table I 
lists the sensitive species reviewed for this project. It includes a brief habitat description and an analysis 
of habitat suitability for each species to determine if the species should be fully analyzed in this 
document. Only those species potentially occurring in the project area are carried forward for analysis. 

Table 1. Suitability of habitat in the project area for Forest Service R4 Sensitive "ildlife and plant 
SQ.ccies found on the Manti-La Sal and Fishlake National ForestsJForcst Service 2010~. 

Species Habitat Description Analysis of Habitat 
Suitability/Rationale 

Mammals 

Spotted Bat 
Ponderosa pine, pinyon-juniper woodlands, and 

Considered. Pinyon-juniper and 
shrub desert. Elevations up to 10,600 feet. 

Eliderma maculallllll 
Roosts in crevices of rocky cliffs . 

crevice habitat is present. 

Townsend's Big-eared Bat 
Semi desert shrub lands, pinyon-juniper 

COIYllorhilllls tovl"lIsendii 
woodlands, and open montane forests. Elevations Considered, Suitable foraging 

palJescells 
up to 9,500 feet. Roosts in caves and abandoned habitat present; roosts limited. 
mines. 

Not Considered. Suitable habitat 
Pygmy Rabbit Areas with tall , dense sagebrush. Requires deep not available. Nearest historical 
Brachyfaglls idalzoensis soils to excavate burrows. record south of the Town of 

Emery in early 1900s. 

Birds 
Winter habitat includes open water where fish 

Considered. Bald eagles have 
Bald Eagle and waterfowl can be caught throughout the fall 

been recorded in the area. Closest 
(Haliaeellis leucocephallls) and early winter. After the open \vater freezes , 

known nest approximately 18 
eagles generally move to the foothills and valleys 
to feed on sm all mammals and carrion. 

miles from project area. 

Considered. There are recorded 
Habitat includes a wide variety offorest ages, goshawk responses in the project 

Northern Goshawk structural conditions, and successional stages for area and several territories in the 
Accipiter gClllilis foraging . Generally nests in coniferous, mixed general are ~te1 \' it blo Tl-

coniferous, and riparian (aspen stringers) forests. habitat i SIll: 
r; . 

p 
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Biological Evaluation for the Ark Land Company Greens Hollo\\ Coal Tract Lease Project 
Sensitive Wildlife and Plant Species 

Table 1 (cont'd). Suitability of habitat in the project area for Forest Service R4 Sensitive wildlife and 
plant species found on the Manti-La Sal and Fishlake National Forests (Forest Sen-ice 2010a). 

Species Habitat Description Analysis of Habitat 
SuitabilityIRationale 

Considered. Suitable cliff 

Peregrine Falcon 
Preferred nesting sites are cliffs in mountainous habitat for nesting is available. 
areas or in river canyons and gorges. Forage in Records in the general area exist 

Falco peregrinus anarUIll 
riparian areas or in open meado\\·s. and two known ncsts in the area 

are p resen t. 

Flammulated Owl Mature pine, mixed conifer and aspen forests . 
Considered. Suitable habitat 
present. Numerous responses in 

OtllS jlalllllleolus Snags with cavities required for nesting. 
the area recorded. 

Coniferous and mixed forest types at elevations 
Considered. Species is known to 

Three-Toed Woodpecker be present in the area from 
Picoides tridactylus 

up to 9,000 feet. Requires snags for nesting and 
previous surveys. Extensive 

foraging. 
suitable habitat present. 

Greater Sage-grouse 
Sagebrush communities used during all life cycle Considered, Active leks present. 
stages. Riparian meadows, springs, and streams Numerous grouse recorded each 

Cenlrocerc1ls IIrophasianlls 
are also used durin u late brood-rearin u . year in the area. 

Fish 
Small headwater streams with cool, clear water, 

Bonneville Cutthroat Trout pools, and well-vegetated streambanks. Clean, Not Considered. Species on 
Oncorhynch1ls clarld utah gravel substrate in cool water required for found in or near the project area. 

spawning. May also inhabit lakes. 
Colorado River Cutthroat Headwater streams and lakes with cold, clean 
Trout water of the Colorado river drainage system; only Considered. Species known 
Oncorhynchus clarki occurs on the Loa Ranger District of the Fishlake from the project area. 
plellriticlls National Forest. 

Southern leatherside chub 
Desert streams of the Bonneville Basin. Require 

Not Considered. Species not 
Leidomeda aliciae 

flowing water and do not persist in lakes or 
found in or near the.project area. 

res'ervoirs. 

Amphibians 
Not Considered. Outside of the 

Columbia spotted frog 
In or near permenant bodies of water including habitat range. Near the project 
lakes, ponds, slow streams, and marshes. Non- area, it only occurs in the San 

Raila lllteivenlris 
woody wetland plant communities. Pete Valley along the San Pitch 

River. 

Western boreal toad 
Found in a variety of habitats, including slow Not Considered. Species not 

Billa boreas boreas 
moving streams, wetlands, desert springs, ponds, found in the area where impacts 
lakes, meadows, and woodlands. would occur. 

Plants (Welsh et al. 2003 UNPS 2010) 
Species National Habitat Description Analysis of Habitat 

Forest Suitability/Rationale 
Allium geyeri Manti-La Sal San Juan County. Pinyon-juniper, Not Considered. Outside of 
chatterleyi ponderosa pine-manzanita, and known range. 

mountain mahogany communities. 
Chatterley onion 
Androsace Manti-La Sal Grand and San Juan counties. Alpine Not Considered. Outside of 
chamaejasme ssp. tundra at 10,000 - 12,680 feet in the La known range and above 
carinata Sal mountains. elevation prejertjl[~t " D t .,..." r 

J "" k tJ .. ) i 1 >\ I !" ,~. 
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Biological Evaluation for the Ark Land Company Greens Hollow Coal Tract Lease Project 
Sensitive Wildlife and Plant Species 

Table 1 (cont'd). Suitability of habitat in the project area for Forest Sen'ice R4 Sensitive wildlife and 
p la n t species found on the Manti-La Sal and Fishlake National Forests (Forest Senice 2010a). 

Aqllilegia flavescclls Manti-La Sal Emery and Sevier counties. East Considered. Species is present 
1'ar. rllbincullda margins of the \Vasatch Plateau in in Box Canyon and Greens 

ponderosa pine, aspen, and spruce-fir Canyon outside of the project 
Link Trail columbine communities, generally associated with area. It is also present in nearby 

seeps at the base of Mesa Verde group Link Canyon as welL 
sandstones adjacent to coal measures, 
6.900 to 8.500 feeL 

Aster killgii \'(Ir. Fishlake Mountain mahogany and oak 1'Iot Considered. Outside of 
barcbyalla communities on rock outcrops in Juab known range. 

and Millard counties, Utah. 
Barneby woody aster 
Astragallis Manti-La Sal Sagebrush-grassland and pinyon- Considered. Sagebrush and 
cOl7sobril7us Fishlake juniper communities on the Mancos pinyon-juniper habitat is present 

Shale Formation; Volcanic gravel to in project area. However, there 
Bicknell milhetch barren stony hillsides on the upper are no records of this species in 

forks of the Sevier River and the east the project area. 
slope of the Utah Plateaus from 
southeast Emery and Sevier to 
southwest Garfield counties between 
6,000 to 8,500 feet 

Castilleja parni/a \'ar. Fishlake Endemic to the Tushar Mountain, 1'Iot Considered. Outside of 
pan'ula Beaver and Piute counties, Utah. known range. 

Tushar Mountain 
paintbrush 
Oyptantha Manti-La Sal Western Carbon and Emery counties. 1'Iot Considered. Project area is 
creut~feldtii Fishlake Shadescale and mat atriplex outside of the habitat constraints 

communities on shadscale formations for this species. 
Creutzfeldtii cryptanth between 5,200 and 6,500 feet· 
Cymopterlls becldi Fishlake Cliff faces in sandstone canyon 1'Iot Considered. Outside of 

bottoms of Navajo Sandstone. known range. 
Pinnate spring parsley Endemic to San Juan and Wayne 

counties. 
Draba sobolifera Fishlake Endemic to the Tushar Mountains, 1'Iot Considered. Outside of 

Creepin~ draba 
Beaver, and Pi ute counties, Utah. known range. 

Epilobillfll nevadense Fishlake Pinyon-juniper and mountain brush 1'Iot Considered. Outside of 
communities on limestone outcrops in known range. 

Nevada willowherb Millard and Washington counties. 
Erigeron abajocl1sis Manti-La Sal Garfield, Pi ute, San Juan, and Wayne 1'Iot Considered. Outside of 

counties. Pinyon-j uniper ponderosa known range. 
Abajo daisy pine, and spruce-fir communities at 

7,000 - 11,320 feet. 
Erigeron earringtol/(fC Manti-La Sal Emery and Sanpete counties. Meadow Not Considered. Project area is 

Fishlake and escarpments margins on Flagstaff outside the habitat constraints 
Carrington daisy limestone between 10,000 and 11,000 for this species. Flagstaff 

feet. limestone outcrops at the 
appropriate elevation are not 
present. 

Erigeron kachinensis Manti-La Sal San Juan County. Montane sites with 1'Iot Considered. Outside of 
mountain brush, pinyon-juniper, and known range. If i(O'nn"-,nl-lp T Kachina daisy ponderosa pine, Douglas fir, and \.; .~,.J ~01 ~'. 1'"' \'J 1'''\ ,; 

Manzanita communities at 5,250 -
8.000 feet. A 00 4 n 'In 8 
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Biological E\ aluation for the Ark Land Company Greens Hollow Coal Tract Lease Project 
Sensiti\·e Wildlife and Plant Species 

Table 1 (cont'd). Suitability of habitat in the project area for Forest Sen-ice R4 Sensitive wildlife and 
plant species found on the Manti-La Sal and Fishlake National Forests (Forest Senice 2010a). 
Species l'Iational Habitat Description Analysis of Habitat 

Forest SuitabilitylRationale 
Erigeron mancus Manti-La Sal Grand and San Juan counties. !\' ot Considered. Outside of 

Subalpine fir, and alpine forb and known range and abO\·e 
LaSal daisy grass-sedge communities, frequently in elevation of project area. 

rockstri pes at 10,000 - 12.240 feet. 
Eriogonlllll batelilanii Fishlake Igneous outcrops and gravels in ~ot Considered. Outside of 
1'(1/". osllundii shadscale, sagebrush, ponderosa pine, known range. 

mixed desert shrub, and pinyon-juniper 
Elsinore buckwheat communities at 5,500 to 6,500 feet 

elevation. Endemic to Pi ute and Sevier 
Counties in central Utah. 

Gilia caespilosa Fishlake Wayne County. Pinyon-juniper- !\'ot Considered. Outside of 
cercocarpus communities at 5,690 - known range. 

Wonderland Alice 8,515 feet on Navajo Sandstone and 
flower Carmel Limestone. 
Hedys({rtllI1 Manti-La Sal Carbon, Duchesne, and Emery Considered. Potential habitat is 
occidentale vaL canoe counties . Pinyon-juniper, sagebrush, present in the project area. 

serviceberry, maple, mountain 
Canyon sweet vetch mahogany, and wash communities 

between 6,400 and 8,315 feet · 
Lomatillm latilobll11/ Manti-La Sal Grand and San Juan counties. Pinyon- !\'ot Considered. Outside of 

juniper, dwarf mountain mahogany, known range. 
Canyonlands lomatium and desert shrub communities, mainly 

in Entrada Sandstone at 4,350 - 7,120 
feet. 

Najas caespitosa Fishlake Shallow water off of Pelican Point, !\'ot Considered. Outside of 
Fish Lake, Utah. known range. 

Fishlake niad 
Pens/ellloll pan'us Fishlake Sagebrush-grass and pinyon-juniper !\' ot Considered. Outside of 

communities on tertiary volcanic known range. 
Little penstemon gravels . Endemic to Utah in Piute, 

Garfield, and Wayne counties. 
Penstemon lmrdii Fishlake Desert shrub, pinyon-juniper, !\'ot Considered. Outside of 

sagebrush, shadscale, and greasewood known range. 
Ward's penstemon communities on the Bald Knoll and 

Arapien Shale formations at the 5,200 
to 6 810 feet elevations. 

Salix ari::ollica Manti-La Sal Riparian corridors above 8,300 feet in Considered. Potential habitat is 
Fishlake unshaded or partially shaded wet present in the project area. 

Arizona willow meadows, streamsides, and cienegas, 
typically in or adjacent to perennial 
water. 

Senecio casforells Fishlake Endemic to the Tushar Mountains ~ot Considered. Outside of 
between 11,000 and 12,700 feet on known range. 

Beaver t-,'lountain winds\\ ept ridges downward to spruce-
groundsel fir communities in Pi ute County. 
Senecio mllsilliensis Manti-La Sal Sanpete county. Ridgetops on Flagstaff !\'ot Considered. Project area is 

limestone barrens and talus slopes at outside the habitat constraints 
Musinea groundsel Musinea Peak and on margins of the for this species. - lal!s taff 

Wasatch Platuea between 9,700 and limestone outcro · . 1 
>-) •• ) (" . hi .. jf~ 

10,900 feet. appropriate elevation are not 
present. ..... ~ 
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Biological Evaluation for the Ark Land Company Greens Hollow Coal Tract Lease Project 
Sensitive Wildlife and Plant Species 

Table 1 (cont'd). Suitability of habitat in the project area for Forest Service R4 Sensitive wildlife and 
plant species found on the Manti-La Sal and Fishlake National Forests (Forest Senice 2010a). 
Species National Habitat Description Analysis of Habitat 

Forest SuitabilitylRationale 
Silene petersollii Manti-La Sal Ponderosa pine, aspen, and spruce-fir Not Considered. Potential 

Fishlake communities between 7,000 and 11,300 habitat does not occur in the 
Maguire campion feet on Flagstaff limestone and Claron project area. 

Formation, mainly at plateau margins. 
Known from the Manti-La Sal National 
Forest. 

TIlelesperma slIbllllda Fishlake Navajo Sandstone and Carmel Not Considered. Outside of 
rar. aptina Limestone between 6,888 and 9,000 range. 

feet. Endemic to Wayne County. 
Bicknell thelesperma 
T01\"I1Sendia jonesii Fishlake Salt desert shrub and juniper Not Considered. Outside of 
var. lutea communities 5,500 to 6,400 feet in the known range. 

Arapien shale and Arapien clays in 
Sevier townsendia volcanic rubble. 

The project area contains potentially suitable habitat for the spotted bat, To\V-nsend's big-eared bat, bald 
eagle, northern goshawk, peregrine falcon, flamulated owl, three-toed woodpecker, sage-grouse, Colorado 
River cutthroat trout, Link Trail columbine, Bicknell milkvetch, canyon sweetvetch. These species are 
carried forward into analysis in this document. Habitat in the project area is unsuitable for the pygmy 
rabbit, Bonneville cutthroat trout, Southern leathers ide chub, Columbia spotted frog, Western boreal toad, 
and the other sensitive plant species considered in Table 1. Therefore, the proposed project would not 
impact these species, and they are not considered further in this document. 

'NCORPOr-U~TED 
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Biological Eyaluation for the Ark Land Company Greens Hollow Coal Tract Lease Project 
Sensitive Wildlife and Plant Species 

VIII. DETERl\IINATIONS AND RATIONALE 

Thi Bi logical EYaiualioll pr pared for thi proje I, tiers ul1 the analysis pre cntl.:d in the reens Hollo\" 
\ ildlife Tc bnical Report ( irru 20 lOa), The dclemlinalions outlined belo\\' are that Ibe Proposed 
Action would affecI Region 4 sen iti\' specie" in one of four way: ( 1) n il11pa i, (2) beneficial impact 
(3) may ad\'ersely impact indh'idual ,but not likely to rerull in a loss of viability in the planning area nor 
cause a trend 1 ward Fedl;'ralli'Ling. or (4) likely I r\,; su lt in a I ~ s of\'iabil il)' in the plannilH! area or in a 
trend lOward Fed ral listing. The detenninaLions are based on specific habitat requirements of thl:! 
di fferent pecies in relation to ant icipated effect of the Proposed Action. 

n.o-impact detennination wa made for eight of the pecies analyz d, For nine specie, the Pr posed 
Action may ad \'cr ely impac t ind ividuals but is n t likely to re'ult in a loss of viabili ty in till.: Planning 

Tea, nor cause a trend toward Federal Ii ting, and for on p cie , it is determined tha t the Proposed 
CtiOll may ad\'crsel impaci individual of th 6 Ilowing species and is like ly to resull in a loss of 

viabi lity in the planning area, and/or cau e a trend to\vard Federal listing, Rationale specific to each 
detemlinat iol1 i disc losed belo\\', Furth r it can bl: assumed that the Proposed Action \vould haw "No 
Impact" on those species d isclos d in Table 1 rhat were not carried through the analysis, 

"No hIPACT" DETERMI~ATIO~ 

Based 011 the ana l is provided in this document, it is detennined that the Proposed Action would have no 
impact on the fo llowing Region 4 species: 

• Bald eagle 

• BOlllleville cutthroat trout 

• Columbia spotted frog 

• Pygmy rabbit 

• Southern leatherside chub 

• Western boreal toad 

• Bicknell 's milkvetch 

• Canyon sweetvetch 

31 
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Biological Evaluation for the Ark Land Company Greens Hollow Coal Tract Lease Project 
Sensitive Wildlife and Plant Species 

These "no impact" detemlinations are based on one of the following rationales (Table 5): 

I. Species are not likely to occur in the project area due to habitat and/or elevational requirements 
not found on the ski area. 

2. Species have never been kno\vn in the project area. 

3. Species or suitable habitat may occur within the project area, but no elements of the Proposed 
Action would affect them. 

4. The immediate and greater sUlTounding area is cun'ently subject to similar activities as those in 
the Proposed Action. There is documented history and on-the-ground evidence to support this 
detennination. 

5. Species occur outside of the project area, and elements of the proposed project would not affect 
the species, 

Table 5. Rationale for "No Impact" detcrmination on USDA Forest Scrvice R4 sensitive ~pecics, 

Species Rationale 
Bald eal!le 3,4 
Bonneville cutthroat trout 1, 2, 4 
Columbia spoiled frog 1, 2, 4 
Pygmy rabbit 1, 2,4 
Southern leatherside chub 1 2 
Western boreal toad 5 
Bicknell's milkvetch 2, 3 
Canyon sweetvetch 2, 3 

"l\lAY IMPACT" DETERJ.'HNATIO:\' 

Based on the analysis provided in this document, it is detennined that the Proposed Action may 
adversely impact individuals of the following species but not likely to result in a loss of viability in 
the planning area, nor cause a trend toward Federal listing. 

• Colorado River cutthroat trout 

• Flammulated owl 

• Northern gosha\vk 

• Peregrine falcon 

• Three-toed woodpecker 

• Spotted bat 

• To\vnsend's big-eared bat 

• Link Trail Columbine 

• Arizona willow 

Further, based on the analysis provided in this document, it is detennined that the Proposed Action may 
adversely impact indhiduals of the follo"ing species and is Ukely to result in a loss of \;ubility in 
the planning area, and/or cause a trend toward Federal listing. I r.r, r nn 1'J-ji'l·;.T) ,r. "~ L.. 

• Greater sage-grouse APR 1 9 2018 
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Biological Evaluation for the Ark Land Company Greens Hollow Coal Tract Lease Project 
Sensitive Wildlife and Plant Species 

This "may impact" detennination is based on the foIlo\ving rationale and summarized in Table 6. 

I . As described above throughout Section 4.4, an extremely small amount of habitat compared to 
the project area as a whole as well as the larger, connected landscape \\'ould be 
destroyed/altered/impacted by the Proposed Action. This small amount of lost or altered habitat 
is expected to impact a small number of individuals and not impact species on the population 
scale. 

2. Any effects experienced as a result of implementing the Proposed Action would be temporary to 
species' populations, although some individuals could be killed. 

3. Best Management Practices (BMPs), Forest Plan S&Gs, and other design criteria, and mitigation 
measures designed to protect sensitive species and their habitat would be implemented to prevent 
population-wide disturbances which could impact breeding viability in the project area. 

4. The nature of the direct, indirect, and cumulative impacts of the Proposed Action would 
constitute an incremental increase in the factors that have affected habitat values and sensitive 
species use in some cases (livestock grazing) for more than 150 years. This incremental increase 
is expected to be small in scope and not impact wildlife at the larger, population scale, although 
some individuals are expected to be impacted. 

5. The immediate and greater surrounding area is currently subject to similar activities as those in 
the Proposed Action. Some serious issues such as loss of water needed by sensitive species has 
occurred in these surrounding areas under similar activities. Hmvever, special stipulations and 
mitigation measures have been put in place to protect these resources and ensure this 
detennination remains true, that populations would remain viable, should the project area 
experience negative impacts to wildlife. There is documented history and on-the-ground 
evidence to support this detennination. 

6. Greater sage-grouse in the area currently experience roadways that travel through the lek sites. 
No new roads will be developed in these areas. Although traffic to the proposed northem vent 
shaft will increase along existing roads throughout the construction period of that shaft, lekking 
sage-grouse have been habituating to vehicular traffic through these areas for years. Further, 
mitigation has been put in place to minimize any of the additional impacts to the area that grouse 
may experience. 

7. Forest Service Intennountain Region direction on greater sage-grouse states that if there is any 
impact to sage-grouse due to a proposed action, then the detennination of "may adversely 
impact individuals of the species and is likely to result in a loss of viability in the planning 
area, and/or cause a trend toward Federal listing" is required. 

Table 6. Rationale for "May Impact" determination on USDA Forest Service R4 sensitiyc species. 
Species Rationale 

Colorado River cutthroat trout I , 2, 3 4, 5 
Flammulated owl 1 3,4, 5 
Greater sage-lITouse 1, 2 , 3, 4, 5,6. 7 '" , ........... 
Northem _goshawk 2,3,4, 5 .. 'tv,-" 

Peregrine falcon 2,3,4,5 

, 
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Biological Evaluation for the Ark Land Company Greens Hollo\\ Coal Tract Lease Project 
Sensitive Wildlife and Plant Species 

Table 6 (coni'd). Rationale for "May Impact" determination on USDA Forest Service R4 sensitive 
species. 

Species Rationale 
Three-toed woodpecker 1,3 ,4 5 
S29lled bat 1, 2, 3, 4, 5 
To\vnsend's biE -eared bat 1, 2, 3,4, 5 
Link Trail Columbine 1 
Arizona willow I 
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Utah's State Listed Species by County 

Disclaimer: This list was compiled using known species occurrences and species observations from the Utah Natural 

Heritage Program's Biodiversity Tracking and Conservation System (BIOTIC5); other species of special concern likely 

occur in Utah Counties. This list includes both current and historic records. (Last update~ on October 1, 2015). 

Beaver County 

Common Name 

American Three-toed Woodpecker 

American White Pelican 

Bald Eagle 

Big Free-tailed Bat 

Bonneville Cutthroat Trout 

Burrowing Owl 

Dark Kangaroo Mouse 

Ferruginous Hawk 

Fringed Myotis 

Greater Sage-grouse 

Hamlin Valley Pyrg 

Kit Fox 

Least Chub 

Long-billed Curlew 

Northern Goshawk 

Pygmy Rabbit 

Short-eared Owl 

Southern Leatherside Chub 

Spotted Bat 

Townsend's Big-eared Bat 

Utah Prairie-dog 

Western Toad 

Box Elder County 

'Common Name 

American White Pelican 

Bald Eagle 

Bluehead Sucker 

Bobolink 

Bonneville Cutthroat Trout 

Burrowing Owl 

California Floater 

Deseret Mountainsnail 

Ferruginous Hawk 

Grasshopper Sparrow 

Gray Wolf 

Great Plains Toad 

Greater Sage-grouse 

Scientific Name 

Picoides dorsalis 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Nyctinomops macrotis 

Oncorhynchus clarkii utah 

Athene cunicularia 

Microdipodops megacephalus 

Buteo regalis 

Myotis thysanodes 

Centrocercus urophasianus 

Pyrgulopsis hamlinensis 

Vulpes macrotis 

lotichthys phlegethontis 

Numenius americanus 

Accipiter gentilis 

Brachylagus idahoensis 

Asio flammeus 

Lepidon:eda aliciae 

Euderma maculatum 

Corynorhinus townsendii 

Cynomys parvidens 

Bufo boreas 

Scientific Name 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Catostomus disco bolus 

Dolichonyx oryzivorus 

Oncorhynchus clarkii utah 

Athene cu nicu la ria 

Anodonta californiensis 

Oreohelix peripherica 

Buteo rega lis 

Ammodramus savannarum 

Canis lupus 

Bufo cognatus 

Centrocercus u rophasia nus 
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Box Elder County - continued 

Common Name 

Kit Fox 

Lahontan Cutthroat Trout 

Least Chub 

Lewis's Woodpecker 

Long-billed Curlew 

Lyrate Mountainsnail 

Mountain Plover 

Northern Goshawk 

Northern Leatherside Chub 

Northwest Bonneville Pyrg 

Preble's Shrew 

Pygmy Rabbit 

Sharp-tailed Grouse 

Short-eared Owl 

Townsend's Big-eared Bat 

Utah Physa 

Western Pearlshell 

Western Toad 

Yellowstone Cutthroat Trout 

Cache County 

Common Name 

American Three-toed Woodpecker 

American White Pelican 

Bald Eagle 

Black Swift 

Bluehead Sucker 

Bobolink 

Bonneville Cutthroat Trout 

Brown (Grizzly) Bear 

Burrowing Owl 

California Floater 

Canada Lynx 

Deseret Mountainsnail 

Fringed Myotis 

Grasshopper Sparrow 

Great Plains Toad 

Greater Sage-grouse 

Least Chub 

Lewis's Woodpecker 

Long-billed Curlew 

Lyrate Mountainsnail 

Northern Goshawk 

Pygmy Rabbit 

Sharp-tailed Grouse 

Scientific Name 

Vulpes macrotis 

Oncorhynchus clarkii henshawi 

lotichthys phlegethontis 

Melanerpes lewis 

Numenius americanus 

Oreohelix haydeni 

Charadrius montanus 

Accipiter gentilis 

Lepidomeda copei 

Pyrgulopsis variegata 

Sorex preblei 

Brachylagus idahoensis 

Tympanuchus phasianellus 

Asio flammeus 

Corynorhinus townsendii 

Physella utahensis 

Margaritifera falcata 

Bufo boreas 

Oncorhynchus clarkii bouvieri 

Scientific Name 

Picoides dorsalis 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Cypseloides niger 

Catostomus discobolus 

Dolichonyx oryzivorus 

Oncorhynchus clarkii utah 

Ursus arctos 

Athene cunicularia 

Anodonta californiensis 

Lynx canadensis 

Oreohelix peripherica 

Myotis thysanodes 

Ammodramus savannarum 

Bufo cognatus 

Centrocercus urophasianus 

lotichthys phlegethontis 

Melanerpes lewis 

Numenius americanus 

Oreohelix haydeni 

Accipiter gentilis 

Brachylagus idahoensis 

Tympanuchus phasianellus 
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CS 

SPC 

SPC 
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Cache County - continued 

Common Name 

Short-eared Owl 

Townsend's Big-eared Bat 

Western Red Bat 

Western Toad 

Carbon County 

Common Name 

Bald Eagle 

Black-footed Ferret 

Bluehead Sucker 

Bonneville Cutthroat Trout 

Bony tail 

Burrowing Owl 

Colorado Pikeminnow 

Colorado River Cutthroat Trout 

Ferruginous Hawk 

Flannelmouth Sucker 

Greater Sage-grouse 

Humpback Chub 

Kit Fox 

Northern Goshawk 

Razorback Sucker 

Roundtail Chub 

Townsend's Big-eared Bat 

Western Red Bat 

Western Toad 

White-tailed Prairie-dog 

Daggett County 

Common Name 

American Three-toed Woodpecker 

Bald Eagle 

Bear La ke Scu Ipin 

Black-footed Ferret 

Bluehead Sucker 

Brown (Grizzly) Bear 

Canada Lynx 

Colorado Pikeminnow 

Colorado River Cutthroat Trout 

Flannelmouth Sucker 

Fringed Myotis 

Greater Sage-grouse 

Humpback Chub 

Lewis's Woodpecker 

Northern Goshawk 

Scientific Name 

Asio flammeus 

Corynorhinus townsendii 

Lasiurus blossevillii 

Bufo boreas 

Scientific Name 

Haliaeetus leucocephalus 

Mustela nigripes 

Catostomus discobolus 

Oncorhynchus clarkii utah 

Gila elegans 

Athene cunicularia 

Ptychocheilus lucius 

Oncorhynchus clarkii pleuriticus 

Buteo regalis 

Catostomus latipinnis 

Centrocercus urophasianus 

Gila cypha 

Vulpes macrotis 

Accipiter gentilis 

Xyrauchen texanus 

Gila robusta 

Corynorhinus townsendii 

Lasiurus blossevillii 

Bufo boreas 

Cynomys leucurus 

Scientific Name 

Picoides dorsalis 

Haliaeetus leucocephalus 

Cottus extensus 

Mustela nigripes 

Catostomus discobolus 

Ursus arctos 

Lynx canadensis 

Ptychocheilus lucius 

Oncorhynchus clarkii pleuriticus 

Catostomus latipinnis 

Myotis thysanodes 

Centrocercus urophasianus 

Gila cypha 

Melanerpes lewis 

Accipiter gentilis 
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SPC 

State Status 

SPC 

S-ESA 

CS 

CS 

S-ESA 

SPC 

S-ESA 

CS 

SPC 

CS 

SPC 

S-ESA 

SPC 

CS 

S-ESA 

CS 

SPC 

SPC 

SPC 

SPC 

State Status 

SPC 

SPC 

SPC 

S-ESA 

CS 

S-ESA 

S-ESA 

S-ESA 

CS 

CS 

SPC 

SPC 

S-ESA 

SPC 

CS 
APR 1 9 2018 

['li ll Cd r',, / (' , 
.. '; , i,,'.Ji, ... l.:1S & Mining 



Daggett County - continued 

Common Name 

Razorback Sucker 

Roundtail Chub 

Short-eared Owl 

Townsend's Big-eared Bat 

Western Toad 

White-tailed Prairie-dog 

Davis County 

Common Name 

American White Pelican 

Bald Eagle 

Bluehead Sucker 

Bobolink 

Bonneville Cutthroat Trout 

Burrowing Owl 

Columbia Spotted Frog 

Ferruginous Hawk 

Grasshopper Sparrow 

Kit Fox 

Least Chub 

Lewis's Woodpecker 

Long-billed Curlew 

Short-eared Owl 

Townsend's Big-eared Bat 

Western Pearls hell 

Western Toad 

Duchesne County 

Common Name 

American Three-toed Woodpecker 

Bald Eagle 

Black Swift 

Black-footed Ferret 

Bluehead Sucker 

Bonneville Cutthroat Trout 

Brown (Grizzly) Bear 

Burrowing Owl 

Colorado River Cutthroat Trout 

Eureka Mountainsnail 

Ferruginous Hawk 

Flannelmouth Sucker 

Fringed Myotis 

Gray Wolf 

Greater Sage-grouse 

Kit Fox 

Scientific Name 

Xyra uchen texanus 

Gila robusta 

Asio flammeus 

Corynorhinus townsendii 

Bufo boreas 

Cynomys leucurus 

Scientific Name 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Catostomus disco bolus 

Dolichonyx oryzivorus 

Oncorhynchus clarkii uta h 

Athene cunicularia 

Rana luteiventris 

Buteo regalis 

Ammodramus savannarum 

Vulpes macrotis 

lotichthys phlegethontis 

Melanerpes lewis 

Numenius americanus 

Asio flammeus 

Corynorhinus townsendii 

Margaritifera falcata' 

Bufo boreas 

Scientific Name 

Picoides dorsalis 

Haliaeetus leucocephalus 

Cypseloides niger 

Mustela nigripes 

Catostomus disco bolus 

Oncorhynchus clarkii utah 

Ursus arctos 

Athene cunicularia 

Oncorhynchus clarkii pleuriticus 

Oreohelix eurekensis 

Buteo regalis 

Catostomus latipinnis 

Myotis thysanodes 

Canis lupus 

Centrocercus urophasianus 

VUlpes macrotis 
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Duchesne County - continued 

Common Name 

Lewis's Woodpecker 

Long-billed Curlew 

Mountain Plover 

Northern Goshawk 

Roundtail Chub 

Short-eared Owl 

Smooth Greensnake 

Spotted Bat 

Townsend's Big-eared Bat 

Western Toad 

White-tailed Prairie-dog 

,Enlery County 

Common Name 

Bald Eagle 

Black-footed Ferret 

Bluehead Sucker 

Bony tail 

Burrowing Owl 

Canada Lynx 

Colorado Pikeminnow 

Colorado River Cutthroat Trout 

Ferruginous Hawk 

Flannelmouth Sucker 

Great Plains Toad 

Greater Sage-grouse 

Humpback Chub 

Kit Fox 

Northern Goshawk 

Razorback Sucker 

Roundtail Chub 

Townsend's Big-eared Bat 

Western Toad 

White-tailed Prairie-dog 

Garfield County 

Common Name 

Allen's Big-eared Bat 

American Three-toed Woodpecker 

American White Pelican 

Arizona Toad 

Bald Eagle 

Black Canyon Pyrg 

Bluehead Sucker 

Bonneville Cutth,roat Trout 

Scientific Name 

Melanerpes lewis 

Numenius americanus 

Charadrius montanus 

Accipiter gentilis 

Gila robusta 

Asio flammeus 

Opheodrys vernalis 

Euderma maculatum 

Corynorhinus townsendii 

Bufo boreas 

Cynomys leucurus 

Scientific Name 

Haliaeetus leucocephalus 

Mustela nigripes 

Catostomus discobolus 

Gila elegans 

Athene cunicularia 

Lynx canadensis 

Ptychocheilus lucius 

Oncorhynchus c1arkii pleuriticus 

Buteo rega lis 

Catostomus latipinnis 

Bufo cognatus 

Centrocercus urophasianus 

Gila cypha 

Vulpes macrotis 

Accipiter gentilis 

Xyrauchen texanus 

Gila robusta 

Corynorhinus townsendii 

Bufo boreas 

Cynomys leucurus 

Scientific Name 

Idionycteris phyllotis 

Picoides dorsalis 

Pelecanus erythrorhynthos 

Bufo microscaphus 

Haliaeetus leucocephalus 

Pyrgu lopsis plicata 

Catostomus discobolus 

Oncorhynchus c1arkii utah 
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Garfield County - cont inued 

Common Name 

Bony tail 

Brown (Grizzly) Bear 

Burrowing Owl 

Colorado Pikeminnow 

Colorado River Cutthroat Trout 

Common Chuckwalla 

Desert Night Lizard 

Flannelmouth Sucker 

Fringed Myotis 

Greater Sage-grouse 

Humpback Chub 

Kit Fox 

Lewis's Woodpecker 

Northern Goshawk 

Pygmy Rabbit 

Roundtail Chub 

Short-eared Owl 

Southern Leatherside Chub 

Spotted Bat 

Spotted Owl 

Townsend's Big-eared Bat 

Utah Physa 

Utah Prairie-dog 

Western Toad 

Grand County 

Common Name 

Allen's Big-eared Bat 

American Three-toed Woodpecker 

American White Pelican 

Bald Eagle 

Big Free-tailed Bat 

Black-footed Ferret 

Bluehead Sucker 

Bony tail 

Burrowing Owl 

Colorado Pikeminnow 

Cornsnake 

Eureka Mountainsnail 

Ferruginous Hawk 

,Flannel mouth Sucker 

Fringed Myotis 

Great Plains Toad 

Greater Sage-grouse 

Gunnison Sage-grouse 

Scientific Name 

Gila elegans 

Ursus arctos 

Athene cunicularia 

Ptychocheilus lucius 

Oncorhynchus clarkii pleuriticus 

Sauromalus ater 

Xantusia vigilis 

Catostomus latipinnis 

Myotis thysanodes 

Centrocercus urophasianus 

Gila cypha 

Vulpes macrotis 

Melanerpes lewis 

Accipiter gentilis 

Brachylagus idahoensis 

Gila robusta 

Asio flammeus 

Lepidomeda aliciae 

Euderma maculatum 

Strix occidentalis 

Corynorhinus townsendii 

Physella utahensis 

Cynomys parvidens 

Bufo boreas 

Scientific Name 

Idionycteris phyllotis 

Picoides dorsalis 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Nyctinomops macrotis 

Mustela nigripes 

Catostomus discobolus 

Gila elegans 

Athene cunicularia 

Ptychocheilus lucius 

Elaphe emoryi 

Oreohelix eurekensis 

Buteo regalis 

Catostomus latipinnis 

Myotis thysanodes 

Bufo cognatus 

Centrocercus urophasianus 

Centrocercus minimus 
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Grand County - continued 

Common Name 

Gunnison's Prairie-dog 

Humpback Chub 

Kit Fox 

Lewis's Woodpecker 

Northern Goshawk 

Razorback Sucker 

Roundtail Chub 

Smooth Greensnake 

Spotted Bat 

Spotted Owl 

Townsend's Big-eared Bat 

White-tailed Prairie-dog 

Yellow-billed Cuckoo 

Iron County 

Common Name 

American Three-toed Woodpecker 

Arizona Toad 

Bald Eagle 

Black Swift 

Bonneville Cutthroat Trout 

Brian Head Mountainsnail 

Brown (Grizzly) Bear 

Burrowing Owl 

Dark Kangaroo Mouse 

Ferruginous Hawk 

Fringed Myotis 

Greater Sage-grouse 

Kit Fox 

Least Chub 

Long-billed Curlew 

Northern Goshawk 

Pygmy Rabbit 

Short-eared Owl 

Southern Leatherside Chub 

Spotted Bat 

Spotted Owl 

Townsend's Big-eared Bat 

Utah Prairie-dog 

Juab County 

Common Name 

American Three-toed Woodpecker 

American White Pelican 

Bald Eagle 

Scientific Name 

Cynomys gunnisoni 

Gila cypha 

Vulpes macrotis 

Melanerpes lewis 

Accipiter gentilis 

Xyrauchen texanus 

Gila robusta 

Opheodrys vernalis 

Euderma maculatum 

Strix occidentalis 

Corynorhinus townsendii 

Cynomys leucurus 

Coccyzus americanus 

Scientific Name 

Picoides dorsalis 

Bufo microscaphus 

Haliaeetus leucocephalus 

Cypseloides niger 

Oncorhynchus clarkii utah 

Oreohelix parawanensis 

Ursus arctos 

Athene cunicularia 

Microdipodops megacephalus 

Buteo regalis 

Myotis thysanodes 

Centrocercus urophasianus 

Vulpes macrotis 

lotichthys phlegethontis 

Numenius americanus 

Accipiter gentilis 

Brachylagus idahoensis 

Asio flammeus 

Lepidomeda aliciae 

Euderma maculatum 

Strix occidental is 

Corynorhinus townsendii 

Cynomys parvidens 

Scientific Name 

Picoides dorsalis 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 
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Juab County - continued 

Common Name 

Bonneville Cutthroat Trout 

Burrowing Owl 

California Floater 

Columbia Spotted Frog 

Dark Kangaroo Mouse 

Eureka Mountainsnail 

Ferruginous Hawk 

Fringed Myotis 

Grasshopper Sparrow 

Greater Sage-grouse 

Kit Fox 

Least Chub 

Lewis's Woodpecker 

Long-billed Curlew 

Northern Goshawk 

Pygmy Rabbit 

Short-eared Owl 

Southern Leatherside Chub 

Townsend's Big-eared Bat 

Utah Physa 

Western Toad 

Kane County 

Common Name 

Allen's Big-eared B'at 

American Three-toed Woodpecker 

American White Pelican 

Arizona Toad 

Bald Eagle 

Big Free-tailed Bat 

Bluehead Sucker 

Bonneville Cutthroat Trout 

Bony tail 

Burrowing Owl 

Common Chuckwalla 

Desert Night Lizard 

Desert Sucker 

Ferruginous Hawk 

Flannelmouth Sucker 

Fringed Myotis 

Great Plains Toad 

Greater Sage-grouse 

Humpback Chub 

Kanab Ambersnail 

Scientific Name 

Oncorhynchus clarkii utah 

Athene cunicularia 

Anodonta californiensis 

Rana luteiventris 

Microdipodops megacephalus 

Oreohelix eurekensis 

Buteo regalis 

Myotis thysanodes 

Ammodramus savannarum 

Centrocercus urophasianus 

Vulpes macrotis 

lotichthys phlegethontis 

Melanerpes lewis 

Numenius americanus 

Accipiter gentilis 

Brachylagus idahoensis 

Asia flammeus 

Lepidomeda aliciae 

Corynorhinus townsendii 

Physella utahensis 

Bufo boreas 

Scientific Name 

Idionycteris phyllotis 

Picoides dorsalis 

Pelecanus erythrorhynchos 

Bufo microscaphus 

Haliaeetus leucocephalus 

Nyctinomops macrotis 

Catostomus discobolus 

Oncorhynchus clarkii utah 

Gila elegans 

Athene cunicularia 

Sauromalus ater 

Xantusia vigilis 

Catostomus cia rkii 

Buteo rega lis 

Catostomus latipinnis 

Myotis thysanodes 

Bufo cognatus 

Centrocercus urophasianus 

Gila cypha 

Oxyloma kanabense 
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State Status 

CS 

SPC 

SPC 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 
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CS 
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CS 

CS 
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Kane Countll- continued 

Common Name Scientific Name State Status 

Kit Fox Vulpes macrotis SPC 

Northern Goshawk Accipiter gentilis CS 

Roundtail Chub Gila robusta cs 
Southern Leatherside Chub Lepidomeda aliciae SPC 

Southwestern Willow Flycatcher Empidonax traillii extimus S-ESA 

Spotted Bat Euderma maculatum SPC 

Spotted Owl Strix occidental is S-ESA 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Uta h Prairie-dog Cynomys parvidens S-ESA 

Virgin Spinedace Lepidomeda mollispinis CS 

Western Toad Bufo boreas SPC 

Millard Countll 

Common Name Scientific Name State Status 

American White Pelican Pelecanus erythrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bifid Duct Pyrg Pyrgu lopsis pecu liaris SPC 

Big Free-tailed Bat Nyctinomops macrotis SPC 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Burrowing Owl Athene cunicularia SPC 

California Floater Anodonta californiensis SPC 

) Cloaked Physa Physa megalochlamys SPC 

Columbia Spotted Frog Rana luteiventris CS 

Dark Kangaroo Mouse Microdipodops megacephalus SPC 

Ferruginous Hawk Buteo regalis SFlC 

Fringed Myotis Myotis thysanodes SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Kit Fox Vulpes macrotis SPC 

Least Chub lotichthys phlegethontis CS 

Lewis's Woodpecker Melanerpes lewis SPC 

Long-billed Curlew Numenius americanus SPC 

Longitudinal Gland Pyrg Pyrgulopsis anguina SPC 

Northern Goshawk Accipiter gentilis CS 

Pygmy Rabbit Brachylagus idahoensis SPC 

Short-eared Owl Asio flammeus SPC 

Southern Leatherside Chub Lepidomeda aliciae SPC 

Sub-globose Snake Pyrg Pyrgulopsis saxatilis SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Prairie-dog Cynomys parvidens S-ESA 

Western Toad Bufo boreas SPC 

Morgan County 

Common Name Scientific Name State Stp~q~ nn l\Tc , 
'-, f t.::D 

) Bald Eagle Haliaeetus leucocephalus SPC 

Bluehead Sucker Catostomus discobolus CS APR 1 9 2018 
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Morgan County - continued 

Common Name 

Bobolink 

Bonneville Cutthroat Trout 

Deseret Mountainsnail 

Ferruginous Hawk 

Grasshopper Sparrow 

Greater Sage-grouse 

Lewis's Woodpecker 

Lyrate Mountainsnail 

Northern Goshawk 

Sharp-tailed Grouse 

Western Pearlshell 

Western Toad 

Piute County 

Common Name 

American Three-toed Woodpecker 

American White Pelican 

Bald Eagle 

Bonneville Cutthroat Trout 

Brown (Grizzly) Bear 

California Floater 

Ferruginous Hawk 

Greater Sage-grouse 

Long-billed Curlew 

Northern Goshawk 

Otter Creek Pyrg 

Pygmy Rabbit 

Short-eared Owl 

Southern Leatherside Chub 

Townsend's Big-eared Bat 

Utah Physa 

Utah Prairie-dog 

Western Toad 

Rich County 

Common Name 

American Three-toed Woodpecker 

Bald Eagle 

Bear Lake Sculpin 

Bear Lake Springsnail 

Bear Lake Whitefish 

Black-footed Ferret 

Bobolink 

Bonneville Cisco 

Bonneville Cutthroat Trout 

Scientific Name 

Dolichonyx oryzivorus 

Oncorhynchus clarkii utah 

Oreohelix peripherica 

Buteo regalis 

Ammodramus savannarum 

Centrocercus urophasianus 

Melanerpes lewis 

Oreohelix haydeni 

Accipiter gentilis 

Tympanuchus phasianellus 

Margaritifera falcata 

Bufo boreas 

Scientific Name 

Picoides dorsalis 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Oncorhynchus clarkii utah 

Ursus arctos 

Anodonta californiensis 

Buteo reg a lis 

Centrocercus urophasianus 

Numenius americanus 

Accipiter gentilis 

Pyrgu lopsis fusca 

Brachylagus idahoensis 

Asio flammeus 

Lepidomeda aliciae 

Corynorhinus townsendii 

Physella utahensis 

Cynomys parvidens 

Bufo boreas 

Scientific Name 

Picoides dorsalis 

Haliaeetus leucocephalus 

Cottus extensus 

pyrgulopsis pilsbryana 

Prosopium abyssicola 

Mustela nigripes 

Dolichonyx oryzivorus 

Prosopium gemmifer 

Oncorhynchus clarkii utah 
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Rich County - continued 

Common Name 

Bonneville Whitefish 

Burrowing Owl 

California Floater 

Ferruginous Hawk 

Greater Sage-grouse 

Least Chub 

Lewis's Wood pecker 

Lyrate Mountainsnail 

Northern Goshawk 

Pygmy Rabbit 

Short-eared Owl 

Western Pearlshell 

Western Toad 

White-tailed Prairie-dog 

Salt lake County 

Common Name 

American Three-toed Woodpecker 

American White Pelican 

Bald Eagle 

Black Swift 

Bobolink 

Bonneville Cutthroat Trout 

Burrowing Owl 

California Floater 

Columbia Spotted Frog 

Ferruginous Hawk 

Grasshopper Sparrow 

Kit Fox 

Least Chub 

Lewis's Woodpecker 

Long-billed Curlew 

Lyrate Mountainsnail 

Northern Goshawk 

Short-eared Owl 

Smooth Greensnake 

Spotted Bat 

Townsend's Big-eared Bat 

Western Pearlshell 

Western Toad 

Yellow-billed Cuckoo 

Scientific Name 

Prosopium spilonotus 

Athene cunicularia 

Anodonta californiensis 

Buteo regalis 

Centrocercus urophasianus 

lotichthys phlegethontis 

Melanerpes lewis 

Oreohelix haydeni 

Accipiter gentilis 

Brachylagus idahoensis 

Asio flammeus 

Margaritifera falcata 

Bufo boreas 

Cynomys leucu rus 

Scientific Name 

Picoides dorsa lis 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Cypseloides niger 

Dolichonyx oryzivorus 

Oncorhynchus c1arkii utah 

Athene cunicularia 

.A:nodonta californiensis 

Rana luteiventris 

Buteo regalis 

Ammodramus savannarum 

Vulpes macrotis 

lotichthys phlegethontis 

Melanerpes lewis 

Numenius americanus 

Oreohelix haydeni 

Accipiter gentilis 

Asio flammeus 

Opheodrys vernalis 

Euderma maculatum 

Corynorhinus townsendii 

Margaritifera falcata 

Bufo boreas 

Coccyzus americanus 
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State Status 

SPC 

SPC 

SPC 

SPC 

SPC 

CS 

SPC 

SPC 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

State Status 

SPC 

SPC 

SPC 

SPC 

SPC 

CS 

SPC 

SPC 

CS 

SPC 

SPC 

SPC 

CS 

SPC 

SPC 

SPC 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

S-ESA 

APR 1 9 2018 



San Juan County 

Common Name Scientific Name State Status 

Allen's Big-eared Bat Idionycteris phyllotis SPC 

American Three-toed Woodpecker Picoides dorsa lis SPC 

American White Pelican Pelecanus erythrorhynchos SPC 

Arizona Toad Bufo microscaphus SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Big Free-tailed Bat Nyctinomops macrotis SPC 

Black-footed Ferret Mustela nigripes S-ESA 

Bluehead Sucker Catostomus disco bolus CS 

Bobolink Dolichonyx oryzivorus SPC 

Bony tail Gila elegans S-ESA 

Burrowing Owl Athene cunicularia SPC 

Colorado Pikeminnow Ptychocheilus lucius S-ESA 

Common Chuckwalla Sauromalus ater SPC 

Desert Night Lizard Xantusia vigilis SPC 

Flannelmouth Sucker Catostomus latipinnis CS 

Fringed Myotis Myotis thysanodes SPC 

Gray Wolf Canis lupus S-ESA 

Great Plains Toad Bufo cognatus SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Gunnison Sage-grouse Centrocercus minimus S-ESA, CS 

Gunnison's Prairie-dog Cynomys gunnisoni SPC 

Humpback Chub Gila cypha S-ESA 

Kit Fox Vulpes macrotis SPC 

Lewis's Woodpecker Melanerpes lewis SPC 

Mogollon Vole Microtus mogollonensis SPC 

Northern Goshawk Accipiter gentilis CS 

Razorback Sucker Xyrauchen texanus S-ESA 

Roundtail Chub Gila robusta CS 

Short-eared Owl Asio flammeus SPC 

Silky Pocket Mouse Perognathus flavus SPC 

Smooth Greensnake Opheodrys vernalis SPC 

Southwestern Willow Flycatcher Empidonax traillii extimus S-ESA 

Spotted Bat Euderma maculatum SPC 

Spotted Owl Strix occidentalis S-ESA 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

White-tailed Prairie-dog Cynomys leucurus SPC 

Yavapai Mountainsnail Oreohelix yavapai 

S,anpete Coulllv 
Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bluehead Sucker Catostomus discobolus CS l.N F··(:·)Or~f\ Tr:r) 
.. ~ ~ t,,· ... ;." 

) Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Brown (Grizzly) Bear Ursus arctos S-ESA APR 1 9 2018 
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Sanpete County - continued 

Common Name 

Burrowing Owl 

Canada Lynx 

Colorado River Cutthroat Trout 

Columbia Spotted Frog 

Ferruginous Hawk 

Grasshopper Sparrow 

Greater Sage-grouse 

Kit Fox 

Lewis's Woodpecker 

Long-billed Curlew 

Ninemile Pyrg 

Northern Goshawk 

Southern Bonneville Springsnail 

Southern Leatherside Chub 

Townsend's Big-eared Bat 

Utah Prairie-dog 

Western Toad 

'. Sevier County 

Common Name 

American Three-toed Woodpecker 

American White Pelican 

Bald Eagle 

Big Free-tailed Bat 

Black Swift 

Bonneville Cutthroat Trout 

Brown (Grizzly) Bear 

Burrowing Owl 

Canada Lynx 

Carinate Glenwood Pyrg 

Colorado River Cutth roat Trout 

Ferruginous Hawk 

Fringed Myotis 

Greater Sage-grouse 

Kit Fox 

Long-billed Curlew 

Northern Goshawk 

Otter Creek Pyrg 

Pygmy Rabbit 

Short-eared Owl 

Smooth Glenwood Pyrg 

Southern Leatherside Chub 

Townsend's Big-eared Bat 

Utah Prairie-dog 

Western Toad 

Scientific Name 

Athene cunicularia 

Lynx canadensis 

Oncorhynchus c1arkii pleuriticus 

Rana luteiventris 

Buteo rega lis 

Ammodramus savannarum 

Centrocercus urophasianus 

Vulpes macrotis 

Melanerpeslewis 

Numenius americanus 

Pyrgulopsis nonaria 

Accipiter gentilis 

Pyrgulopsis transversa 

Lepidomeda aliciae 

Corynorhinus townsendii 

Cynomys parvidens 

Bufo boreas 

Scientific Name 

Picoides dorsalis 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Nyctinomops macrotis 

Cypseloides niger 

Oncorhynchus c1arkii utah 

Ursus arctos 

Athene cunicularia 

Lynx canadensis 

Pyrgulopsis inopinata 

Oncorhynchus c1arkii pleuriticus 

Buteo regalis 

Myotis thysanodes 

Centrocercus urophasianus 

Vulpes macrotis 

Numenius americanus 

Accipiter gentilis 

Pyrgulopsis fusca 

Brachylagus idahoensis 

Asio flammeus 

Pyrgulopsis chamberlini 

Lepidomeda aliciae 

Corynorhinus townsendii 

Cynomys parvidens 

Bufo boreas 
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State Status 

SPC 

S-ESA 

CS 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

CS 

SPC 

SPC 

SPC 

S-ESA 

SPC 

State Status 

SPC 

SPC 

SPC 

SPC 

SPC 

CS 

S-ESA 

SPC 

S-ESA 

SPC 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

S-ESA 

SPC APR 1 9 2018 



Summit County 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bluehead Sucker Catostomus discobolus CS 

Bobolink Dolichonyx oryzivorus SPC 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Brown (Grizzly) Bear Ursus arctos S-ESA 

Canada Lynx Lynx canadensis S-ESA 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Columbia Spotted Frog Rana luteiventris CS 

Deseret Mountainsnail Oreohelix peripherica SPC 

Ferruginous Hawk Buteo regalis SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Lewis's Woodpecker Melanerpes lewis SPC 

Northern Goshawk Accipiter gentilis CS 

Northern Leatherside Chub Lepidomeda copei SPC 

Short-eared Owl Asio flammeus SPC 

Smooth Greensnake Opheodrys vernalis SPC 

Western Pearls hell Margaritifera falcata SPC 

Western Toad Bufo boreas SPC 

White-tailed Prairie-dog Cynomys leucurus SPC 

) Tooele County 

Common Name Scientific Name State Status 

Allen's Big-eared Bat Idionycteris phyllotis SPC 

American White Pelican Pelecanus erYl.'hrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bobolink Dolichonyx oryzivorus SPC 

Bonneville,Cutthroat Trout Oncorhynchus clarkii utah CS 

Burrowing Owl Athene cunicularia SPC 

California Floater Anodonta californiensis SPC 

Columbia Spotted Frog Rana luteiventris CS 

Dark Kangaroo Mouse Microdipodops megacephalus SPC 

Eureka Mountainsnail Oreohelix eurekensis SPC 

Ferruginous Hawk Buteo rega lis SPC 

Fringed Myotis Myotis thysanodes SPC 

Grasshopper Sparrow Ammodramus savannarum SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Kit Fox Vulpes macrotis SPC 

Least Chub lotichthys phlegethontis CS 

Lewis's Woodpecker Melanerpes lewis SPC 

Long-billed Curlew Numenius americanus SPC 

Lyrate Mountainsnail Oreohelix haydeni SPC 

Northern Goshawk Accipiter gentilis CS ~~, I .r-. Cl ,,", "', f' 
n$\}' ~.·r·.·' ';!-~J\'T'ED 
. , : (~f ' .. ,,.. at)· ~J!"t· I "'" 

Northwest Bonneville Pyrg Pyrgulopsis variegata SPC , 
Preble's Shrew Sorex preblei SPC APR 1 9 2018 

Page 14 r 'i'f ., ("/ -' ."" fir ,/1 ''''''{'' g fr . ... ", ',.c.,., (! '/Irllng 



) 

Tooele County - continued 

Common Name 

Pygmy Rabbit 

Short-eared Owl 

Southern Bonneville Springsnail 

Southern Tightcoil 

Townsend's Big-eared Bat 

Utah Physa 

Uintah County 

Common Name 

American Three-toed Woodpecker 

American White Pelican 

Bald Eagle 

Big Free-tailed Bat 

Black-footed Ferret 

Bluehead Sucker 

Bobolink 

Bony tail 

Brown (Grizzly) Bear 

Burrowing Owl 

Canada Lynx 

Colorado Pikeminnow 

Colorado River Cutthroat Trout 

Cornsnake 

Ferruginous Hawk 

' Flannelmouth Sucker 

Fringed Myotis 

Greater Sage-grouse 

Humpback Chub 

Kit Fox 

Lewis's Woodpecker 

Long-billed Curlew 

Mountain Plover 

Northern Goshawk 

Razorback Sucker 

Roundtail Chub 

Short-eared Owl 

Smooth Greensnake 

Spotted Bat 

Townsend's Big-eared Bat 

White-tailed Prairie-dog 

Yellow-billed Cuckoo 

Scientific Name 

Brachylagus idahoensis 

Asia flammeus 

Pyrgulopsis transversa 

Ogaridiscus subrupicola 

Corynorhinus townsendii 

Physella utahensis 

Scientific Name 

Picoides dorsalis 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Nyctinomops macrotis 

Mustela nigripes 

Catostomus discobolus 

Dolichonyx oryzivorus 

Gila elegans 

Ursus arctos 

Athene cunicularia 

Lynx canadensis 

Ptychocheilus lucius 

Oncorhynchus clarkii pleuriticus 

Elaphe emoryi 

Buteo regalis 

Catostomus latipinhis 

Myotis thysanodes 

Centrocercus urophasianus 

Gila cypha 

Vulpes macrotis 

Melanerpes lewis 

Numenius americanus 

Charadrius montanus 

Accipiter gentilis 

Xyrauchen texanus 

Gila robusta 

Asia flammeus 

Opheodrys vernalis 

Euderma maculatum 

Corynorhinus townsendii 

Cynomys leucurus 

Coccyzus americanus 
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State Status 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

State Status 

SPC 

SPC 

SPC 

SPC 

S-ESA 

CS 

SPC 

S-ESA 

S-ESA 

SPC 

S-ESA 

S-ESA 

CS 

SPC 

SPC 

CS 

SPC 

SPC 

S-ESA 

SPC 

SPC 

SPC 

SPC 

CS 

S-ESA 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

S-ESA 

APR 1 9 20t8 
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,! l. 01 en . G:l'" .1< MI' , , '-'-'- "-' ,.(, nlng 



Utah County 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

American White Pelican Pelecanus erythrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Black Swift Cypseloides niger SPC 

Bluehead Sucker Catostomus discobolus CS 

Bobolink Dolichonyx oryzivorus SPC 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Brown (Grizzly) Bear Ursus arctos S-ESA 

Burrowing Owl Athene cu nicu la ria SPC 

California Floater Anodonta californiensis SPC 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Columbia Spotted Frog Rana luteiventris CS 

Eureka Mountainsnail Oreohelix eurekensis SPC 

Ferruginous Hawk Buteo rega lis SPC 

Fringed Myotis Myotis thysanodes SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

June Sucker Chasmistes liorus S-ESA 

Kit Fox Vulpes macrotis SPC 

Least Chub lotichthys phlegethontis CS 

Lewis's Woodpecker Melanerpes lewis SPC 

Long-billed Curlew Numenius americanus SPC 

Northern Goshawk Accipiter gentilis CS 

Roundtail Chub Gila robusta CS 

Short-eared Owl Asio flammeus SPC 

Smooth Greensnake Opheodrys vernalis SPC 

Southern Bonneville Springsnail Pyrgu lopsis transversa SPC 

Southern Leatherside Chub Lepidomeda aliciae SPC 

Spotted Bat Euderma maculatum SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Physa Physella utahensis SPC 

Western Red Bat Lasiurus blossevillii SPC 

Western Toad Bufo boreas SPC 

White-tailed Prairie-dog Cynomys leucurus SPC 

Yellow-billed Cuckoo Coccyzus americanus S-ESA 

Wasatch County 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Black Swift Cypseloides niger SPC 

Bluehead Sucker Catostomus discobolus CS 

Bobolink Dolichonyx oryzivorus SPC ! rd ,-. i'··'., .~ '- '1:" ,\-' I' •. '"' .... D 
Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

L ·~t.,J\"jt -d' \ ... )i'l/JI:l f l.: 

J Brown (Grizzly) Bear Ursus arctos S-ESA APR 1 9 2018 Canada Lynx Lynx canadensis S-ESA 
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Wasatch Count'll - continued 

Common Name Scientific Name State Status 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticu s CS 

Columbia Spotted Frog Rana luteiventris CS 

Ferruginous Hawk Buteo rega lis SPC 

Fringed Myotis Myotis thysanodes SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Lewis's Woodpecker Melanerpes lewis SPC 

Northern Goshawk Accipiter gentilis CS 

Roundtail Chub Gila robusta CS 

Short-eared Owl Asio flammeus SPC 

Smooth Greensnake Opheodrys vernalis SPC 

Southern Leatherside Chub Lepidomeda aliciae SPC 

Townsend's Big-eared Bat Corynorhinus town sendii SPC 

Western Toad Bufo boreas SPC 

Yellow-billed Cuckoo Coccyzus americanus S-ESA 

Washington County 

Common Name Scientific Name State Status 

Allen's Big-eared Bat Idionycteris phyllotis SPC 

American Three-toed Woodpecker Picoides dorsalis SPC 

American White Pelican Pelecanus erythrorhynchos SPC 

Arizona Toad Bufo microscaphus SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Big Free-tailed Bat Nyctinomops macrotis SPC 

Black Swift Cypseloides niger SPC 

Bluehead Sucker Catostomus discobolus CS 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Brown (Grizzly) Bear Ursus arctos S-ESA 

Burrowing Owl Athene cunicularia SPC 

Common Chuckwalla Sauromalus ater SPC 

Desert Iguana Dipsosaurus dorsalis SPC 

Desert Night Lizard Xantusia vigilis SPC 

Desert Springsnail Pyrgulopsis deserta SPC 

Desert Sucker Catostomus clarkii SPC 

Desert Tortoise Gopherus agassizii S-ESA 

Ferruginous Hawk Buteo rega lis SPc. 

Flannelmouth Sucker Catostomus latipinnis CS 

Fringed Myotis Myotis thysanodes SPC 

Gila Monster Heloderma suspectum SPC 

Gray Wolf Canis lupus S-ESA 

Greater Sage-grouse Centrocercus urophasianus SPC 

Kit Fox Vulpes macrotis SPC 

Lewis's Woodpecker Melanerpes lewis SPC ~ ?,! I", :-'T'P' ~""p --ED : ~ -.: I J ~ i ,. t_.! r '\ .. \ I -
Long-billed Curlew Numenius americanus SPC 

) Mojave Rattlesnake Crota Ius scutulatus SPC 
APR 2018 Mountain Plover Charadrius montanus SPC 1 9 
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Washington County - continued 

Common Name 

Northern Goshawk 

Pygmy Rabbit 

Relict Leopard Frog 

Short-eared Owl 

Sidewinder 

Southwestern Willow Flycatcher 

Speckled Rattlesnake 

Spotted Bat 

Spotted Owl 

Townsend's Big-eared Bat 

Virgin Chub 

Virgin Spinedace 

Western Banded Gecko 

Western Red Bat 

Western Threadsnake 

Western Toad 

Wet-rock Physa 

Woundfin 

Yellow-billed Cuckoo 

Zebra-tailed Lizard 

Wayne County 

Common Name 

Allen's Big-eared Bat 

American W.hite Pelican 

Bald Eagle 

Big Free-tailed Bat 

Bluehead Sucker 

Bony tail 

Burrowing Owl 

Colorado Pikeminnow 

Colorado River Cutthroat Trout 

Ferruginous Hawk 

Flannelmouth Sucker 

Fringed Myotis 

Greater Sage-grouse 

Humpback Chub 

Kit Fox 

Northern Goshawk 

Pygmy Rabbit 

Razorback Sucker 

Roundtail Chub 

Short-eared Owl 

Southern Leatherside Chub 

Spotted Bat 

Scientific Name 

Accipiter gentilis 

Brachylagus ida hoensis 

Rana onca 

Asia flammeus 

Crotalus cerastes 

Empidonax traillii extimus 

Crotalus mitchellii 

Euderma maculatum 

Strix occidentalis 

Corynorhinus townsendii 

Gila seminuda 

Lepidomeda mollispinis 

Coleonyx variegatus 

Lasiurus blossevillii 

Leptotyphlops humilis 

Bufo boreas 

Physella zionis 

Plagopterus argentissimus 

Coccyzus americanus 

Callisaurus draconoides 

Scientific Name 

Idionycteris phyllotis 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Nyctinomops macrotis 

Catostomus discobolus 

Gila elegans 

Athene cunicularia 

Ptychocheilus lucius 

Oncorhynchus clarkii pleuriticus 

Buteo rega lis 

Catostomus latipinnis 

Myotis thysanodes 

Centrocercus urophasianus 

Gila cypha 

Vulpes macrotis 

Accipiter gentilis 

Brachylagus idahoensis 

Xyrauchen texanus 

Gila robusta 

Asia flammeus 

Lepidomeda aliciae 

Euderma maculatum 
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State Status 

CS 

SPC 

S-ESA 

SPC 

SPC 

S-ESA 

SPC 

SPC 

S-ESA 

SPC 

S-ESA 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

S-ESA 

S-ESA 

SPC 

State Status 

SPC 

SPC 

SPC 

SPC 

CS 

S-ESA 

SPC 

S-ESA 

CS 

SPC 

CS 

SPC 

SPC 

S-ESA 

SPC 

CS 

SPC 

S-ESA 

CS 

SPC 

SPC 

SPC 
APR 19 2018 



Wayne County· continued 

Common Name 

Spotted Owl . 

Townsend's Big-eared Bat 

Utah Prairie-dog 

Western Toad 

Weber County 

Common Name 

American White Pelican 

Bald Eagle 

Bluehead Sucker 

Bobolink 

Bonneville Cutthroat Trout 

Burrowing Owl 

Columbia Spotted Frog 

Deseret Mountainsnail 

Grasshopper Sparrow 

Gray Wolf 

Greater Sage-grouse 

Kit Fox 

Lewis's Woodpecker 

Long-billed Curlew 

Lyrate Mountainsnail 

Northern Goshawk 

Sharp-tailed Grouse 

Short-eared Owl. 

Smooth Greensnake 

Townsend's Big-eared Bat 

Yellow-billed Cuckoo 

I(ey to State Status Field 

Definition 

Scientific Name 

Strix occidental is 

Corynorhinus townsendii 

Cynomys parvidens 

Bufo boreas 

Scientific Name 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Catostomus discobolus 

Dolichonyx oryzivorus 

Oncorhynchus clarkii utah 

Athene cunicularia 

Rana luteiventris 

Oreohelix peripherica 

Ammodramus savannarum 

Canis lupus 

Centrocercus urophasianus 

Vulpes macrotis 

Melanerpes lewis 

Numenius americanus 

Oreohelix haydeni 

Accipiter gentilis 

Tympanuchus phasianellus 

Asio flammeus 

Opheodrys vernalis 

Corynorhinus townsendii 

Coccyzus americanus 

Symbol 

S-ESA Federally-listed or candidate species under the Endangered Species Act. 

SPC Wildlife species of concern . 

State Status 

S-ESA 

SPC 

S-ESA 

SPC 

State Status 

SPC 

SPC 

CS 

SPC 

CS 

SPC 

CS 

SPC 

SPC 

S-ESA 

SPC 

SPC 

SPC 

SPC 

SPC 

CS 

SPC 

SPC 

SPC 

SPC 

S-ESA 

CS Species receiving special management under a Conservation Agreement in order to preclude the 

need for Federal listing. 

INCORPORATED 

APR 1 9 2018 
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INTERMOUNTAIN REGION (R4) THREATENED, ENDANGERED, PROPOSED, AND, SENSITIVE SPECIES 

June 2016 

KNOWN I SUSPECTED DISTRIBUTION BY FOREST 

.:t~I.l':"~lc:t:t~~:t_. ___ IDI_"_ 
MAMMALS .... ~., .. -''-' ~, . t< . 
Black-footed ferret 3/11/67 
Mustela nigripes 

Sierra Nevada bighorn sheep Ovis canadensis 
sierra January 3, 2000 
BIRDS 
Southwestern willow flycatcher 2/27/95 
ErrlQidonax traillii extimus ED 3/29/95 

Whooping crane 3/11/67 
Grus americana 

" REPTI LES 'AN 0 rAMP.HIBIANS~ 
Sierra Nevada Yellow-legged Frog 06/30/2014 
Rana sierrae 

jlNSECTS 
Mt. Charleston Blue Butterfly 10/21/2013 
Icaricia shasta charlestonensis 

, FISH,' 
June sucker 3/31/86 
Chasmistes !iorus 

Bonytail chub 4/23180 
Gila elegans 

Humpback chub 3/11/67 
Gila cypha 

Colorado pike minnow 3/11/67 
_fiJtychocheilus lucius 
.. ~ndall Warm Springs dace 10/13170 
(Ehinichthys osculus 
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"i:i~(""ill_ •• _._.~ 
MAMMALS I 

~ lID .-• Bighorn Sheep Ovis canadensis - Includes 
Rocky Mountain bighorn sheep (0. c. canadensis). X X X X X X X X X X X X X X 
California bighorn sheep (0. c. califomiana). and 
desert bighorn sheep (0 . c. nelson;) (7129/2009) 
Gray wolf (Rocky Mountain DPS) X X X X X X X X 
Canis lupus 
Pygmy rabbit X X X X X X X X X 
Brachylagus idahoensis 

Spotted bat X X X X X X X X X X X X 7 X X X 
Euderma maculatum 

Fisher X X X X X X 7 X 
Martes pennanti 

Southern Idaho Ground Squirrel X X 
Spermophilus brunneus endemicus 
Townsend's Western Big-Eared Bat 

X X X X X X X X X X X X X X X X 
Corynorhinus townsendii townsendii 
BIRDS 
Bald eagle X X X X X X X X X X X X X X X X 
Haliaeetus leucocephalus 
Boreal owl 

X X X X X X X X X X 
Aegolius funereus 

Greater sage-grouse 
X X X X X X X X X 7 X X X X X X 

Centrocercus urophasianus 
Greater sage-grouse Bi-State DPS X 
Centro cercus urophasianus 
Trumpeter swan 

X X X Cy(:mus buccinator 
Peregrine falcon 3/20/84 X X X X X X X X X X X X X X X X Falco peregrinus anatum 
Common loon 

0 X X Gavia immer + 7 + X X 

Harlequin duck 
...... 

"--:~ 

X 0 ~!...- X X 7+ X 7+ Histrionicus histrionicus ..... - , . 

Mountain quail 0 ~ ,~". 

X X X X ~~-.' X Oreortvx pictus :::0 :-J 
Flammulated owl G) - J 

X X X X X X X X X X X X X X X n' ~~~~- X Otus f/ammeoJus '""' c.o ~-~ en 
"""~ 

s: 00 ~ 
-. f'1 

x=known species/habitat; ?=suspirt:!ed/potential hall.!iatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; EO=Effective dates =t - ~ 
r.a 
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"'i~~~"i~ __ • ___ 
Euphilotes ancilla purpura . 

.... • Morand's Checkers pot 
Euphydryas anicia morandi 
PLANTS 
Pink agoseris 
Aaoseris lackschewitzii 
Wonderland Alice flower 
Aliciella C=Gi/ia) caespitosa 
Chatterley Onion 
Allium geyer; var. chatterley; 
Swamp onion 
Allium madidum 
Tolmie's onion 

X Allium tolmiei var. persimile 
Candystick 
Allotropa virgata 
Sweet-flowered rock jasmine 
Androsace chamaejasme ssp. carinata 
Charleston angelica 
Angelica scabrida 

Wheeler's angelica 
Angelica wheeleri 

Meadow pussytoes 
Antennaria arcuata 
Charleston pussytoes 
Antennaria soliceps 
Link Trail columbine 
Aquileqia flavescens var. rubicunda 
Graham columbine 

X Aquilegia qrahamii 
Rosy King's sandwort 
Arenaria kinqii ssp. rose a 
Petiolate wormwood 

X Artemisia campestris ssp. borealis var. petio/ata 
Eastwood milkweed 
Asclepias eastwoodiana 
Clokey milkvetch 
Astraqalus aequa/is 

~"'j 
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x=known species/habitat; ?=suspected/potenti31 habitat!: '=wild/naturally re~dUClng; +=migija\(on: o=orrsite; r= reintroduced populations: ED=Effective dates 
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x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=cffs ite; r= reintroduced populations; ED=Effective dates 
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x=known species/habitat; ?:suspectec@0tentiat habitatl*-v.lildfnaturally reproducing; +=migration; o=offsite; r= reintroduced populations; EO=Effective dates 
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~:I~~"'!·_~BUlE:rII~Pl!III.~lBlJ!W·'~31 __ • 
Black and purple sedge •.. 
Carex luzulina var. atropurpurea X 

Tioga Pass sedge X 
Carex tiogana 

Aquarius paintbrush X 
Castilleja aquariensis 

Christ's Indian paintbrush X 
Castilleia christii 

Tushar paintbrush X X 
Castilleia parvula var. parvula 

Reveal paintbrush X 
Castilleja parvula var. revealii 

Centennial rabbitbrush 
Chrysothamnus parryi ssp. montanus X 

Flexible alpine collomia 
X Collomia debilis var. camporum 

Wasatch fitweed 
Corydalis caseana spp. brachycarpa X X 

Creutzfeldt-flower cryptanth X Cryptantha creutzfeldtii 
Yellow-white catseye 

I X 
Cryptantha ochroleuca 
Bodie Hills draba 
Cusickiella quadricostata 

)( 

Pinnate spring-parsley 
X X Cymopterus beckii 

Davis' wavewing .-, ~ ... '.' .", 

Cymopterus davisii 
~' ~' ........ X 
'" r-~t 

Douglas' biscuitroot () 

~ Cymopterus douglassii 
~. X X X 
r-'1; 

Goodrich biscuitroot .-' ~ '-~", - ' .. <' 

Cymopterus goodrichii - .... ...." )( 
\":1 - ~.--~ ~ 

Cedar Breaks biscuitroot ~;.) .'_ J 

Cymopterus minimus 
(;') 

~ ~- X !),.<~<' 

no :-.-. 
Brownie ladyslipper 

~. 
~ 

X~ Cypripedium fasciculatum X 

Less~r ye ~low Lad~'s slipper. S· 
X Cypnpedtum parvJflorum (Cypnpedium ca/~/us 

L-_L-

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offs ite; r= reintroduced populations; ED=Effective dates 

-, 
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~'1~~~··~' __ ~~mD. __ 
var. parviflorum) 

..... • Wyoming tansymustard 
Descurainia toru/osa 

Wasatch shooting star 
Dodecathean utahense 
Idaho douglasia 
Douq/asia idahoensis 

Abajo peak draba 
Draba abajoensis 

Arid draba 
Draba arida 

Star draba 
Draba asterophora var. asterophora 

Wasatch Draba 
Draba brachysty/is 
Burke's draba 
Draba burkei . 
Rockcress draba 
Draba ,q(obasa (=0, densifolia var. apiculata) 
Jaeger draba 
Draba jaegeri 
Maguire draba 
Draba maQuirei 

Serpentine draba 
Draba oreibata var. serpenfina 

Charleston draba 
Draba paucifrucfa 

Pennell draba 
Draba pennell;; 
Mt. Belknap draba 
Draba ramu/osa 

Santaquin draba 
Draba santaquinensis 

Creeping draba 
Draba saba/ifera 
Stanley's whitlow-grass 
Draba trichocarpa 
Nevada willowherb 

0 

0 --. 
. ,..: 
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• . 1 
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x=known species/habitat; ?=suspected/pot~tial habitat!; +=~/natura"y reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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"'4~~"'4Ii~'_._~~"~"~'t!W5rt~:iIIEI." 
Epilobium nevadense . I 

Spring Mountain goldenweed 
Ericameria compacta (=Haplopappus 

compactus) 
Pine Valley goldenweed 
Ericameria crisp a (=Haplopappus crisp us) 
Narrow-leaf goldenweed 
Ericameria discoidea var. linearis 

(=Haplopappus macronema var.linearis) 
Abajo daisy 
Erigeron abajoensis 

Carrington daisy 
Erigeron carringtonae 

Snake Mountain erigeron 
Erigeron cavernensis 

Cronquist daisy 
Erigeron cronquistii 

Garrett's fleabane 
Erigeron garrettii 

Kachina daisy 
Erigeron kachinensis 

Woolly daisy 
Erigeron lanatus 

Maguire daisy 
Erigeron maguirei 
LaSal daisy 
Erigeron mancus 

Untermann daisy 
Erigeron untermannii 

Widtsoe buckwheat 
Eriogonum aretioides 

Elsinore buckwheat 
Eriogonum batemanii var. ostlundii 

Desert buckwheat 
Eriogonum brevicaule var. desertorum 

Welsh buckwheat 
Eriogonum capistratum var. welshii 

Sunflower Flat buckwheat 

.... 
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-
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x=known species/habitat; ?=suspected /potential habitat!; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populaticns; ED=E1fective dates 
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~"'1=1~~ •• ~' ____ 

Eriogonum douglasii var. elkoense 
.. - -Toiyabe buckwheat 

X Eriogonum esmeraldense var. toiyabense 
Clokey buckwheat 

X Eriogonum heermannii var. clokeyi 
Lewis's buckwheat 

X 
Eriogonum lewisii 

Logan buckwheat 
Eriogonum loganum (=E. brevicaule var. X 

loganum) 
Guardian buckwheat 

X X Eriogonum meledonum 
Altered andesite buckwheat 

X Eriogonum robustum 
Clokey greasebush 

X Glossopetalon clokeyi 
Smooth dwarf greasebrush 
Glossopetalon pungens var. glabra X 

(=G.pungens) 
Puzzling halimolobos 

X Ha/imolobos perplexa vaLperplexa 
Canyon sweetvetch 

X Hedysarum occidentale var. can one 
Jones goldenaster 

X Heterotheca j onesii 
Sierra Valley ivesia 

X Ivesia aperta var. BRerta 
Dog Valley ivesia 

X Ivesia aperle var. canina 
Charleston ivesia 

X Ivesia cryptocaulis 0 

Jaeger ivesia :-. 
--5; 

X Ivesia jaegeri 0 ~--....., 
Plumas ivesia 0 ~ c:) ? Ivesia sericoleuca :::0 . 
Utah ivesia ;;) - "':,) 

X X Ivesia utahensis f11 <.c ~ 
r;, \....: 

Wasatch jamesia ~ ~ :- X X 

:,.. -1 
5· m 
~ 0 

x=known species/habitat; ?=suspecteJ&otential habitat!; '=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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Zion ja~esia . . . ;:' I X 
Jamesla amerrcana var. ZlOnlS 

Basin jam 
Jamesia le!r 

Grimes lathyrus 
LathyJus nrimp.c:ii 
-----

,I. 

Wasatch pepperwort 
Lepidium montanum var. alpinum 
Neeses' peppergrass 
Lepedium montanum var. neeseae 
Hazel's prickly phlox 
Leptodactylon pungens ssp. hazeliae 

Garrett bladderpod 
Lesquerella n<>rrt:lt" 

Hitchcock bladderpod 
Lesquerella hitchcockii var. hitchcockii 
Payson bladderpod 
Lesquerel/a paysonii 
Maguire lewisi 
Lewisia maguirei 
Sacajawea's bitterroot 
Lewisia sacaiaweana 
Canyonlands lomatium 
Lomatium latilobum 

Three-ranked hump-moss 
Meesia triquetra 

Goodrich stickleaf 
Mentzelia goodrichii 

I - 11rnAI.or Bank lTIurlK.eyl,~ .. v' 

Mimulus r./i\/i~nl::J 
Fish Lake naiad 
Najas caespitosa 

::-J 
;::: 
o 

Idaho pennycress 0 
Noccaea idahoensis var. aileeniae (=Thlaspi 

aileeniae) 
Shevock rockmoss 
Orthotrichum shevockii 

" ru 
(l) 

~. 
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x=known species/habitat; ?=suspected/potential habitat!; '=~/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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~4~~~ •• L'_lDma_"IIIII ••• " 
Spjut's brittle-moss 
Orthotriehum spju!ii 

Challis crazyweed 
Oxvtropis besseyj var. salmonensis 

Beaver Mountain groundsel 
Paekera (=Seneeio) eastoreus 

Podunk groundsel 
Paekera (-Senecio) ma/mstenii 

Arctic poppy 
Papaver radieatum var. pygmaeum 
Naked-stemmed parrya 
Pa"ya nudieaulis 
Paria breadroot 
Pediome/um pariense 

Stemless beardtongue 
Penstemon aeau/is var. aeaulis 

Dune penstemon 
Penstemon arenarius 
Red Canyon beardtongue 
Penstemon braeteatus 

Cache beardtongue 
Penstemon eompactus 

Elegant penstemon 
Penstemon coneinnus 
Idaho penstemon 
Penstemon idahoensis 
Charleston beardtongue 

Penstemon /eiophyl/us var. keekii 
Lemhi penstemon 
Penstemon lemhiensis 

Mt. Moriah penstemon 
Penstemon moriahensis 

Little penstemon 
Penstemon parvus 
Pinyon penstemon 
Penstemon pinorum 

Bashful penstemon 
Penstemon pudicus 

<-1 
' ... ~ 

: .... 
0 -. 
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x=known species/habitat; ?=suspected/potential fiilb itatt; ·=wild/n3'ij}ally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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"'''1=l~'''"1. ID_BEII .... IZII •••• IlD ~ -' Rhizome beardtongue X 
Penstemon rhizomatosus 

Wassuk beardtongue X 
Penstemon rubicundus 

Jaeger beardtongue X 
Penstemon thompsoniae ssp. jaegeri 

Ward beardtongue X 
Penstemon wardii 
Inconspicuous phacelia ? 
Phacelia inconspicua 

Small-flower phacelia X X ? 
Phacelia minutissima 
Mono phacelia X 
Phacelia monoensis 

Salmon twin bladderpod X X 
Physaria didymocarpa var. Iyrata 

Creeping twinpod X 
Physaria integrifolia v. monticola 

Whitebark Pine X X X X X X X X X 
Pinus albicaulis 
Altered andesite popcorn flower X 
Plagiobothrys glomeratus 

Marsh's bluegrass X X X X X Poa abbreviata ssp. marshii 
White Mountain skypilot X Polemonium chartaceum 
Williams combleaf 

X Polyctenium williamsii . . 
Angell cinquefoil :~ 

X -. Potentilla angelliae '-:;, , 
Cottam cinquefoil ~ .., ~ ) X X ",~ 

Potentilla cottamii .. :;0 - -..: 

Sagebrush cinquefoil .--. - -c; 
I X \Jj ,..-..".~ 

Potentilla johnstonii 2 c.c f~-",,1' 

I'-.) 
, . 

Alkali primrose ,,"'o,jl 

X ~'o C) :-t:: Primula alcalina -:>' cD 
Ruby Mountain primrose --~ m ---

X ::i 0 Primula capillaris --. -
lO 

x=known species/habitat; ?=suspected/potential habitatt; '=wild/naturally reproducing; +=m!gration; o=offsite; r= reintroduced populatic'ns; ED=Effectlve dates 
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SENSITIVE ASH BOI B·T CAR CHA DIX FIS HUM M·L PAY SAL SAW TAR TOI UIN w·e 
Nevada primrose 
Primula cusickiana var, nevadensis X 

L=P. nevadensis) 
Greenland primrose X 
Primula egaliksensis -" 

Bugleg goldenweed X X 
Pyrrocoma (=Hap/opappus) insecticruris 
Radiate goldenweed X 
Pyrrocoma radiata L=Haplopappus radiatusJ 

Bartons' blackberry X 
Rubus bartonianus 

Ariz?na :-villo~ X X X 
SalIx anzomca 

Weber's saussurea X 
Saussurea weberi I 

Tobias' saxifrage X I 

Saxifraga bryophora var. tobiasiae 
Tolmie's saxifrage X 
Saxifraga tolmiei var. ledifolia 

Musinea groundsel X 
Senecio musiniensis 

Mono ragwort X 
Senecio pattersonensis 
Clokey silene X 
Silene clokeyi 

Nachlinger silene X 
Silene nachlingerae 

Maguire campion X? X 
Silene petersonii . 

Railroad Valley globemallow ~ X 
Sphaera/cea caespitosa var. williamsiae ~ -
Rock·tansy ~;t- X 
S~haeromeria capilata 0 ~ ;~~ 

Low sphaeromeria :::0 - X 
Sphaeromeria compacta G) _ \ I 

Masonic Mountain jewelflower :~ toO C X 
Streptanthus oliganthus ~oQ "-.) .J 

Soft aster <' ~_ ~ X -::J 
S· 
ra 

rn o 
x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 



Short-slyle tofieldia 
Triantha occidentalis 

Currant Summit clover 
Trifolium andinum var. nnrlnl"e nh",11 

Leiberg's 
Trifolium le/herrYlI 

Roll ins clover 
Trifolium macilentum var. rollinsii 
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-
I X I 

X I 
-
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I I I I I I 
X 
-Charleston violet 

Viola charlestonensis 
Smith violet 
Viola franksmithii ttlxl llXllx < 

~~J 

Q 
->-

~ 
r;~ 

x=known species/habitat; ?=suspected/potential habitatt; '=wi ld/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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ASH - Ashley 
BOI- Boise 
B-T - Bridger-Teton 
CAR - Caribou 

KEY: 

CHA - Challis 
DIX - Dixie 
FIS - Fishlake 
HUM - Humboldt 

X = known distribution species andlor habitat 
? = suspected or potential habitat 
• = wild and naturally reproducing stocks 
+ = migration corridors only 
0= offsite impacts (e.g. downstream) 
r = reintroduced Central Idaho & Yellowstone populations, covered 

under ESA Section 100), and declared experimental non
essential populations, and thus are treated like "proposed" 
species 

## = no longer meet "sensitive"criteria (personal communication with 
Forest botanists and Dr. Duane Atwood), but no official list 
revision yet 

Dates are dates the Final Rule was published in the Federal Register; 
ED = Effective dates are about 30 day_s later if not listed. 
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:J rn 
::J 0 

M-L - Manti-LaSal 
PAY - Payette 
SAL - Salmon 
SAW - Sawtooth 

TAR - Targhee 
TOI - Toiyabe 
UIN - Uinta 
W-C - Wasatch-Cache 

This list was compiled from the following sources: 

R-4 Vertebrate Sensitive Species List (August 13. 1990) 
R-4 Sensitive Plant List (April 29, 1994) 
Endangered and Threatened Wildlife and Plants, USDA-U.S. Fish & 

Wildlife Service (August 20, 1994) 
Northern Goshawk - Listed C!S a Sensitive Species in R4 (October 31, 

1991) 
Miscellaneous Federal Registers 

x=known species/habitat; ?=suspecteeTpotentlal habitat!; -=wild/naturally reproducing; +=migration; o=offslle; r= reintroduced populations; ED=Effective dates 



INTERMOUNTAIN REGION (R4) THREATENED, ENDANGERED, PROPOSED, Jl.ND, SENSITIVE SPECIES 

June 2016 

KNOWN I SUSPECTED DISTRIBUTION BY FOREST 

.~~I.~~rtl~~~~_~_ •• ~._~ •• 
MAMMALS 
Black-footed ferret 3/11/67 
Mustela nigripes 

0 0 

Sierra Nevada bighorn sheep Ovis canadensis X 
sierra January 3, 2000 
BIRDS 
Southwestern willow flycatcher 2/27/95 X ? 
Empidonax traillii extimus ED 3/29/95 

Whooping crane 3/11/67 X ? 
Grus americana 

REPTILES.,AND,AMPHIBIANS 
Sierra Nevada Yellow-legged Frog 06/30/2014 X 
Rana sierrae 

INSECTS 
Mt. Charleston Blue Butterfly 10/21/2013 

X Icaricia shasta charlestonensis 
FISH 
June sucker 3/31/86 
Chasmistes !iorus 0 0 

-
Bony tail chub 4/23/80 

• ~,J' 

Gila elegans :::. ' 0 0 0 0 0 0 0 

Humpback chub 3/11/67 'J 
-";:c, 

l> 
Gila cypha C -:2 

-.. 0 0 0 0 0 0 0 
,, -',' 

Colorado pike minnow 3/11/67 - .,.., -, 
" . ' 

Ptychocheilus lucius 
r .... - ,~jJ 0 0 0 0 0 0 l-U ,- , 

Kendall Warm Springs dace 10/13/70 ~' :r; f" "' '" X Rhinichthys osculus ~>:l ~ Y', 
So 00 

r-~': 

5: 
::J LJ 

1O 
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? 

x I X I X X X X I I ? I ? 

I I X X 

X X X I I X 

X X 

X X 

X X X 

X I X X ? ? ? X X X ? X X X I X I X 

X 

X 

xl I I x I I I I I x I xl x I I 

x=known species/habitat: ?=suspected/potential habitat!: *=wildfnaturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 



stomiua 
lIey springfish 3/31/86 

nevadae 
roat trout 10/13/70 

North American wolverine 
Gulo gulo (Iuscus) o 

,.,.,." 

-:..!r' 

~' ~ 

.;~ 

~ -' :J 
:J 
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I I I ' X 

I X I I I x )( 
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X 
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I ? I ? I X 

X X 

x=known species/habitat; ?=suspected/poterUti l habitatt; *=wild/naturally reproducing; +=migratlon; o=offsite; r= reintroduced populations; EO=Effective dates 
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ill c.c 0 ~.I) 

Ro 
,...., :n 
~ » -s: 00 -f 
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~"1~~~_ .. _"".~ IlD mEa III 
MAMMALS . 
Bighorn Sheep Ovis canadensis - Includes 

X X Rocky Mountain bighorn sheep (0 . c. canadensis), X X X X X X X )( X X X X 
California bighorn sheep (0. c. californiana), and 
desert bighorn sheep (0. c. nelsom) (7/29/2009) 
Gray wolf (Rocky Mountain DPS) X X X 
Canis lupus 

X X X X X 

Pygmy rabbit X X )( X X X X X X 
Brachvlaqus idahoensis 

Spotted bat X X X X X )( X X X X X X ? X X X 
Euderma maculatum 
Fisher X X X X X X ? X 
Martes pennanti 

Southern Idaho Ground Squirrel X X 
Spermophilus brunneus endemicus 
Townsend's Western Big-Eared Bat X X X X X )( X X X X X X X X X X 
Corynorhinus townsendii townsendii 
BIRDS 
Bald eagle X X X X X )( X X X X X X X X X X Haliaeetus leucocephalus 
Boreal owl X X X X X X X X X X 
Aegolius funereus 
Greater sage-grouse X X X X X X X X X ? X X X X X X 
Centrocercus urophasianus 

Greater sage-grouse Bi-State DPS X Centro cercus urophasianus 
Trumpeter swan 

X X X 
Cygnus buccinator 

Peregrine falcon 3/20/84 
X X X X X )( X X X X X X X X X X Falco peregrinus anatum .-, 

Common loon :< .-' X X + ? + X X " Gavia immer ." 
'""' " 

Harlequin duck ..... '. ' 

0 ~ . X X ?+ X ?+ X Histrionicus histrionicus ~ -, , 
Mountain quail -

- ~ X X X C) - X X 
Oreortyx pictus <0 

,,-. 
t".'\ " , 

Flammulated owl (:'> •. "7 

X X X X X X X X X 
....., 

:;,~ X X X X X X X 
Otus flammeolus ~~ C) - .. , 

..-.0 -. ?: 
I 1 

:J a 
:J 

x=known species/habitat; ?=suspected/potentiilO1abitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing: +=migration: o=offsite: r= reintroduced populations: ED=Effective dates 
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"'"i:j~~"i._~lmII~lIl!DI_lIJIl!!I.~ .. 
Euphilotes ancilla purpura 
Morand's Checkerspot X 
Euphydryas anicia morandi 
PLANTS -
Pink agoseris .' . 

X X X 
Agoseris lackschewitzii 
Wonderland Alice flower X X 
Aliciella (:-Gilia) caespitosa 
Chatterley Onion X 
Allium geyeri var. chatterleyi 
Swamp onion X I Allium madidum 
Tolmie's onion X X 
Allium tolmiei var. persimile 

Candystick X 
Allotropa virgata 
Sweet-flowered rock jasmine X X I X Androsace chamaejasme ssp. carinata 
Charleston angelica 

X Angelica scabrida 
Wheeler's angelica X X Anaelica wheeler; 
Meadow pussy toes 

X Antennaria arcuata 
Charleston pussytoes 

X Antennaria solieeps 
Link Trail columbine X Aquilegia flavescens var. rubieunda 
Graham columbine '-'~ 

Aquilegia grahamii .. ::-: 'oX 
, 

Rosy King's sandwort 0 .... 
-..;-, , 

X Arenaria kingii ssp. rose a .-, ~ ~ - ) '--i 
Petiolate wormwood - :::0 

Artemisia campestris ssp. borealis var. (petio/Me 
-1.) 
=-, 

Eastwood milkweed L~ 
<.g ''-1' 

:tJ X X Asclepias eastwoodiana Go ~ -. 
Clokey milkvetch - ~. 

~ co --; 
X ~ 

Astragalus aequa/is ..., ~ ~ ! 
, . 

-' 
(Q 

x=known species/habitat; ?=suspected/potential habitat!; '=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; EO=Effective dates 
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? 

X ? 

X ? 

X I I X I I 
X 

X 

X 

X X 

X 

X 
I I 

X 
-

var. tabulaeus I I I I I I X I I I I I I I I 
X 
-

var. lavinii ~ p I_I I X I I· I I I I I X I I I? I X 

remotus - - , -... , , X 

a~~~~::k:rtc~cCidenta/is ~ ~ I ~ I I I I I I I: I I I I I I X 

x=known species/habitat; ?=suspected/potential habitatt; ·=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; EO=Effective dates 



Cusick camas 
Camassia cusickii 

Seaside sedge 
Carex incurviformis 

Proposed, Endangered, Threatened, and Sensitive Species List, R4 

var. demota 

:J 
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X 
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X 

Page 9 of 19 
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X 

X 

X 

X 

X 

X 
- r--

X X X 

X X ? I X 
I 

X n 
X 

x=known species/habitat; ?=suspectedlp~:ential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populatiol1s; ED=Effective dates 
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I I X 

X 
I I 

X 

X X 

X 
I I I I 
I I I I 

X 

X 

I I 
X X 

X T I 

X 

0 I I I I I I 
X 

:z:::: -", I I I I I Ix 
0 L- X 
.....",. 

0 .- r) I I I I I ""T"'I .. ~.,...'" I X 
,~- , I I I I I X X X 

X 

X 

X I I I I I X 

calceolus I I X 

x=known species/habitat; ?=suspected/potential habitaU; ·=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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~~~~Ii~ ~~ ___ 
var. parvlflorum) 
Wyoming tansymustard X 
Descurainia toru/osa 

Wasatch shooting star 
Dodecatheon utahense 

X 

Idaho douglasia X ? ? 
Doug/asia idahoensis 

Abajo peak draba X I 1 
Draba abajoensis 

Arid draba I Draba arida 
X 

Star draba I Draba asterophora var. asterophora 
X 

Wasatch Draba 
Draba brachysty/is X ? X 

Burke's draba I Draba burkei 
X 

Rockcress draba 
X Draba g/obosa (=0. densifo/ia var. apicu/ata) X X X X X 

Jaeger draba 
Draba jaegeri 

X 

Maguire draba 
I Draba maguirei X 

Serpentine draba I Draba oreibata var. serpentina 
? X 

Charleston draba ,- I Draba paucifructa ,- X , 

Pennell draba - ~:::.. I Draba pennellii .~. - « :~ 
X 

Mt. Belknap draba 0 ==0 \.. I Draba ramu/osa .- :::0 :J: X I -
Santaquin draba i;) - -' 

""--'f I Draba santaquinensis 
~.l) c.c ...... ~. )( 
\ !,/ 

Creeping draba f cc cg .~ .,." 

',,,-

I Draba sobolifera - ';;""" X X 
~:::, 00 -_ .... 

Stanley's whitlow-grass .~ 
~ j 

Draba trichocarpa .J 0 X X 

Nevada willowherb \,.T...-; 
X X 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populatiols; ED=Effective dates 

-. 
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"'''i:;j\l'''''i •• ~~ rm_C1!!I __ 
Epilobium nevadense 

Spring Mountain goldenweed 
Ericameria compacta (=Haplopappus X 

compacfus) 
I-

Pine Valley goldenweed X 
Ericameria crispa (=Haplopappus crispus) 
Narrow-leaf goldenweed 
Ericameria discoidea var. linearis X 
(=Haplopappus macronema var.linearis) 
Abajo daisy X Erigeron abajoensis . 
Carrington daisy X 
Erigeron carringtonae 
Snake Mountain erigeron I 

Eriqeron cavernensis 
X 

Cronquist daisy X Er[qeron cronquistii 
Garrett's fleabane X X Eriqeron qarrettii 

c-

Kachina daisy X Eriqeron kachinensis 
Woolly daisy 

X Erigeron lanatus 
Maguire daisy X Erigeron maguirei 
LaSal daisy X Eriqeron mancus 
Untermann daisy X Eriqeron untermannii 
Widtsoe buckwheat ' X 
Eriogonum aretioides CJ 

Elsinore buckwheat =-- .: ~ 
Eriogonum batemanii var. ostlundii 0 .::.. X 

-w.: 

Desert buckwheat 0 ~ X Eriogonum brevicaule var. desertorum :::0 -
Welsh buckwheat Q - -

~ X Eriogonum capistratum var. welshi; ~ (.C) ,n 
:rl-

Sunflower Flat buckwheat "10 !:::::' :'J X 
., 

$ I 
:J m 
:J 0 

x=known species/habitat; ?=suspected/potential ha'i5ilatt: '=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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~"1~~~"i •• ~_~~" __ 'f.'''''BI'''_.1B 
Eriogonum douglasii var. elkoense . 

Toiyabe buckwheat 
Eriogonum esmeraldense var. toiyabense 

Clokey buckwheat 
Eriogonum heermannii var. clokeyi 
Lewis's buckwheat 
Eriogonum lewisii 
Logan buckwheat 
Eriogonum loganum (=E. brevicaule var. 

loganum) 
Guardian buckwheat 
Eriogonum meledonum 

Altered andesite buckwheat 
Eriogonum robustum 

Clokey grease bush 
Glossopeta/on c10keyi 

Smooth dwarf greasebrush 
Glossopeta/on pungens var. glabra 

(=G.pungens) 
Puzzling halimolobos 
Halimolobos perplexa var. perplexa 

Canyon sweetvetch 
Hedysarum occidentale var. canone 

Jones goldenaster 
Heterotheca jonesii 

Sierra Valley ivesia 
Ivesia aperta var. aperta 

Dog Valley ivesia 
Ivesia aperta var. canina - ' -

Charleston ivesia ~ 
Ivesia cryptocaulis r. 

Jaeger ivesia --
Ivesia jaegeri 0 

Plumas ivesia " 

Ivesia sericoleuca 
, 0 

;:'l} 

Utah ivesia ft) 

Ivesia utahensis ~ 

Wasatch jamesia S 
::J 

-

l> 
~ ....., 

-
'-"" 

'" c::::. -...... 

~-
...... !,> 

£.-. 
~ 

'", .' 
to ..... ~ 

'.., , ~. 

~.~ 

, .... -_. 
~~-." 

/'~- -r: 

_I".). 

):;. 
-, 
r"Tl ., 
",J 

X 

X X 

I 
I 

X 

X 

X 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populatiolls; ED=Effective dates 
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"'~:J:f"-"illi ____ ."_ 

Jamesia americana var. macrocalyx • JSI 
Zion jamesia 
Jamesia americana var. zion is 
Basin jamesia 
Jamesia tetrapetala 

Grimes lathyrus 
Lathyrus grimesii 
Wasatch pepperwort 
Lep;dium montanum var. alpinum 
Neeses' peppergrass 
Lepedium montanum var. neeseae 
Hazel's prickly phlox 
Leotopactvlon oungens ssp. hazeliae 
Garrett bladderpod 
Lesquerella garrettii 
Hitchcock bladderpod 
Lesquerel/a hitchcockii var. hitchcockii 
Payson bladderpod 
Lesquerella paysonii 
Maguire lewisia 
Lewisia maguirei 
Sacajawea's bitterroot 
Lewisia sacajaweana 
Canyonlands lomatium 
Lomatium /ati/obum 

Three-ranked hump-moss 
Meesia triquetra 

Goodrich stick leaf 
Mentzelia qoodrichii 

Bank monkeyflower 0 
~ 

Mimu/us clivico/a ;--. 

Fish Lake naiad 0 -Najas caespitosa r~ 

Idaho pennycress ~ 

Noccaea idahoensis var. aileeniae (=Th/aspj 
ai/eeniae) ~:> 
Shevock rockmoss 
Orthotrichum shevockii 

Ro .., 
~ 

s· 
ea 

X 

X 

X 

X 

X 

X X X 

X 

X X X X ? 

X 

X 

X 
~ -
o! 

l> 5 ~ X 

;:0 
, 

-- ,- X X 
to ,-. 

I'.,) :;; 
c::> > ~ 

o 
x=known species/habitat; ?=suspected/potential habitat!; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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? X I 

X X 

X 
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"'"i~~J..'i •• ~'_lEIJDEUlBZI.IDm!D __ ~·I·.·" '''~'31_.~ 
Spjut's brittle-moss X 
Orlhofrichum spjufii 

Challis crazyweed X 
Oxytropis besseyi var. salmonensis 

Beaver Mountain groundsel X 
Packera (=Senecio) casforeus 

Podunk groundsel 
>< Packera (=Senecio) malmstenii 

Arctic poppy 
X X 

Papaver radicafum var. pygmaeum 
Naked-stemmed parrya 

X 
Parrya nudicaulis I 

Paria breadroot I 

Pediomelum pariense 
X 

Stemless beardtongue 
X i Penstemon acaulis var. acaulis 

Dune penstemon 
? 

Penstemon arenarius 
Red Canyon beardtongue 

X 
Pensfemon bracteatus 

Cache beardtongue 
X X Penstemon compactus 

Elegant penstemon ? 
Penstemon concinnus 
Idaho penstemon 

X Penstemon idahoensis 
Charleston beardtongue 

CJ X Penstemon leiophyllus var. keckii -
Lemhi penstemon 

0 X Penstemon lemhiensis -+. - . 1 

Mt. Moriah penstemon 0 ~ X Pensfemon moriahensis - -,-
Little penstemon ~,) -

I 
n' u:l X X Pensfemon parvus 
.M 

h ~/ .. 
Pinyon penstemon ~ ~ ~H 

I 

Penstemon pinorum :;;;;: X 

Bashful penstemon :J Qj X Penstemon pudicus :::! 
u.....i 

x=known species/habitat; ?=suspected/potential habitaU; -=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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-"'"i:l~"'"i •• ~~ ~_ 
Rhizome beardtongue X 
Penstemon rhizomatosus 

Wassuk beardtongue 
Penstemon rubicundus 

Jaeger beardtongue 
Penstemon thompsoniae ssp. jaegeri 

Ward beardtongue 
Penstemon wardii 
Inconspicuous phacelia 
Phacelia inconspicua 

Small-flower phacelia 
Phacelia minutissima 

Mono phacelia 
Phacelia monoensis 

Salmon twin bladderpod 
Physar ia didymocarpa var. Iyrata 

Creeping twinpod 
Physaria integrifoNa v. monticola 

Whitebark Pine 
Pinus albicaulis 
Altered andesite popcorn flower 
Plagiobothrys lllomeratus 
Marsh's bluegrass 
Poa abbreviata ssp. marshii 

White Mountain skypilot 
Polemonium chartaceum 

Williams combleaf 
Polvctenium williamsii 

Angell cinquefoil 
Potentilla angelliae 

Cottam cinquefoil 
Potentilla cottamii 

Sagebrush cinquefoil 
Potentilla johnstonii 

Alkali primrose 
Primu/a a/calina 

Ruby Mountain primrose 
Primula capillaris 

0 
:-. 
0 --0 

G) 
0::.1 
,::;;; 

Qo 
? 

-! 

3 ' 
(Q 

~~ 
:::0 
-
t4: 

~ 

X 

X 

-2 -
~ b 

'6 II) 
.:p 
~ 

• rn o 

X 

X X 

X 

X 

? 

X ? 

X X 

X X X X X 

X X X 

X 

X 

X 

X 

X 

x=known species/habitat; ?=suspected/potential habitat!; *=wild/nalurally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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SENSITIVE ASH BOI B·T CAR CHA 'DIX FIS HUM M·L p~1y SAL :. SAW .. ·l~TAR ,;TOI . UIN . ,w.e ,., 
Nevada primrose 
Primula cusickiana var. nevadensis X 
(=P. nevadensis) 
Greenland primrose X 
Primula egaliksensis 
Bugleg goldenweed X X 
pyrrocoma (=Haplopappus) insecticruris 

Radiate goldenweed X 
Pyrrocoma radiata (=Haplopappus radiatus) 
Bartons' blackberry X 
Rubus bartonian us 

Arizona willow X X X 
Salix arizonica 

Weber's saussurea X 
Saussurea weberi 

Tobias'saxifrage X 
Saxifraga bryophora var, tobiasiae 

Tolmie's saxifrage X 
Saxifraga to/miei var. ledifolia 

Musinea groundsel X 
Senecio musiniensis 

Mono ragwort 
X Senecio pattersonensis 

Clokey silene 
X Silene clokeyi 

Nachlinger silene 0 X 
Silene nachlingerae :2' :=: 

Maguire campion t!,>1 .. ~ 

0 !"" X ? X 
Silene petersonii -- ~ 

" r , 
Railroad Valley globemallow v ~ ..... ; 

~ X Sphaera/cea caespitosa var. williamsiae - - , 
".-, 

Rock·tansy .." c: \:I) tD X 
Sphaeromeria capitata If) 

r--,) :-:J 
Low sphaeromeria ,..JO S; :-i 
Sphaeromeria compacta ?::: rllj X 

Masonic Mountain jewelflower --; CJ 
Streptanthus oliganthus ::J X , ...... 

Soft aster X 

x=known species/habitat; ?=suspected/pc,tential habitatt; '=wild/naturally reproducing; +=migration~ o=offsite; r= reintroduced populatie·ns; ED=Effective dates 



Charleston violet 
Viola charlestonensis 

Smith violet 
Viola franksmithii 

Lithion violet 
Viola lithion 

var. rollinsii 

Proposed, Endangered, Threc.(ened, and Sensitive Species List, R4 
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x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations ; ED=Effective dates 
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ASH - Ashley 
BOI- Boise 
B-T - Bridger-Teton 
CAR - Caribou 

KEY: 

CHA- Challis 
DIX - Dixie 
FIS - Fishlake 
HUM - Humboldt 

X = known distribution species and/or habitat 
? = suspected or potential habitat 
* = wild and naturally reproducing stocks 
+ = migration corridors only 
0= offsite impacts (e.g. downstream) 
r = reintroduced Central Idaho & Yellowstone populations, covered 

under ESA Section 10U), and declared experimental non
essential populations, and thus are treated like "proposed" 
species 

## = no longer meet "sensitive"criteria (personal communication with 
Forest botanists and Dr. Duane Atwood), but no official list 
revision yet 

Dates are dates the Final Rule was published in the Federal Register; 
ED = Effective dates are about 30 days later if not listed. 
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M-L - Manti-LaSal 
PAY - Payette 
SAL - Salmon 
SAW - Sawtooth 

TAR - T arghee 
TOI - Toiyabe 
UIN - Uinta 
W-C - Wasatch-Cache 

This list was compiled from thE! fol/owing sources: 

R-4 Vertebrate Sensitive Species List (August 13, 1990) 
R-4 Sensitive Plant List (April 29, 1994) 
Endangered and Threatened Wildlife and Plants, USDA-U.S. Fish & 

Wildlife Service (August 20, 1994) 
Northern Goshawk - Listed as a Sensitive Species in R4 (October 31, 

1991 ) 
Miscellaneous Federal Registers 

x=known species/habitat; ?=suspected/potential habitatt; "=wild/naturally reproducing; +=migration; o=offsite; r- reintroduced populations; ED=Effective dates 



L ..... I~ \. .... u .) !-r"''l..- l''' ~ L'~I H .. - 'tC:U l U LII 1\..1l U \\J1 l U l )r..:Clll'" In LI3n 

i i U.S. Fish & Wildlife Service 

ECOS 

ECOS / Species Reports / Species occurrence by state 

/ Listed species believed to or known to occur in Utah 

P age I of 3 

Listed species believed to or known to occur in Utah 
Notes: 

• As of 02/13/2015 the data in this report has been updated to use a different set of 

information. Results are based on where the species is believed to or known to 

occur, The FWS feels utilizing this data set is a better representation of species 

occurrence. Note: there may be other federally listed species that are not 

currently known or expected to occur in this state but are covered by the ESA 

wherever they are found; Thus if new surveys detected them in this state they are 

still covered by the ESA. The FWS is using the best information available on this 

date to generate this list. 

• This report shows listed species or populations believed to or known to occur in Utah 

• This list does not include experimental populations and similarity of appearance listings . 

• This list includes species or populations under the sole jurisdiction of the National 

Marine Fisheries Service. 
} ) 

• Click on the highlighted scientific names below to view a Species Profile for each listing . 

Listed species -- 42 listings 
Animals -- 17 listings 

Status Species/Listing Name 

E Ambersnail , Kanab Entire (Oxvloma hayden; kanabensis) 

E Chub , bony tail Entire (Gila e/egans) 

E Chub , humpback Entire (Gila cypha) 

E Chub , Virgin River Entire (Gila seminuda {=robustaJ} 

T 

APR 1 9 2018 

Cuckoo, yellow-billed VVestern U.S . DPS (COCCYZUS americanusf <':. (}r C)r1 I> . . , " /' .. 
, .(' , , '.~ virrl/!10 

... ) 

E 

\ 1 
/ T 

Flycatcher, southwestern willow Entire (Empidonax trailli; extimus) 

Lynx: Canada Contiguous U.S. DPS (Lynx canadensis) 

1ttP :i 'ecos.f\\ S. gO\ lec pO repoI1s, 'species-1 isted-by-state-repon '?state=LT & stat Ll s= li sted 8 '-\.2016 
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Status Species/Listing Name 

T 0\<'11, Mexican spotted Entire (Str;x occidenta/is lucida) 

E Pikeminnow (=squawiish) , Colorado Entire, except EXPN (Ptychocheilus lucius) 

T Prairie dog. Utah Entire (Cynomvs parvidens) 

T sage-grouse, Gunnison entire (Centrocercus minim LIS) 

E Sucker, June Entire (Chasmistes liorus) 

E Sucker, razorback Entire (Xyrauchen texanus) 

T Tortoise, desert Entire, except in Sonoran Desert (Gopherus agassiziJ) 

T trout, Greenback Cutthroat Entire (Oncorhynchus clarki stomias) 

T Trout, Lahontan cutthroat Entire (Oncorhynchus clarkii henshawl) 

E Woundfin Entire, except EXPN (Plagopterus argenlissimus) 

Plants -- 25 listings 
\ " ) ) 

Status Species/Listing Name 

E Bear-poppy, Dwarf (Arctomecon humilis) 

E Bladderpod, kodachrome (Lesquerella tumulosa) 

E Buttercup, autumn (Ranuneulus aestivalis (=aeriformis)) 

T cactus, Pariette (Sc/erocaetus brevispinus) 

E Cactus, San Rafael (Ped/aea elus despainiD 

T Cactus , Siler pincushion (Pedioeaetus (=Echinocactus. =Utahia) silen) 

T cactus, Uinta Basin hookless (Sclerocactus wetlandieus) 
INCORPonATED 

T Cactus, Winkler (Pedioeaelus winklen) 
APR 19 2018 

Cactus, Wright fishhook (Sclerocactus wrightiae) Pi .,~.". " ."V, C'l el'l (":;Jv 9 M' . . . , ','"." (){ ,[fling 

Cycladenia , Jones (Cye/adenia humilis var. jonesil) 

1ttp :! ecos, f\ \ s.gO \ 'ecpO 'reports 'spec ies-I isted- b~ -state-report"state=LT&status=1 i sted 8 '4 '2016 
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Status Species/Listing Name 

T Ladies'-tresses , Ute (Spiranthes dilL/via/is) 

E mallow, Gierisch (Sphaera/cea aierischil) 

T Milk-vetch, Deseret (Astraaalus desereticus) 

T Milk-vetch, heliotrope (Astraqalus montil) 

E Milk-vetch, Holmgren (Astragalus holmqreniorum) 

E Milk-vetch, Shivwits (Astragalus ampulJarioicJes) 

T Milkweed, Welsh's (Asclepias welshit) 

E Phacelia, clay (Phacelia argil/acea) 

T Primrose, Maguire (Primula maquirel) 

E Reed-mustard, Barneby (Schoenocrambe barnebVI) 

T Reed-mustard, clay (Schoenocrambe argil/acea) 
,-

)) E Reed-mustard, shrubby (Schoenocrambe suffrutescens) 

E Ridge-cress, 8arneby (Lepidium barnebvanum) 

T Sedge, Navajo (Carex speeL/ieo/a) 

T Townsendia, Last Chance (Townsendia aprica) 

INCORPOiiATED 
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1.0 INTRODUCTION 

This report presents the methods and results of sound monitoring conducted by Tetra Tech, Inc. 
(Tetra Tech) on July 29-30, 2008, as requested by Canyon Fuel Company's Sufco Mine. 
Monitoring was conducted on and adjacent to the Sufco Mine in association with development 
and operation of the Greens Hollow Coal Lease in Sevier County, Utah (Figure 1). The study 
area is located in and around Quitchupah Canyon within the Manti-La Sal and Fishlake National 
Forests. 

Sound level monitoring was implemented to obtain data on sound levels around an existing 
ventilation fan for the Sufco Mine and at select sensitive resource locations (Le. Forest System 
roads and greater sage-grouse leks). Data collected at each site will establish baseline 
information on sound generated by the operational ventilation shaft fan. Vegetative cover, 
geomorphology, topography, and other environmental variables will be considered, as each of 
these could affect sound levels. Additionally, sound attenuation will be evaluated by measuring 
sound levels at regular distances from the operational ventilation shaft fan in the direction of 
sensitive resources. 

The existing fan and study areas are located within immediate proximity (3500 meters south) to 
a proposed ventilation fan location. It is the intention of this study to determine the possible 
sound impacts, of the proposed fan, based upon sound level data generated by the operational 
ventilation fan presently in use at the Sufco mine. The collected sound level data will be used to 
determine measures which could reduce sound related impacts associated with the operation of 
the proposed ventilation fan. 

APR 1 9 2018 
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2.0 METHODS 

2.1 Sound Monitoring Locations 

All sound monitoring sites were located on and adjacent to the Sufco coal mine area as 
determined through consultation Canyon Fuel Company. Sound level measurements were 
collected at the operational ventilation fan, herein referred to as the source, and at 10 meters 
(m) from the source in all four cardinal directions (north, south , east, and west), where feasible . 
Sound level measurements were also collected at 100 m intervals from the source in the 
direction of the nearest sensitive resource locations, up to 500 m. Sound level measurements 
were also collected at specific sound sensitive sites . Sound level monitoring locations, existing 
fan location, proposed fan location, and sensitive resource locations are all detailed in Figure 1. 

Through consultation with Canyon Fuel Company, five sensitive resource locations were 
identified: 

• Wildcat Knolls sage-grouse lek, 

• Wildcat Knolls satell ite sage-grouse lek, 

• Forest Service Road 007, 

• Forest Service Road 044, and 

• Forest Service Road 025. 

2.2 Sound Monitoring Methods 

All sound monitoring was conducted using a Quest Technologies Model 2200 sound level 
meter. Sound levels were recorded as A-weighted decibels (dBA). Sound level measurements 
were collected during a two minute period with the maximum (MAX), minimum (MIN), and the 
equivalent continuous noise level (AVG) sound levels -recorded. Environmental conditions, 
vegetative cover, date, time, observer, and weather conditions were also recorded . 

Sound level measurements were taken during daylight hours (7:00am - 8:00pm) and within 
manufacturer's temperature specifications. Measurements were taken during dry (no 
precipitation) and calm (wind less than five meters per second (m/s)) periods. Wind was 
measured prior to each sound level measurement with a hand-held anemometer. The sound 
level meter was fitted with a windscreen to reduce wind-generated sound and directed at the 
source approximately one meter off the ground. The sound level meter was calibrated at a 
sound pressure of 114 dBA, before each day of survey. Terminal calibrations, using the 14 dBA 
standard, were conducted at the end of each day to ascertain the instruments continued 
accuracy through the survey period . 

APR 1 9 2018 



3.0 RESULTS 

Background outdoor sound levels for the project area were between 27.6 dBA and 57.9 dBA. 
Average sound levels for the study area were determined to be ±34.7 dBA. These sound 
measurements were calculated using data from sampling locations where the operational fan 
was not audible. These values were collected in the vicinity of the mine, within the study site, 
and should be recognized as a baseline for ambient sound levels in the project area. 

3.1 Existing Ventilation Fan 

The ventilation fan presently in operation at the Sufco mine is situated in Quitchupah Canyon 
approximately 300 m below the rim of the canyon. Quitchupah Canyon is sparsely vegetated by 
conifer trees and scrub brush that account for approximately 40 percent ground cover. The 
canyon walls are steep sandstone talus slopes comprised of large sandstone boulders and 
loose sand. Vertical sandstone cliffs line the top 20 m of the canyon rim. 

INCORF'onATED 
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Photograph (view NE) of existing ventilation fan within Quitchupah Canyon. 

Sound level transects at the existing ventilation fan had higher sound level measurements when 
compared to the sensitive resource areas. The sound levels from the existing fan decreased 
with distance, however no definitive distance was found to be indicative of reaching ambient 
sound levels. Maximum sound levels between 75.4 dBA to 95.7 dBA were recorded at the 
source, and decreased as distance between the source and monitoring point locations 
increased. Sound generated by the source was continuous and produced ranges up to ±15 
dBA between MAX and MIN recordings. Greater decibel ranges were noted as distance 
increased between the source and monitoring point locations. These larger ranges can be 
attributed to affects of wind, line of sight, echoing, vegetative cover, and topography on the 
sound level measurements. 

Sound level measurements along the transects were used to generate distance versus sound 
level curves from the source to select sensitive resource locations (up to 4350 m). All data 



collected along the sound level transects were graphed for the AVG (equivalent continuous 
sound) sound level in the following graphs. 

Graph 1: Eastern Sound Level Transect (Toward Forest Service Roads and Sage Grouse 
Leks to 650 m) 
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Graph 2: Northeastern Sound Level Transect (Toward Forest Service Roads and Sage 
Grouse Leks to 4500 m) 
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Graph 3: Southeastern Sound Level Transect (Toward Forest Service Roads and Sage 
Grouse Leks to 2100 m) 
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The greatest distance from which the fan was audible was determined to be ±231 0 m away from 
the source to the northeast within Wildcat Knolls Lek. Sound levels recorded at this location 
ranged between 28.4 dBA to 54.5 dBA. Though the fan was audible, these sound levels were 
near background noise levels (27.6 dBA and 57.9 dBA) during the time of the survey. 

Line of sight sound monitoring was conducted when the field staff identified the source with no 
visual interruption between the sound level meter and the source. Line of sight surveys give 
implied decibel reduction over distance, and provide useful information in determining sound 
travel in the survey area . The greatest distance in which a line of sight measurement was 
conducted was 830 m. Sound level measurements at this distance were between 51.4 dBA and 
62.7 dBA. These line of sight readings are 24 dBA to 33 dBA lower than source level readings 
(74.5 dBA to 95.7 dBA). A sound level reduction rate of ±2.9 dBA every 100 m was calculated 
from 830 m away from the source. The dissipation rate of ±2.9 dBA is the lowest calculated 
dissipation rate within. the study.area. F?ur othe~ line of sight studies were conduGt~fI. IfJpiqg : U\ i ED 
results of greater decibel reductions . ThiS reduction rate (±2.9 dBA) should be conSidered the .. 
most conservative scenario for sound reduction within the project area, as no vegetatiwprf~e.c, 2018 
geomorphology, or topography was impeding the sound travel. !:I 

Amplification of source sounds within Quitchupah Canyon resulted in higH tV·s'O ~fi'd l lev~ I;~( f';il ii ;in{; 
readings near the canyon . Echoing effects, generated from the close sandstone walls within the " 
canyon, are the sources of sound level amplification and resulted in higher sound level 
readings. Data collected within and above the canyon suggests these effects are most 
apparent at the canyon rim . An increase of 4 dBA to 16 dBA, in MAX decibel readings, 
occurred at or near the sandstone cliffs between the 500 m sound monitoring locations and the 
sound monitoring locations above the rim. These patterns are shown in sound versus distance 
graphs 1 and 3. 

Source sound level reduction was observed during this sound study, and was observed on 
several sound monitoring locations within the study area. These reductions are results of 
vegetative buffers and topographic features with in the study area . Vegetative buffers, 

Te a T-::(;h 



) 

consisting of both trees and shrubs, occur on both sides of Quitchupah Canyon and aid in the 
'reduction of sound levels above the rim of the canyon to the east and west of the existing fan. 

Topographic features such as hills, mountains, or bends in a canyon will also create reductions 
in source sounds. The existing fan is located in Quitchupah Canyon ±300 m below the sensitive 
resource locations. Sound from the source is reduced by the elevational differences and relief 
between the source and sensitive resource locations. 

3.2 Sensitive Resource Locations 

Sound level measurements taken within the sensitive resource locations ranged between 27.6 
dBA and 70.3 dBA. Minimum, maximum, and average sound level measurements within sage
grouse leks and along Forest System roads am included in Table 1. Sounds from the source 
were discernible in the sensitive resource locations, and most were at or near background (27.6 
dBA to 57.9 dBA) sound levels. 

INCORPORATED 
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Table 1: Sensitive Resource Monitoring Locations 

Location (Distance from Fan) Fan Sound Level (dBA) 

Audible AVG MIN MAX 

Existing Fan (highest measured sound) Y 87.3 80 .1 95.7 

Existing Fan (100 m SE) Y 72.1 69.7 74.3 

Existing Fan (500 m NE) Y 61 .9 52.2 68.6 

Background Sound Level N 34 .0 27.6 57.9 

Greater Sage Grouse Leks 

Wildcat Knolls Lek (1750 m E) Y 36.4 29.3 47.7 

Wildcat Knolls Lek (2000 m E) Y 31.7 27.8 50.7 
Wildcat Knolls Lek (2310 m NE) Y 39.2 28.4 54.5 

Wildcat Knolls Lek (3050 m NE) N 31.0 27.6 51.9 

Wildcat Knolls Satellite Lek (4350 m NE) N 33.5 27.6 55.6 

Forest Service Roads 

FSR 007 NW (3500 m Nw)a N 32.8 29 .1 54.5 

FSR 007 NW (2430 m E) N 56.6 b 28.6 70.3b 

FSR 007 (2310 m NE) Y 39.2 28.4 54.5 

FSR 007 (4350 m NE) N 33.5 27.6 55.6 

FSR 044 (4350 m NE) N 33.5 27.6 55.6 

FSR 025 (4500 m N) N 35.1 29.4 54.1 

FSR 52284 (1000 m NE) Y 32.3 28.3 52.7 

FSR 52284 (1020 mE) Y 41.3 31.2 61.2 

FSR 52284 (1750 mE) Y 36.4 29.3 47.7 

Near Un-authorized Route (1000 m W) Y 36.4 29.9 46.6 

FSR 2490 (2430 m E) N 56.6 b 28.6 70 .3b 

FSR 2058 (4350 m NE) N 33.5 27.6 55.6 

a near proposed fan site 
b recreational vehicle on Forest Service Road 007 

3.2.1 Greater Sage-Grouse Leks 

Wildcat Knolls Lek is located 1700 m east of the source on sagebrush foothills south of Big 
Ridge. Sound level measurements taken within the lek ranged between 27.6 dBA and 54.5 dBA 
(Table 1). ~orest Service Road 007 and Forest ~ervice Road 5~284 run dir~ctl.Y~ th~~Y~r~ h;e.1·; ,'\ ' T ,: ''I 

center of Wildcat Knolls Lek. Although the operational fan was dlscernable Within 1~~ Wildcat" , I- I r t . [.I 
Knolls Lek, sound levels in the lek fell at or near background sound levels. 

APR 1 9 2018 



Wildcat Knolls Satellite Lek is located 4350 m northeast of the source with sound 
measurements ranging between 27.6 dBA and 55.6 dBA (Table 1). Forest Service Road 007 
and Forest Service Road 044 run adjacent to this lek on the western boundary. No sound 
associated with the operational fan was noted within Wildcat Knolls Satellite Lek. Sound levels 
within the lek fell within the range of background sound levels for the project area. 

3.2.2 Forest Service System Roads 

Forest Service System Roads run along the rim of Quitchupah Canyon, on Big Ridge, and 
through sage-grouse leks in the study area. Vehicle travel associated with Forest System Road 
use was observed throughout the study area. 

Sound level measurements taken on Forest Service Road 007 ranged between 32.8 dBA and 
70.3 dBA. This road, at it closest point, is 1600 m west of Quitchupah Canyon and runs along 
the rim canyon and through portions of Wildcat Knolls Lek. The existing ventilation fan is 
audible from portions of Forest Service Road 007 along the eastern side of Quitchupah Canyon. 
Although the ventilation fan was audible, sound level measurements recorded within this road 
were at background sound levels. Recreational vehicle traffic was present during the time of the 
survey and was recorded at one sound survey location. The recreational vehicle drove on the 
road within 10m of the sound survey location with a recorded MAX decibel reading of 70.3 dBA. 

Forest Service Road 044 runs north and south through the study area approximately 4350 m to 
the east of the source. Sound level measurements taken on the road ranged between 27.6 dBA 
and 55.6 dBA. No sound impacts, associated with the operation of the existing fan, were 
identified for Forest Service Road 044. 

Forest Service Road 025 runs east and west on Big Ridge approximately 4560 m to the north of 
the source. Sound level measurements near the road ranged between 29.4 dBA and 54.1 dBA. 
No sound impacts, associated with the operation of the existing fan, were identified for Forest 
Service Road 025. . 

Forest Service Road 52284 runs along the eastern rim of Quitchupah Canyon and experiences 
sound related impacts from the existing fan. The existing fan is audible from portions of this 
road, however most sound level measurements fell near background sound levels. Sound level 
measurements taken from this road ranged between 32.3dBA and 61.2dBA. Higher sound level 
measurements taken at this location could be a result of wind gusts. Wind measurements taken 
during the sound level recording on July 30th were reported between 5 and 8 miles per hour. It 
is likely that wind gusts through the trees could have influenced sound levels at this monitoring 
location. 

Two sound level measurements were conducted near an unauthorized route west of 
Quitchupah Canyon. This sampling location was chosen for the western s r:ld lev~1 ~. !-:' '-r(':'" 
measurement above the canyon . The sound measuring location is 1 000 m west of he existin~ i id\ leU 
fan and experiences sound level impacts near background sound level recordings. 

APR 1 9 2018 
3.3 Proposed Ventilation Fan 

This proposed ventilation fan is si tuated near the northeastern reach of QUitc~u'paA C~ky6n '" ;::. Mi l ing 
above the eastern rim on sagebrush footh ills of Big Ridge. This proposed site is located in a 
natural valley and is surrounded by foothills hills to the east, Big Ridge to the north and west, 
and Quitchupah Canyon to the south. Forest Service Road 007 runs adjacent to the proposed 
fan site approximately 100 m southwest of the proposed location. Forest Service Road 025 is 
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located 1340 m north of the proposed fan site running along the top Big Ridge. Forest Service 
Road 044 is located 4500 m northeast of the proposed ventilation fan adjacent to Wildcat Knolls 
Satellite Lek. Wildcat Knolls lek is approximately 2680 m east of the proposed fan location. 
Decibel readings at the proposed fan location were within background sound levels for the study 
area. 

Tetra Ter-h Septer;;be·· 04 2008 
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4.0 SUMMARY 

Below is the summary of potential sound impacts on select sensitive resource locations within 
the study area. These potential sound impacts were determined based upon sound level data 
collected at the existing fan and at identified sensitive resource locations. Tetra Tech based this 
summary on the assumption that the proposed ventilation fan will be identical in size, shape, 
power, and orientation to the existing fan. Should changes in fan size, shape, power or 
orientation be necessary, it is expected that the actual decibel levels may vary greatly from 
those proposed in this study. 

This study addresses sound level measurements over a two day period in mid summer 2008, 
and does not address temporal differences that may exist in the study area. These differences 
may need to be addressed should further sound studies be conducted. Factors such as time of 
day, wind patterns, and seasonal events such as snow fall may need to be included future 
sound surveys within the area. 

4.1 Proposed Ventilation Fan 

Sounds from the proposed ventilation fan will likely be discernable within 2300 m of its proposed 
location, as this was the greatest distance from which the existing fan is audible. The sound 
levels from the proposed fan will decrease with distance, however no definitive distance could 
be determined at which this proposed fan's sound levels would reach ambient sound levels. 

The existing fan is presently directed upward and is producing sound levels ranging between 
75.4 dBA and 95.7 dBA at 10m distance. It is anticipated that the proposed fan will have similar 
sound levels at the 10m location. The proposed fan location is presently situated in a valley 
and is expected to experience sound levels similar to line of sight data collected at the existing 
fan. Given the location of the proposed fan, direct line of sight will exist in many areas within 
SOO m of the proposed location. Sound levels SOO m away from the proposed fan location are 
expected to fall between 45.7 dBA and 73.4 dBA. 

It was determined that the line of sight sound level reduction rate was ±2.9 dBA every 100m 
away from the source. Given that this reduction rate is the most conservative decibel reduction 
rate recorded with the study area, it is possible that sound produced from the proposed fan 
(±9S.7 dBA) will be at or near average background sound levels (34.7 dBA) ±2100 meters from 
the source in any direction. It is anticipated that the proposed fan will still be audible at this 
distance. 

Amplification of source sounds from the proposed fan may likely occur southwest of the 
proposed location within Quitchupah Canyon. The sandstone formations, of Quitchupah 
Canyon, may produce echoing effects from the proposed fan. This echoing is expected to 
amplify sounds within the canyon near the proposed fan. The existing fan is presently amplified 
up to 16 dBA by echoing effects within the canyon. Given that the sandstone cliffs are f"(la Ie , {JC' pi'. "f"'~"D 
and that vegetation is present it is expected that amplification of source sound will be less than ' .J 1,'"\ t.: I 
that experienced near the existing fan. No other areas near the proposed fan location are 1i.Ke.lv 
to amplify sounds from the proposed fan. Art( f 9 2018 

Source sound level reduction was observed during this study and is expected to ocbt~'f. i n atea.sC>,; i~ Minin'''' 
around the proposed fan. Vegetation around the proposed fan may aid in the reduction of 8 

sound impacts in the vicinity. Vegetated areas north of the proposed fan location, near Big 
Ridge, are expected to experience the greatest amount of sound reduction . Vegetative buffers 
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occur on both sides of Quitchupah Canyon and are expected to aid in the reduction of sound 
levels and reduce the effects of echoing within the canyon. 

Topographic features around the proposed ventilation fan are also expected to create 
reductions in sounds. The proposed fan is located in a vegetated valley below Big Ridge and 
above Quitchupah Canyon. Foothills to the north, east, and west of the project site are 
expected to contribute the greatest amount of sound level reduction around the fan. These 
foothills are approximately 60 m in height and may aid in sound level reductions between the 
proposed fan and sage-grouse leks. These sounds may also be reduced by the elevational 
differences (50 - 60 m) and relief between the proposed fan and sensitive resource locations. 

4.2 Sensitive Resource Locations 

4.2.1 Greater Sage-Grouse Leks 

The proposed fan is approximately 2680 m west of Wildcat Knolls Lek, and is separated by less 
topographic relief than the existing fan. This lek is situated 60 m above the proposed vent fan 
location, and is topographically separated from the proposed fan by several vegetated foothills. 
Presently, the existing fan is audible from this lek at a distance of 2300 m. Though this distance 
and topographic features will significantly reduce sound from the proposed fan, it is anticipated 
that the proposed fan will be audible from the Wildcat Knolls Lek and will likely remain at or near 
background sound levels. 

Wildcat Knolls Satellite Lek is located 4500 m northeast of the proposed fan site and is 
separated by less topographic relief than the existing fan. Vegetated foothills are present 
between the lek and the proposed fan site, and are expected to reduce sounds created by the 
operation of the proposed fan. Presently no sounds associated with the source are discernable 
at Wildcat Knolls Satellite Lek. It is likely that the proposed fan will not be discernable from the 
lek. Should the proposed fan be audible from this lek, it is anticipated that the sounds will be at 
or below background sound levels. 

4.2.2 Forest Service Roads 

Sound impacts, associated with the operation of the proposed fan, are expected on Forest 
Service System Roads in the study area. It is likely that sound, from the proposed fan, will be 
discernable on Forest Service System roads occurring within ±2310 m of the proposed fan 
location. The Forest Service System roads are expected to experience sound level impacts up 
to 74 dBA, the highest decibel recording within 100 m of the operational fan. 

Forest Service Road 007 is anticipated to experience the greatest level of impacts near the 
proposed fan location. This road is located 100 m southwest of the proposed fan location and 
will experience sound levels greater than background sound levels (27.6 dBA to 57.9 dBA). 
Sound levels generated 100 m from the operational fan ranged between 52 dBA and 74 dBA, 
and are the expected sound level for portions of Forest Service Road 007 near the proposed 
ventilation fan. Sound reducing mitigation such as an earthen berm surrounding the fan or 
vegetative buffer may greatly reduce sound impacts to Forest Service Road 007. 

Forest Service Road 044 is located 4300 m northeast of the proposed fan site and is s Jafa eClPOliATED 
by less topographic relief than the existing fan. Vegetated foothills are present between the 
road and the proposed fan site. These foothills are expected to reduce sounds created ~RRe 1 9 2018 
operation of the proposed fan. Presently, no sounds associated with the source are discernable 
at Forest Service Road 044. It is likely that the proposed fan will not be discerna'OIEr.fLQl1Dt)1E?-."" , ~A " 
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road. Should the proposed fan be audible from this location, it is anticipated that the sounds will 
be at or near background sound levels (27.6 dBA to 57.9 dBA). 

INCORPORATED 

APR 1 9 2018 



APPENDIX A 
LOCATIONS AND SOUND LEVEL DATA 

APR 1 9 2018 



TETRATECH 
CLIENT SUFCO mine DATE 2008 

JOB TITLE: Greens Hollow Sound Monitorin9 JOB NUMBER 115-8520020032 

SUBJECT: GPS Locations and Sound Level Measurements SHEET: 1 

Easting Northing MAX Sound MIN Sound AVG Sound Time Wind Speed (mph) 

466918 4312025 83 76 80 1350 4 

467011 4312007 58 58 55 1350 4 

467111 4311989 65 59 62 na 0 

467221 4311993 66 55 60 1215 2 

467312 4311964 60 48 54 1209 0 

467410 4311955 57 46 52 1150 2 

467011 4312012 74 70 72 1231 1 

467495 4311881 73 52 62 1213 7 

467939 4312041 61 31 41 1225 5 

468579 4312613 48 29 36 1237 8 

468694 4312966 51 28 32 1245 0 

467555 4312259 73 49 61 1156 9 

467442 4312899 53 28 32 1404 5 

467599 4313382 55 29 38 1353 9 

467439 4313881 55 29 36 1338 5 

468664 4313555 55 28 39 na 0 

470026 4315181 56 28 34 1319 5 

466946 4312071 86 79 82 1015 5 

467306 4312545 65 50 59 1136 9 

467314 4312352 69 52 62 1118 3 

468714 4314501 52 28 31 1303 5 

467013 4312079 74 61 69 1020 0 

467062 4312183 66 51 55 1028 2 

467095 4312286 58 49 53 1038 2 

46.7135 4312385 63 51 5,7 1050 3 

467187 4312463 61 47 52 1103 4 

466903 4312070 83 75 77 1010 3 

467410 4312097 54 42 45 1138 1 

466904 4312032 96 80 87 957 5 

466888 4312030 53 57 55 1330 1 

466022 4311597 47 30 36 820 2 

466175 4311672 63 51 56 850 0 

462366 4308399 47 29 34 821 3 

465102 4315189 54 29 35 951 5 

464987 4315165 54 30 36 948 5 

464900 4315199 54 34 36 945 5 

465632 4314221 46 38 33 936 5 

465147 4313707 70 29 57 926 8 

463821 4313098 58 28 34 915 2 

465416 4315224 55 29 33 955 0 

465519 4315202 57 29 35 1008 1 

465597 4315151 53 28 33 1012 ~ ~,II-' .--, '~"j .' '5-, -, ', ' -. ' 
ii ",t}. '1 ~' \" .1 h f-'; ! t::, D 

465689 4315113 54 28 33 1020 5 

465779 4315068 52 28 32 1024 APR 1 ~ 2018 
465870 4315013 55 28 31 1029 
466389 4314904 54 35 44 na n h,-, J.) I C!! ~ . 

0 

466720 4314496 55 29 39 1433 (·.·.! :5 ;! ;3~ t\:l;:; 1 n:} 
'.' 

467060 4314088 50 33 37 na 0 



FIGURE 1 
GREENS HOLLOW SOUND STUDY MAP 
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This section of the permit application includes descriptions of the premining and proposed 

postmining land use(s). 

Greens Hollow Lease 

Much of the information presented for the permitting of the Greens Hollow Lease (GHL) was 

prepared with a conceptual mine plan assuming full extraction mining, associated subsidence and 

represents maximum impacts in the Bureau of Land Management's Environmental Impact 

Statement (FSEIS). The information in the text represents the permittees accepted obligations and 

commitments, the information provided in appendices from the (FSEIS) unless reference 

specifically is provided as background or baseline for the obligations and commitments within the 

text. The Sitla Muddy Tract/Lease should not be confused with the BLM Muddy Creek Tract/Lease 

of which the Greens Hollow Lease was once a part. 

4.1.1 Environmental Description 

A statement of the conditions and capabilities of the land to be affected by coal mining and 

reclamation operations follows in this section. 

4.1.1.1 Premining Land Use 

The surface lands within the lease and permit areas (except for 640 acres privately owned) are 

owned by the U.S. Government and are either parts of the Fishlake National Forest, the Manti-La 

Sal National Forest or lands administered by the Bureau of Land Management. These lands have 

been inventoried by the respective regulatory agencies who are responsible for the administration 

and use of these government lands. Federal comprehensive land use plans have been prepared 

by the U.S. Forest Service Offices. 

Land Use Map. Plates 4-1 and 4-1 C presents these Federal comprehensive land use plans 

information in the lease and permit areas. Irl 0. 1 , ( IIATED 

4-1 
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Land Capability. The SUFCO Mine area's recreational use (excluding hunting) is approximately 

427 days annually. Most of this use is dispersed among horseback riding, snowmobiling, hiking, 

camping, four wheeling and fuel wood gathering (Billy Dye, Ferron Ranger District; Bob Tuttle, 

Fishlake National Forest). 

The major plant communities in the SUFCO Mine area are identified in Section 3.2.1.1 . 

The pinyon/juniper woodland occurs on steep unstable slopes and is considered unsuitable for 

grazing although it is grazed within the allotment. The vegetation condition within the 

pinyon/juniper woodland type was considered good. Forage production (mainly Indian rice-grass 

and bluebunch wheatgrass) is low. Arnold et. al. (1964), Jameson and Dodd (1964), and Jameson 

(1971) found that as tree canopy increased, understory vegetation decreased. Phillips (1965) 

found that mature stands with a 74 per unit crown canopy produced 96 pounds of forage per acre 

while stands with 1-2 percent cover produced from 418-577 pounds per acre. Lewis et. al. 

(1965-1967) found production values between 40 and 460 pounds per acre in stands sampled. 

Areas where trees had been removed produced as much as 900 pounds per acre. Canopy cover 

of pinyon and juniper in the SUFCO Mine Quitchupah lease area fairly dense and forage production 

in the type would generally be less than 100 Ibs./acre in an average year. Assuming 50 percent 

utilization and 25 Ibs.!animal/day, it would take 15 acres to carry an animal for a month 

(WESTECH, 1978). 

A large part of the flatter upland area is dominated by sagebrushl grassland. The U.S. Forest 

Service (unpublished, 1971) has mapped this area as suitable rangeland with vegetation condition. 

The sagebrush/grassland type within the SUFCO Mine Quitchupah lease area is the most desirable 

type for grazing, producing the most available forage per acre for livestock. It generally has lower 

vegetation condition than other types indicating it receives heavier grazing pressure. Three 

transects established in 1971 by the U.S. Forest Service on the SUFCO Mine Quitchupah lease 

area averaged 1100 Ibs/acre (dry weight). Of this, about 940 Ibs/acre was perennial grasses and 

sedges. The transects established, however, are in areas where shrub coverage is low and forage 

production would probably be lower for most of the sagebrush/grassland typ I here shrUB . T .:D 
coverage is higher. For this type, it would take 2-3 acres to carry an animal for a month

A
. Jbe U.S. 
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Forest Service estimates a carrying capacity of 0.5 animal units per month (AUM) per acre (B. Bass 

personal correspondence, 1979). 

The aspen type is an important producer of forage for big game and domestic stock. A high 

percentage of the production is forbs which makes this type more desirable to big game and sheep. 

Mature aspen with a herbaceous understory in good to excellent condition will produce from 1,000 

to 1,800 Ibs/acre air dry forage (Lewis, 1971). The U.S. Forest Service estimates that in this area, 

aspen type produces 1,000 to. 1,500 Ibs/acre with 0.6 to 0.65 AUM/acre (M. Stubbs personal 

correspondence, 1979). Most of the aspen stands in the SUFCO Mine Quitchupah lease area 

serial with vegetation condition (U.S. Forest Service, unpublished, 1971). 

The ponderosa pine, mountain shrub and coniferous forest types are generally lower forage 

producers although the extent of these types on the study area makes them an important 

component of the grazing system. Portions of these types, especially along the steep canyon 

walls, have been rated unsuitable for grazing and receive little grazing pressure due to limited 

) accessibility to livestock. Areas of these types on more gentle slopes receive heavier grazing as 

indicated by lower vegetation condition. These areas provide some forage for livestock and are 

valuable forage producers for big game. Julander (1955) estimated forage production for mountain 

brush and oak types. He found that the mountain brush type produced 723lbs/acre (green weight) 

of which 11 Ibs/acre were grasses. He found that grasses are preferred forage for cattle and are 

selected as their key forage species. Where grasses were unavailable, however, cattle used forb 

and shrub species resulting in competition with big game species. 

Valley bottoms receive little grazing pressure except in the vicinity of water sources where pressure 

is locally heavy. Valley bottoms are generally narrow and represent limited available forage. Steep 

slopes receive limited grazing pressure from livestock because of the steep inclines and lack of 

water. Flatter mesa tops and rolling terrain receive heavier pressure because of easier movement 

by livestock and more available forage. Grazing pressure is heaviest around water sources in 

these more accessible areas. 

APR 1 9 2018 
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Very little of the SUFCO Mine area is in vegetation communities capable of producing timber 

products. The pinyon/juniper woodland community generally occurs on steep, unstable slopes 

making it undesirable for accessibility. 

The coniferous forest type also occurs on steep slopes and generally in small stands. Economics 

of harvesting these stands would result in a high cost/benefit ratio. Other than very limited 

consumption for posts and poles, this type receives no use in the area as a timber producer. 

Christmas tree cutting, however, is higher in this community type than others in the area. 

The ponderosa pine type is the only vegetation community receiving substantial use for timber 

production. This type generally occurs on flatter sandy sites and is readily accessible. Large, 

mature (250 + years) trees have been harvested on a selective basis. Pine regeneration in cut 

over stands is sparse and mountain mahogany and manzanita appear to be increasing in the 

understory. Within the SUFCO Mine Quitchupah lease area approximately 528 thousand board 

feet (MBF) have been harvested between 1977 and 1978 with average volumes of 1.3 average net 

volume/acre (M. Stubbs personal correspondence, 1979). Quaking aspen stands receive limited 

local pressure for posts and poles. 

The vegetation communities supported in the Pines Tract area and SITLA Muddy Tract area are 

discussed in Chapter 3 of this M&RP. 

Land Use Description. The leased areas lie within the Manti-La Sal and Fishlake National Forests 

and are subject to the Land and Resource Management plans prepared by the agency. These 

plans identify the principle use of the lease areas as rangeland with small areas set aside for timber 

harvesting and as general big game range. Recreation in the lease areas includes camping, 

firewood gathering, hunting, some snowmobiling, and sight seeing from late spring to late fall. 

Yearly recreation use is light, but during deer and elk hunts, use is extremely heavy. 

There are no developed or inventoried recreation campgrounds on the lease areas. The mining 

operation will not impact any of these uses and will preserve the uses into the postmining period. 

4-4 
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The timber on the lease areas are open grown Ponderosa pine. All commercial stands occur on 

the benches. Trees are of low quality because of the poor tree growing site. Cutting is limited to 

older over-matured trees and occurs infrequently. No adverse timber impacts are anticipated. 

The aesthetic value of the area has been categorized by the U.S. Forest Service as follows: 

"The mesa rim and deep canyons can be seen as background from Emery (Dog Valley). They are 

classified as distinctive with variety. Activity from the proposal will not be visually evident from the 

valley. The lease area is seen as middle ground from a few remote spots on the Duncan Mountain 

Road. This scene area is presently classified in Sensitivity Level 2 (Average Sensitivity). The 

visual objective as recommended by the Land Use Plan is 2 (Modification). This permits activities 

to visually dominate the characteristic landscape. Very few people visit the area and those that do, 

come for something other than scenic attractions." 

With the inclusion of the Pines Tract into the SUFCO lease and permit areas "changes in the 

existing landscape could include escarpment failures. This is not expected to change the visual 

character of the region." 

A portion of the surface area is grazed by cattle under the Quitchupah Grazing Association 

allotment (Fishlake National Forest). The allotment covers approximately 43, 156 acres, it presently 

supports 813 head of cattle from June 11 through September 30, for a total of 2,981 cow months 

(Bob Tuttle, Fishlake National Forest). 

The Emery allotment (Manti-La Sal Forest) supports 1,300 head of cattle. This allotment is under 

an intensive rest-rotation management system, placing the cattle in the mine area for approximately 

one month a year. Several ranches in Emery County are dependent on the allotment. Structural 

range improvements include one watering trough (spring fed) and two cattle guards on the access 

route into the lease. 

The number of hunters in the Salina Planning Unit increased 122 percent from 1969 to 1972 (U.S. 

Forest Service, 1976). In Deer Unit #43/45 (Salina) 9,383 hunters were recorded afield during the 

1990 hunting season. The Fishlake Elk Herd Unit #14 hosted 4,027 hunter du ifi~L1hy : J~~,q j) 
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season. Additional hunter use information reported by the Utah Division of Wildlife Resources can 

be found in the Utah Big Game Annual Report for 1991 (Appendix 4-1). 

Pines Tract Area 

The existing land uses in the Pines Tract area include: timber production, livestock grazing, wildlife 

habitat, recreation, transportation corridors and underground coal mining (SUFCO Mine). The 

existing land uses not previously discussed are the transportation corridors and underground coal 

mining (SU FCO Mine, Quitchupah Lease). The roads/transportation corridors are generally single

lane native surface forest development roads which are passable during the drier months of the 

year. The forest development roads connect with local roads that access major highways. 

In the late 1970s two Roadless Area Review and Evaluation (RARE) " areas were inventoried. 

Neither area was designated as wilderness, nor were they classified as road less or semi-primitive 

recreation management areas under the Forest Plan in 1986 (Pines Tract Project EIS, 1999). 

The Pines grazing unit is part of the Emery C&H grazing allotment. The Pines unit supports 1,387 

head of cattle during the early grazing season. Eight ponds for livestock and wildlife use have been 

developed in the Pines Tract area (see Chapter 3, Appendix 3-9, Figure 2 - Springs, Seeps and 

Riparian Areas). The Link Canyon troughs and the Joe Mill ponds are the most reliable sources 

of developed water within the tract area. 

The limited amount of perennial water within the analysis area reduces the potential for many 

species of fish to be present. However, Muddy Creek and the lower portion of Box Canyon Creek 

support fish populations. 

The Sevier County Zoning Resolution designates the area as GRF-1. The primary uses designated 

for GRF-1 areas include gravel pits, clay pits, rock quarries, oil and gas wells, mines, mineral 

reduction, processing structures and facilities. There are no oil or gas leases associated with the 

Pines Tract area. 

APR 1 9 2018 
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The existing land uses in the SITLA Muddy Tract area include: timber production, livestock grazing, 

wildlife habitat, recreation, transportation corridors and underground coal mining (SUFCO Mine). 

The roads/transportation corridors are generally single-lane native surface forest development and 

maintenance roads which are passable during the drier months of the year. The roads are 

classified by the Forest as Level 2 roads and generally no restrictions are placed on these roads 

for public use. The Forest does recommend the use of high clearance vehicles for most of the 

roads in the SITLA Muddy Tract area and to avoid use when the road surfaces are wet. However, 

if the permittee is using the roads for other than periodic monitoring, special use permits must be 

obtained from the Forest. Many of the forest development roads connect with local roads that 

access major highways. 

In the late 1970s two Roadless Area Review and Evaluation (RARE) II areas within the SITLA 

Muddy Tract region were inventoried. Neither area was designated as wilderness, nor were they 

classified as road less or semi-primitive recreation management areas under the 1986 Forest Plan 

Revision (Pines Tract Project EIS, 1999). Recent re-inventories (July 2004) of Roadless Areas by 

the Manti LaSal National Forest as part of their Forest Plan Revision to be completed by the end 

of 2006 have included nearly all of the SITLA Muddy Tract as potentially "roadless". This 

designation excludes the existing Forest Development Roads 044, 2033, and 010 that lie within the 

eastern and northern portions of the SITLA Muddy Tract. Only a small segment of land west and 

north of the Main Fork of Box Canyon and western SITLA Muddy Tract boundary, east of Forest 

Road 044, and south of the southern boundary of sections 2,3, and 4 of T 21 S., R 5 E., SLM is 

identified as not being included in the proposed road less area. Currently, the Forest typically 

administers most of the areas identified as having "roadless" characteristics as though the areas 

were officially accepted as roadless. This action is being taken to preserve, where possible, 

unroaded characteristics of portions of the Forest. 

The SITLA Muddy Tract area is part of the Emery C&H grazing allotment. The SITLA Muddy Tract 

unit supports 1,387 head of cattle during the early grazing season. Three ponds for livestock and 

wildlife use have been developed in the SITLA Muddy Tract area. The limited amount of perennial 

III j, .... 0"'" •. ~ 
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water within the analysis area reduces the potential for many species of fish to be present. 

However, Muddy Creek and the lower portion of Box Canyon Creek support fish populations. 

There are no oil or gas leases associated with the SITLA Muddy Tract area. 

3 Right 4 East Panel(s) 

In the area of the Quitchupah lease two major cultural resource surveys were competed, one in 

1977 (AERC) and one in 1983 by Centuries Research, Incorporated. The nature of the cultural 

resources found indicates that the area was used very lightly in prehistoric times, and mostly for 

flaking and hunting. 

In 1992 a cultural survey (UT -92-AF-381 f) was performed by AERC on the north canyon rim above 

North Fork Quitchupah Creek. Three sites were identified, one in each of two adjoining sections 

and one straddling the section line of the two. According to SHPO and National Register of Historic' 

Place, these sites have not been listed with the National Register (Beth Karpinski, Archeologist, 

Tetra Tech, December 15, 2016). The sites are north of the 3R4E panel(s), but lie over existing 

mains. 

Cultural and paleontological resources above the 3 Right 4 East panel and within the potential 

subsidence angle-of-drawwill be surveyed and the reported findings will be submitted to the Manti

La Sal Forest Archeologist for processing for clearance. A copy in the reports are located in 

confidential Appendix 4-2. Due to heavier snows in 2016/2017 the survey will be delayed until the 

area can be accessed. Longwall mining of this panel will not be started until the archeological 

clearances have been obtained. 

During the 2017 Class III cultural survey two of the previously recorded sites were re-inventoried, 

one was determined to be eligible (42SV231 0), the other was not eligible (42SV2309). Improved 

GPS equipment has placed the eligible site over the mine entries with the potential for 8" of 

subsidence. "The site does not have any architectural or unique features ... The site is stable with 

no significant impact or threats currently facing it. ..... The observed surface scatter is the result of 

... eroding .. . anchored lee side dune." The recommendation as eligible is due to the "potential for 
I I I r, /'. TED 
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intact buried cultural deposits" (Tetra Tech, June 23, 2017, Appendix 4-2). Two additional sites 

were found and two lOs were located, none of these sites were determined to be eligible during 

this survey. 

Based on reports from local mines the general rarity of significant vertebrate fossil particularly in 

the Castlegate Sandstone supports the lack of potential to expose or damage paleontological 

resources due to escarpment subsidence impacts. (Paleontology Resource Appraisal 2017, 

Appendix 4-2). 

Land uses include mining, firewood collection, livestock grazing, wildlife habitat, watershed, 

exploration and recreation. These uses existed in the early 1900's and would be expected to 

continue without disruption by continued mining in the lease tract. 

Greens Hollow Tract 

The area is not proximate to local communities and the access to the area is time consuming. 

Overall recreational use is light compared to other areas of the Forest, there are no small reservoirs 

or collector roads. Seasonal use begins in May and end following hunting season in October. 

Approximately 24 miles of forest road are used by OHV's 4WD's and conventional vehicles. 

Noise levels vary in the tract area from, recreational vehicles, wood cutting and the mines exhaust 

fan. A noise study was conducted, sound levels ranged from 32. 8 dBA to 70.3 dBA. Higher sound 

level measurement taken at various monitoring locations could be a result of wind gusts. Appendix 

3-15 contains a copy of Sound Study Report prepared by Tetra Tech. 

The majority of the tract falls with the Emery Cattle and Horse Grazing Allotment (9,107 acres) on 

the Manti-La Sal National Forest. A small parcel on the north is on the Ferron Cattle and Horse 

Grazing Allotment (203 acres) also on the Manti-La Sal Forest. On the southern end of are tract 

on the Fishlake National Forest lies the Quitchupah Cattle and Horse Grazing Allotment (1,714 

acres). The limiting factor for the allotments is stock water, spring-fed troughs provide the most 

reliable sources of stock water, with develped stock ponds and natural pond providing a less 

reliable source. Refer to Appendix 4-6 for figure showing range allotments . 
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Livestock grazing, spring development and other water improvements (guzzler, etc), habitat 

improvement, prescribed burns, sage grouse brood rearing habitat, forest service road 

development, mining, recreation timber operations and private land access, dispersed camping and 

hunting, exploration drilling, and geophysical surveys. Underground room and pilling mining at the 

Ricci Mine was done in the area on the north slope of Muddy Creek. 

The tract contains two Inventoried Roadless Areas (IRAs), the Muddy Creek-Nelson Mountain IRA 

is on the Manti and the White Mountain IRA on both the Fishlake and Manti. Five percent of the 

Muddy Creek IRA is in the tract and 10% of the White Mountain IRA is within the tract. The Wildcat 

Knoll IRA (0.6%)is with the the extended analysis area. Activities on the IRAs are 'subject to 

restrictions specified in the USFS 2001 Roadless Rule. 

The Paiute Indian Tribe, Navajo Nation and Ute Indian Tribe were consulted; no sacred sites were 

identified in the course of the tribal consultation (FESEIS). 

Cultural and Historic Resources Information. Cultural resource information and maps 

identifying cultural and historical study areas are located in Appendix 4-2. An intensive cultural 

resource evaluation of five coal exploration well locations has been conducted on the Quitchupah 

Lease by Dr. Richard Hauck of AERC (see Appendix 4-2). As part of this evaluation he also made 

a record search at the State Historic Preservation office and the National Register of Historic 

Places. No sites were found that would be effected by the drilling activity. A ten percent cultural 

resource potential survey was completed by Les Sikle, Forest Archeologist, Manti-La Sal National 

Forest. A copy of his report is included in Appendix 4-2 along with the Utah State Historical 

Society's concurrence letter. 

An intensive cultural resource evaluation of a proposed breakout, substation and power line in the 

Link Canyon Locality conducted by Dr. Richard Hauck of AERC is included in Appendix 4-2. No 

cultural or paleoentological resources were observed within the proposed Link Canyon 

development area during the archaeological survey. 
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A cultural resource evaluation of the Link Canyon Mine portals area in Link Canyon was conducted 

by John Senulis of Senco-Phoenix. A copy of his report is included in Appendix 4-2. The 

conclusion of his evaluation of the portal site was that no cultural or paleoentological resources are 

present. Many of his conclusions were based on work previously performed in the immediate portal 

area and surrounding areas by Dames and Moore, AERC, JBR, and the BLM. 

There are no cemeteries, public parks, historic places, or areas within the boundaries of any units 

of the National System of Trails or the Wild and Scenic Rivers System located in areas to be 

affected by the SUFCO Mine (See Appendix 4-6 for a description). The Applicant agrees, however, 

to notify the regulatory authority and the Utah State Historical Society of previously unidentified 

cultural resources discovered in the course of mining operations. The Applicant also agrees to have 

any such cultural resources evaluated in terms of National Register of Historic Places eligibility 

criteria. Protection of eligible cultural resources will be in accordance with regulatory authority and 

Utah SHPO requirements. The Applicant will also instruct its employees that it is a violation of 

federal and state laws to collect individual artifacts or to otherwise disturb cultural resources. 

150 Acre Incidental Boundary Change 

Cultural and Historic Information. Cultural resource information and maps identifying cultural 

and historical study areas are located in Appendix 4-2. Dr. Richard Hauck of AERC conducted an 

intensive evaluation of the 150 acre IBC. Four new sites were discovered and recorded during the 

evaluation. All the sites are located on or near the east rim of Box Canyon. The sites include two 

significant rock shelters (42SV 2492 and 42SV 2495), a significant ceramic scatter (42SV 2493), 

and a non-significant kill-butchering locus (42SV 2494). 

Site 42 SV 2492 - The site consists of a rock shelter. This site is considered to be a 

significant resource and excellent potential for National Register classification. The site is 

15 meter wide with a sandstone arched roof and is susceptible to surface subsidence. 

Site 42 SV 2493 - The site consists of ceramic scatter occupying an area of 20 to 30 meters 

on the bedrock top at the canyon rim. This site is considered to be a significant resource 
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and has the potential for National Register classification. This site is not considered to be 

at-risk or susceptible to surface subsidence. 

Site 42 SV 2494 - The site consists of a dispersed scatter of debris and lithic tool fragments 

and is situated on the bedrock on the east rim overlooking Box Canyon. This site is not 

considered to be a significant resources and lacks potential for National Register 

classification. 

Site 42 SV 2495 - The site consists of a scatter of debris primarily on the north facing slope 

below the base of a shallow shelter under a sandstone ledge. The site is considered to be 

a significant resource and has limited potential for National Register classification. This site 

is not considered to be at-risk or susceptible to surface subsidence. 

The Applicant agrees, however, to notify the regulatory authority and the Utah State Historical 

Society of previously unidentified cultural resources discovered in _the course of mining operations. 

The Applicant also agrees to have any such cultural resources evaluated in terms of National 

Register of Historic Places eligibility criteria. Protection of eligible cultural resources will be in 

accordance with regulatory authority and Utah SHPO requirements. The Applicant will also instruct 

its employees that it is a violation of federal and state laws to collect individual artifacts or to 

otherwise disturb cultural resources. 

Pines Tract Area 

Cultural and Historic Information. Cultural resource information and maps identifying cultural 

and historical study areas are located in Appendix 4-2. Dr. Richard Hauck of AERC made a record 

search at the State Historic Preservation office, National Register of Historic Places and conducted 

field investigations under state project numbers UT-96-AF-0443f and UT-97-AF-0598f. AERC 

coordinated the research and field investigations with SHPO. 

Information concerning the potential of specific sites as to being either in the subsidence zone or 

out of the zone or being evaluated or unevaluated is contained in the Memorandum of Agreement 

between Federal and State agencies. C -:n ( ~. ""f ED 
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The monitoring, treatment plans and mitigation of the cultural resource sites will be in accordance 

with the Memorandum of Agreement (MOA) 00-MU-11 041 000-017, and any amendment to it, 

between the USFS - Manti-La Sal, USHPO, the Advisory Council on Historic Places, UDOGM, and 

the SUFCO Mine located in Appendix 4-5. 

Sufco intends to undermine portions of the East Fork of Box Canyon beginning in the Fall of 2003 

as they extract coal from the 3LPE and 4LPE longwall panels. This change in the mining plan will 

change the required monitoring schedule in accordance with the Memorandum of Agreement for 

site 42SV2430/ML-3446 - Elusive Peacock which will be undermined under the 3LPE longwall 

panel. In accordance with pages 11-12 of the MOA the required monitoring schedule of this site 

will change from Monitor Schedule A (Sites in areas that will be mined using full-support methods) 

to Monitor Schedule B (Sites in areas which will be mined under and subsided) requiring the 

implementation of additional monitoring of the site. Monitoring results will be provided in DOGM 

Annual Reports. (2003, 2004, 2005, 2006, and indefinitely until movement ceases) 

Historic properties documented in the Pines Tract area include 42SV2424, a sawmill, and site 

42SV2391 a complex of trash scatters. Both sites are considered ineligible for the NRHP. 

The Applicant agrees, however, to notify the regulatory authority and the Utah State Historical 

Preservation Office (SHPO) of previously unidentified cultural resources discovered in the course 

of mining operations. The Applicant also agrees to have any such cultural resources evaluated in 

terms of National Register of Historic Places eligibility criteria. 

Muddy Creek Coal Tract Area 

Cultural and Historic Information. Cultural resource information and maps identifying cultural 

and historical study areas are located in Appendix 4-2. Cirrus Ecological Solutions, LC conducted 

an intensive evaluation of the Muddy Tract Area. Thirty-four sites were documented during the 

evaluation. Refer to Confidential Appendix 4-2, "Muddy Creek Technical Report, Heritage 

Resources". 
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The three sites located in the SITLA Muddy Tract lease area are located on or near the east rim 

of Box Canyon. The sites include two significant lithic scatters (42SV2554 and 42SV2597 ), and 

a non-significant lithic scatter (42SV2594). None of these three sites will be undermined under the 

present mine plan. 

The Applicant agrees, however, to notify the regulatory authority and the Utah State Historical 

Preservation Office (SHPO) of previously unidentified cultural resources discovered in the course 

of mining operations. The Applicant also agrees to have any such cultural resourCes evaluated in 

terms of National Register of Historic Places eligibility criteria. 

Results from USDA Manti-La Sal National Forest, Price Ranger District, Project#ML-02-1 033, Utah 

State Project #U-02-MM-0311f, s, b, p 

Site # Site Type Evaluation (Cirrus Undermined/potential Date Surveyed 

Ecological Solutions, for impact by mining 

LC) 

42SV2584* LS, RS,C Significant No/Not expected 1966(PI 1976) 

42SV2596 LS,RS Non-significant No/Not expected 1966(PI 1976) 

42SV2597 LS Non-significant No/Not expected 1966 

42SV2554 LS Significant No/Not expected 1966 

42SV2492 LS Non-significant No/Not expected 1966 

LS - Lithic Scatter RS- Rock Shelter C-Ceramics 

* Re-recorded on IMACS form, lumped ML#s 2281 and 2282 with this. 

Site 42SV2584 and 42SV2596 lie within the boundary of the SITLA lease expansion (Section 32, 

T 20 S, R 5 E). According to a report prepared for the Manti-La Sal Forest by Cirrus Ecological 

Solutions, LC, site 42SV2584 is considered significant, while 42SV2596 is considered non

significant. In the current Sufco five year mine plan no mining is planned beneath either location 

and they do not lie within the angle-of-draw (Plate 5-10A), therefore no impa~~ i .anU~ipfi ~~/~·l':~) 
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either site. Should the mine plan change where the eligible site could be impacted, the permittee 

will coordinate with DOGM and the USFS prior to mining. 

Sites 42SV2584 and 42SV2596 were reevaluated by USFS archeologist in 2015. On 11/20/15, 

SHPO concurred with the USFS recommendation that site 42SV2584 be determined eligible and 

42SV2596 be determined not eligible. A copy of the SHPO concurrence letter is located in 

Appendix 4-2 (Confidential) of the M&RP. 

West Coal Lease Modification Areas 

Cultural and Historic Information. Cultural resource information and maps identifying cultural 

and historical study areas are located in Appendix 4-2 in the Confidential folder of the M&RP. 

EarthTouch, Inc. conducted an intensive evaluation of the West Coal Lease Modification Areas. 

The results of the cultural resource inventory for the project resulted in the identification of 15 

cultural resource sites, which included three previously recorded sites (42SV1301, 42SV1386 and 

42SV2688), and 12 new sites (42SV3207-3215 and 42SV3246-3248). Overall, the identified 

cultural resource sites consist of small- to moderate-sized lithic scatters and small rock 

shelters/overhangs, some with associated pictographs. Of the 15 sites identified within the West 

Coal Lease Modification Areas, six sites are recommended eligible for the National Register of 

Historic Places. These sites include 42SV3209, 42SV3211, 42SV3212, 42SV3213, 42SV3247 and 

42SV3248 which consist of small rock shelters and rock shelters with pictographs. Site 42SV3209 

will be the only site undermined under the present mine plan. This shelter is more of a terrace 

overhang that extends 6 meters long, with a 1.5 meter overhang or width. 

2RWL Sinkhole -In 2016 an additional cultural resource review/inventory was performed by Tetra 

Tech a consulting firm, for the area of the sinkhole. The inventory included information from the 

Earth Touch report previously mentioned and from other previously prepared reports. A copy of the 

inventory results have been included in Appendix 4-2. Within the inventory area, no cultural 

resources had been recorded. Thus, no impacted were anticipated during the repair of the 

sinkhole. Clearance for the repair of the sinkhole was give by SHPO from documentation prepared 

by Tetra Tech and Jessica Montcalm of the Division of Oil, Gas and Mining. The area of the sink 
I ~ I TED 
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hole is part of the West Lease Modification Area previously permitted in 2011 . An EA prepared 

for the West Lease Modification is located in Appendix 3-13. 

3 Right 4 East - Quitchupah Tract 

In 1989 more than 960 acres of the tract had been surveyed for cultural resources. The survey 

indicated that the area was used lightly in prehistoric times (Environmental Assessment, Coal 

Lease U63214, October 1988). The U.S. Forest Service and State Historic Preservation Officer 

determined that mining induced subsidence wi" have minimal impact on cultural resources 

(UDOGM Environmental Assessmen, October 27, 1989). 

4 Right 4 East - Quitchupah Tract 

In the area of the Quitchupah lease two major cultural resource surveys were completed, one in 

1977 (AERC) and one in 1983 by Centuries Research, Incorporated. The nature of the cultural 

resources found lndicates that the area was used very lightly in prehistoric times, and mostly for 

flaking and hunting (Environmental Assessment, Coal Lease U-63214, October 1988). The U.S. 

Forest Service and State Historic Preservation Officer determined that mining induced subsidence 

wi" have minimal impact on cultural resources (UDOGM Environmental Assessment, October 27, 

1989). 

During the 2017 Paleontology Resource Appraisal of the 4 Right area the Castlegate and Price 

River formations were determined to have little potential for the preservation of vertebrate fossils. 

Based on reports from local mines the general rarity of significant vertebrate fossil particularly in 

the Castlegate Sandstone supports the lack of potential to expose or damage paleontological 

resources due to escarpment subsidence impacts. (Paleontology Resource Appraisal 2017, 

Appendix 4-2). 

Because the Mine has no plans to cause surface disturbance within the project area, a Class "I 

cultural resource inventory was only required by the USFS in areas with a high potential for 

subsidence where cultural resources existed and could be adversely impacted. Historica"y, the 

areas include canyon walls and their associated rims. The inventory was conducted in portions 

of Sections 27 and 34. Two new sites were recorded adjacent to the 4 Right pa e,l in Secti9,n 27"1 
I oJ I II I '" ED 
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(42SV3786 and 42SV3787) neither was considered to be eligible to be listed by SHPO as 

recommended by the USFS. The cultural resource inventory and SHPO concurrence letter 

agreeing with USFS in not listing the new sites are located in Appendix 4-2 (Confidential). Two 

isolated objects were also located in Section 34 during the inventory. There are no known cultural 

and paleontological resources above the 4 Right 4 East panel and within the potential subsidence 

angle-of-draw. 

South Fork of Quitchupah Area of 2R2S Block "A" and 3R2S Block "B" 

Cultural and Historic Information. Cultural resource information and maps identifying cultural 

and historical study areas are located in Appendix 4-2 in the Confidential folder of the M&RP. 

Canyon Environmental conducted an evaluation of the South Fork of Quitchupah in and adjacent 

to the 2R2S Block "A" panel Area. 

The results of the cultural resource inventory for the project resulted in the identification of 4 . 

cultural resource sites, which included one previously recorded site (42SV2690), and 3 new sites 

(42SV3462, 42SV3463 and 42S3464). Overall, the identified cultural resource sites consist of lithic 

scatters and a small rock shelter/overhang. Of the 4 sites identified within the South Fork of 

Quitchupah Area, two sites are recommended eligible for the National Register of Historic Places. 

These sites include 42SV2690 which consists of a lithic scatter and 42SV3464 which consists of 

a lithic scatter associated with a small rock shelter. Both sites will be undermined under the 

present mine plan. This shelter is more of a terrace overhang that measures approximately 1.5 

meters high and 4 meters wide at the opening and extends 1.5 meters beneath the rock to a 

tapered edge. The shelter shows signs of modern disturbance and it appears that some of the fill 

material has been disturbed by minor looting activities. 

A cultural resource investigation plan for the 42SV3464 rock shelter was requested and approved 

between the U.S. Forest Service, Utah State Historic Preservation Office (SHPO), EnviroWest, LLC 

and Canyon Fuel Company, LLC since the shelter appeared to have been disturbed. Testing of 

the rock shelter for significance was conducted by EnviroWest and Fishlake National Forest 

Archaeologist in the fall of 2012. While the site was initially evaluated as being eligible for listing 
i /\1, cC;'::; (:: CI :,U\lL D 
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in the National Register of Historic Places, subsequent testing has found it to be ineligible for listing 

due to disturbance. A copy of the cultural resource investigation testing report and the 

Determination of Significance and Effect form are located in Appendix 4-2 in the Confidential folder 

of the M&RP. No further testing of the 42SV2690 lithic scatter was required. 

South Fork of Quitchupah Canyon - 2013 Inventory (October 2014) 

During July and August 2013 a file search of archeological/cultural resource records and a 

pedestrian inventory of the study area was performed by EnviroWest LLC. The report is located 

in Appendix 4-2, Confidential Folder (2013). During the pedestrian inventory five new cultural 

resource sites were documented, three consisted of lithic scatters located on the bench area and 

two rock shelters in the canyon. The lithic scatters were recommended by EnviroWest LLC as 

ineligible for listing in the National Register of Historic Places (NRHP), whereas the two rock 

shelters were recommended to be eligible for listing in the NRHP. Upon consideration of the 

EnviroWest LLC report recommendations and a mine plan prepared by Sufco showing several 

panels to be mined to the north of 3R2S panel a "Determination of Significance and Effect" was 

prepared by Forest Service Archeologist Charmaine Thompson and signed by SHPO 

representative in 2013 showing a finding of "adverse effect", Appendix 4-2, Confidential (2013) 

Due to a change in Sufco's mine plan and further evaluations by an engineer and geologist it was 

determined the potential for impact to either shelter by subsidence associated with mining was 

unlikely. A drawing included in Appendix 4-2, Tension Cracks(2 South) illustrates the location of 

the shelters in proximity to the 3R2S panel and showed surveyed surface cracks as a result of 

mining in the 2R2S panel. Evaluation of the cracks from past mining(2R2S, Pines) illustrates that 

surface cracking associated with subsidence primarily occurs within the mined panel area and well 

within the anticipated angle of draw of subsidence. Therefore, it is believed that the information 

and maps provided in Appendix 4-2 demonstrate that the two shelters 42SV3550 and 42SV3551 

should not be affected by the mining. 

The additional information was provided to Manti-La Sal Forest Service Archeologist Charmaine 

Thompson. During a second review of the information pertaining to mining activities in relation to 

the two shelters (Forest Service Project - ML-13-1452, Appendix 4-2) and a visit to the study area, 
I I Hl/\TED 
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Ms. Thompson revised her earlier determination to be "no adverse effect" to the shelters listed in 

the report. Ms. Thompson's evaluation letter and determination were forwarded to the Utah State 

Historical Society, with a request for concurrence with the decision of "no adverse effect", 

concurrence was given by Chris Merritt, Senior Preservation Specialist. The documentation of the 

decision and concurrence is located in Confidential Appendix 4-2. 

Greens Hollow Tract 

The first archaeological survey of the tract area occurred in 2008, and additional survey was 

conducted in 2009. Twenty-nine heritage resource inventories (including the two previously 

mentioned) were completed within one mile of the Greens Hollow tract analysis area between 1977 

and 2009. Twenty-seven were in association with mining. Over 1,820 acres have been surveyed 

within the maximum area of potential subsidence. The surveys are highly variable with significanly 

less surveys being performed in the steeper or more rugged terrain. 

To protect the archeological sites, the canyons within the study area were excluded from mining, 

which reduced the archaeological sites to five with only one of the five being recommended as 

eligible for inclusion in the NRHP. Refer to Appendix 4-2 and Confidential Plate 5-10C for 

information associated with the sites .. 

Paleontological resources are expected to exist in the formations within the Green Hollow tract, 

however no surveys have been conducted. The resources are likely to be of the unprotected 

variety according to the "Heritage Resource" report in Appendix 4-2. 

The Greens Hollow Tract Lease area was originally part of the Muddy Creek Tract(not the same 

as the SITLA Muddy Tract), reports and documents referring to the Muddy Creek Tract in this 

chapter text and appendices are applicable to the Greens Hollow Tract. The connection of the two 

tracts is presented in the Final Supplemental environmental Impact Statement for the Greens 

Hollow Federal Coal Lease Tract Section 1.2.6. 

Site specific archeological/paleontological resources studies will be performed on the Greens 

Hollow Lease area as required for surface disturbance associated with mining. TIi~ ~locati~'h ' bfi·"j UJ 
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inventoried cultural sites are shown on drawings within their respective reports contained in 

Appendix 4-2 and Plate 5-10C. Memorandum of Agreement (MOA)between Manti-La Sal Forest 

and Utah State Historic Preservation Officer, Attachment D, Page 7 states "The is one identified 

National Register eligible site within the area of subsidence mining that might be adversely affected 

by subsidence mining. 42SV3224 is on the very edge of this area which make it unlikely that 

mining would occur under it. However, it is in an area with little overburden, which make it more 

likely that if subsidence mining does occur, surface cracking of the kind that could affect the site 

is more likely to occur .......... In general, surface cracks that do not bisect features or buried 

deposits will be considered to have no adverse effect on that site. The results of subsidence that 

will be considered to produce an adverse effect to a given site are cracks through features or 

buried deposits or cracks near features that cause potential new channels for water that would, in 

turn, bisect or otherwise damage features or buried deposits." Since there are several different 

reports for the Greens Hollow area a table has been prepared listing the cultural resource sites 

existing within the lease area and within the estimated subsidence angle of draw. Surface 

construction of a power line and shafts were evaluated in the MOA, EIS and other reports, the 

reports designated mitigation requirements, however the permittee does not currently plan 

construction, road modification or surface disturbance, therefore mitigation obligations are not 

required currently. 

ELIGIBLE - No surface distrubance or road improvement planned (12/2017) 
~ite /SHPO # Brief Description Mitigation/Monitoring / Protection 
42sp504 Scatter Outside, NA 
42sv1484 West Area 
42sv2589 
42sv2586 
42sv2584 
42sv2949 

42sv3224 ** 
42sv3226 
42sv1578/2341 

Notes: 

Scatter and trash 
Scatter w shelter 
Scatter w camp 
Scatter w shelter; ceramics 
Scatter and tools 
Scatter, hearth and tools 
Scatter 
Multicomponent 

NA - Not Applicable/required 

Outside, NA 
Non Subsidence Zone, Outside 
Non Subsidence Zone, Outside, NA 
Non Subsidence Zone, Outside 
Non Subsidence Zone, Outside, NA 
Non Subsidence Zone, Outside, NA 
Non Subsidence Zone, Outside, NA 
Outside, NA 

Outside - outside area of influence by subsidence, no surface disturbance/construction 
Non Subsidence Zone - If any mining, first mining only, no long wall mining 
** - Recommended fo r inclusion in the National Register of Historic Places, however to dat~ ' ! ~6~ r;i l(h:; i' jJ 

included 
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An extended version of this table containing non-eligible NRHP sites is provided in Appendix 4-2 

along with the Cultural Resource Sites Greens Hollow EIS drawing showing the location of both 

eligible and non-eligible sites and the long-wall mine plan. 

Memorandum of Agreement (MOA)between Manti-La Sal Forest and Utah State Historic 

Preservation Officer, Attachment D, Page 7 states "The is one identified National Register eligible 

site within the area of subsidenc;:e mining that might be adversely affected by subsidence mining. 

42SV3224 is on the very edge of this area which make it unlikely that mining would occur under 

it. However, it is in an area with little overburden, which make it more likely that if subsidence 

mining does occur, surface cracking of the kind that could affect the site is more likely to occur. 

...... ... In general, surface cracks that do not bisect features or buried deposits will be considered 

to have no adverse effect on that site. The results of subsidence that will be considered to produce 

an adverse effect to a given site are cracks through features or buried deposits or cracks near 

features that cause potential new channels for water that would, in turn, bisect or otherwise 

damage features or buried deposits." Site 42SV3224 is not within the Greens Hollow Lease (UTU-

84102), it is located within Lease U-63214. 

The following steps/requirements apply only to sites 42SV3224, 42SV2584 and 42SV2589 listed 

in Appendix D, Step 1 of the MOA as quoted below and to no other archeological sites: "The 

following steps will be done to establish the presence or absence of potential effects to sites from 

subsidence mining. These are based on the nature of the known sites and on the types of 

subsidence effects that have been noted in nearby areas of existing subsidence mining (particularly 

in The Pines Tract). These will be done within the context of the same research design used to 

guide treatment of sites within the road right of way that has been reviewed by the Utah SHPO and 

interested Tribes. 

1) Create detailed, base-line maps and photographic records of 42SV3224, 42SV2584 and 

42SV2589 before subsidence mining begins. The goal of this documentation is to establish 

the presence of natural rills and other natural surface features that might be mistaken for 

surface cracks resulting from subsidence. These maps would include any features (such 

as hearths) that might be adversely affected by any cracking near or through those features 

and provide a more detailed record of the location and nature of surface attij$'ct$: t~~t1iP. '<;>;n.T t" U 
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2) Monitor each site once a year while mining is occurring under the area of those sites. 

3) If surface cracking or buckling is found, each crack will be examined in relationship to the 

existing detailed site map. If surface artifacts are found to be missing or displaced, this 

will be noted in the monitoring notes. Loss or displacement of documented artifacts will 

be considered to be of no adverse effect to the site. 

4) Each crack will be examined for the presence or absence of subsurface deposits, including 

the use of trowels or shovels to establish clean profiles. These exposed sediments will be 

documented for the presence or absence of buried artifacts, soil stains or features. If no 

such artifacts, deposits, or features are found, than the crack will be considered to be of no 

adverse effect to the site. Damage to such materials by surface cracking will be 

considered an adverse effect and the following steps will be implemented. 

a) All buried artifacts, soil stains, or features found within subsidence cracks will 

be documented using sub-meter GPS units and standard archaeological documentation 

procedures. 

b) Any decision to expand excavation of these features will be guided by the research 

design and may include 1 x 1 meter units that expose more or all of features such as 

hearths. 

c) Once the goals of the research design are reached, excavations of material exposed 

in that particular subsidence crack will cease and the adverse effect of that crack will be 

considered to be mitigated. The results of the excavations will then be analyzed and 

reported to SHPO in a report that meets professional standards. 

5) If cracking or buckling that resulted from subsidence mining is found at any of the rock 

shelters at sites 42SV2584 and 42SV2589, then this will be considered an adverse effect 

that requires additional consultation with the Utah SHPO and interested Tribes and 

amendment of this agreement as described in Stipulation VIII of the Memorandum of 

Agreement." 

Greens Hollow Federal Coal Lease Tract (UTU-841 02) MOA Stipulation VIII: "8) A monitoring plan 

will be developed that monitors potential project effects at sites within the project area and 

immediately adjacent to roads that area improved as a result of the project. This plan will meet four 

goals. The first is to have archaeologists on scene during initial layout of the south vent shaft 

construction footprint in order to ensure full avoidance of sites 42SV2949 and 42SV3224. The 
! f\! r; r~, '"0' ,~. ~ " .. f"( ", "1" ,-. !") 
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second is to monitor the site within the area of subsidence mining that might be affected by surface 

cracking (42SV3224). The third goal is to monitor area sites for indications of illegal artifact 

collecting and looting. The fourth is to monitoring the two sites containing rock shelter sites with 

the area of no subsidence mining (42SV2584 and 42SV2589) in order to ensure that no effects 

from subsidence occur." 

The MOA for the Greens Hollow Lease lists three sites of concern 42SV3224, 42SV2484 and 

42SV2589. Per the first !?tep: 

"1) Create detailed, base-line maps and photographic records of 42SV3224, 42SV2584 

and 42SV2589 before subsidence mining begins. " 

Site forms prepared for the sites and on files with the Manti-La Sal Forest constitute baseline maps 

and photos for these sites, the first step is considered complete as identified per a e-mail 

communications with Charmaine Thompson, Heritage Program Leader Manti La Sal Forest on 

March 1, 2018. 

When the area below or immediately adjacent to the sites has been mined, the second step will be 

undertaken. Mining will occur beneath 42SV3224 but not under sites 42SV2584 and 42SV2589 

since both are "within the area of no subsidence mining" in accordance with Lease UTU-84102. 

Step 2 if required will be postponed in the winter, until the snow is off the ground. Per the 

aforementioned e-mail communication with Charmaine Thompson, mine personnel will notify 

DOGM and USFS approximately six months from when mining immediately adjacent or beneath 

the three sites is completed. 

The mining adjacent to sites 42SV2584 and 42SV2589 will occur sometime after the year 2025. 

The mining beneath 42SV3224 was completed in February 2018, a site visit will be arranged in 

2018 in accordance with Step 2. Representatives from Sufco mine, DOGM and the Forest Service 

heritage staff will survey the three sites for the effects of subsidence. Once it is established 

whether or not the sites have been affected by subsidence, either the monitoring will cease due to 

no effect or a contract archeologist will be enlisted by the mine to complete a research design, 

complete limited documentation/possible small scale excavation procedures and prepare a report 

of the results of those findings(Steps 3 - 4). Should there be effects of subsidence at sites 

42SV2484 and 42SV2589, the mine with the assistance from the Forest Service archeologist will 

do additional consultation with SHPO, the Tribes and other affected parties as defined at the time 
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of consultation to resolve the effects (Step 5). Once it has been determined that subsidence has 

ceased in the area immediately adjacent to sites 42SV2584 and 42SV2589 and at site 42SV3224 

monitoring indicates "no effect" further monitoring will cease. The inventory forms for these sites 

are located in Appendix 4-2. 

In accordance with previous commitments the rhine has made in previous sections of this M&RP, 

protection of eligible cultural resources will be in accordance with regulatory authority and Utah 

SHPO requirements. The Applicant will also instruct its employees that it is a violation of federal 

and state laws to collect individual artifacts or to otherwise disturb cultural resources. 

The Applicant agrees to notify the regulatory authority and the Utah State Historical Preservation 

Office (SHPO) of previously unidentified cultural resources discovered in the course of mining 

operations. The Applicant also agrees to have any such cultural resources evaluated in terms of 

National Register of Historic Places eligibility criteria. 

4.1.1.2 Previous Mining Activity 

Portions of the mine plan area were mined prior to the filing of this permit application. SUFCO 

Mine began a small operation mining the Upper Hiawatha Coal seam in 1941. There was no 

previous mining activity prior to the 1941 SUFCO operation. 

From 1941 through 1974, the coal was removed by conventional mining techniques. From 1974 

through 1978, both conventional and continuous mining methods were used. From 1978 until 

October 1985, all mining used continuous mining methods. Since October 1985 both continuous 

mining and longwall mining methods have been used. The portion of the seam mined by 

conventional methods was only partially extracted leaving all pillars for support. The majority of the 

mining done has been full extraction. All longwall mining is full extraction. 

The quantity of coal mined prior to this permit application was approximately 37,058,100 tons. The 

earlier workings are shown on Plate 5-1 as an integral part of the mining operation. 

Use of the land preceding mining was primarily grazing. The area also supported limited timbering 

in the Ponderosa stands and hunting. 

COR 
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All uses of the land immediately prior to mining and the capability of the land to support prior 

alternate uses will remain equally available throughout the life of the mine without impact from 

underground mining except on insignificant levels. The infinitesimal effect of underground mining 

on surface use is accounted for as follows: 

1. Isolated facilities in use for duration of the mine, including portal and associated 

buildings, comprise only 48.432 of the 27,605.17 acres under consideration, which 

is too small to adversely affect general land use. 

2. Gradual and even subsidence over most of the lease and permit areas is too 

imperceptible to affect general land use. The ultimate subsidence affect over the 

lease will be "uniform." As a qualification, there probably-will be an uneven arching 

effect on the surface over the full-extraction mining areas during actual mining 

operations which will stabilize in uniform subsidence once the entire area has been 

mined. The total subsidence effect should be minor so as to not affect general land 

use. 

The Applicant intends that the postmining land uses will be consistent with the land use plans 

prepared by the Forest Service. Final reclamation activities such as grading and seeding as 

detailed within this M&RP will be completed in a manner to provide uses of the lands consistent 

with those uses required by the U.S. Forest Service land use plans. Retention of pre-SMCRA 

highwalls is discussed in Section 5.5.3.6. 

The SUFCO Mine lease areas are predominantly U.S. Forest Service land managed under the 

multiple use and sustained yield concepts. Present management emphasizes livestock grazing, 

wildlife, timber and watershed development. 

The land use plans for the lease areas developed by the U.S. Forest Service includes eight 

different management prescriptions (U.S. Forest Service 1986): 
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a. Management prescription MMA. Emphasis is on leaseable minerals development. 

Land surface is to be made available for existing and potential major mineral 

developments. In units where mineral development is pending, renewable resource 

activities strive to be compatible with the management goals of adjacent 

management units. Long-term investments, such as timber planting, generally are 

not made. However, short-term investments, such as range and wildlife 

revegetation projects, may be made on these units. As the developments are 

removed and restoration is completed, these areas may be changed to other 

appropriate management units. 

b. Management prescription TBR. Emphasis is on wood-fiber production and harvest. 

The harvest methods by Forest cover type are single tree and group selection and 

shelterwood in Englemann spruce-subalpine fir, Douglas-fir, ponderosa pine, mixed 

conifers, and clear cutting in aspen. Wildlife habitat diversity may be enhanced by 

vegetative manipulation. Livestock grazing may be permitted. Water yield could 

be altered through vegetation management, as well as decrease evapotranspiration 

and maximize snow retention in small openings on low energy slopes. Dispersed 

recreation opportunities vary between semi-primitive non-motorized and roaded 

natural appearing. 

c. Management prescription RNG. Emphasis is on production offorage and cover for 

domestic livestock and wildlife. Intensive grazing management systems are 

generally favored. Nonstructural restoration practices include a full spectrum of 

treatments such as plowing, seeding, cutting, chaining, burning, spraying with 

herbicides, crushing, pitting, furrowing, and fertilization. Dispersed recreation 

opportunities vary between semi-primitive non-motorized and roaded natural 

appearing. Management activities are evident, but harmonize with the natural 

setting. 

d. Management prescription GWR. Management emphasis is on providing general 

big-game winter range. These are areas wildlife traditionally use. Treatments of 

various types are applied to increase forage production and plant species 

composition. This may include chaining, cutting, prescribed burning, seeding, 
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spraying, planting, and other treatments. Selected browse species are regenerated 

to maintain a variety of age classes. Permanent roads and special uses may be 

permitted. Short-term or temporary roads are obliterated and rehabilitated within 

one year after intended use. Motorized use is managed as appropriate to prevent 

unacceptable stress on big-game animals during the primary use season. 

e. Management prescription 48. Management emphasis is on habitat for 

management indicator species. The goal is to optimize habitat capability, and thus 

numbers of the species. Investments in other compatible resource uses may occur 

but will be secondary to habitat requirements. Recreation and other human 

activities are regulated to favor the needs of the designated species. Roaded

natural recreation opportunities are provided along forest arterial and collector 

roads. Local roads and trails are either open or closed to public motorized travel. 

Management activities may dominate in foreground and middleground , but 

harmonize and blend with the natural setting. 

f . Management prescription 68. Management emphasis is on livestock grazing 

intensive range resource management is applied. Condition is improved through 

use of vegetation and soil restoration practices, improved livestock management, 

and regulation of other resource activities. Dispersed recreational opportunities 

vary between semi-primitive non-motorized and roaded natural. Management 

activities are evident but harmonize and blend with the natural setting. 

g. Management prescription 9F. Management emphasis is on improving watershed 

condition. This will be achieved by protection, seeding, cultural treatment or any 

combination of other methods that will accomplish the objectives. Management 

activities in the foreground, middleground, and background may dominate, but 

should be designed to harmonize and blend with the natural setting to the extent 

possible. Motorized travel is prohibited except for over-snow machines and for 

designated routes. 

h. Management prescription KWR. Management emphasis is on providing key big-

game winter range. These areas are essential to wildlife. Mo~~rlz,E(d y,s~)~J\ T} 
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managed as appropriate to prevent unacceptable stress on big-game animals 

during the primary use season. 

4.1.2.2 Land Owner or Surface Manager Comments 

Surface owner approval of the Applicant's proposed postmining land use will be confirmed by the 

approval of this Mining and Reclamation Plan by the respective Forest Service units for those 

federal lands that they administer. The private landowner comments concerning the postmining 

land use are contained in the UNELCO letter in Appendix 1-1. 

4.1.2.3 Suitability and Capability 

Final fills will not contain excess spoils. 

4.1.3 Performance Standards 

The performance standards for the areas to be reclaimed for postmining land use are contajned 

in this section. 

4.1.3.1 Postmining Land Use 

The proposed postmining land uses will be identical to the premining land uses and the land will 

be capable of supporting such land uses. 

4.1.3.2 Determining Premining Uses of Land 

The Applicant plans for the same postmining land uses as existed before the operation began. 

4.1.3.3 Criteria for Alternative Postmining Land Uses 

No alternative postmining land uses have been planned. 

4.1.4 Alternative Land Use 

No alternative postmining land uses have been planned . 

4.20 Air Quality 

This section includes descriptions of plans to comply with the Clean Air Act and applicable Utah 

or federal statutes and regulations pertaining to air quality standards. 
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4.2.1 Air Quality Standards 

SUFCO Mine's mining activities are being conducted in compliance with the requirements of the 

Clean Air Act and the Utah Air Quality Regulations. 

4.2.2 Compliance Efforts 

The state of air quality control of the SUFCO Mine is generally excellent except the control of 

fugitive dust in the product loadout area. Watering of this area is done in accordance with 

stiputations in the Air Quality Permit. 

a. Access road - The access road is paved and free of mud and potholes. Access to 

the road is limited by the surrounding terrain which leaves it free of carried-on mud 

or dirt by vehicles. Emissions from the access road are minimal. 

b. Service area - Fugitive Emissions. The service area is compact and efficient in size 

and layout. The area in front of the portal and office building as well as the area in 

front of the shop is paved. Traffic to and from the mine is limited by the small 

parking area available (approximately 25 car capacity). Personnel are transported 

to and from the work site by company bus and van pools. Dust emissions caused 

by personnel and mining support operations are minimal in spite of the partially 

unpaved parking area. The SUFCO Mine currently employs approximately 234 

people. Based-on an average round trip of 62 miles per day, 3.0 million miles of 

personal car transportation is saved annually by the use of company transportation. 

This represents an extremely significant limitation of vehicular emissions. 

Fugitive dust emissions from the load out area are moderate. Coal load out 

operations are the source of most of the fugitive dust emissions. Trucks are routed 

near the emergency coal storage area. Because some stored material must be 

loaded with a front end loader, physical separation of the driveway and the storage 

area is not feasible. Trucks encroach upon the coal storage piles resulting in a thin 

layer of pulverized coal dust. This emission source is controlled through regular 

water applications. The area is within the sediment pond collection system. 

c. Coal crushing and conveying - All crushing is conducted in closed areas. The main 
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conveyor belts are covered, as are most lifts and drop points. Fugitive emissions 

observed are extremely low. The low emissions were evidenced even during winds 

of approximately 15 miles per hour. The extremely good dust control in this area 

is attributed to the excellent condition of covers and seals and to the relatively high 

water content of the product. 

d. Truck loading - Loading is primarily accomplished by dropping the product from a 

bin-hopper into the haul trucks. Drop points are well protected from the prevailing 

wind directions. Loading is accomplished almost immediately after the product is 

removed from the mine and the water content of the product is assumed 

responsible for severely limiting dust emissions. Loading of temporarily stored 

material by front end loader results in significantly increased fugitive emissions. 

The limited use of this method of loading allows discounting its overall contribution. 

The operator controls fugitive dust by application of water to areas where needed. An assessment 

of the particulate emissions at the mine site are included as Appendix 4-3. 

Due to the general excellent air quality and the Pines Tract area's high air mixing, cumulative 

impacts on the quality of the ambient air are minimal (Pines Tract Project EIS, 1999). 

Greens Hollow. The are no anticipated impacts to air quality associated with the addition of the 

Greens Hollow Lease or current plans to modify the existing Air Quality Approval Order. Sufco will 

continue to be considered a "Minor Source" by the Utah Department of Environmental Quality and 

the mining of the Greens Hollow Lease is not a significant acid rain source (FSEIS, 2015). The 

demand for coal from the Sufco mine is established, the addition of the coal in the Greens Hollow 

Lease extends the supply of coal for years. Coal production and therefore trucking is intended to 

remain within the limits of the existing Air Quality Approval Order (Review production quantities 

in Section 5.2.3). Should mining changes require a revision, the Air Quality Approval Order will be 

updated at that time. 

4.2.3 Monitoring Program 

The UDOGM does not require an air monitoring program for the SUFCO underground mine at this 

time. The mine currently operates under Division of Air Quality Approval Order DAQE-

4-30 

APR 1 9 2018 

Lh/, cf Oi!, (b.~.; \~~. Mining 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

AN01 06650013-11 SUFCO Mine site dated March 30, 2011 and Small Source Registration DAQE

EN01 06590004-11 Waste Rock Disposal Site dated March 31, 2011 found in Appendix 4-4. 
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MEMORANDUM OF AGREEMENT 

BETWEEN THE MANTI-LA SAL NATIONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATION OFFICER 

REGARDING THE GREENS HOLLOW COAL LEASE TRACT 

WHEREAS the Manti-La Sal National Forest (MLS NF) plans to consent to proposed 
coal leasing by the Bureau of Land Management in the Greens Hollow Coal Lease Tract 
pursuant to the authority of the Mineral Leasing Act of 1920, as amended by the Federal Coal 
Leasing Amendments Act of 1976; and 

WHEREAS the undertaking would consent to coal leasing in the tract under stipulations 
described in Attachment A that protect non-mineral resources within the lease area; and 

WHEREAS, the MLS NF has defined the undertaking's area of potential effect (APE) as 
6,157 acres of Federal coal estate in the Muddy Creek and North Fork Quitchupah Creek 
drainages in central Utah under lands managed by the MLS NF and Fishlake NF and as 
described in Attachment B that are subject to surface subsidence as well as the APE of potential 
ground disturbing actions that include vent shaft and power line construction and road upgrades 
that may also lead to increased illegal artifact collecting in the area; and 

WHEREAS the MLS NF has determined that the undertaking may have an adverse 
effect on archaeological sites 42SV 1484. 42S V 1578/2341 ,42SV2554, 42SV2584, 42SV2586, 
42SV2589, 42SV2597 , 42SV2949, 42SV3224 and 42SV3226, which are eligible for listing in 
the National Register of Historic Places, and has consulted with the Utah Historic Preservation 
Officer (SHPO) pursuant to 36 C.F.R. part 800, of the regulations implementing Section 106 of 
the National Historic Preservation Act (16 U.S.C. § 470f); and 

WHEREAS, the MLS has consulted with the Ute Indian Tribe and Paiute Tribe of Utah 
regarding the effects of the undertaking on historic properties and they have chosen not to sign 
this MOA as concurring parties; and 

WHEREAS, in accordance with 36 C.F .R. ~ 800.6(a)(I), the MLS has notified the 
Advisory Council on Historic Preservation (ACHP) of its adverse effect determination with 
specified documentation and the ACHP has chosen not to participate in the consultation pursuant 
to 36 CFR § 800.6(a)(I)(iii); and 
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NOW, THEREFORE, the MLS NF and the Utah SHPO agree that the undertaking shall 
be implemented in accordance with the following stipulations in order to take into account the 
effect ofthe undertaking on historic properties. 

STIPULATIONS 

The ]\/ILS NF shall ensure that the following measures are carried out: 

\) The MLS will consent to the Greens Hollow Coal Lease only under application of Special 
Stipulations I and 9, which affect cultural resources. These are shown in Attachment A. 

2) Underground mining shall only occur under the areas marked "Area of Subsidence Mining" 
as shown in Attachment B in accordance with Special Stipulation 9. It will not occur near 
the edges of Muddy Creek, Greens Hollow, Cowboy Creek or the North Fork ofQuitchupah 
Creek in the area shown as the "Area of No Subsidence Mining" in Attachment B. This will 
help avoid adverse effects from subsidence at sites 42SV2584, 42SV2586, 42SV2589, 
42SV2949 and 42SV3226. Both 42SV2584 and 42SV2589 contain two rock shelters each. 
This will help ensure that no known rock shelters \vithin the project area will be atfected by 
subsidence. 

3) The layout of the south vent shaft: construction location shall be designed in such a ,vay as to 
avoid an adverse effect to sites 42SV2949 and 42SV3224. These sites both contain intact 
hearths and/or roasting pits and these features will be preserved. 

4) The power line location shall be moved in order to avoid an adverse effect to site 
42SV 1578/2341 from power line construction. This site contains a large rock shelter and 
extensive surface lithic scatter. 

5) All ofthe identified sites that are adjacent to or bisected by proposed upgrades to Forest 
Roads 007 and 044 wi II be upgraded in a way that creates the least direct impacts to those 
sites. These sites are 42SV1484, 42SVI578/2341, 42SV2554, 42SV2597, 42SV2949 and 
42SV3226. All of these sites are open lithic scatters. Attachment C describes a process for 
reducing impacts at these sites and a staged approach to mitigating any adverse effects. 

6) Signs that describe the importance of site protection (and the legal consequences of illegal 
artifact collecting and looting) will be posted in appropriate places within or near the Greens 
Hollow project area. These are intended for both area visitors and construction employees. 
At a minimum, they will be posted near the south vent shaft construction area. 

7) Project construction employees will be given written and verbal information on the 
importance of site protection and the legal consequences of illegal artifact collecting and site 
looting. 

8) A monitoring plan will be developed that monitors potential project effects at sites within the 
project area and immediatcly adjacent to roads that are improved as a result of the project. 
This plan will meet four goals. The first is to h8ve 8rchaeologists on scene during initial 
layout or the south vent shaft construction footprint in order to ensure full avoidance of sites 
42SV2949 and 42SV3224. The second is to monitor the site within the area of subsidence 
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mining that might be affected by surface cracking (42SV3224). The third goal is to monitor 
area sites for indications of illegal artifact collecting and looting. The fourth is to monitor 
the two sites containing rock shelter sites within the area of no subsidence mining 
(42SV2584 and 42SV2589) in order to ensure that no effects from subsidence occur. 

9) Ifany effects to surface features or rock shelters from subsidence are identified at sites 
42SV2949, 42SV3224, 42SV2584 or 42SV2589, than the procedures identified in Appendix 
o wi!! be followed. 

IO)AII of the above mitigation measures shall be identified in the Perm it Application Package, 
which will be completed as part of the mining permitting process within 2- 4 years. This 

document will describe in detail how the coal sold under this lease will be mined. 

II )lnaccordance with Special Stipulation I (Attachment A), the Permit Application Package 

shall be reviewed for any potential effects to cultural resources. If any of these actions 
create an adverse effect to cultural resources not described in these stipulations, then the 
MLS shall amend this agreement as per Stipulation VIII below. 

12)The MLS shall consult with interested Indian Tribes on the potential for mining activities in 
the Permit Application Package to affect cultural resources. In particular, the Ute Indian 
Tribe and Paiute Tribe of Utah both played key roles in resolving the potential adverse 
effects identified under Measures 2 through 5 above. 

l3)The MLS shall continue to invite interested Indian Tribes to participate in the 
implementation of stipulations in this agreement. This includes development of signs and 
written site protection information described in Measure 6 and 7 above and minimizing 
adverse effects to sites as described in Measure 5. 

) IV. DURATION 

This MOA \vill be null and void ifits terms are not carried out within 7 (seven) years from the 
date of its execution. The Prior to such time. the M LS N F may consult with the other signatories 
to reconsider the terms of the MOA and amend it in accordance with Stipulation VIII below. 

V. POST-REVIEW DISCOVERIES 

Ifpotential historic properties are discovered or unanticipated effects on historic properties 
found, the MLS shall implement the discovery plan included as Attachment E ofthis MOA . 

VI. MONITORINGANDREPORTING 

Each year following the execution of this MOA until it expires or is terminated, the MLS shnll 
provide all parties to this MOA and the ACHP ifdesired a summary report detailing work 
undertaken pursuant to its terms. Such report shall include any schedliling changes proposed, any 
problems cncountercd, and any disputes and objections received in the MLS's efforts to carry out 
the terms of this MOA. 
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VII. DISPUTE RESOLUTION 

Should any signatory or concurring party to this MOA object at any time to any actions proposed 
or the manner in which the terms of this MOA are implemented, the MLS shall consult with such 
party to resolve the objection. If the MLS determines that such objection cannot be resolved, the 
MLS will: 

VIII. 

A. Fonvard all documentation relevant to the dispute, including the MLS's proposed 
resolution, to the ACHP. The ACHP shall provide the MLS with its advice on the 
resolution of the objection within thirty (30) days of receiving adequate documentation. 
Prior to reaching a final decision on the dispute, the MLS shall prepare a written response 
that takes into account any timely advice or comments regarding the dispute from the 
ACHP, signatories and concurring parties, and provide them with a copy of this written 
response. The MLS will then proceed according to its final decision. 

B. If the ACHP does not provide its advice regarding the dispute within the thirty (30) 
day time period, the MLS may make a final decision on the dispute and proceed 
accordingly. Prior to reaching such a final decision, the MLS shall prepare a written 
response that takes into account any timely comments regarding the dispute from the 
signatories and concurring parties to the MOA, and provide them and the ACHP with a 
copy of such written response. 

C. The MLS's responsibility to carry out all other actions subject to the terms of this 
MOA that are not the subject of the dispute remain unchanged. 

AMENDMENTS 

This MOA may be amended when such an amendment is agreed to in writing by all 
signatories. The amendment 'vvill be effective on the date a copy signed by all of the 
signatories is filed with the ACHP. 

IX. TERMINATION 

Ifany signatory to this MOA determines that its terms will not or cannot be carried out, 
that party shall immediately consult with the other parties to attempt to develop an 
amendment per Stipulation VIII, above. If within thirty (30) days (or another time period 
agreed to by all signatories) an mnendment cannot be reached, any signatory may 
terminate the MOA upon written notification to the other signatories. 
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Once the MOA is terminated, and prior to work continuing on the undertaking, the MLS 
must either (a) execute an MOA pursuant to 36 CFR § 800.6 or (b) request, take into 
account, and respond to the comments of the ACHP under 36 CFR § 800.7. The MLS 
shall notify the signatories as to the course of action it will pursue. 

Execution ofthis MOA by the MLS and the Utah SHPO and implementation of its terms 
evidence that the MLS has taken into account the effects of this undertaking on historic 
properties and afforded the ACHP an opportunity to comment. 

SIGNATORIES: 

Manti-La Sal National Forest 

, I / (: // 
7 ! / , " 'I . / ( I. 1:. ( -,-v. / Date _ift 1, __ 

Liz Clo1r, Acting Manti-La Sal National Forest Supervisor 
./ 

Utah State Historic Preservation Office 

5 
(,rCCIlS HolloI' F~deral (',,:Ii Lcase Tract (UTl 1-841 (2) rl''1()/\ 

~) 

--< ' ..-'!{/ / / 
--- )----
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MEMORANDUM OF AGREEMENT 

BETWEEN THE MANTI-LA SAL NATIONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATION OFFICER 

REGARDING THE GREENS HOLLOW COAL LEASE TRACT 

ATTACHMENT A 

Special Stipulations 

The following are two of twenty Special Stipulations that will be observed during implementation 
of the Greens Hollow Coal Lease. These are the only stipulations that apply to cultural resources. 
The stipulations apply during the MLS consent to the lease of coal, which is the current project. 
They also apply to any actions included in the Permit Application Package, which specifies how 
each of the surl'ace and subsurface components of the mining plan will be done. This package 
will be finalized in the next 3-5 years and will identify specific design plans used to mine the coal 
that is leased. 

) Federal Regulations 43 CFR 3400 pertaining to Coal Management make provisions for the 
Surface Management Agency (the Federal agency othcr than the Department of Interior ,vho has 
jurisdiction on surface lands) to consent to leasing and to prescribe conditions to insure the use 
and protection of those lands. Allor parts oj' this lease contain lands the surfaccs of which are 
managed by the United States Department 01' Agriculture. Forest Service, Manti-La Sal National 
Forest and Fishlake National Forest. 

Special StipUlation #1 

Before undertaking activities that may disturb the surl'ace of previously undi sturbcd leased lands, 
the Lessee Illay be required to conduct a cultural resource inventory and a paleontological 
appraisal of the areas to be disturbed. These studies shall be conducted by qualified professional 
cultural resolll"ce specialists or qualified paleontologists, [lS appropriate, and a report prepared 
itemi/ing the findings. A plan will then be sublllittcd making recommendations for the protection 
of. or measures to be taken to mitigate impacts for idcntified cultural or paleontological resources. 

Ifcultural resources or paleontological remains (rossils) 01' significant scientilic interest are 
discovered during operations under this lease. the Lessee. prior to disturbance. shall immediately 
bring them to the attcntion of the appropri<ltc authority. Paleontological remains of significant 
scientific interest do not include leaves. fems or dinosaur tracks commonly cndtlow:)) :d"l,Ndg/\TLD 
underground mining operations. 

APR 1 9 2018 
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The cost or conducting the inventory, preparing reports, and carrying out mitigati ng measures 
shall be borne by the Lessee. 

Special Stipulation #9 

Except at locations specifically approved by the Authorized Officer. with the concurrence of the 
Forest Service, underground mining opcrations shall be conducted in such a manner so (IS to 
prevent smf(lce subsidence that would: (1) cause the creation of hazardous conditions such as 
potentia I escarpment failure and landslides, (2) cause damage to existing smface structures, and 
(3) damage or alter the flow of perennial streams. Where the Forest Service specifically approves 
exceptions to the above restrictions on subsidence, the Lessee shall provide specific measures for 
the protection of escarpments, and detennine corrective measmes to assure that hazardous 
conditions (Ire not created. 

I NCO R )':1""- n A·-1~·-.... ~Ul"1, I.:.:U 
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MEMORANDUM OF AGREEMENT 

BETWEEN THE MANTI-LA SAL NATIONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATION OFFICER 

REGARDING THE GREENS HOLLOW COAL LEASE TRACT 

ATTACHMENT B 

Final Decision Map for the 
Greens Hollow Environmental Impact Statement 

Showing Areas of Subsidence Mining and 
No Subsidence Mining 

, 
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Figure 2. Decision Map (Alternative 3). 
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MEMORANDUM Of AGREEMENT 

BETWEEN THE MANTI-LA SAL NATIONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATION OFFICER 

REGARDING THE GREENS HOLLOW COAL LEASE TRACT 

ATTACHMENT C 

Mitigating Potential Advcrs(' Effects to Sites along Roads 

Th.: following steps sl1<111 be taken to avoid or minimize adverse effects to 42SV 1484. 
42SV 1578 2341, 42SV2554, 42SV2597. 42SV2949 and 42SV3226 from upgrading native surl~lce 
Forest Roads 007 and 044 to year-round roads ("ClI' use by construct ion equi pl11ent. A I J orthese 
sites are open lithic scatters that are either hisected by or adjacent to these roads. 

I) Each site shall be considered individually. and strategies to avoid or minimize adverse effects 
wi II be identified in the field by MLS Forest ~ngineers and MLS Heritage Staff and if 
appropriate. the contractors hired by Ark I,and COlllpany to complete the road improvements. 

2) At each site, the following will be considered. Can the road be used safe ly and in an 
envirol1mentally sound \'\ ay by avoiding the f()lIowing actions within the boundari es or the 
site? These actions include. 

( 1 ) Widening the rOlld beyond the existing shoulders: 
(:2) COil structing d ra i nagl~ featu res ur cui verts; 
(3) Cunstructing safely pull-outs; 
(4) Digging into the existing road surface in order to reshape the rond or to improve the 

road substrata: and/or 
(5) Widening 011 the side ()("the road that includes the 1110st extensive cultural deposits. 

3) Ifany 0(" these actions arc necessary. than the following phased steps will be taken to mitigate 
the adverse clfec1s that l11ight I"esult from them. These will be done within the COlltext of a 
research design reviewed and approved by the Utah SHPO and interested Tribes, 
a) Det~likd maps of'the site surface will be prepared and all artifacts and Icatmes will be 

desCl'ibed and documented in l110re detail than is included on the existing site fOl"l11s. This 
i Ill' I udes deta i led exam i natinn of the site deposits exposed in the ex isting road cuts. 

b) Systematic and limited snlllplingof'slIhsurface deposits within the area urerleet from road 
upgrading will 1ollu\\', 

c) Th~ results (:I ' the limited ' UbSlll':3ce s:II11P.ling an~1 the,~\c.tailcd sit~ ~V'l~ in~ wil] ,1(h, n. h£ '''l 
reViewed uSing the research deSIgn. Ifthls data IS suffiCient to Il1ltl~< te...lHd~lc . c -c'l C 19 10.i 

the site, then archaeological data recovery will end. 
APR 1 9 2018 



d) If the results of the limited subsurface sampling and detailed site mapping suggest that 
additional excavations are necessary under the research design. then the limited testing 
units will be expanded into 1 x 1 mckr or larger excavation units. 

e) If the expanded excavation units indicate that additional features or deposits should be 
investigated (according to the research design), then the final phase of data recovery would 
include removal of all topsoil and documentation of all features within the area of effect. 

4) IfallY of the actions proposed in Section II above must occur at unevaluated site 42SV I 031 , 
than the steps described in Section III above will be applied at that site . 

5) The placement of gravel over the top of the existing native surface road without any other 
manipulation of the road surface or shoulders will not be considered an adverse effect on the 
site. 

6) All actions identified to avoid or minimize effects at each site shall be identified in the Permit 
Application Package operating plan. 

APR 1 9 2018 
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MEMORANDUM OF AGREEMENT 

BETWEEN THE MANT[-LA SAL NAT[ONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVAT[ON OFFICER 

REGARD[NG THE GREENS HOLLOW COAL LEASE TRACT 

ATTACHMENT D 

Identifying and Mitigating Potential Unanticipated Effects from Subsidence 

The purpose of this attachment is to address potential elTecls to siles wilhin or near the project area 
from subsidence mining. The project has been designed to minimize the potential for it to 
adversely alTeet sites through subsidence. Nonetheless, this document provides a way of 
elfectively dealing wilh those unanticipaled effects should they arise. 

There is one identified National Register eligihle sile vv'ithin the area of subsidence mining (as 
shmvn in Appendix B) that might be adversely affected by subsidence mining. 42SV3224 is on 
the very edge of this area, which makes it unlikely that it mining would occur under it. However, 
it is in an area vvith littlc overburden, which makes it more likely that if subsidence mining does 
occur, surl~1ce cracking of the kind that could affect the sill' is more likely to occur. 

[n addition. there arc sevcn sitcs within the area of no subsidence mining that is immediate[y 
adjacent to the area of suhsidence mining. A[I of these sites (42SV [566, 42SV2584. 42SV2586, 
42SV2589, 42SV2949, 42SV3224. and 42SV3226) are near lh.~ edges of' escarpments. Two of 
these sitcs (42SV2584 and 42SV2589) also include two rock shellers al each site. Although the 
area 01' no suhsicknce mining was created in part to avoid impacts to these sites. this attachmenl 
identifies ways to verify the lack or such impacts or to nddress the consequences of subsidence 
impacts if those arc identified. 

All of the sites described above are located on or near bedrock with gener~llly shallow surj~lec 
soils. Only 42SV3224 contains a feature that can be identified on the existing sill' surl~lce (a 
sillall hearth or roasting pit). The rock shelters at 42SV2584 and 42SV2589 arc relatively sillall 
and ~h(dl\)\V but contain buried cultuml deposits. Although there (Ire additional sites within the 
area ()f' no suhsidence mining that might possibly be affected by subsidence, these two sites arc 
close to the edges of the escarpments and stand as good proxies for all or the sites which might be 
arrected. 

[n generaL Sllrl~lcC cracks that do not bisect features or buried deposits will be considered to have 
no ad vcrsl' ~rrct:t 011 Lhat ~ it '. The resliits 0 1' slibsid 'nce that will he cons idered to ro<llH':C.1I1 

udvl:rsc c!'/(:c l to <I !.!,i,'cn ~ i( (,; an; cmcks through ti.:,,(urc~ or luried deposils l~ ' (.;mf "lnCnl' 1"0:\I "lre . 

that cause potential new channels for "valeI' that would. in tUIl1. bisect or olherwise damage 
katul'cs or buried deposits. APR 1 9 2018 
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The following steps will be done to est<lblish the presence or absence or potential effects to sites 
from subsidence mining. These are based on the nature of the known sites and on the types or 
subsidence effects that have been noted in nearby areas of existing subsidence mining (particularly 
in The Pines Tract). These will be done \vitilin the context of the same research design used to 
guide treatment of sites within the road right or way that has been reviewed by the Utah SHPO 
and interested Tribes. 

1) Create detailed, base-line maps and photographic records of 42SV3224, 42SV2584 and 
42SV2589 before subsidence mining begins.The goal of this documentation is to establish 
the presence of natural rills and other natural surface features that might be mistaken for 
surfacc cracks resulting from subsidcnce. These maps would include any features (such as 
hearths) that might be adversely affected by any cracking near or through those features and 
provide a more detailed record ofthe location and nature of surface artifacts than is on the 
existing site rOI'l11S. 

2) Monitor each site once a year while mining is occurring under the arca or those sites. 
3) Ifsurface cracking or buckling is round. each crack will be examined in relationship to the 

existing detailed site map. Ifsurf~lce artil~lcts are found to be missing or displaced , this will 
be noted in the monitoring notes. Loss or displacement of documented artifacts will be 
considered to be of no adverse effect to the site. 

4) Each crack will be examined for the presence or absence of subsurh1ce deposits, including the 
use or trowels or shovels to establish clean profiles. These exposed sediments \vill be 
doc ull1cnted for the presence or a bscnce 0 r buried arti nlCts, sui I stai ns or features. Ifno such 
artifacts, deposits , or features are found. than the crack \vill be considered to be or no adverse 
ef'fect to the site. Damage to such materials by surface cracking will be considered an adverse 
erlecl and the rollowing steps will be implemented . 
a) All buried (lrtij~lcts , soil stains, or katures found within subsidcncl' nacks will be 

documented using sub-mcter (IPS units nnd standard archaeological documentation 
procedures. 

b) Any decision to expand excavation orthese features will be guided by the research design 
and may include 1 x 1 meter units that cxpose more or all of features such as hearths. 

c) OnCl' the goals of the research design 81\~ reached, c.xcHvntions of material l'xposed in that 
particular slibsidence crack ,viii cease and the adversc effect or that crack \vill bc 
considered to be mitigated. The results ol'the excavations \\ ill then be analyzed and 
reported to SI-IPO ill a report that meets professional standards. 

5) Ifcracking ur buckling that resulted from subsidence mining is found at any nf'the rock 
shelters at sitcs 42SV2584 and 42SV25S9. then this will be consilkrl:d an adversc dTcct that 
requires lldditinnlll consultation with the lltllh SIIPO and interested Tribes and umcndlllcnt of 
this agreclllcnt a:-; described in Stipulation VIII orthe Memorandum of Agrcemcnt. 
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MEMORANDUM OF AGREEMENT 

BETWEEN THE MANTI-LA SAL NATIONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATION OFFICER 

REGARDING THE GREENS HOLLOW COAL LEASE TRACT 

ATTACHMENT E 

Unanticipated Discove."y Plan 

In accordance with 36 CFR § 800.13(a) and 43 CFR Part 10.4, the Forest Service, through 

consultation with the SHPO, has developed the follO\.ving general plan for dealing with historic 
properties likely to be discovered during activities associated with the Greens Hollow Coal Lease. 
While every effort has been made to locate all historic properties within the area ofpotelltial 
effects (APE) for surface facilities, it is recognized that local geomorphology and past use may be 

of such a nature that obscured buried deposits may be present and that they may be exposed during 
vent shaft construction or road upgrades. 

Archaeological survey and documentation research on the southern end of the Wasatch Plateau on 
the Manti-La Sal National Forest indicate that the following type of properties may be encountered 
during coal lease activities: 

I. Buried Native American artifacts or features that are outside of identified site 
boundaries. 

Upon discovery of buried cultural materials during any kind of construction activity, the following 
sleps should be followed: 

I . Work will cease in the immediate area of the discovery and cultural materials will be 
protected from further disturbance unti I the appropriate mitigation actions are 
detennined. 

2. Within 24 hours. the Project Administrator will notify the District Ranger, who \vill, 

in tum. notify the Forest Archaeologist. 

3 . The Forest Archaeologist \vill assess the significance of the discovery within 48 

hours. If the discovery consists of Nat i ve American cultura I reillai ns. the Forest \vi II 
follow the procedures outlined in steps 4-7, below. rNCORPOR/\TED 
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4. The Forest Archaeologist will notify the SHPO and interested Tribes of the 
discovery and afford the both of them an opportunily to conllllent on the discovery, 
provided that cOlllment can be provided within 48 hours of notification. 

5. The Forest Archaeologist will then implement the following steps to document the 
arlifact or feature: 

a. The location of the artifact or feature will be mapped using sub-meter 
accuracy GPS equipment. 

b. Measured stratigraphic profiles or plan drawings will be prepared to illustrate 

archaeological features and depositional environments and/or to document 
the location of the artifact and/or feature; 

c. All photo documentation will be done using digital methods that meet 
archival quality standards; 

d. All chronologically, technologicall y and functionally diagnostic artifacts will 
be collected and prepared for curation in a federal curation facility; and 

c. Upon completion ofthc monitoring action an analysis and report meeting 
professional standards will be prepared and forwarded to the Utah SHPO. 

INCORPOR! I ED 
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APPENDIX 4-6 

Cultural Resource Documentation 
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CHAPTER 5 

ENGINEERING 
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This chapter provides a discussion of general engineering aspects, an operation plan, a 

reclamation plan, design criteria, and performance standards related to the SUFCO Mine. The 

existing and proposed coal mining and reclamation activities associated with the mine have been 

or w}1I be designed, located, constructed, maintained, and reclaimed in accordance with the 

operation and reclamation plans. 

Greens Hollow Lease 

Much of the information presented for the permitting of the Greens Hollow Lease (GHL) was 

prepared with a conceptual mine plan assuming full extraction mining, associated subsidence and 

represents maximum impacts in the Bureau of Land Management's Environmental Impact 

Statement (FSEIS). The information in the text represents the permittees accepted obligations 

and commitments, the information provided in appendices from the (FSEIS) unless reference 

specifically is provided as background or baseline for the obligations and commitments within the 

text. The Greens Hollow Tract Lease area was originally part of the Muddy Creek Tract, reports 

and documents referring to the Muddy Creek Tract in this chapter text and appendices are 

applicable to the Greens Hollow Tract. The Muddy Creek Tract should not be confused with the 

SITLA Muddy TrCjct. 

5.1.1 General Requirements 

This permit application includes descriptions of the proposed coal mining and reclamation 

operations together with the appropriate maps, plans, and cross sections. Methods and 

calculations utilized to achieve compliance with the design criteria are also presented. 

5.1.2 Certification 

Where required by the regulations, cross sections and maps in this permit application have been 

prepared by or under the direction of, and certified by, qualified registered professional engineers 

or land surveyors. As appropriate, these persons were assisted by experts in the fields of 

hydrology, geology, biology, etc. H\iCC,:';'-(',; ~hL,:C,i 
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Previously Mined Areas. A certified map showing the location of previously mined areas is 

provided as Plate 5-1. 

Surface Facilities. Certified maps and cross sections concerning the disposal of underground 

development waste are provided in this M&RP, Volume 3. A certified map showing the location of 

non-coal (non-waste rock) waste storage, coal storage and loading areas, explosive storage and 

handling facilities, and topsoil stockpiles is provided as Plate 5-2A. An additional topsoil stockpile 

associated with the waste-rock disposal area is located as provided in Volume 3 of this M&RP. 

Locations of sedimentation ponds are noted on Plate 5-2A, 5-28 and in Volume 3 of this M&RP. 

No water treatment facilities exist at the site other than the sewage leach field, sediment basin, and 

sedimentation ponds. 

The following facilities or activities·do not exist or occur within the permit area: 

o Coal preparation plant, 

o Coal cleaning, 

o Coal processing waste banks, dams, or embankments, 

o Disposal of non-coal (non-waste rock) waste other than durable rock-type 
construction materials such as cinder block, and 

o Air pollution control facilities. 

Hence, certified maps or cross sections of these facilities are not provided in this plan. The durable 

rock-type construction materials are disposed of in the waste-rock disposal area together with the 

mine development waste. 

Surface Configurations. Certified maps and cross sections showing the final (post-reclamation) 

surface configuration of the East Spring Canyon disturbed area are provided on Plates 5-3A&8 and 

5-4. Cut and fill volumes for final reclamation are contained in Appendix 2-5. Information regarding 

the final surface configuration of the waste-rock disposal areas is provided in ,vpluP1T},?~:h/iS.rT:r ". 
M&RP. > '. ,' , ) ... 1,1 
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Hydrology. Certified maps and cross sections associated with the hydrology of the SUFCO Mine 

area are provided in Chapter 7. 

Geology. Certified maps and cross sections associated with the geology of the SUFCO Mine area 

are provided in Chapter 6. 

5.1.2.2 Plans and Engineering Designs 

All plans and· engineering designs presented in this M&RP were prepared by or under the direction 

of and certified by a qualified registered professional engineer. 

Excess Spoil. No excess spoil will be generated from the permit area. 

Durable Rock Fills. No durable rock fills will exist in the permit area. 

Coal Mine Waste. The design of the waste-rock facility has been certified by a qualified registered 

professional engineer. 

Impoundments. The only impoundments constructed for the mining and reclamation operation 

consist of sedimentation ponds. Each of these ponds was designed by a professional engineer 

using current, prudent, engineering practices. These designs were certified by a qualified 

registered professional engineer. 

The existing impoundments within the permit area consist of the four structures constructed for 

sediment control purposes. These structures are: 

The concrete sediment trap located near the southern end of the mine yard. 

The primary sedimentation pond located immediately below the fill on which the 
existing mine facilities are constructed. 

• The overflow pond located 800 feet downstream from the primary sedimentation 
pond. 

The sedimentation pond located at the waste rock disposal site. 

5-3 
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All pertinent information regarding these sedimentation ponds is presented in Sections 7.3.2.2 and 

7.4.2.2. 

Primary Roads. The design and construction of the primary road associated with the mine has 

been certified by a professional engineer as meeting the requirements of R645-301-534.200 and 

R645-301-742.420. This certification is presented in Appendix 5-1. 

Variance From Approximate Original Contour. The design for the proposed variance from the 

approximate original contour requirements of R645-301-270 has been certified by a professional 

engineer in conformance with professional standards established to assure the stability, drainage, 

and configuration necessary for the intended postmining use of the site. This certification is 

presented in Appendix 5-2. 

5.1.3 Compliance with MSHA Regulations and MSHA Approvals 

5.1.3.1 Coal Processing Waste Dams and Embankments 

No coal processing waste dams or embankments exist within the permit area. 

5.1.3.2 Impoundments and Sedimentation Ponds 

No impoundments or sedimentation ponds in the permit area meet the size criteria of 30 CFR 

77.216(a). 

5.1.3.3 Underground Development Waste, Coal Processing Waste, 
and Excess Spoil 

No underground development waste, coal processing waste, or excess spoil is disposed of in 

underground mine workings in the permit area. 

5.1.3.4 Refuse Piles 

The waste-rock disposal area has been designed and constructed to meet the requirements of 30 

CFR 77.214 and 30 CFR 77.215. Details of this design are presented in the M&RP I Vol. 3. 

APR 1 9 2018 
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Upon abandonment, each opening to the surface from the underground will be capped, sealed, 

backfilled, or otherwise properly managed in accordance with 30 CFR 75.1771. Details regarding 

final abandonment of mine openings are provided in Section 5.4.2.7. 

5.1.3.6 Discharges to Underground Mines 

No discharges occur from the surface to underground mine workings in the permit area. 

5.1.3.7 Surface Coal Mining and Reclamation Activities 

No surface coal mining and reclamation activities occur in the permit area. 

5.1.3.8 Coal Mine Waste Fires 

If any coal mine waste fires occur within the permit area, these will be reported immediately to 

MSHA and the UDOGM. Immediate remedial action will be taken as deemed necessary by 

SUFCO Mine to protect public health and safety as well as the environment. Following initial 

remedial efforts, a long-term plan will be formulated in discussion with MSHA and the UDOGM to 

extinguish any existing fires and prevent future fires. 

5.1.4 Inspections 

5.1.4.1 Excess Spoil 

Excess spoil is not generated at the SUFCO Mine. 

5.1.4.2 Refuse Piles 

Regular inspections of the waste-rock area will be made during placement and compaction of the 

coal mine refuse materials. These inspections will be made by or under the direction of a 

registered professional engineer experienced in the construction of similar earth and water 

structures. These inspections will occur at least quarterly throughout placement of the waste 

materials and during the following critical periods of the phased construction of the site: 

o Foundation preparation (including removal of organic material and topsoil), 

o Installation of final surface drainage systems, and 
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The frequency of the inspections will be increased if a danger or harm exists to public health and 

safety or to the environment. Inspections will continue until the waste-rock area has been finally 

graded and revegetated. 

A certified report will be submitted by a registered professional engineer to the UDOGM within two 

weeks after each inspection. This report will 'indicate whether or not the waste-rock pile has been 

constructed and maintained as designed and in accordance with the approved plan and the R645 

rules. The report will also include a discussion of any appearances of instability, structural 

weakness, and other hazardous conditions noted during the inspection. A copy of the inspection 

report will be maintained at the mine office. 

5.1.4.3 Impoundments 

Inspections of all sedimentation ponds associated with the SUFCO Mine will be made at least 

quarterly. A report of inspection will be prepared by a qualified individual and submitted to the 

UDOGM within two weeks after each inspection. No other mine-related impoundments exist in the 

permit area. 

New impoundments that may be constructed in the future within the permit area will be inspected 

regularly during construction and upon completion of construction. These inspections will be made 

by or under the direction of a registered professional engineer experienced in the construction of 

similar earth and water structures. Inspections will continue until removal of the structure or release 

of the performance bond. 

All sediment ponds associated with the SUFCO Mine will be inspected annually by a registered 

professional engineer. A certified report will be prepared by a registered professional engineer and 

submitted to the UDOGM within two weeks after each inspection. This report will indicate whether 

or not the impoundment has been constructed and maintained as designed and in accordance with 

the approved plan and the R645 rules. The report will also include a discussion of any 

appearances of instability, structural weakness or other hazardous conditions, dep ffi and eJ~y~~q",ATED 
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of any impounded waters, existing storage capacity, and existing or required monitoring procedures 

and instrumentation, and any other aspects of the structure affecting stability, as noted during the 

inspection. A copy of the inspection report will be maintained at the mine office. 

No impoundments currently exist within the permit area that are subject to 30 CFR 77.216. If 

impoundments subject to 30 CFR 77.216 are constructed in the future, these impoundments will 

be inspected on a weekly basis. These inspections will be performed in accordance with 30 CFR 

77.216-3. 

5.1.5 Reporting and Emergency Procedures 

5.1.5.1 Slides 

If a slide occurs within the permit area that may have a potential adverse effect on the public, 

property, health, safety, or the environment, SUFCO Mine will notify the UDOGM" by the fastest 

available means following discovery of the slide and will comply with any remedial measures 

required by the UDOGM. 

5.1.5.2 Impoundment Hazards 

If any examination or inspection of an impoundment discloses that a potential hazard is associated 

with that impoundment that may have an adverse effect on the public, property, health, safety, or 

the environment, the person who examined the impoundment will promptly inform the UDOGM of 

the finding and of the emergency procedures formulated for public protection and remedial action. 

If adequate procedures cannot be formulated or implemented, the UDOGM will be notified 

immediately. 

5.1.5.3 Temporary Cessation of Operations 

Prior to a temporary cessation of operations within the permit area that will last for a period of 30 

days or more or as soon as it is known that a temporary cessation will extend beyond 30 days, 

SUFCO Mine will submit to the UDOGM a notice of intention to cease or abandon operations. This 

notice will include the following: 

APR 1 9 2018 
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o A statement of the exact number of surface acres and the horizontal and vertical 
extent of subsurface strata which have been affected by mining operations in the 
permit area prior to cessation of operations, 

o A discussion of the extent and kind of reclamation activities which will have been 
accomplished prior to cessation of operations, and 

o An identification of the backfilling, regrading, revegetation, environmental 
monitoring, underground opening closures, and water treatment activities that will 
continue during the temporary cessation. 

During the temporary cessation, SUFCO Mine will support and maintain all surface access 

openings to underground operations. SUFCO Mine will also secure surface facilities in areas in 

which there are no current operations but where future operations are to be resumed under an 

approved permit. 

5.20 Operation Plan 

5.2.1 General 

5.2.1.1 Cross Sections and Maps 

Previously Mined Areas. Plate 5-1 shows the location and extent of known workings of active, 

inactive, or abandoned underground workings, including openings to the surface, within the permit 

and adjacent areas. No previously surface-mined areas exist within the permit area. 

Existing Surface and Subsurface Facilities and Features. Plates 5-2A,2B,2C,2D,2E,2F and 

5-5 depicts the following information: 

o All buildings in and within 1000 feet of the permit area, including an identification of 

the current use of the buildings, 

o The location of surface and subsurface features within, passing through, or passing 

over the permit area, including major electric transmission lines and pipelines (no 

agricultural drainage tile fields exist within the permit area), 

o Each public road located in or within 100 feet of the permit area, 

o The location of the waste-rock disposal area, and I i\! CO H r~ 0 nft.T ED 
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o The location of each sedimentation pond within the permit area (there are no 

permanent water impoundments within the permit area). 

o The location and features of the repaired sinkhole are shown in Appendix 5-13. 

Tipple Building was modified in 2008 to widen the tipple building sump to accommodate the use 

of a larger loader to collect coal fines when the Tipple Building is being cleaned. This allows a 

loader to collect the coal fines from the Tipple Building cleanup and put them on the coal storage 

pile preventing them from being washed through the mine yard. Design and cross sections of the 

Tipple Building Modification are provided on Figures 5-0C and 5-00 (Appendix 5-11). 

To facilitate the separation of rock from coal, a rock chute will be attached to the Tipple Building, 

with a steel girder in a concrete pier (2' X 2' Approx.) atop a spread footing (3' X 3' X l' Approx.) 

providing additional stability. The rock exiting the chute will drop into a rock bin constructed of pre

cast 3'X3'x6' concrete blocks. The· diagrams of the rock chute structure and rock bin are located 

in Appendix 5-11. The location of the rock chute footings and rock bin is used for coal storage, 

preparation and coal loading, making the salvage of topsoil or subsoil unlikely. Excavated material 

not of a quality to be placed in the coal pile will be hauled and placed with the waste rock. 

Landowner, Right-of-Entry, and Public Interest. Plate 5-6 shows the boundaries of lands and 

the names of present owners of record of those lands, both surface and subsurface, included in 

or contiguous to the permit area. SUFCO Mine has a legal right to enter and begin coal mining 

operations on all of the lands within the permit area. 

Coal mining and reclamation operations are conducted within 100 feet of the right-of-way line of 

a public road (except where mine access roads join that right-of-way) at the waste-rock disposal 

area. The measures to be used to ensure that the interests of the public and the affected 

landowners are protected by operations at the waste-rock disposal facility are outlined in the 

M&RP, Volume 3. 

Coal mining and reclamation operations are conducted within 100 feet of the right-of-way line of 
r 

the Link Canyon Road , a public-access dirt road . SUFCO Mine uses a portion of tti is road to' ; l\. fL.' D 
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access the mining operation's electrical system from the Link Canyon Portal. Mining activities are 

conducted within 100 feet of this road during maintenance and operation of the electrical 

substation. The interests of the public and the affected landowners will be protected with respect 

to this road by the following measures: 

o Surface activities will be conducted in a manner that will not block the road, 

o The portal area access road will be gated and the mine portal intake will be 

protected from unauthorized entry by the installation of steel sets and a locked 

chain-link gate. The key for the gate will be kept approximately 25 feet from the 

gate inside the mine. This permits emergency exit from the mine but prevents 

entrance from the outside, 

o During initial construction of the facilities the public will be protected by posting 

warning signs on the road, talking to contractors, and by a temporary chain-link 

fence with warning sign during portal entrance construction when the contractor is 

not on site to prevent entrance to the portal, and 

o Regular inspections of that portion of the road are conducted by mine personnel to 

ensure that erosion does not become a problem. In the event that material damage 

due to erosion as a result of mining activities is discovered on or along the side of 

this road, SUFCO Mine will repair this damage and implement additional runoff

control measures as needed. 

The mine portals enter the ground beneath the East Side USFS Public Stock Trail, a public-access 

dirt road that is constructed on the east side of East Spring Canyon from the bottom of SUFCO 

Mine to the upper plateau. This road has historically been used to herd livestock between grazing 

allotments during seasonal changes. SUFCO Mine also uses portions of this road to access the 

mining operation's electrical and water supply systems. Mining activities are conducted within 100 

feet of this road during maintenance and operation of the electrical substation and water supply 

system (adjacent to the road) and where the portals enter the ground (beneath the road). The 

interests of the public and the affected landowners will be protected with respect to this road by the 

following measures: 
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o No subsidence or caving operations will be conducted to affect any portion of the 

right-of-way of this road within 100 feet of the underground entry system, 

o Surface activities will be conducted in a manner that will not block the road, and 

o Water bars have been constructed on that portion of the road bordering the 

disturbed area adjacent to the mine surface facilities. Regular inspections of that 

portion of the road are conducted by mine personnel to ensure that erosion does 

not become a problem. In the event that material damage due to erosion as a result 

of mining activities is discovered on or along the side of this road, SUFCO Mine will 

repair this damage and implement additional runoff-control measures as needed. 

Subsidence from underground mining operations may affect public-access dirt roads throughout 

the lease and permit areas. As part of the subsidence monitoring program, these roads will be 

regularly inspected. If material damage occurs to these roads as a result of mine subsidence, the 

roads will be repaired by SUFCO Mine. 

Mining Sequence and Planned Subsidence. The mine plan for the SUFCO Mine is presented 

in Plate 5-7 (Upper Hiawatha seam) and Plate 5-8 (Lower Hiawatha seam). These maps show the 

boundaries of all areas proposed to be affected over the estimated total life of the coal mining and 

reclamation operations, including the size, sequence, and timing of mining of subareas to be 

affected beyond the present permit term. No surface disturbances are currently anticipated within 

the permit area beyond that presented in this M&RP. 

Plates 5-7 and 5-8 also shows the location and extent of underground workings in which planned

subsidence mining methods will be used as well as areas where measures will be taken to prevent, 

control, or minimize subsidence and subsidence-related damage. The location of the waste-rock 

disposal area in relation to the underground mine workings, is discussed in Volume 3 of this M&RP. 

Land Surface Configuration. Slope measurements for undisturbed areas adjacent to disturbed 

areas associated with the mine are shown on Plate 5-2A&B. Surface facilities at the site have been 

in existence since 1941 . Pre-mining topographic maps do not exist. Therefore, the slope 
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measurements shown on Plate 5-2A&B are considered generally indicative of original land slopes 

in the vicinity of the mine. 

2RWL Sinkhole - A mitigation plan for the repair of a sinkhole located on Lease U-47080 is located 

in Appendix 5-13. An Environmental Assessment UT-070-08-083 was prepared in January 2009 

for the West Coal Lease Modification for the BLM and Fishlake National Forest where the sinkhole 

is located. A copy of the assessment if located in Appendix 3-13. The sinkhole is with the West 

Lease Modification Areas permitted in 2011. 

The area of the sinkhole was undermined within lease U-47080 in December 2015. The sinkhole 

feature has previously occurred naturally in the area, but this is the first hole to occur during 

longwall mining. It is suspected that mining-related subsidence triggered this collapse into an 

existing cavity within the fault zone close to the surface. Previously, exploration drilling has 

encountered voids that were interpreted as limited zones of open fractures. 

The depth of overburden in the area is 890 feet, at that depth, at mid-panel, subsidence has the 

potential of 5 - 6 feet. The sinkhole was approximately 41' wide, 64' long and 40' deep. It was 

assumed in this case that there was a large open cavity near the surface, that opened when mining 

occurred in 2015. Refer to Section 5.20 for reclamation information. 

Surface Facilities. Plates 5-2A,B,C,D,E,&F and Figure 5-0E shows the locations of the following 

surface facilities: 

o Buildings, utility corridors, and facilities to be used, 

o The area of disturbance at the mine mouth, 

o Coal storage and loading facilities, 

o Non-coal (non-waste rock) storage areas, and 

o 

o 

Explosive storage and handling facilities. 

Portal sites. 
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The remaining area of land to be affected by mining and reclamation operations is at the waste

rock site. The area of land to be affected at the waste-rock site is shown on maps provided in 

Volume 3 of this M&RP. The disturbed areas shown on Plates 5-2A,8,C,D,&E and the waste-rock 

area surface facility maps are the same as the land areas for which a performance bond or other 

guarantee has been posted. 

Locations of topsoil stockpiles are shown on Plates 5-2A, 5-28 and in Volume 3 (Map 2). No coal 

processing waste banks, dams, o~ embankments exist in the permit area. Similarly, no spoil or coal 

preparation waste sites exist in the permit area. Sediment that is periodically removed from the 

sedimentation ponds will be disposed of at the waste-rock disposal site. 

General refuse that is generated on site is stored at the location indicated on Plate 5-2A. This 

waste consists predominantly of old brattice cloth, ventilation tubing, broken timbers, wire, broken 

machinery parts, paper, cardboard, and miscellaneous garbage. This non-hazardous, non-toxic, 

non-coal, non-waste rock refuse is disposed of periodically at the Sevier County Landfill. The 

agreement with the Sevier County Landfill for disposal of this refuse is provided in Appendix 5-3. 

Transportation Facilities. Roads that have been constructed, used, or maintained by SUFCO 

Mine in the permit area for the mining and reclamation operations are shown on Plate 5-2A&8. No 

rail systems or overland conveyor systems (other than the material-handling conveyors in the mine 

yard) are associated with the permit area. Drainage structures associated with the roads are 

presented in Section 7.5.2.2. Cross sections of the roads are provided on Plate 5-9. 

5.2.1.2 Signs and Markers 

Mine and Permit Identification Signs. Mine and permit identification signs have been placed at 

the locations shown on Plates 5-2A,8,D,E,&F. Each identification sign contains the following 

information: 

o Mine name, 

o Company name, 

o Permanent program permit number as obtained from the UDOGM, 
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o Federal Coal Lease numbers pertinent to the operation. 

These signs will be retained and maintained until after the release of all bonds for the permit area. 

Perimeter Markers. Perimeter markers (disturbed area boundary) have been installed at the 

locations shown on Plates 5-2A,B,C,D,E,&F. These markers, consisting of red and yellow steel 

T-posts, delineate the areas affected by surface operations at the mine. Each perimeter marker 

can be seen from the ground connectively from another marker. 

Buffer Zone Markers. Stream buffer zone markers have been placed at the three locations within 

the permit area where surface effects of mining activities approach perennial or intermittent stream 

channels. These locations are as follows: 

o Quitchupah ventilation entries located adjacent to the North Fork of Quitchupah 
Creek in S 1/2 Sec. 29, T. 21 S., R. 5 E. 

o The vicinity of the pump station and leach field near the confluence of East Spring 
Canyon and Quitchupah Creek in S 1/2 Sec. 12, T. 22 S., R. 4 E. 

o The vicinity of the Link Canyon Portal in SW 1/4 NW 1/4 Sec. 26, T. 21 S., R. 5 E. 

Each buffer zone marker has dimensions of 12 inches by 18 inches and is labeled "Stream Buffer 

Zone - No Disturbing Beyond This Point". 

Topsoil Markers. Markers have been placed on all topsoil stockpiles. These markers are labeled 

"Topsoil Storage Area". 

5.2.2 Coal Recovery 

Current mining operations at the SUFCO Mine occur in the Upper Hiawatha Seam. Future mining 

operations are also planned to occur in the Lower Hiawatha Seam. The overall objective of mining 

operations in the lease and permit areas is to maximum coal recovery coupled with safety. Coal 

recovery at the mine has been and will continue to be maximized through the following efforts: 

5-14 

fE 

APR 1 9 2018 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

(Figure 5-0E) 

Mining and Reclamation Plan 
March 2018 

Proposed 300,000 Gallon Fire Water Tank Pad Detail 

(NCORPORATED 

5-15 APR 1 9 2018 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

o Pre-mining analysis of drill-hole data allows estimates to be made of the nature, 

depth, and thickness. of the coal seam and associated partings. Using these data, 

the mine plan and mining methods are evaluated and amended as necessary to 

maximize coal recovery. 

o Experience gained during mining is used to amend future mine plans if coal 

recovery can be increased. 

o The mine converted from an exclusive room-and-pillar extraction method to a 

combination of room-and-pillar" and longwall extraction methods in October 1985. 

As a result of this conversion, coal recovery at the mine increased from 

approximately 75 percent under exclusive room-and-pillar methods to 88 percent 

under the combined room-and-pillar and longwall methods. 

The mine layout has been planned relative·to panels, barriers, and pillars to optimize both coal 

recovery and safety using a combination of longwall and room-and-pillar mining techniques. 

An evaluation of geologic data collected in the southern portion of lease U-28297 indicates that the 

Upper Hiawatha seam in this area contains a paleochannel system and associated parting. The 

parting attains a thickness in excess of 20 feet and occurs in a northeast-southwest trending band 

varying in width from 2,000 feet to 7,500 feet. Because of this parting, most of the southern portion 

of lease U-28297 is deemed unminable from both technological and economic viewpoints. 

Mining is not planned on the extreme east and southeast portions of the Pines Tract Lease UTU-

76195 as a result of poor quality and seam height. A parting located in the middle of the seam, will 

not allow mining to occur at the minimum height without putting quality at unacceptable levels. 

Much of the seam height in these areas is between 4-6 feet. Reserves are also lost to burn in 

these areas as a result of several promontories in the area which allow greater exposure of the 

outcrop to the atmosphere. 
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Mining is not planned on the northern portion of the SITLA Muddy Tract Lease ML 49443-0BA in 

the Upper Hiawatha Seam as a result of a sand channel and seam height that will not allow mining 

to occur. 

The Lower Hiawatha seam will be mined in the northwest portion of the lease area where the 

interburden thickness between the Upper and Lower Hiawatha seams exceeds 30 feet. The mine 

plans are columnized or stacked where both seams are to be extracted. The Duncan seam does 

not contain sufficient minable reserves to warrant mining within the lease area. 

The Duncan seam occurs about 100 to 130 feet above the Upper Hiawatha seam in a small portion 

of lease U-28297. The unsplit area of the Duncan seam is of small extent, probably less than 50 

acres. Federal Lease U-28297 grants Canyon Fuel Company, LLC SUFCO Mine only the right to 

mine the Upper Hiawatha seam. 

The Quitchupah Tract Resource Recovery and Protection Plan (R2P2) for Canyon Fuel Company, 

LLC SUFCO Mine is on file with the Bureau of Land Management. The R2P2 contains detailed 

mine plan and reserve calculations for all of the Quitchupah Tract leases operated by Canyon Fuel 

Company, LLC SUFCO Mine. 

The Pines Tract Resource Recovery and Protection Plan (R2P2) for Canyon Fuel Company, LLC 

SUFCO Mine is on file with the Bureau of Land Management. The R2P2 contains detailed mine 

plan and reserve calculations for the Pines Tract lease operated by Canyon Fuel Company, LLC 

SUFCO Mine. 

The SITLA Muddy Tract Plan of Operations Resource Recovery and Protection Plan (R2P2) for 

Canyon Fuel Company, LLC SUFCO Mine is on file with the State of Utah, School and Institutional 

Trust Lands Administration. The Plan of Operations Resource Recovery and Protection Plan 

(R2P2) contains detailed mine plan and reserve calculations for the SITLA Muddy Tract lease 

operated by Canyon Fuel Company, LLC SUFCO Mine. 
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The Greens Hollow "Plan of Operations" associate with the R2P2 has not been finalized, but once 

completed it will be filed with the BLM. The plan will contain detailed mine plans and reserve 

calculations for the Greens Hollow lease operated by Canyon Fuel Company, LLC SUFCO Mine. 

Reference Stipulation 22, page 5 ( Appendix 1-1) in the Greens Hollow Lease for a discussion of 

requirements associated with mining and the R2P2. 

5.2.3 Mining Methods 

A combination of room-and-~illar and longwall mining methods are used in the SUFCO Mine. The 

use of these two mining methods has been selected to maximize coal recovery and enhance 

production rates within the specific geologic constraints of the lease area. 

Room-and-Pillar Mining. Room-and-pillar mining is conducted at the SUFCO Mine using 

continuous miners for the following purposes: 

o To develop the mains, submains, and panel entries, 

o To extract panels where the cover is 1,500 feet or less, 

o To partially extract coal in areas where surface features require protection, and 

o To extract coal in areas where geological conditions or physical boundaries are not 
suitable for longwall mining. 

Panel development under room-and-pillar mining methods is achieved by driving three panel 

entries from the main entries along side the designated panels. Each mining panel is then 

developed from these entries on the retreat. Pillars within panels that are not required to remain 

in place to protect long-term mine access or surface resources are also extracted upon retreat from 

an area to increase coal recovery. 

Coal is transported from the continuous miner to the belt feeder by electric or diesel haulage units. 

Coal is conveyed out of the panel and on out of the mine by belt conveyors. Diesel-powered, 

rubber-tired tractors and service cars are used to transport personnel and materials from the 

portals to the working faces. 
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Longwall Mining. Longwall mining is used for extraction of large, uniform blocks of coal where 

the panels are more than 2,500 feet in length and where a suitable longwall panel can be laid out. 

Coal thicknesses of up to 14 feet are mined in the SUFCO Mine using longwall methods. In areas 

where coal is thicker than the height capacity of the mining equipment, the unmined coal will be left 

on the bottom of the bed unless economic or safety conditions warrant otherwise. 

The longwall mining system at the SUFCO Mine consists of three basic integrated sub-systems: 

self advancing roof support, shearer, and conveyance. Shield-type roof supports are used. Shield 

supports are generally considered more suitable for mining conditions such as those encountered 

at the SUFCO Mine and are designed for expansion, contraction, advancement, and movement 

in varying thicknesses of coal. 

The longwall shearer at the SU FCO Mine utilizes a double-ended shearer system for efficiency and 

flexibility of operation. Such a system consists of two rotary cutting drums mounted on ranging 

arms which are pivoted to a common body containing the power and drive assemblies. An 

optimum-tip drive speed is associated with each drum-pick configuration and diameter to assure 

minimization of fines in the sheared coal. The conveyance system used in the mine has been 

designed to convey extracted coal along the 540 to 1000 foot faces. 

Anticipated Production. Anticipated annual production of coal from the SUFCO Mine during the 

permit term is a follows: 

2017 - 2021 coal production will range from 5.5 thru 6.3 million tons 

Major Equipment. Major equipment in use at the SUFCO Mine is listed in Table 5-1. The same 

type of equipment or equivalent is expected to be used in the future. 
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Mining and reclamation activities at the SUFCO Mine generally does not require the use of blasting 

or explosives on the surface. Historically the infrequent surface blasting conducted at the SUFCO 

Mine has been for construction projects and for removal of dislodged boulders that roll into the 

surface facility area. These blasts have been under the 5 pound exemption in most cases, and 

have been conducted under the direction of a certified blaster. Any future blasting associated with 

mining and reclamation activities that may be needed will be conducted in accordance with R645-

301-524. All underground blasting activities at the mine are conducted under the direction of a 

MSHA certified blaster. 

TABLE 5-1 
List of Major Equipment 

Type of Machinery Manufacturer Model Number 

Cutting Machine Joy 15RU 

Continuous Miner Joy 12CM-12 

Coal Drills Long-Airdox RDF-24 

Roof Bolters Lee Norse, Fletcher T1-43, HDDR-13 

Roof Bolters Secoma PEC-22M-1 BR-D4 

Shuttle Cars Wagner/Joy MTT-F20-S18, MTT-F17-

145/10SC32 

Front-End Loaders Eimco 913, 915D, 915E 

Front-End Loaders Wagner ST2D 

Feeder Breakers Stamler / McLanahan 14B / HV56 

Feeder Breakers Long-Airdox R11 

Compressors Gardner-Denver 185 CFM 

Rock Dusters MSA 400 

Mantrips Getman / Dodge R62 X PC / RAM 3500 

Longwall Shearer Joy 7LS 

Longwall Shields Joy 960 Ton 

Staqe Loader MTA --- tNcn;::;Ji"..:WiP 1\ f ED 
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SUFCO began operations which caused surface subsidence in June 1976. At that time, continuous 

miners were used to extract coal from pillars which were developed as part of a retreating panel. 

The panels were approximately 650 feet wide and varied in length up to 2,500 feet. The average 

mining height in this initial area of pillar extraction approached 11 feet and the extraction ratio 

averaged about 80 percent. 

The resulting subsidence from the initial retreat mining averaged about 4 feet in plateau areas 

where the overburden was approximately 900 feet thick. In areas where panel boundaries were 

outside the escarpment created by (i.e., not overlain by) the Castlegate Sandstone, subsidence 

increased with the decreasing overburden thickness and the decreasing strength of the overlying 

rock. The maximum subsidence in this first area of pillar extraction was 8.5 feet in an area not 

overlain by the Castlegate Sandstone where the overburden thickness was only about 600 feet. 

Longwall mining was introduced at the SU FCO Mine in October 1985, when a longwall system was 

added. Longwall panels have ranged in width from 540 feet to 1000 feet and up to 17,000 feet in 

length. Mining heights have varied from 8.5 feet to 13.5 feet with the longwall system. 

Subsidence above the longwall panels has historically averaged about 4 feet. Overburden 

thickness above the longwall panels has typically been greater than above the room-and-pillar 

panels. The maximum subsidence caused by longwall mining to date has been 7 feet. 

Several draw angle surveys have been performed at the mine over the past fourteen years. These 

surveys have been oriented both parallel and perpendicular to the long axis of the panel. Data 

collected over continuous-miner areas to date indicate that the average draw angle is 15 degrees. 

Individual measurements over continuous-miner areas have ranged from 10 to 21 degrees. New 

longwall draw angle data obtained in 1995 indicates an angle of 15 degrees for the longwall areas. 

Draw angle study completed in 1999 over 13L4E LW panel indicates 15 degrees is valid. Summary 

results of the LW panel studies are shown in Figures 5-0A and 5-0B. 

ORP '''ATE 
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Tension cracks have occurred over most of the subsidence areas. These cracks tend to be most 

pronounced in areas where pillars have been extracted (as compared to areas overlying longwall 

panels). The lengths of the cracks vary from a few feet to nearly 200 feet. Most are oriented either 

parallel to the natural jointing pattern or parallel to the boundaries of the underground excavation. 

Cracks with the longest continuous length appear to be natural joints which have been intensified 

by subsidence action. Vertical displacement along the cracks is uncommon and horizontal 

displacement varies from hairline to several inches in width. Follow-up observations of individual 

tension cracks indicate that the cracks tend to close (either partially or fully) following initial 

development (see Appendix 5-4). 

Monitoring data collected to date indicate that subsidence above the SUFCO Mine occurs rapidly 

after initial movement. Approximately 80 percent of maximum subsidence occurs within about four 

months. The remainder of subsidence occurs slowly over a period of a few years. These 

monitoring data have been ·presented and summarized annually in reports submitted to the 

UDOGM by SUFCO Mine. Refer to Appendix 5-13 for description of 2RWL repaired sinkhole, 

Section 5.2.1.1 and Section 5.4.1.1 provide additional information. 

3 Right 4 East Panel(s) 

Mining of this panel(s) will straddle Leases U-63214 and U-62453 which are referred to as the 

Quitchupah Tract throughout the M&RP in text, appendices and on drawings. Both leases were 

issued to the permittee in 1989, the tract was originally delineated in 1982. The mine plan is 

shown on Plate 5-7, mining will occur only in the Upper Hiawatha coal seam. Overburden is 

approximately 900 feet or more. An environmental assessment was prepared for Lease U-63214 

in 1988 and an EIS for the Quitchupah Tract in 1983, a variety of information from these 

assessments are included in the existing M&RP. 

4 Right 4 East Panel(s) 

Mining of this panel will occur in Lease U-63214 which is referred to as the Quitchupah Tract 

throughout the M&RP in text, appendices and on drawings. This lease was issued to the permittee 

in 1989, the tract was originally delineated in 1982. See Appendix 5-14, Plate 5-6 and Plate 5-7 

for the 4R4E mine plan, lease locations and mine timing respectively. Mining will occur only .1') the 
I .I.J''' 'TED 
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Upper Hiawatha coal seam. Overburden ranges approximately from 300-900 feet. The projected 

subsidence across the 4R4E panel ranges from 1 -5 feet and the projected average subsidence 

is approximately 2 feet. See the 4R4E Projected Subsidence Map in Appendix 6-4. No surface 

disturbance, new surface facilities or infrastructure will be associated with the mining of the 4R4E 

panel therefore no bonding will be needed. 

5.2.5.1 Subsidence Control Plan 

Potential Areas of Subsidence. Structures that are present above the existing or planned mine 

workings that may be affected by mining are shown on Plate 5-5. Renewable resource lands within 

the lease and permit areas are shown on Plates 4-1 A, B, C, 5-10C, 7-2 and 7-3. Two subsidence 

monitoring locations were added in 2017, one west of the Greens Hollow lease(#2251), the second 

is within the Greens Hollow lease (#2250), additional subsidence monitoring locations will be added 

as mining progresses to the north. 

Green Hollow. Various information for the Greens Hollow Lease is located in Appendix 7-27 and 

the renewable resource lands plates listed above. The Greens Hollow area contains troughs, stock 

and natural ponds which may be affected by subsidence. They are shown on drawing in this 

appendix under divider "Natural and Stock Ponds" The area of the Greens Hollow lease is not 

known to contain non-commercial buildings; public buildings and facilities; churches; schools; 

hospitals; occupied residential dwellings or related structures. The Rough Brothers cabin the only 

one known of in the area was demolished in 2016 according the USFS personnel owners of the 

cabin. See "Subsidence Control Measures" for repair and protection commitments and 

"Subsidence Monitoring" commitments below in this section. 

State appropriated water supply locations within the Greens Hollow Lease and adjacent area are 

shown on the Water Rights Plate 7-2. The water rights information is provided in Appendix 7-1. 

The water rights assigned within the Greens Hollow Lease and immediately adjacent belong to the 

USFS. According to water right records no manmade ponds or troughs are assigned state 

appropriated water supplies. Because of stipulations within the lease document, the M&RP and 

the conclusion of the PHC and CHIA is not anticipated that water resources will receive impacted 

and if they are they will be mitigated as discussed in Sections 5.2.5 and 7 .3.1.8. ~: i\J c·. 
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Mining Methods. As noted in Section 5.2.3, both room-and-pillar and longwall mining methods 

are used in the SUFCO Mine. The size, sequence, and timing for the development of the 

underground workings are shown on Plates 5-7 and 5-8. 

Physical Conditions Affecting Subsidence. A detailed description of the physical conditions in 

the lease and permit areas that influence subsidence (i.e., overburden lithology and thickness, coal 

seam thickness, etc.) is provided in Chapter 6. 

Subsidence Control Measures. Most of the land within the lease area will eventually be affected 

by subsidence. Anticipated areas of subsidence and those areas planned for protection from 

subsidence are shown on Plates 5-10& 5-10C. The primary areas where subsidence is not 

anticipated are the areas overlying the pre-1977 workings in Lease SL-062583 shown on Plate 5-1 

(referred to herein as the "Old Mine") and certain lease areas underlying Quitchupah Canyon, Box 

Canyon, and Muddy Creek. 

The "Old Mine" area was mined in such a manner that coal pillars were left for support throughout 

the entire workings. Since these pillars are large enough to support the overburden and further 

mining is not anticipated in these workings, the surface area above the workings should not 

experience any subsidence. 

Where perennial streams are not undermined they will be protected from subsidence by 

establishing stream buffer corridors within the mine from which only limited coal recovery will occur. 

Support pillars will be left in these locations to preclude subsidence. Underground stream buffers 

will only be crossed to the extent necessary to allow access to reserves. This access will consist 

of entries and cross cuts with support pillars. Entries that cross through the underground stream 

buffer corridors with less than 300 feet of cover will be sealed and/or backfilled upon abandonment 

using the best available technology to prevent disturbance of the overlying streams. 
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Protected cultural resource sites will be designed to include a buffer zone to protect the area from 

the effects of subsidence caused by underground full extraction mining. The width of the corridor 

will be calculated as follows: the depth of overburden to the coal seam will first be established. This 

depth will be multiplied by tan 15° to obtain the distance underground mining needs to be away 

from the area to not cause subsidence effects. An additional 25 foot buffer will be added to this 

calculated distance to account for minor irregularities in the course of the stream or cultural 

resource site. 

Surface structures overlying the area to be subsided consist of trails, unimproved dirt roads, 

fences, runoff catchment ponds, and streams. The applicant will repair any subsidence caused 

damage to these or other structures to the extent economically and technically feasible, and will 

comply with R645-301-525.160 and R645-301-525.230. Additional mediation and remedial 

measures are described in Section 5.2.5.2 Subsidence Control. 

Monitoring within the lease area has shown that subsidence rarely exceeds 50 percent of the 

mining height where the overburden thickness is greater than 800 feet. This overburden thickness 

is generally achieved above the rim of the Castlegate Sandstone (see Plates 5-10& 5-10C). 

Topography above the Castlegate Sandstone is gently sloping while that within and below the 

sandstone outcrop contains cliffs and steep slopes. With the exception of the experimental mining 

practice described below, future subsidence is typically planned only for those areas above the rim 

of the Castlegate Sandstone where the overburden thickness exceeds 800 feet. 

Experimental Mining and Subsidence. To protect the environmental resources associated with 

escarpments, SUFCO Mine currently has a general policy of precluding subsidence below the rim 

of the Castlegate Sandstone. This requires that significant quantities of coal remain unrecovered. 

Pillars were extracted from room-and-pillar workings beneath two areas of escarpment. The 

location of these areas is shown on Plate 5-1. These areas involved a 5,OOO-foot section of 

escarpment on Federal lease (SL-062583) in East Spring Canyon (1977-78) and 2,000 feet of 

escarpment on Fee property (1983-88) on the east side of Quitchupah Canyon. The East Spring 
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Canyon escarpment is much less distinct than the Quitchupah Canyon escarpment due to the 

greater depth of Quitchupah Canyon. 

Following pillar removal from the East Spring Canyon area, tension cracks were found around the 

perimeter of the canyon. Most of these cracks followed natural joints which were temporarily 

amplified by subsidence. There were no slope or cliff failures along the entire 5,000 feet of affected 

escarpment. 

A similar pattern of tension cracks occurred above three room-and-pillar panels in Quitchupah 

Canyon. There were no slope failures, but one incidence of cliff spalling occurred. 

Longwall mining was first implemented by SUFCO Mine in 1985 in areas that would not affect the 

escarpments. Observations during the next two years indicated that, unlike room-and-pillar 

extracted areas, subsidence in areas overlying longwall panels did not cause significant tension 

cracking that might result in massive slope failure if the cracking was to occur along the 

escarpments. With this in mind, and with the goal of both SUFCO Mine and the land management 

agencies being to maximize coal recovery while minimizing environmental impacts, an experimental 

project was requested by SUFCO Mine and approved by the UDOGM in 1987 (see Appendix 5-5). 

Under this program, a section of Quitchupah Canyon below the Castlegate Sandstone escarpment 

was included in the planned longwall subsidence zone. The purpose of this project was to 

determine whether or not an escarpment could be undermined by longwall mining with minimal or 

no surface effects. 

Prior to mining in the experimental areas, a raptor survey was conducted of the cliff areas on both 

the west side of Quitchupah Canyon where the mining was to occur and the east side of the canyon 

opposite the mining section. A visual and photographic survey was also performed of the 

experimental area to document pre-mining conditions. Pre-mining subsidence monitoring stations 

were established above the experimental panels to provide future survey control. These stations 

were installed in high and low tension areas around the escarpment and near naturally-eroded 

blocks of sandstone that were standing independent of the cliff face. 
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Three longwall panels were completed in 1987 as part of the project. The area of proposed 

escarpment subsidence (the "Experimental Mining Practice" area) is shown on Plate 5-1. The 

north ends of two of the longwall panels extended beyond the escarpment toward the canyon. The 

third longwall panel was located entirely beyond the cliff beneath the canyon wall. 

To date, monitoring efforts associated with the experimental mining practice have established that 

subsidence has occurred in a predictable manner varying from one foot to seven feet with minimal 

surface disturbance. One of the independent sandstone blocks fell from the escarpment during 

subsidence and a few tension cracks were created along the cliff face. No other visible signs of 

mining were found even though the surface elevations have dropped several feet in some areas 

of the experiment. Monitoring stations have moved horizontally from a few tenths of a foot to nearly 

three feet. Post-mining monitoring of the surface above the longwall panels is continuing. A report 

which describes the experimental project and its results in greater detail has been prepared for 

submittal to the UDOGM. 

Subsidence Monitoring. In 1976 (Le., prior to the onset of subsidence), SUFCO Mine began 

collecting baseline topographic data from the lease area using conventional survey methods. 

The use of conventional survey methods for subsidence monitoring continued until 1985 (Le., at 

the beginning of longwall mining), when the lease area was flown to establish a set of baseline 

photography and a grid of surface elevations. Where possible, elevations were 

photogrammetrically determined from this baseline photography on an approximate 200-foot grid. 

These original horizontal and vertical data, together with the original conventional-survey data, 

serve as the comparative database for determining ground movement in subsequent years. A 

baseline was also established to monitor changes in vegetative cover with the use of color infrared 

aerial photography (CIR). The first baseline was done in 1987 for the existing leases. The 

baseline for the Quitchupah lease was flown in 1988 with CIR. The applicant will follow up with CIR 

coverage of the leases at least every five years. The CIR photographs are stored at the SUFCO 

Mine. CIR photography was taken in 1990, 1995, 1999, 2003 (East Fork Box Canyon only), and 

2004. The next projected CIR flight dates will be in 2008, 2013, and 2018. 
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Additional aerial photography of the lease area is currently obtained on an annual basis. New 

elevations are then determined at each of the previously-selected horizontal coordinates and the 

differences between the original and the new elevation measurements are used to generate a 

subsidence contour map. This map and supporting narrative are submitted annually to the 

UDOGM in the form of a subsidence report. This subsidence report outlines the history of 

subsidence at SUFCO Mine as well as the status of subsidence during the previous year . 

. Numerous control points have been established within the lease area to assist in the subsidence 

surveys (see Plates 5-10& 5-10C). Current (2005) coordinates and elevations of these control 

points are provided in Table 5-2. Additional control points will be added as necessary when 

existing points become influenced by subsidence. Future points will typically consist of 3-foot 

lengths of No.4 rebar embedded in concrete with a stamped brass cap for identification. Since 

geologic and mining uncertainties often force a change in planned mining sequences, future control 

points will be installed only after the mine panels are 'in their development phase. 

All subsidence areas will be monitored and reported in the Annual Subsidence Report for a 

minimum of three years after no additional subsidence is detected within,the area. The applicant 

will map and report areas 3 and 4 in the 1993 Subsidence Report as required by Division Order 

#93A issued May 11, 1993. 

A annual monitoring program was developed to analyze the subsidence cracks related to 

undermining of the West Fork of Box Canyon. Mining in the area in 1999 did produce visible 

fracturing at the surface on both the northwest and southeast walls of the canyon in this area. The 

monitoring program includes measuring the offset and/or width of portions of selected subsidence 

cracks. Similar data will also be collected from specified segments of subsidence cracks that have 

occurred away from the walls of the canyon and do not appear to be influenced by the lack of 

bedrock support created by the canyon. Information gathered from this monitoring program, along 

with previous studies that SUFCO has performed, will be used to predict the effects of subsidence 

within other areas of the Pines Tract and other areas of the 
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This chapter presents a description of the geologic resources in the area of the SUFCO Mine. 

Greens Hollow Lease 

Much of the information presented for the permitting of the Greens Hollow Lease (GHL) was 

prepared with a conceptual mine plan assuming full extraction mining, associated subsidence and 

represents maximum impacts in the Bureau of Land Management's Environmental Impact 

Statement (FSEIS). The information in the text represents the permittees accepted obligations and 

commitments, the information provided in appendices from the (FSEIS) unless reference 

specifically is provided as background or baseline for the obligations and commitments within the 

text. 

6.1.1 General Requirements 

The geologic resources in the SUFCO Mine area are discussed in Sections 6.2.1 through 6.2.7 of 

this chapter. The plans for casing and sealing of exploration holes and for subsidence monitoring 

are addressed in Sections 6.3.1 through 6.3.2. 

6.1.2 Certification 

All maps, plans, and cross-sections presented in this chapter, required by the regulations, have 

been certified by a professional engineer. 
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This section presents a description of the geologic resources in the area of the SUFCO Mine. 

6.2.1 General Requirements 

This section presents the regional and site-specific geologic information for the SUFCO Mine area. 

The site-specific geologic information for the nearby waste rock disposal site is contained in 

Volume 3, Part 2.2. 

6.2.2 Cross Sections, Maps and Plans 

Plate 6-1 presents the surficial geology of the site area, the coal outcrop lines and the strike and 

dip of the coal seam mined. Plate 6-1 also presents the locations of the drillholes in the mine area. 

Elevations are given for the drillholes which were logged and sampled. These logs are presented 

in Appendix 6-1. 

The geologic cross-sections, presented on Plate 6-2, 6-3, 6-4 and 6-5, displays the thickness of 

the coal seams together with their surrounding lithology and the lateral correlation of coal seams 

using the following drillholes, measured underground mine sections, and measured outcrop 

sections. (Figure 6-1 presents the generalized stratigraphic section for the mine area.) 

0 MC-80-16-7 0 CH-83-6 
0 MC-80-17 -8C 0 MC-80-15-6 
0 TP-1 0 TP-4 
0 76-29-Y 0 MC-80-13-5C 
0 2L4E (Underground) 0 WM-82 
0 US-77-5 0 DS-97-2 
0 76-32-J 0 MC-80-2-1C 
0 76-32-1 0 MC-80-12-4 
0 US-79-14 0 MC-80-23-10 
0 2R5E (Underground) 0 TP-3 
0 US-79-17 0 UL-77-2 
0 US-79-10 0 MC-80-26-13C 
0 US-79-8 0 01-7-1 
0 01-8-1 0 01-9-1 
0 MC-80-9-2C 0 MC-80-10-3 f rd r- [. :'; ;-,("'. l.'>~ jl r'-0 
0 MC-80-2-1C Ii v.~~" ",.j I) i ~ - ~._J ~ '1 )'~ r-.:: 
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INTERBEDDED LIGHT GRAY CLAYSTONE AND 

SILTSTONE WITH SPARSE THIN SANDSTONE 

INTERBEDDED GRAY SANDSTONE AND MOITLED 

CLAYSTONE AND SILTSTONE 

LIGHT GRAY, MEDIUM TO COARSE-GRAINED 

MASIVE SANDSTONE, PARTLY CONGLOMERATIC 

MEDIUM GRAY TO BLACK SILTY SHALE AND 

CLAYSTONE WITH INTERBEDDED FINE TO MEDIUM

GRAINED, GRAY MASSIVE SANDSTONE AND GRAY, 

THIN-BEDDED SILTSTONE, COAL SEAMS AT BASE 

DUNCAN COAL SEAM 

LIGHT GRAY, MEDIUM-GRAINED 

MASSIVE SANDSTONE 

MEDIUM-GRAY CLAYSTONE WITH INTERBEDDED 

THIN, LIGHT GRAY, FINE-GRAINED SANDSTONE 

BASE NOT EXPOSED 

FIGURE 6-1. GENERALIZED STRATIGRAPHIC SECTION. 
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Refer to Section 5.2.1.1 for reference to various maps, including those containing topography of 

the 3 Right 4 East panel. Additional geology maps requested by the Manti-La Sal forest geologist 

are located in Appendix 6-4 (Confidential). The maps are of subsidence, geology and overburden 

superimposed over the panel(s) mine plan and cross-sections of longwall panel within the coal 

seam. The information on the geology maps within Appendix 6-4 with the label "Panel 3R4E" are 

specific and more comprehensive than generalized information presented within this chapter. 

4 Right 4 East Panel(s) 

The 4R4E panel is located within Lease U-63214 which is referred to as the Quitchupah Tract. 

This tract is located within the southern region of the Wasatch Plateau which lies with the Basin 

and Range-Colorado Plateau Province. The topography of the tract consists of a flat plateau that 

is deeply dissected by narrow canyons., The coal seams crop out in the southeastern portion of 

the tract along the steep escarpments of Quitchupah Canyon, Dry Fork Canyon, East Fork Canyon 

and Link Canyon, The 4R4E panel is located in Dry Fork Canyon. See Appendix 5-14, Plate 5-6 

and Plate 5-7 for the 4R4E mine plan, lease locations and mine timing respectively. Mining will 

occur only in th Upper Hiawatha coal seam. Overburden ranges approximately from 300-900 feet. 

The projected subsidence across the 4R4E panel ranges from 1-5 feet and the projected average 

subsidence is approximately 2 feet. See the 4R4E Projected Subsidence Map in Appendix 6-4. 

The Applicant has a Resource Recovery and Protection Plan (R2P2) on file with the Bureau of 

Land Management. This R2P2 contains a detailed description of the two mineable coal seams on 

the SUFCO Mine leasehold. The overlying Duncan Seam is not considered mineable (see Section 

5.2.2). 

There is a plugged and abandoned gas well located in Section 23, T21 S, R5E in the Pines Tract. 

No other oil or gas wells are known to exist within a quarter mile of the mine area. No other water 

wells have been drilled in the lease area except those drilled by the applicant for the purpose of 

monitoring the groundwater. 

6.2.3 Geologic Determinations 

The information required by UDOGM to make a determination of the acid or toxic forming 

characteristics of the site strata is presented in Section 6.2.4.3 of this M&RP. 

6-4 
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The information required by UDOGM to make a determination as to whether the reclamation plan, 

described in Section 5.40, can be accomplished is presented in Section 6.2.4. 

The information required to prepare the subsidence control program is addressed in Section 6.2.4. 

6.2.4 Geologic Information 

6.2.4.1 Regional Setting 

The SUFCO Mine is located beneath the Old Woman Plateau, 20 miles east of Salina, Utah. The 

Old Woman Plateau lies in the Wasatch Plateau Subprovince of the Colorado Plateau 

Physiographic Province. 

Stratigraphy. All rock units within the SUFCO Mine property boundaries are sedimentary (Plate 

6-1 and Figure 6-1). No igneous or metamorphic units are found in the area. Most exposed, 

consolidated sedimentary rocks in the area were deposited during the Cretaceous Age of the 

Mesozoic Era. The uppermost North Horn Formation is Upper Cretaceous ·to lower Tertiary 

(Paleocene) in age. The oldest unit is the Upper Cretaceous Masuk Member of the Mancos Shale, 

which is overlain in order of increasingly younger rocks, by the Star Point Sandstone Member of 

the Blackhawk Formation; the Upper Blackhawk Formation, the Castlegate Sandstone, the Price 

River Formation and the overlying North Horn Formation (Figure 6-1). 

Mancos Shale-Masuk Member 

The Masuk Member of the Mancos Shale has been mapped throughout eastern Utah and western 

Colorado. The Masuk Member crops out along the entire eastern edge of the Wasatch Plateau 

and varies in thickness from 300 to 1,300 feet (Davis, and Doelling, 1976). It thins from north to 

south and from east to west. The Masuk is probably 500 to 600 feet thick in the North Fork of 

Quitchupah Canyon on the east side of the mine property. 

The Masuk Member of the Mancos Shale is the lowest rock unit exposed and consists of blue-gray 

fissile claystone or silty claystone which weathers light blue-gray to light tan. The unit contains thin 

calcareous sandy or silty interbeds which increase in frequency toward the top of the unit. The 

interbeds are usually light tan to yellow, and in places their weathering gives the Masuk a light tan 

cast. The Member forms the lower slopes of the Convulsion and North Fork Quitchupah Canyons 

on the south and east sides of the mine property. It forms steep, barren, easily eroded slopes with 

occasional ledges of more resistant fine-grained sandstone, siltstone, or sandy 9\~:xs,toner l 'Cd ';./\f []) 
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Exposures of the Star Point Sandstone form a broad, arcuate band crossing eastern Utah and 

extending into eastern Wyoming, where it is roughly correlative to the Shannon Sandstone of the 

Cody Shale, and into southwestern Colorado and northeastern New Mexico, where its equivalent 

is the Point Lookout Sandstone (McGookey, 1973). The Star Point in Utah is almost continuously 

exposed for about 100 miles along the eastern edge of the Wasatch Plateau (Spieker, 1931). 

The unit ranges in thickness to more than 1,000 feet in the Pleasant Valley area in the northern part 

of the Wasatch Plateau. Eastward, it intertongues and grades with the Mancos Shale until it is 

absent as a unit near Sunnyside in the Bookcliffs. The unit thins southward along the Wasatch 

Plateau, and the lowermost units of the Star Point grade into the underlying Masuk Shale (Spieker, 

1931). Near the SUFCO Mine property, Bucurel (1977) estimates the Star Point to be about 200 

feet thick. The top of the Star Point is nearly planar in the mine area, with the exception of some 

intertonguing with the overlying Blackhawk Formation (Marley, 1980) in Convulsion Canyon, and 

again in the Link Canyon-Muddy Creek area northeast of the SUFCO Mine property. 

The Star Point Sandstone is a tan to gray, fine- to medium-grained, friable, usually well sorted 

sandstone, with minor thin interbeds of siltstone or claystone. In places, the upper few feet are 

bleached white. Marley and Flores (1977) note that the Star Point contains trace fossils, and that 

siltstones and shales in the unit are intensely bioturbated. Marleyet. al. (1979) state that the Star 

Point Sandstone is a coastal complex of distributary channel, delta front, and beach barrier 

sediments. The Star Point Sandstone in the mine area is a massive cliff-forming unit which created 

a nearly unbroken ledge along Convulsion Canyon and North Fork Quitchupah Canyons. 

Blackhawk Formation 

The Blackhawk Formation outcrops from Thousand Lakes Mountain in south central Utah along 

the Wasatch Plateau northward to the Bookcliffs, and eastward along the Bookcliffs to a few miles 

east of Thompson, Utah, in Grand County, where it pinches out. The unit is well exposed along 

the front of the Wasatch Plateau and in the canyons cutting the Plateau. In the mine area, it is well 

exposed in Convulsion and Quitchupah Canyons. The Blackhawk Formation varies in thickness 

from 400 feet, south of John's Peak (Davis, and Doelling, 1976), to 1,750 feet in the Pleasant 

Valley area (Hintze, 1973) with a general thickening from east to west. On the SUFCO Mine 

property the Blackhawk varies in thickness from 700 to 830 feet, generally thickening 

northeastward. 

6-6 
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The Blackhawk Formation consists of interbedded alluvial plain and marginal marine deposits of 

sandstone, siltstone, claystone and coal. Sandstone comprises up to 65 percent of the total 

thickness of the Blackhawk Formation. The fine- to medium-grained sandstones occur as thin to 

massively bedded paleochannel deposits. The paleochannels increase in frequency, thickness, 

and lateral extent upward in the formation. There is also a vertical repetition of erosional scours 

within the upper sandstones (Marley et. aI., 1979). The sandstones grade laterally into siltstones 

and shale. Most of the coal seams in the Blackhawk occur in the lower 200 feet, with the thicker 

coal seams occurring in the lower 150 feet. 

Three coal seams with thickness greater than five feet (the Upper Hiawatha Seam and two others 

of lesser importance; the Lower Hiawatha Seam and the Duncan Seam) are found in the 

Blackhawk Formation within the mine property (Figure 6-1). The Upper Hiawatha Seam is the only 

one of the three which is minable within most of the mine property boundary. This seam has a 

thickness of between 9 and 18 feet over most of the property but thins sufficiently due to a mid

seam parting in the southeastern portion of the property that it becomes unminable. The Lower 

Hiawatha Seam occurs in the interval between the Upper Hiawatha Seam and the Star Point 

Sandstone. It is 2 to 29 feet above the Star Point Sandstone. The interval between the two coal 

seams varies between 5.6 and 70 feet. The Lower Hiawatha Seam is thin and discontinuous, 

varying in thickness from 0 to 17.2 feet. The seam is rendered unminable over much of the 

property due to partings. The Lower Hiawatha seam is only considered to be mineable where the 

interburden between the Upper Hiawatha seam is greater than 30 feet. This condition and a 

sufficient mining height occurs only in the northwest corner of the SUFCO Mine property. 

The third coal seam occurs 100 to 130 feet above the Upper Hiawatha and has been informally 

named the Duncan Seam by the SUFCO Mine. The Duncan seam occurs in a small portion of 

lease U-28297. Because it is of such limited lateral extent, it cannot be correlated with any coal 

seams in areas surrounding the SUFCO Mine property. It has a maximum thickness of ten feet 

and is not mineable because of its limited lateral extent. The unsplit area of the Duncan seam is 

of small extent, probably less than 50 acres. The Duncan zone may correlate with the Muddy coal 

seam which occurs north of the SITLA lease. 

The Upper Member of the Blackhawk Formation generally forms a steep, irregular slope between 

the cliffs of the underlying Star Point Sandstone and the overlying Castlegate Sandstone. Ledges 

of sandstone up to 50 feet thick break the slope. In some exposures, the unit is nearly vertical 

where the Star Point below has sheared off and erosion has not brought the slope\id iequilit)r'i!-!f11{/', rCD 
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In Convulsion and Quitchupah Canyons, there are large areas of coal burn where the coal has 

burned naturally and baked the enveloping clays and sandstones to form a resistant reddish clinker 

layer. These areas are generally steeper than the surrounding slopes. Vegetative cover is 

generally sparse such that the Blackhawk strata can be easily seen except on some north-facing 

slopes where vegetation masks the unit. 

Castlegate Sandstone 

The Castlegate Sandstone extends across the eastern part of Utah, along part of the Bookcliffs and 

the entire length of the Wasatch Plateau (Spieker, 1931) but loses its character as a cliff-former 

south of Interstate Highway 70. It is correlative to the Cliffhouse Sandstone of southwestern 

Colorado and northern New Mexico (McGookey, 1973). In the Wasatch Plateau, its thickness 

varies from 50 to 500 feet (Spieker, 1931). It is thickest in Price River Canyon at the north end of 

the Wasatch Plateau. The Castlegate Sandstone is exposed along the rims of Convulsion and 

North Fork of Quitchupah Canyons. Its thickness varies across the SUFCO Mine property from 

about 120 to 260 feet with a general northwestward thickening. 

The Castlegate Sandstone is a fluvial deposit composed mostly of sandstone, conglomeratic 

) sandstone, pebble conglomerate, and gritstone lenses. There are some thin interbeds of siltstone 

and claystone, especially toward the base of the unit. The member forms much of the surface of 

Old Woman Plateau in the southern part of the mine property, and creates a nearly unbroken cliff 

along the canyons which flank the SUFCO Mine on the south and east. 

Price River Formation 

The Price River Formation is the uppermost member of the Mesa Verde Group and in the vicinity 

of the mine it caps the mesa which forms the Old Woman Plateau. The formation is reported to 

be approximately 550 feet thick in the mine area. 

The Price River Formation consists of gray to white gritty sandstone, interbedded with subordinate 

shale and conglomerate. The formation is resistant to weathering and is a ledge and slope former 

due to interbedding of resistant sandstones with less resistant shales and claystones. 

North Horn Formation 

The North Horn Formation straddles the Cretaceous-Tertiary boundary. The maximum thickness 

of the North Horn within the lease area occurs on Big Ridge where it is estimated to be 

approximately 430 feet thick. A few seasonal springs are found in the North Hor , The Castlegate 
I . - r- freD 
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Sandstone, other beds of the Price River Formation and the North Horn Formation constitute the 

cap rock in this area of the Wasatch Plateau. 

According to Spieker (1931), the North Horn "consists in the central part of the Plateau 

predominantly of vari-colored shale, in which the combinations of various shades of red, purple, 

chocolate-brown, green, and gray are characteristic of the coloring of (correlative) rocks in the 

general region, but it contains many irregular beds of gray, brown, and cream-colored sandstone 

of various texture, and thin beds of fresh-water limestone, chiefly steel-gray and cream colored but 

in places also white, tan, and dark blue-gray. In the southwestern, central-eastern, and northern 

parts of the Plateau the member contains more sandstone. Beds of conglomerate occur in the 

member irregularly both as to horizon and locality." 

Structure. The mine area lies midway between the Joe's Valley-Paradise Fault Zone to the east 

and the Musinia Fault Zone to the west. Rock units in the mine area strike roughly N400E and dip 

1 to 2 degrees (about 250 feet per mile) to the northwest (Plate 6-1). Local dips may range up to 

10 degrees in areas where paleochannels underlying the coal seam cause significant differential 

compaction. Such local structural variations cannot generally be predicted based on drilling due to 

the narrow width and sinuous character of these paleochannels found in the lower Blackhawk 

Formation. 

Small displacement faults (apparent vertical displacement of about three feet or less) and some of 

greater displacement have been encountered and will be encountered as development of the 

SUFCO Mine progresses. These faults most commonly strike approximately N1 0° to 15°W and are 

near vertical. Joints occur parallel and normal to the fault trend. 

Geomorphology. The Old Woman Plateau is a gently rolling plateau which is dissected by canyons 

incised by Quitchupah Creek and its tributaries (Plate 6-1). These canyons are steep-walled and 

adjacent plateau areas are capped by the Castlegate Sandstone. In the southern part of the mine 

area, there are areas on the plateau where the nearly flat-lying bedrock forms the surface of the 

plateau. This structural plain feature is common in the Colorado Plateau. There are also erosional 

remnants above the plateau surface such as Duncan Mountain and Little Duncan Mountain that are 

comprised of the Price River Formation and the North Horn Formation. Range terraces were 

developed on one of the slopes of Little Duncan Mountain during the 1930's. 
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Tension cracks were developed during the 1970's near East Spring Canyon due to subsidence. 

These cracks are now mostly healed at the surface by the soil filling them in. Additional subsidence

related tensions cracks have formed within the Pines Lease. Those occurring in soil have healed 

over time, however, those occurring in the Castlegate Sandstone outcrop are still visible. 

Quitchupah and Box Canyon Creeks are perennial and are supplied by springs and ephemeral 

streams. 

Surface and Groundwater Impact. Surface and groundwater impact are discussed in Chapter 7 

of this M&RP. 

Coal Geology. The coal which is extracted from the SUFCO Mine occurs in the lower portion of 

the Blackhawk Formation of the Mesa Verde Group of rocks of Upper Cretaceous age. Doelling 

(1972) identifies the seam as being the Upper Ivie bed while the SUFCO Mine ,calls it the Upper 

Hiawatha. The Blackhawk is overlain by the Price River Formation, including the Castlegate 

Sandstone, and'is underlain by the Star Point Sandstone, all being me'mbers of the Mesa Verde 

Group. 

The Upper Hiawatha coal seam has quite uniform thickness from southwest to northeast as shown 

in the Cross-Sections (Plates 6-2, 6-3 and 6-4). North and west of section 7, T22S, R5E, the 

thickness is also uniform and averages approximately 15 feet. Drillhole information (Appendix 6-1) 

and Spieker (1931) indicate that the coal thins from Section 7 toward Convulsion Canyon to the 

southeast. Drillhole data show 6.3 feet of coal in Section 7. 

The as-mined quality of the Upper Hiawatha coal seam averages 11,400 BTU, 9.4% ash, 9.5% 

moisture, 38% volatile matter and 44% fixed carbon. 

The Duncan Coal Seam will not be mined as a part of the SUFCO Mine operations because it is 

discontinuous and has insufficient minable reserves. The Lower Hiawatha Coal Seam will only be 

mined in the western portion of the Quitchupah lease because this is the only area where the coal 

is thick enough to mine and there is sufficient interburden between the Upper and Lower Hiawatha 

seams to allow mining. The Lower Hiawatha seam may also occur in minable thickness at the 

northern edge of the SITLA lease but it is not currently under lease (only the Upper Hiawatha seam 

is under lease). 
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Greens Hollow - Both the Upper and Lower Hiawatha occur in the lease, the Lower Hiawatha seam 

has mineable coal thickness throughout the majority of the lease tract and the Upper has mineable 

thickness in a portion of the lease. The interburden between the Lower Hiawatha and the overlying 

Upper Hiawatha is considered too thin to mine both seams. Overburden in the area ranges from 

1,000 to 2,500 feet. The anticipated mining height ranges from approximately 9 to 15 feet. 

The rocks in the Greens Hollow area are sedimentary, with the exposed units being the Blackhawk, 

Castlegate Sandstone, Price River, North Horn and Flagstaff Limestone in ascending order. Refer 

to General Stratigraphy, Figure 1 and Geologic Fence Diagram, Map 2, in the Geology Technical 
. . 

Report found in Appendix 6-54. Subsurface units include Mancos Shale and Star Pont Sandstone. 

Much of the topography exhibits mass movement including landslides, slumps, rock falls, thin 

alluvium in canyon bottoms and incised moderate to deeply eroded stream channels. 

Cross-Sections, Maps and Plans. The cross-sections and maps are discussed in Section 6.2.4 

and are located at the end of this chapter. The applicant request's that this information remain 

confidential. 

Drill Logs and Chemical Analyses. See Section 6.2.4.3 and Appendices 6-1 and 6-2. The 

applicant requests that this information remain confidential and that public access to these sections 

be limited to only persons with an interest which is or may be adversely affected as provided under 

Section 40-10-1 O( 4) of the Act. 

6.2.4.2 Test Boring and Drillhole Data (overburden removed) 

SUFCO Mine does not plan to remove any overburden above the coal seam to be mined. 

Regulations related to overburden removal do not apply to this M&RP. 

6.2.4.3 Test Boring and Drillhole Data (overburden not removed) 

The drill logs and chemical analyses required by regulations R645-301-624.31 0 through R645-301-

624.330 are presented in Appendices 6-1 and 6-2. 

Lithologic Logs. Lithologic logs of drillholes are presented in Appendix 6-1. The applicant 

requests that this information be kept confidential and that public access to these sections be limited 

to only persons with an interest which is or may be adversely affected as provided under Section 

40-10-10(4) of the Act. 
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Acid, Toxic, and Alkaline Chemical Analyses (above and below the coal seam). Chemical 

analyses for acid- and toxic-forming and alkalinity-producing materials from the waste rock disposal 

site and roof and floor rock material from drill cores is presented in Appendix 6-2. Using Table 2 

in the Guidelines for Management of Topsoil and Overburden for Underground and Surface Coal 

Mining (Appendix 6-3), only two unacceptable values have been reported. Samples of material 

placed in the waste rock disposal site are taken regularly and analyzed quarterly and are considered 

to be representative of the coal, roof, floor, and partings. The boron concentration of the waste rock 

disposal site sample taken in the second quarter of 1991 exceeds the acceptable level of 5.0 ppm 

by only 0.44 ppm; therefore, this boron value is not of significant concern. Secondly, the SAR value 

of 19.30 for the Upper Hiawatha coal seam in drillhole 89-20-2 is unacceptable. However, as there 

have been no other unacceptable SAR values since this sample was taken, it is probably due to 

contamination, lab error or sampling error. Analytical results of all other samples are acceptable. 

Acid, Toxic, and Alkaline Chemical Analyses (coal seam). The chemical analyses discussed 

above are also representative of the coal seam mined. Additionally, analyses of pyrite and sulfur 

forms have been performed on roof, parting, and floor samples taken from various core holes. The . . 
results of these analyses are reported in Appendix 6-2. 

Properties of Rocks in Room and Pillar Areas. Room and pillar mining is now only used in the 

stream buffer zones and beneath escarpments to prevent subsidence. Pillars are not removed in 

these areas. 

The clay content of floor and roof rock samples from two drill holes was determined analytically (see 

Appendix 6-2) but otherwise clay content is based on description of cores. The lithology of the 

stratum immediately below the minable coal varies from drillhole to drillhole. Therefore, the clay 

content will range from almost 100% (pure claystone) to less than 5% (submature or mature 

sandstone). Drillholes 74-36-5, 76-28-K, 76-29-Y, US-79-14, US-79-15 and US-81-4 penetrate 

the stratum immediately below the coal seam to be mined. Lithologic logs for these drillholes (which 

include lithotypes of the stratum immediately below the coal seam to be mined) are presented in 

Appendix 6-1. No engineering properties for the underlying claystone have been determined, 

because its friable nature makes it next to impossible to prepare samples. 

6.2.5 Additional Geologic Information 

It is not anticipated that any additional geologic data will need to be collected for this site. 
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6.2.7 Description ofthe Overburden Thickness and Lithology 

Overburden thickness above the coal seam varies due to the plateau and canyon-type topography 

from approximately 600 to 1800 feet and averages about 900 feet. Stratigraphically, the overburden 

consists of the Upper Blackhawk Formation which contains the coal seams, the Castlegate 

Sandstone, the Price River Formation, and the North Horn Formation, as described in Section 

6.2.4.1 of this M&RP. 
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GEOLOGY TECHNICAL REpORT 

GREENS H OLLOW COAL LEASE TRACT 

1.0 INTRODUCTION 

1.1 STATEMENT OF PROJECT OBJECTIVES 

Passage of the Utah Schools and Lands Exchange Act of 1998 included the exchange of lands to resolve 
issues associated with creation of the Escalante-Grand Staircase National Monument. To balance land 
values exchanged under that act, the coal estates on several tracts of federal coal underlying the Manti-La 
Sal National Forest (MLNF) were conveyed to the State of Utah School and Institutional Trust Lands 
Administration (SITLA). This conveyance is temporal and the ownership of the coal will revert back to 
the federal government once a specific tonnage is produced or a specified royalty value is collected. 

On the conveyed coal estates, SITLA has sole authority to lease the coal. Under the Surface Mine Control 
and Reclamation Act of 1977 and Utah Coal Rules, Forest Service must consent to the mine plan prior to 
mine development and can impose requirements for the protection of non-coal resources. The Forest 
Service decisions, as federal actions, are subject to the requirements ofthe National Environmental Policy 
Act of 1969 (NEPA), requiring environmental analysis and appropriate NEPA documents. 

The U.S. Department of Interior, Bureau of Land Management (BLM) is the leasing authority on the 
remaining federal coal estates within the Muddy Creek Tract on National Forest System (NFS) land. 
Under the Mineral Leasing Act of 1920, as amended by the Federal Coal Leasing Amendments Act of 
1975, leases can only be issued by the BLM with consent from the Forest Service with conditions for 
protection of non-mineral resources. As federal actions subject to NEP A, both the BLM leasing decisions 
and the Forest Service consent decisions must be based on an environmental analysis and appropriate 
NEP A document. 

This geology technical report is based on information obtained from the Division of Oil, Gas, and Mining, 
US Geological Survey, Utah Geological Survey, and the employees at the Southern Utah Fuel Company 
(SUFCO) mine; and field studies and reconnaissance completed for this project. This technical report 
will form the basis for an analysis of impacts to geology in the project area in the subsequent 
Environmental Impact Statement (ElS) planned for the Greens Hollow Tract on MLNF. 

1.2 STATEMENT OF THE ISSUES WITH EVALUATION CRITERIA 

1.2.1 GEOLOGY, MINING, SUBSIDENCE AND SEISMICITY 

• Mining of the underground coal reserves can cause subsidence, non-uniform subsidence features, 
seismicity, and cracking of the ground surface. (Note: The geologic setting is important in 
addressing these issues. Geology is a key data element involved in applying the evaluation 
criteria below. The Mining, Subsidence, Seismicity, and Structures and Facilities Technical 
Report has used the geologic data to address most of the evaluation criteria for this issue. Only 
the criteria directly addressed by the geologic task are listed below.) 
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Evaluation Criteria: Location and Amount of Subsidence Expected (measured in feet), Maximum 
Credible Mining-Induced Seismic Event By Range of Magnitude and Probability (Richter, % 
probability), Location and Severity of Cracks (primarily based on monitoring at Sufco Mine), 
Connection Between Surface and Underground Cracks Relative to Depth of Cover, Angle-of 
Draw, Tension and Compression Zones. 

1.3 DESCRIPTION OF THE ALTERNATIVES EVALUATED 

1.3.1 ALTEP ... ~ATIVE 1 - No ACTION 

Under the No Action alternative, the lease tract would not be offered for lease and there would be no coal 
mining within the tract. The No Action alternative provides a baseline for estimating the effects of the 
action alternatives. 

1.3.2 ALTERNATIVE 2 - PROPOSED ACTION 

The Proposed Action is for the BLM to lease and the Forest Service to consent to leasing within the 
Greens Hollow Federal Coal Lease Tract (Greens Hollow tract) based on a mine plan submitted by Ark 
Land Company. The leasing would be consistent with the standard lease terms, conditions, and special 
stipulations. The Greens Hollow tract would be made available for competitive leasing and underground 
coal mining within the entire tract. The project elements within the analysis area are shown in Map 1. 
Map 1 also igentifies the area that would be designated for subsidence minin.g and the subsidence analysis 
area boundary. Subsidence mining would be allowed anywhere within the area of subsidence mining. 

While mining could occur anywhere within the area of potential subsidence mining under this alternative, 
an example of a conceptual mining plan for full extraction mining that will be evaluated for potential 
impacts was developed. The boundary of that mining plan is shown in Map 1. The conceptual plan 
consists of longwall mining using current technology. The conceptual mining plan has been developed to 
avoid some subsidence impacts on surface resources. The conceptual mining plan assumes that mining 
would be done through the existing SUFCO mine workings. Proposed underground workings in the 
SUFCO Mine would be extended through the western portion of existing Federal and State leases (these 
lie within the permit area but are not included as part of the currently approved mine plan) to the Greens 
Hollow tract. This would involve driving main entries to the west and nearly parallel under the South 
Fork of Quitchupah Creek and driving a system of mains to the north crossing under the North Fork of 
Quitchupah Creek and then driving another set of submains to the west to set up longwall panels that 
would extend into the Greens Hollow Tract. Long-wall or full-extraction mining could be allowed 
throughout the conceptual mine plan area, which could result in subsidence of the entire area. The 
conceptual mine plan would produce an estimated 73.4 million tons of in-place coal (approximately 56.6 
million tons ofrecoverable coal) and extend the life of the mine by approximately 8.8 years. 

No expansion of the existing surface portal facilities for the SUFCO Mine in Quitchupah Canyon would 
be required. Access to the coal reserves would be from existing underground workings in the adjacent 
leases. Water discharge would be from existing permitted discharge points in Quitchupah Creek in 
Quitchupah Canyon. 

Support elements of this alternative could consist of reasonably foreseeable surface facilities and 
improvements. Reasonably foreseeable surface facilities and improvements could include two areas 
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containing ventilation shafts (one with a reserve diesel generator for power), power transmission line for 
the ventilation fan and the mine itself, and road access. 

1.3.3 ALTERNATIVE 3 
Alternative 3 was developed to address issues of concern raised during public and agency scoping. This 
alternative analyzes the entire lease tract, as that shown in Alternative 2, while focusing on reduction of 
subsidence impacts to surface resources within the lease tract boundary. Similar to the Proposed Action, 
Alternative 3 leasing would be consistent with the standard lease terms, conditions, and special 
stipulations. However, Alternative 3 specifies geographical areas that would be protected (full-support 
mining). Issues driving this alternative include potential impacts to water, geology, vegetation, wildlife 
habitat, socioeconomics, and cultural resources. This alternative evaluates the use of full support mining 
in specific locations to protect surface resources from subsidence (Map 2). Areas of substantial surface 
impact were based on perennial streams where surface flow could be lost to subsidence induced cracking 
of Castlegate sandstone or where escarpments could fail. 

Under Alternative 3, underground workings would extend from the SUFCO Mine through the western 
portion of existing Federal and State leases (these lie within the permit area but are not included as part of 
the currently approved mine plan) to the Greens Hollow tract. Longwall mining would occur within the 
tract in an unspecified manner while avoiding the subsidence of areas of substantial surface impact. 
Long-wall or full-extraction mining could be allowed throughout the remainder of the tract, which could 
result in subsidence of the unprotected area. Alternative 3 would extend the life of the mine by 8.7 years 
and produce an estimated 55.7 million tons of mineable coal. 

As with Alternative 2, no expansion of the existing surface portal facilities for the SUFCO Mine in 
Quitchupah Canyon would be required. Access to the coal reserves would be from existing underground 
workings in the adjacent leases. Water discharge would be from existing permitted discharge points in 
Quitchupah Creek in Quitchupah Canyon. 

Support elements of this alternative could consist of reasonably foreseeable surface facilities and 
improvements. Reasonably foreseeable surface facilities and improvements would include two areas 
containing ventilation shafts (one with a ventilation fan system and two reserve diesel generators for 
power), power transmission line for the ventilation fan system and the mine itself, and road access. 

2.0 METHODS 

2.1 CONTACTS MADE 

The BLM holds a portion of the coal data under a confidentiality agreement with those who did the 
exploration. An agreement was signed with the BLM giving AK&M Consulting, LLC the right to 
evaluate coal drilling data for the tract which was available prior to 2004. In addition, contacts were 
made with the Utah state office of the BLM during the mine planning, as a liaison for the mining 
engineering team. Contacts at the BLM offices included: Jim Kohler, Utah BLM; Stan Perks, Utah BLM; 
Jeff McKenzie, Utah BLM; and Mike Stevens, Price BLM. Mr. Dave Tabet, coal geologist, Utah 
Geological Survey was contacted relative to general coal data and current geologic mapping/projects in 
the area. Mr. Grant Willis, Utah Geological Survey was also contacted regarding the surface mapping 
available in the area. Chris Kravits, AK&M Consulting, LLC was consulted numerous times through the 
project. Mr. Kravits served as the coal geologist for the SUFCO mine during most of the 1990s. Mr. 
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Mark Bunnell, of Canyon Fuels was contacted regarding faulting on the adjacent SUFCO mine leases, 
present exploration activities, and future exploration and obtaining current drilling data. Mr. Carter Reed 
and Dale Harber were consulted for guidance on BLM/Forest Service cooperation for the project. Mr. 
Hamid Maleki of MTI Technologies, Inc. and a subcontractor to Cirrus Ecological Solutions, LLC, was 
consulted throughout the project duration in regards to coal resource information, general geology, mine 
planning, and-subsidence-projections. 

2.2 SOURCES AND DESCRIPTIONS OF EXISTING INFORMATION 

Numerous references are cited in the body of this report and listed in Section 4.0, titled "Literature Cited 
and Contacts." Most of the information on the geology of the tract came from the available geologic 
maps of the area (see Literature Cited and an index on the geologic map). The most detailed scale 
available was used. This data was compiled to a scale of 1 inch equals 2,000 feet for the final map. BLM 
data files were made available and contain all coal drill hole data drilled prior to 2000, both public 
domain data and confidential data. A new United States Geological Survey (USGS) publication on the 
coals of the southern Wasatch Plateau (Professional Paper l625-B) was very helpful. The Utah 
Geological Survey publications provided information on fractures and coal cleats from the Wasatch 
Plateau area, an excellent summary of public domain drill hole information, coal outcrop and thicknesses, 
as well as mining history and coal quality. 

Division of Oil, Gas, and Mining data base on oil and gas drill hules was also used. The adjaceni Pines 
Tract EIS was a helpful reference. Digital Elevation Mo<,lel (DEM) data (30 meter) was obtained from the 
USGS and used in calculation of the overburden depth. This collection of sources plus cooperation from 
the staff of the SUFCO mine provided an excellent basis of information for the analysis. 

2.3 DATA COLLECTION AND ANALYSIS METHODOLOGY 

2.3.1 SURFACE GEOLOGY AND STRUCTURE 

No field mapping of geologic contacts was performed under the contract. All mapping shown is 
compiled at the scale of 1 :24,000 from previous work in the public domain. Not all of the sources for the 
map were completed at the same scale. Some 1: 100,000 geologic mapping was used and compiled to the 
new scale. These areas are suspect. Refer to the sources and scales of the original mapping shown on 
Plate 1, Explanation. 

A few joints were measured in the field and appear on the geologic map (Plate 1) as well as those areas 
which appear to be unstable cliff escarpments. These were mapped using large scale Forest Service color 
aerial photography. 

Coal data, available prior to 2004, came from the BLM data base at the state office courtesy of Mr. James 
Kohler. Much of these data are available through published sources (Smith 1981, and Dubiel et al. 2000). 
Confidential drill hole data were examined and the results of that analysis is part of the interpretation 
while protecting the original data's confidential status. No drilling data post-dating 2000 were examined. 
In the process of evaluating the drill hole data, it was noted that different sources had different (up to 
several hundred feet) location coordinates for the same drill holes. Resolution of these data discrepancies 
was not attempted. The author used BLM and some SUFCO location data. 
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Where geophysical logs were available, the coal picks in the BLM data base were verified. Some new log 
picks, from recently drilled holes not previously in the BLM data base, were added and are used here. A 
table is provided in Appendix A to help correlate BLM drill hole ID numbers with previously published 
names for drill holes. 

2.3.2 COAL RESERVES 

Coal reserves were estimated for the in-place, mineable and recoverable categories but current to the end 
of2003. Reserve calculations for the Greens Hollow tract have been performed by the BLM and are part 
to the tract delineation report. 

2.3.3 FUTURE EXPLORATION 

Permits and approvals of future exploration drilling will be documented in a separate process. The likely 
location of future exploration activities and their effects on the Greens Hollow tract over the mining life 
of the tract were estimated in 2003. More recent estimates of future exploration activities have been 
developed by SUFCO personnel. Most exploration activities would occur within the area of subsidence 
mining. A limited amount of new roads built outside the tract to support exploration would likely be 
required. The analysis of new and existing dirt road information will be disclosed in the separate 
analysis. At this point in time, future exploration drilling, will be based on primarily road-supported 
drilling systems (22). Helicopter-supported drilling will be used only in the most rugged topographic 
locations (3). 

2.4 DESCRIPTION OF INVENTORIES AND DATA COLLECTED BY THE 

CONSULTANT 

The largest data base gathered for the geologic analysis is the coal data base provided by the BLM. This 
data base was checked for accuracy by examining the available geophysical logs for the holes. 
Correlations were checked and tops were picked for the Castlegate Sandstone if they were not in the data 
base. Four holes were added to the existing data base based on interpretation of geophysical logs 
provided by the BLM. SUFCO provided access to holes drilled since 2000 for use in the evaluation of the 
Castlegate Sandstone and interval immediately above the sandstone. A portion of the data base is 
confidential and not included in this report. The confidential data was, however, used in the analysis of 
the coal resource during the work performed prior to 2004. 

Fracture data were gathered from examination of aerial photographs provided by the Manti-LaSal 
National Forest and included in Appendix A. Field checking of the photographic work verified its 
accuracy and added a few additional field measurements of fractures and their density. This small data 
base was used by the mining engineer in mine planning. Additionally, areas where rock formations 
appeared to be vulnerable to toppling over were noted during the examination of the photos and presented 
here on the geologic map. Some of these areas were examined in the field as well. ~ [\1 
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3.0 RESULTS AND DISCUSSION 

3.1 DESCRIPTION OF THE AFFECTED ENVIRONMENT 

The Greens Hollow tract and the mining analysis area boundary (hereafter referred to as the "study area") 
lies in the Wasatch Plateau physiographic sub province of Utah (Stokes 1988), which is part of the Basin 
and Range-Colorado Plateau Transition physiographic province. 

The topography in the study area varies greatly in character and elevation. The eastern portion of the 
study area lies at the eastern edge of the Wasatch Plateau. Muddy Creek cuts a deep canyon in the 
plateau (Plate 1). The eastern edge of the Wasatch Plateau is formed by a serrated resistant to semi
resistant line of cliffs. The coals of the Wasatch Plateau occur about midway in the escarpment in a series 
of ledges (up to 25 feet high) and steep slopes. A cliff-forming sandstone caps overlies much of the 
eastern escarpment, with very gentle to flat terrain on top of the plateau near the cliffs eastern edge and 
along drainages. Further back from the escarpments edge and to the west are moderately steep slopes, 
some with occasional sandstone ledges forming step-like topography. Much of this topography is 
dominated by mass movement, including landslides and incised by moderate to deeply eroded stream 
channels. Hummocky topography is associated with the landslides and to a lesser degree with the areas of 
mass movement. West of the study area, the plateau is capped by flat-topped white limestone cliffs, up to 
250 feet high. Where these are erosional remnants, they form buttes and mesa-like features all along the 
top of the Wasatch Plateau. 

Muddy Creek and Quitchupah Creek are the two major drainages eroding into the tract. Muddy Creek lies 
along the northern boundary of the tract (Plate 1). In the northeast portion of the study area, Greens 
Canyon is a major tributary to Muddy Creek which bifricates into Greens Hollow and Cowboy Canyon. 
These drainages are steep-sided and have no valley floor in their upper reaches. The North Fork of 
Quitchupah Creek lies within the tract boundary on the southeast. Unnamed tributaries of the North Fork 
of Quitchupah drain the very southern portion of the tract. A large ridge called "Big Ridge" is present 
about a third of the north-south distance north from the southern boundary of the tract. This ridge forms 
the drainage divide between Muddy Creek and Quitchupah Creek (to the south). 

Surface elevations range from approximately 7,400 feet in the eastern portion of the study area in Muddy 
Canyon to 9,760 feet at the western edge of the study area east of White Mountain. Overall net 
topographic relief is approximately 2,360 feet with the greatest local relief at the escarpment of the 
Wasatch Plateau on the east side of the study area. 

3.1.2 STRATIGRAl'liY 

All rocks exposed in the study area are sedimentary and include conglomerate, sandstone, siltstone, shale, 
coal and limestone. The rocks range in age from Late Cretaceous to Paleocene (Early Tertiary) (Hintze 
1988). The rock units exposed on the surface include, in ascending order -the Blackhawk Formation, the 
Castle gate Sandstone, the Price River Formation, the North Hom Formation, and the Flagstaff Limestone. 
On the cross section on Plate 1, some additional subsurface units are shown and include the Masuk Shale 
Member of the Mancos Shale (sometimes referred to as the Upper Blue Gate Shale Member and simply 
as "Mancos Shale" when no other members are within the mapped area) and the Star Point Sandstone. 
Figure 1 is a generalized stratigraphic section for the Greens Hollow tract area and Plate 2 is a fence 
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diagram of the stratigraphic section constructed using drill hole data in the area. Quaternary and Recent 
deposits include slumps, rock falls, landslides and mass movement deposits, and thin alluvium in canyon 
bottoms. These are described in more detail in the following sections. 

Masuk Shale Member of the Mancos Shale (or Upper Blue Gate Shale Member) - This unit crops out east 
of the study area (Plate 1) in Muddy Canyon and consists of shale and silty shale with minor siltstone and 
very thin beds of fine-grained sandstone. This unit forms the base of the cliffs along the Wasatch Plateau, 
eastern escarpment. The unit has an overall yellow to blue gray color and in the Link Canyon 23215 oil 
and gas test well (T2l S, R5E, section 23) was 952 feet thick. The USGS reports a thickness closer to 600 
feet (Dubiel et al. 2000). This unit is present in the subsurface but not on the surface within the mapped 
area on Plate 1. 

Star Point Sandstone - This formation makes the first cliff above the badlands topography of the Masuk 
Shale along the eastern escarpment of the Wasatch Plateau. The Star Point is reported to be between 170 
and 500 feet thick in the study area and consists of tan weathering marine sandstone, often occurring in 
several tongues separated by Masuk Shale (Doelling 1972). The Star Point Sandstone was deposited as a 
beach or wave-dominated delta-front sandstone which prograded to the east to northeast (Dubiel et al. 
2000). The top 4 to 10 feet of the Star Point Sandstone is typically bleached white on outcrop. This unit 
is present in the subsurface but not on the surface within the mapped area on Plate 1. 

Blackhawk Formation - The Blackhawk Formation averages 825 feet thick (with a minimum of 714 feet 
and maximum of 1,033 feet in the study area), consists of tan to brown weathering, fine- to medium
grained sandstone interbedded with subordinate gr:ay and black carbonaceous shale, and three coal seams 
with significant areas over 6 feet thick. Coal is mostly found in the lower quarter of the formation. The 
upper portion of the Blackhawk is transitional to the Castlegate Sandstone in that it consists of thick
bedded sandstone that is petrographically similar to the Castlegate Sandstone. 

In the southwest comer of section 19, T20S, R5E, where cross section line A-A' runs, is an area in which 
the surface mapping and the subsurface data do not match. In drill hole 1510, the Castlegate Sandstone's 
position is inconsistent with mapping in the South Fork of Muddy Creek of the same unit. This 
conclusion is based on the assumption that the structural mapping is correct (see following section on 
Structure). Explanations for this could be: a fault between drill hole 1510 and the canyon; poor surface 
mapping; or poor picks of formation tops in drill hole 1510. The last is unlikely. Further investigation is 
required to resolve this issue. 

Castle gate Sandstone - The Castlegate Sandstone is the most prominent unit in the study area because it 
forms high cliffs and its resistant nature controls local base level of streams. This unit is between 114 and 
304 feet thick, with an average thickness of 156 feet and consists of thick-bedded light gray to gray, 
coarse-grained and gritty sandstone that weathers to cream to tan color. Minor thin lenses of gray to 
carbonaceous shale, as well as coal pods are present. The contacts on logs of this formation are often 
unclear. Occasionally a thick channel sandstone will be present in the Blackhawk or Price River 
Formation, immediately above or below the true Castlegate. The sand-on-sand contact makes it 
improbable to correctly pick the formation boundary on logs. From an evaluation of the stratigraphic 
interval of 0 to 50 feet directly above the top of the unit, the average siltstone plus mudstone composition 
is 74 percent. 

Price River Formation - The Price River Formation consists of interbedded sandstone, shale and siltstone, 
with minor conglomerate and is a slope-former. The sandstone composition of the Price River Formation 
is lithologically similar to the Castlegate (Kravits 2002l)i\~ { o&Ulfillitigf r:] the study area does not 
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penetrate the full formation thickness of the Price River. Dubiel and others (2000) show a thickness of 
about 500 feet on their cross section. Doelling (1972) has a generalized section for the entire Wasatch 
Plateau and indicates the thickness is between 600 to 1,000 feet. From drilling in section 20, Township 20 
South, Range 4 East a thickness of 824 feet of Price River Formation was penetrated based on a sample 
log from the well (Division of Oil, Gas, and Mining web site, 2008). The sandstones are gray to white and 
gr-itty-and-the-shale%-are-gmy-to-brewn-and-loc-ally-eareonaeeous (I>oelling-I-9'7~ . 

North Hom Formation - This unit consists of variegated beds of mainly red shade with minor sandstone, 
conglomerate, and freshwater limestone (Doelling 1972). It is estimated to be 1,490 feet thick near the 
study area based on the geologic map (Sanchez and Hayes 1979), No drilling in the area has penetrated 
both the upper and lower contacts of the formation; in addition, the lower contact is transitional with the 
Price River Formation, making that contact a difficult pick. The shaley nature of the formation and its 
occurrence in high precipitation areas make mass mc"vement, slope failures, and landslides common 
occurrences along the outcrop belt. 

Flagstaff Limestone - The Flagstaff Limestone is a fairly evenly-bedded, dark yellow-gray or cream
colored lacustrine limestone with interbeds of sandstone, shale, and volcanic ash (Doelling 1972). It is 
resistant to weathering and forms tall cliffs such as Flagstaff Peak, Ferron Mountain, and White 
Mountain. It has an estimated thickness of 250 feet in this portion of the Wasatch Plateau. 

Quaternary and Recent deposits - Slumps, rock falls, land slides, colluvium, alluvium, and coal bum of 
Quaternary and Recent age are found in the study area. Only major landslides and massive slumps, and 
alluvium, were separately mapped by previous workers (Sanchez and Hayes 1979; Doelling 1972; 
Doelling 2004). 

3.1.3 STRUCTURE 

The study area is located between the San Rafael Swell to the east and the Basin and Range Province to 
the west. The rocks in the study area have inherited structural characteristics of both areas. The rocks 
generally strike N 38° E and dip gently approximately 2° to the northwest. A slight anticlinal feature is 
present in the center of the tract and its axis is approximately parallel to the structural dip. An oil and gas 
dry hole lying just east of the study area in section 23, T21S, R5E, tested this structural high (Plate 1). 

Faulting within the study area is minimal. No faults have been mapped within the area on published 
geologic maps (see references for mapping, Plate 1). Coal mining is impacted by minor faulting, and 
underground mapping by company geologists for SUFCO mine have detected minor faults in the Pines 
tract to the east of the study area (Bunnell 2003). These faults trend N 26° Wand have vertical 
displacements less than 7 feet. These faults occur in the southeastern portion of the study area and are 
likely to continue some unknown distance into the tract in that general area. 

Fractures were measured in the tract and buffer zone using aerial photos and supplemented with limited, 
field measurements. Plate 1 shows the areas where fracture measurements were made. The average 
orientation of these field measurements is N 17° W (n=138). Aerial photo analysis of fractures in both 
the tract and buffer resulted in an average orientation ofN 24° W (n=278) with a median and mode ofN 
20° W, and a standard deviation of 35 degrees. Hucka (1991) gathered cleat (coal fracture) data and 
limited surface fracture measurements from in and near the SUFCO mine portal, about 6 miles south of 
the tract, and reports an average face cleat direction of N 15° E, and butt cleat, N 55° W (n=50, Upper 
Hiawatha coal seam); surface fractures N 15° W with minor trend N 65°E (n=32). 
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3.1.4 COAL GEOLOGY 

The potentially mineable coal seams in the tract are the Lower Hiawatha, Upper Hiawatha, and the 
Muddy #1. The Lower Hiawatha seam occurs directly above the Star Point Sandstone and below the 
Upper Hiawatha seam (Figure 1). The Lower Hiawatha seam varies in thickness from 5 to 18 feet (BLM 
2007). Generally the mineable thicknesses of the Lower Hiawatha are obtained on the tract. This seam is 
presently not mined at the adjacent SUFCO mine. Interburden between the Lower Hiawatha and 
overlying Upper Hiawatha coal seam varies from 10 to 55 feet (based on drilling in 2003), with the 
interburden thickness increasing to the northwest. Current planning for the Greens Hollow tract is for 
mining only in the Lower Hiawatha seam due to relatively thin interburden between the Upper Hiawatha 
and the Lower Hiawatha seams and partings in the Upper Hiawatha. The Upper Hiawatha seam is 
presently mined in areas both south and east of the tract by the SUFCO mine. On the Greens Hollow 
tract, the Upper Hiawatha coal seam attains mineable (6 to 14 feet) thickness, with an average thickness 
of 6.2 feet (from available drill hole data as of 2003). The Upper Hiawatha attains mineable thickness in 
the southern and eastern portions of the tract. The interburden between the Upper Hiawatha and Muddy 
#1 coal seam ranges from 19 to 54 feet with an average of 34.3 feet (from available drill hole data as of 
2003). The Muddy #1 coal seam is only thicker than the minimum mineable cutoff (6 feet) in the very 
northern part of the tract (less than 640 acres) and is not included in any mineable reserves for the tract. 
Overburden varies from less than 600 feet to over 2,500 feet in areas where the coal seams are mineable. 

Partings in the coal seams do occur and may increase or decrease the amount of mineable coal. Local 
flexures around channel sandstone bodies and above marine sandstones are probably present and will 
likely produce thickness irregularities that may impact mining and coal recovery. A channel sandstone 
has rendered the Upper Hiawatha seam unmineable in a limited area near the boundary o(the tract in 
section 2, T21 S, R5E, (Bunnell 2003). It is likely this channel will be found in the Greens Hollow tract. 
Faulting is not expected to significantly hinder mining in the tract. 

Coal bum occurs along much of the coal seam outcrop. BLM guidance and experience dictated a 
requirement to designate a zone of coal bum 500 feet horizontally in from the outcrop. This will vary 
from place to place and broken roof rock and decreased coal quality may extend beyond the 500 foot 
zone. The only area possibly affected by outcrop bum is in the very north portion of the mine plan area, 
near Muddy Canyon. 

3.1.5 MASSWASTING 

Recent and ongoing mass wasting is found in the study area. The most common occurrences are mass 
slumping, landslides, and rock falls. Slumping and landslides have and are currently occurring in clay
rich units especially the Price River and North Hom Formations and, to a limited extent, in the 
Blackhawk Formation. The slumps and landslides vary in size from a few to hundreds of acres and 
appear to have no preference as to the direction the slope faces. 

Rockfalls have and are currently occurring mainly from the major cliff-forming units (Star Point 
Sandstone, Castlegate Sandstone, and Flagstaff Limestone). The rockfalls occur as either nearly 
equidimensional blocks roll down slope or as slabs cave from the cliff face and slip to the base of the 
cliff. Rock falls are strongly influenced by jointing and often occur along these zones of weakness. 
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3.1.6 MINING HISTORY 

One historic mine is located east of the study area - the so-called Ricci or Muddy Creek Mine (Section 
35, T20S, R5E). Doelling (1972) states the following about the mine: 

The Ricci mine--ill Muddy Canyoll-just-south-of the Sanpete-Sevier COlU'lty line ne.ar the mouth of La t 

Water Canyon has two mineable seams, the Muddy No.1 and No.2. The lower is at least 12 feet thick 
and the upper 4 feet thick with 12 to 18 feet between them. The thicker seam has a parting up to 6 inches 
thick about one-third from the top of the bed. At least 35,000 tons have been mined. Doelling (1972) 
also notes that the mine was active from 1941 to 1953. 

There is current mining in the study area, both to the east, in the SITLA Tract (accessed through the 
SUFCO mine) and to the south, in the SUFCO mine proper, an active mine. 

3.1.7 EXPLORATION 

Future coal exploration will be required to clearly delineate the mineable reserves and will take place 
chiefly in the first five years after leasing has occurred. Future coal exploration will be analyzed through 
a separate process. 

3.2 DETAILED TECHNICAL ASSESSMENT/DESCRIPTION OF THE 

POTENTIAL EFFECTS 

3.2.1. No ACTION ALTERNATIVE DIRECT AND INDIRECT EFFECTS 

Under Alternative 1, the tract would not be leased so natural weathering and erosion of the Wasatch 
Plateau would continue. Spalling of the Castlegate Sandstone cliffs (and other smaller cliff faces) would 
occur across the entire tract at a rate similar to the last 10,000 years. Flash floods would occur with 
normal frequency of intensity, changing the stream bottom characteristics such as pool riffle ratio and 
local stream profile. The coal resource found on the tract would remain in place and continue to have 
future value. Should no action be taken for an extended period of time (approximately> ten years), one 
potential scenario could have the SUFCO mine close because of lack of mineable reserves. With the 
closing and abandonment of the existing mine, future access to the coal would likely require a new portal 
in Muddy Canyon or another location, potentially dramatically increasing the surface impacts in order to 
extract the coal resource at a later date. Other uses such as foraging by wildlife, livestock grazing, timber 
harvesting, oil and gas extraction, and recreation activities would result in similar impacts on geologic 
resources as those presently occurring throughout the project area. 

3.2.2 ALTERNATIVE 2 - PROPOSED ACTION DIRECT AND INDIRECT EFFECTS 

Issue 1: Mining of the underground coal reserves can cause subsidence, non-uniform subsidence 
features, seismicity, and cracking of the ground surface. 

The most important impact related to geology is the extraction of coal and related subsidence of the land 
with a potential impact of additional rock falls and accelerated spalling of the Castlegate Sandstone cliffs 
(and other smaller cliff faces). In addition, the disruption of the integrity of the stratal layers above the 
coal eams due to mining could impact the local flow of ground water. Changes in the topography of the 
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surface may also impact surface water patterns and stream profiles. These impacts are covered in other 
resource sections in this EIS. 

3.2.2.1 Coal Resources 

The Muddy #1, Muddy #2, Upper Hiawatha, and several thin uncorrelated coal seams as well as areas 
where the Hiawatha is less than 6 feet thick would be impacted by the Proposed Action. Future 
mineability or recoverability of these coal seams by a potential future method would be reduced or 
eliminated in areas that would be subsided. At present, these coal seams are either too thin, have too little 
interburden, or are of such limited extent that they are not considered mineable in today's market. Should 
future mining methods or markets make such thin coals recoverable, this resource would likely be greatly 
reduced or lost because of the caving, fractures, stresses, and impounded water left by mining the 
presently economic portions of the Hiawatha coal seam within the tract. Additionally, coal left behind as 
unrecoverable as roof, floor, and pillar coal would likely be unrecoverable for the foreseeable future. 

3.2.2.2 Oil and Gas Resources 

Exploration for oil and gas and coalbed methane would be impacted by mining the coal. Coalbed methane 
(CBM) is likely present in the Ferron Sandstone Member of the Mancos Shale beneath the coal tract. 
Current data (Gloyn et al. 2003 and Smith 1985) indicate that the gas content of the Blackhawk coals is 
too low to be considered a resource. The underlying Ferron Sandstone coalbed gas contents are higher 
than the Blackhawk coals but at present, uneconomic. In addition to the depressed gas contents of the 
Ferron coals in the southern Castle ValleylWasatch Plateau area, the Ferron coals lie at a depth of about 
4,700 feet below the surface of the tract. Few commercial coalbed gas wells produce at those depths 
today. The nearest commercial gas production is from Ferron coals about"25 miles to the northeast in the 
Drunkards Wash and Buzzards Bench fields at depths between about 1,000 to 3,500 feet. Drilling for 
Ferron CBM below the Wasatch Plateau escarpment near the tract has yet to produce any commercial 
wells, but it should be noted that natural gas prices have risen substantially, which could drive CBM 
activity further south and perhaps west along Castle ValleylW asatch Plateau trend. 

Conventional oil and gas resources lying stratigraphically below the coal in both the Emery Sandstone 
and Ferron Sandstone members of the Mancos Shale have potential. The nearest oil and gas test well was 
drilled in T21S, R5E, section 23 in 1981 (API number 4304130024) about 2 miles southeast of the tract. 
No tests were run in the well. The total depth drilled was 5,730 feet with the bottom of the hole in the 
Tununk Shale Member of the Mancos Shale (Tripp 1989). The well tested the Ferron and Emery 
sandstone reservoir potential but deeper potential horizons remain and are locally untested. 

The probability of future drilling for oil and gas on the mined portion of the tract is moderate to low 
(Gautier et al. 1996). Undermining would increase the difficulty of drilling. Directional drilling could be 
utilized to explore from off-site locations. 

3.2.2.3 Subsidence 

Surface subsidence occurs because of downward rock mass movement caused by the closure and collapse 
of mined-out coal seams. The subsidence process is discussed in detail in the Mining, Subsidence, 
Seismicity, and Structures and Facilities Technical Report (Maleki 2008). Two major mechanisms of 
surface subsidence associated with mining are the formation of sinkholes and the formation of troughs. 
Subsidence on the Greens Hollow tract is predicted to be the trough type, which is characterized by the 
formation of a relatively smooth basin and is much less damaging than sinkhole subsidence. The 
subsidence process occurs on the surface as the upper tr ta bend and settle. Surface subsidence processes 
result in both vertical and horizontal displacement of f0CKs! lIn t gC;rle la. impacts from vertical 
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displacement are less damaging to surface features than is differential horizontal displacement. The 
subsidence process is expected to be complete within a few years after mining. 

Impacts of concern due to subsidence on the Greens Hollow tract would include damage to structures and 
facilities, stock ponds, roads and trails, and natural ponds, springs, and streams. Potential damage to stock 
ponds is-discusseo in more i:letailiil the-Range Resources Sutnti1ary Rep-ort. Impacts 0 roads alid u·-ails are 
discussed in the Recreation Summary Report. Damage to facilities and structures is discussed in Section 
3.2.2.5 of this section. Potential impacts to natural ponds, springs, and streams are discussed in the 
Surface and Ground Water Technical Report. 

Predicted surface subsidence would be up to approximately 8 feet in the northern half of the tract and up 
to 4.3 feet on the southern half of the tract. Subsidence would increase with increasing extraction height 
and decreasing overburden cover. Predicted tensile strains would reach levels that could cause surface 
fractures, particularly above longwall gateroads and near shallow block boundaries to the northeast part of 
the tract. Fractures are more likely to occur over panel boundaries and gateroads. Many fractures within 
the panels, if they break the surface, should close due to compression and settling of the surface, but the 
fractures along the panel margins are more likely to remain open. These fractures would intercept surface 
run-off water and could create a public hazard in some areas. 

Expected surface movement extending horizontally beyond (outside of) the underground mmmg 
boundaries would be approximately 270 feet for shallow workings and 800 feet for deep workings. 
Change in surface slopes would be a direct impact of subsidence. These changes would be moderate 
(generally less than 2 to 3 percent) and thus vertical subsidence would not be visually discernable because 
of gradual changes in surface slopes. However, the consequences of subsidence may be noticeable (such 
as rock falls from escarpments, ponding, visible surface cracks, etc.). 

The potential for damage from "permanent" tensile strains would be greatest at longwall block 
boundaries, particularly at the shallow depths in the northeast part of the tract near the Muddy Canyon. 
The North Fork of Quitchupah Creek and its tributaries would be undermined and potentially impacted 
under Alternative 2. The minimum amount of overburden distance between the coal seam and the North 
Fork of Quitchupah Creek and its perennial tributaries is approximately 1,300 feet. Based on a very 
conservative estimate for the depth of the fractured zone (60 times a possible extraction thickness or 900 
feet), minimal impacts on North Fork of Quitchupah Creek and its tributaries would be expected (the 
overburden thickness numbers, such as "900 feet" are dependent on the actual full extraction mining 
height and local rock characteristics). However, the overburden distance between the coal seam and 
portions of Muddy Creek is less than 900-feet under Alternative 2, so that stream flow loss to mine 
workings could occur as a result of longwall mining under Muddy Creek in these locations. The risk of 
this occurring could be greatly minimized by reducing the mining heights through the immediate areas. 
Furthermore, because of differential settling along the stream, the pre-mining gradient of both the North 
Fork of Quitchupah Creek and Muddy Creek would both increase (approaching panel boundary) and 
decrease (leaving panel boundary) as a result of longwall mining under these streams. The maximum 
expected change in streambed gradient would be approximately 1 percent over the Greens Hollow tract. 

Perennial segments of Cowboy Creek, Greens Hollow, and Muddy Creek would also be undermined. 
The minimum amount of overburden cover above the coal to be mined along Cowboy Creek and Greens 
Hollow is proposed to be approximately 1,200 feet. Using the estimate provided by Maleki (2008) for the 
maximum extension and expansion of existing fracture systems and upward propagation of new fractures 
of 60 times extraction coal thickness, permanent loss of water from Cowboy Creek and Greens Hollow to 
the underground workings due to mine subsidence wo nd~~ vety vnlike\y. Neyertheless, surface tensile 
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fractures could develop near the edges of the longwall panels, resulting in some localized displacement of 
water from the streams where they cross shallow fractures. Surface tensile fractures would tend to 
develop in areas where bedrock tension is permanent, such as along the edges of mine subsidence panels. 
Fractures would pose a risk of permanent displacement of water in stream channels where the Castlegate 
Sandstone is exposed or has insufficient depth of overburden containing clays and shale to heal the 
cracks. 

The overburden cover is less than 900 feet where Muddy Creek crosses the eastern boundary of the 
Greens Hollow tract, which is the maximum predicted height of the rock fracture zone. However, 900 
feet is based on mining 15 feet of the coal seam which can be reduced locally as necessary. Along this 
segment of Muddy Creek, there is potential for mining-induced subsidence to result in water loss from the 
creek into underground mine workings. This risk is further compounded where the Castlegate Sandstone 
is exposed or has insufficient overburden depth with clays or shales to heal cracks. In this case, water 
displacement due to surface tensile cracks could actually be lost to the mine workings rather than 
displaced within the stream channel. 

Mining to within 350 feet of escarpments could result in destabilizing ground movements. Small, 
marginally stable rock overhangs, for instance, could fail in some canyons, depending on geometry of the 
block. The blocks at the leading edges of overhangs are most likely to spall because of reduced rock 
confinement in these areas. 

3.2.2.4 Seismicity 

Removal of the coal seam by the longwall mining technique usually results in caving of overburden rocks 
and load transfer to panel boundaries. Load transfer would result in the accumulation of stress at the 
longwall face and would contribute to rock noise (low level seismicity). Seismic impacts of concern for 
Greens Hollow tract include the following: perception of seismic events by National Forest System users, 
potential damage to stock ponds, and potential damage to structures and facilities. Structures and facilities 
would be protected under the lease contract, Special Stipulation #13 states: "Existing Forest Service 
owned or permitted surface improvements will need to be protected, restored, or replaced to provide for 
the continuance of current land uses". 

Based on the results of modeling presented in the Mining, Subsidence, Seismicity, and Structures and 
Facilities Technical Report (Maleki 2008), the maximum probable seismic event is expected to be 3.4 on 
the Richter scale where mining occurs under thicker cover. At shallower cover, seismicity would be even 
more moderate, similar to that experienced in the permitted areas at the Pines Tract. These levels of 
seismicity are considered normal and acceptable for Wasatch Plateau coal fields, particularly where major 
surface structures, such as dams, are not present nearby. Thus, level of perception of seismic events by 
National Forest System users, including recreational users, is expected to be low. Potential for damage to 
stock ponds due to seismicity is expected to be low, and is discussed further in the Range Resources 
Summary Report. Potential for damage to other facilities is discussed in Section 3.2.2.5. Structures and 
facilities would be protected under Special Stipulation #13. 

Issue 2: Mining-induced subsidence could damage the Rough Brothers' Cabin. 

3.2.2.5 Structures and Facilities 

The permanent strains may cause slight damage to Rough Brothers of the Hills cabin, a wooden structure. 
The potential damage may not be noticeable on the exterior because of its construction of flexible 
material (wood instead of steel). However, the concr~r~;s~al:rlV~Y' ~?O~}~. s of strain (cracks). Slight 
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damage may result in the long-term due to permanent tensile strains including cracks and deformation of 
doors (sticking) and windows. The Forest Service is not renewing the special use permit for the Rough 
Brothers of the Hills cabin and its associated facilities , and they are scheduled to be removed by 
December 31, 2016. 

3.2.3 ALTERNATIVE 3 DIRECT AND INDIRECT EFFECTS 

Issue 1: Mining of the underground coal reserves can cause subsidence, non-uniform subsidence 
features, seismicity, and cracking of the ground surface. 

As with Alternative 2, the most important impact related to geology is the extraction of coal and related 
subsidence of the land with a minor potential impact of additional rock falls and accelerated spalling of 
the Castlegate Sandstone cliffs (and other smaller cliff faces). Alternative 3 wouid reduce the area of full 
subsidence in the Muddy Canyon, Greens Hollow, and North Fork of Quitchupah areas. Only the Muddy 
Canyon area alterations would likely decrease the potential for rock falls, due to the proximity of mining 
to the canyon edge. 

3.2.3.1 Coal Resources 

Under Alternative 3, coal resource-related impacts would change relative to Alternative 2. The total 
recoverable coal would decrease and the potential lost in-place resource would increase in the perimeter 
areas surrounding Alternative 2 (net small reduction). The result would be an economic loss since the in
place resource has not been assigned a value. 

3.2.3.2 Oil and Gas Resources 

Impacts to oil and gas resources would be similar to those described under Alternative 2. In this 
alternative, drilling would be less difficult due to the areas which would not be undermined, providing 
slightly more potentially drillable area which would not encounter subsurface mine workings. 

3.2.3.3 Subsidence 

Under Alternative 3, subsidence mining would be excluded from areas identified for protection, including 
stream segments with shallow overburden over the Castle gate Sandstone and along cliff escarpments, as 
shown in Map 2. Subsidence mining would be restricted in the North Fork of Quitchupah Creek, Muddy 
Creek, Cowboy Creek, and Greens Hollow drainages where the overburden is insufficient in thickness or 
rock types to facilitate healing of surface tensile cracks. Excluding subsidence mining from these areas 
would minimize the risk of water displacement, or loss in the case of Muddy Creek. Excluding 
subsidence mining from within 350 feet of cliff escarpments would minimize/eliminate the risk of 
spalling and rock fall that would be present under Alternative 2 if these features are undermirtt4(:(/; ;; i ( i :It.TL i i 

3.2.3 .4 St:ismicity 

Seismicity would essentia lly be the same as described under Alternative 2. 
APR 1 9 2018 

Issue 2: Mining-induced subsidence could damage the Rough Brothers' Cabin. 
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3.2.3.5 Structures and Facilities 

Potential impact to structures and facilities would essentially be the same as described under Alternative 
2. 
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3.2.4 SPECIAL STIPULATIONS AND DESIGN CRITERIA 

Monitoring and requirements to protect non-mineral resources are specified in the Special Coal Lease 
Stipulations which will be part of the lease. The Utah Coal Mining Rules at R645-525 require a pre
subsidence survey of all structures prior to mining. After mining, the coal operator would promptly repair 
or compensate the owners for any subsidence caused damage. Other design criteria to address impacts 
due to subsidence are listed in the specific resource section where the impacts are analyzed. 

3.2.5 CUMULATIVE EFFECTS 

This section considers the cumulative effects of the Greens Hollow tract project in the context of other 
past, on going, and reasonably foreseeable projects that have, or are likely to affect the geologic resources 
in the cumulative effects analysis area. The cumulative effects analysis area as defined for the geology 
analysis includes portions of the Muddy Creek and Quitchupah Creek watersheds that encompass the 
landscape setting for the Greens Hollow tract project. Specific past, present, and future activities 
affecting the cumulative effects analysis area are considered in the analysis below. 

The effects of this project would be cumulative with other impacts occurring in the area. Subsidence 
effects would be limited to the full extraction areas (panels) and a perimeter area related to the angle of 
draw and depth of overburden. Impacts from adjacent tracts could cross tract boundaries on both the east 
and southern boundaries of the Greens Hollow tract. This would occur if the full extraction areas of the 
existing neighboring leases were near enough to common lease boundaries with the Greens Hollow tract. 
Cumulative subsidence impacts fr9m adjacent tracts and the Greens Hollow tract would be less.than or 
equal to those from full extraction areas on either side of the boundary. 

On the east, only in the north-central part of Section 3 would the workings of the Greens Hollow tract 
come close enough to the Pines Tract lease to see subsidence east of the tract boundary. This would only 
be applicable for Alternative 2. In Alternative 3, mining on the Greens Hollow tract would be far enough 
from the tract boundary to cause no subsidence at the east boundary with the Pines Tract. There are no 
adjacent mines to the north or west of the tract. 

Also related to coal mining is exploratory drilling. This drilling has been conducted in the cumulative 
effects analysis area to describe the geology and coal reserves. Additional exploratory drilling is 
anticipated to occur, including during the development of the Greens Hollow tract. This information 
would add to the geologic understanding of the cumulative effects area. 

Cumulative impacts associated with livestock grazing, both historic and ongoing, and wildlife habit 
improvements, including water developments, controlled bums, and sagebrush treatments would not 
affect geologic resources to any notable degree. 

Recreation use has resulted in primarily localized impacts, usually associated with campsites and 
ATV/off-road vehicle use. In some cases geologic resources have been exposed to erosive forces as 

surface materials are removed by these activities. f,;\ ~ ' l )", I 1:J i ';l\/'" r: f"l 
:<..., I ~-."I 
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5.0 LIST OF PREPARERS WITH QUALIFICATIONS OF 

PREPARERS 

Paul B. Anderson, Consulting Geologist, Salt Lake City, Utah Mr. Anderson is a licensed 
professional geologist in the State of Utah (#5223053), has a B.S. and Master's Degree in geology, has 
worked directly for the coal industry in Utah for 6 years, for a oil and gas exploration company for 5 
years, and consulted as a geologist addressing fossil fuel resources, ground water, and environmental 
issues for a variety of clients, both government and private for 22 years. 

2014 18 

INCORFOF~;:\TED 

APR 1 9 2018 

Geology Technical Report 
Greens Hollow Coal Lease Tract 



MAPS, PLATES, AND FIGURES 

) 2014 19 

IN ",0 ;P ATED 

t1PR 1 9 2018 

, /vi ining 

Geology Technical Report 
Greens Hollow Coal Lease Tract 



Map 1. Alternative 2 - Proposed Action. 
Legend 

w+( -- National Forest System Roads D Greens Hollow Coal Lease Tract 

0 Substation Locations 0 Conceptual Mining Area 

1 0.5 0 1 
.. SUFCO Water Discharge 0 Area of Subsidence Mining 

Miles • Existing Fan Locations D Mining Analysis Area Boundary 

® 11---. Manti-La Sal/Fishlake Forest Boundary 
1 :82,000 SUFCO Mine Portal L __ --.!l 



Map 2. Alternative 3. 

W+E 
1 0.5 o 1 _::::::::::J-==-___ Miles 

1 :82,000 

Legend 

-- National Forest System Roads 

o Substation Locations 

A SUFCO Water Discharge 

• Existing Fan Locations 

@ SUFCO Mine Portal 

D 
o 
D 
C3 
D 

APR 1 9 2018 

( . 
Greens Hollow Coal Lease Tract 

Conceptual Mining Area 

Area of Subsidence Mining 

Area of No Subsidence Mining 

Mining Analysis Area Bound ary 

I _ .J Manti-La Sal/Fishlake Forest Boundary 



Cross Section A - A' 
(no verucal e:,aggeration) ,--

I ~ j MC-fI.,FP 

I • 
i 

Paul 8 . Andorson 
~~~ . .. t .. ...,., ..... _ ... 

.... t,.. .~~ . ·t' _OJ""""" 11101'"""" 

Plate 1. Geologic Map 
C.IIUS EcologlGal So1utlllns l C 

GlcensHorlowTlaGi 

EXPLANATION 

Land Boundaries 

D Greens Hollow Coal Lease Tracl 

D ArK Lana Propose a Mine Area 

[J Area of Subsidence Mining (All 2) 

C] Mining Analysis Area Boundary 

Explanation 
l~] I ilndsilOOlm<l~s mo~[!nl('llt 

~~J Flngslalf Lirneslone 

~ NOIUlllornFOInlilllon 

EI PriG'} kr~E)( f"OrilliliIOO 

~ Cns<legillcSar"KlslolXl 

~ B1ar.H I<1Wk FOlllm~on 

- ...... 

~ 1lbf~'~(Uo-~(d,' 

E ~""'IO!.I. "'(nMtlllQllQncriY1 

@ _ ... _ .... 

\ -lI'- I-Oml<lIiOllili conl"cl 

,-"-_ SlnIC1Uie coolotll (lop Upp[}( I llll'I,;" IhE\ coill ) 
(C"'t~ ... , .,~I ,co r<;r,_ ~ .:~, . 

-- l.Jf;I~y 

- - - - ~ - - Co..,1 cross sulioll (USGS, PP l G25-~} 

__ CroSS;;eoJUOIII'I_A" 

SCALE 

~-""'l!20~O;;:O =::::::;'~OO~O--~60~OO;:==::;'~OOO h:,,1 

A' 
SofoIIh •• \I 

QOOO 1\ 

eooo 

7000' 

I 'iSOO R I 

Apr~ 1 9 2018 



... 

if 

Plata 2 
Geologic Fence Diagram 

GtINllD Hd:I:awTmtI 
;M_"""'- _ ......... _ i'.II..rI 

"-_'_~ __ ''''''_f-
=:'"=."::""::''!'==':""~':...,, .... ", 

Explanation 

~ 
El ,---
El 
B 
~ 

"" El 
EI 
~ 1I ...... _~r ... 
~ '""""" .......... ... 

L/'-Fom-....... __ 

-~ '=i"'......".,r=-
.... _ ... -
• 0.. .............. , ..... 

'*" DI.,d;naap,.....,dr!'Nj. 
_ T"",_ ... 

• 0000"",u_(IJIIllI~P' 11"'1 

tIiII ...... _ 

:=~: I 
""" .. K .. Iq>(_~ 

HorizonlalS9!. 
,,2HlOO 

f-i~ W+" E _t. ._ ... ,..., 

1 ' I 
r i 

j ".1\1 ,~, .' , . . .• 
~, " I I' ", ,.. '-

".',r'!: '''. .. );-jATED 

APR 1 9 2018 



~ 
~ B 
Ej 0 

lI:l 
~ 

~ 0 

~ z 
t 
b 

~ 
iil 
III 

~ 

i 
i 

~ 
II! 

[,) 

Cj 

~ III 
t OJ 
l3 I 

~ .... 
0 

~ 
~ 

~ 
0 
tl 

~ 
::II 

1 
::a 

Figure 1. 
General Stratigraphy of the 

Greens Hollow Coal Lease Tract l.t"\{.;· 

APR 1 9 2018 

Alluvium 

Landslide deposits 

Limeatone with lnt.erb'edded 
sandstone, shale. and 
volcanic ash 

Shaie with int.erbedded sano.stone, 
uUtstone, conglomerate, 
and limestone 

Sandstone wiih interbedded sha]e, 
siltstone, and conglomerate 

Sandstone with interbedded 
conglomerate 

Shale wit.h int.erbedded sandstone 
and Biltstone 



"-', 
') APPENDIX A: SUPPORTING DATA 

2014 25 

INCORPORATED 

APR f 9 2018 

Dill, of Oil (~ ' 1 "" l' "VI ' , ,. , "" "':;' 1:.'1. dnlng 

Geology Technical Report 
Greens Hollow Coal Lease Tract 



Green Hollow Fraclure Dala 

Greens Hollow Tract Air Photo Fracture Pattern Analysis i I 

Air 
Photo 

10 

Tract + Buffer. North-Trending Quadrant Fracture Data Values 
Area Designation 

(Public Land SUiVey System, 
Sail Lake Base and Meridian) 

Stratigraphic Unit I i Fracture Analysis 
Air Photo scale is 1:17500 (9 measures) 

• Use Engineer's 30 scale (1" = 1500', 
with smallest division = 50') 

Assume 

-une:-- 1{41T4 Section -Township Range a~ uppermost casif89ai8 j!lD If Quadrant Orientalion Orientation Lenglh' l spadng' 
P~~to r=~:;;~ (0.359) I (·45 to +45) (tt) (tt) 

2.0g::t5 !'1!~~ _19 __ ~_ §L uppermostCas~ale _ '9 IN 0 -360 1~ __ _ 
£QQ:1§.. ~ _19 __ ~_ 5L __ YPEermo~1..Q~~1li'~_. __ ._._.1.q .. _ !'l ____ . 0 _____ :16,Q __ ~ __ ._~. __ _ 
200-45 ela ne 19 218 5E uppermosl CasUegate ' 11 N 0 -360 75 I 
200·184 sw 1/4 12 21S 5E uppermost Castlegate 34 N 329 -31 175 
200·185 e 112 1.1 ?lS 6Eupjlerm.ostCasUegate 13 jN 3g9 141 ?90 \30 

~~~~ ,~;:~~. ~= m .m __ ~tmjm~~~::gm:~:::m __ nmmm ~.:ml_n= ~ii:: __ :ji __ . '" ~. --t=~-:-
200-184 ne 114 11 21S 5E uppermoslCastlegale t7 N ~~1 -29 175 I 
200-184 ne 1/4 II 21S 15E uppermoslCasUeg;lle !8 N 331 1-29 275 

~~~4~: ~71 - H------- ~f}__---- ~~~~~~~::~{~~:j~~~{~ --- ~}--. ~- ;;1 - :~ ---.-- ~~L.---~3b-
~ ne 1/4 11 21S 5E uppermostCasLlegate 26 N 331 -29 150 150 
~QP.:!!!.1 ~.!!.~ 11- 21S 5E u~l?ermoslCasU~~ _?L. tL .• __ ~:l1.----..l~ 1020;<-__ .,-___ 1 
~QQ.-_~~Del/4 11 -- 21S 5E uppermoslCasliegale -'28 N 331 H '1-29-- 200 I 
200.-184 ow 114 12 218 5E uppermost Casu~~ 3.3 IN 331 {-29 175 I 
~ e 1/2 ~ 215 5E u.pper.m .. o. 5.1 .. casll.egate. --- 22 jN _._: __ ~ ____ -gL _. ____ lZ§.--t"~--.-. 
100-42 sw se 21 21 S 5E uppermost Casllegale ti6 IN 332 .2S 525 
200-184 ne 1/4 11 21S 5E uppermostCasliegaie 9 IN 332 -28 160 

~~~:~:1 ~: ~J! ~~ ~~~ ~~~~~~~~6~{2~~~~~~{~ 1} ~ ;;~ :;~ ~~~ f 
200-185 e 112 11 21S 5E uppernioslCastlegale 18 N 332 ·28 175 

!~~:~! :-~~ ... t~·-·--- ~~!----. !!--'---~~*=:-g:~::!:--- ···----···--I~··--· ~--.. ---.--- ru·--··_··-- :!!···-·-·· .. ·· !~t··---t···--··--··· 
?OO-J~~!LL 1~1 __ ?.1.~_. ___ 5§ ___ .!:!l!permo~~ _____ :4 N 333 -27 _ ~ _ ~ ____ _ 
§QQ:.l~? lOW 1/4 ~~ 218 5E uppermosl CasUeQale 125 N 333 1-27 300 t 
692=-1¥ nw 1/4 ~ 218 5E uP2ermost aslle~ 12YN __ 333 ·27 .!Z5 t _ 
~senw 20 2 18 5E ue~mostC~~~te 9 .N ~1 ;-26 ._~_ 30 
100-42 se nw 20 21 S 5E uppermosl Casllegaie'"" -----10'-

l
iN-'- 334 - :zs- . 575 -- --.-

~~~~ 114 11 1218 5E uppermoslCastlegate 14 __ ~ 334 1-26 225 0 
200-184 ne 1/4 11 215 5E upjlermostCa5l1egate ~ -llN 334 ·za 150 l 
200-184 ne 1/4 11 215 S'E - uppermost Casllegale 110 - N 334- :;16-- -- 15"0 - I' . -.. 
200-185 e 1/2 11 21S BE uppermostCasliegate 5 N 334 ·26 175 140 

_100:~_ se nw ?~_ ?1.§.. ___ i;s....._~ost Castlegate ______ ..;~1---f~-_-_~~_._.::.~.-----~~--~----•• ---
10~~ se nw 20 21S 5E uppermost Castlegale 132 !" 335 t-25 150 , 
600-137 ~ ~~ 5E uppermoslCastlegale 4 9 iN 335 -25 _ i1Q.o 
600-137 ne sw 22 21S 51: ul'P.ermostCastle~~ 3O _ lI'L. 335 1f;25 200 I-
100:38-- 9172 33 '- 208-- 6E--uppermoSi'Casiiegale ----j22iN --- ~S-- -25- - 200 -r'---
100-38 e 1/2 33 20S BE uppermost Casllegale 123 N 335 ·25 175 
100-38 ;, 112 33 20S BE upoermosl CasUeQa!e 24 tN 335 1-25 150 

10f7 

~,PR . 1 9 2018 

,.... r.' ·' c" 

10/23/2008 



Green Hollow Fracture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis ! I I 360 

Air 
Photo 

to 

Tract + Buffer, North-Trending quadrant Fracture Data Values 

Salt Lake Base and Mendlan) • Use Engineer's 30 scale (1" = 1500', 
with smallest division = 50') 

(PUb~:~:~e;~~:;l~~stem, Stratigraphie Unit ~ I Fracture An:~~~~oto scale is 1 :17500 (9 measures) Assume 

"1.","in-e--+ 1,",147"711"-;4"'-'s-ec-'tl"-on-'f r ownshIP I Range-an uppermost Casllegate ----in·ID # Q~adrant , orlei1taiiOi1TQneiitaUoil'Le;;-;t1' S~~~,ng' 
Photo I (".-315.45 (0· 359) I (·45 10 +45) (It) (It) 

III E-45·135) 

100-42 se nw 20 21S 5E uppermost Caslle.9ate 26 IN 336 [-24 200 
~ ~ 20 21S 5E uppermost Castlegate 27 N 336 -24 225 
100-42 swse 21 21S 5E upp.§lrmostCasliegate 35 N 336 ,-24 150 
2]Q:1~~ !'.~!!..~~. ?.1L __ ~ ~ __ ~~pp.~~~_~~~ __ ----@),- !L __ ~--~4 ___ ~" r 
?p0-184 ne1/4 ~~~ueJ:lermostCa~~ 132 N 336 -24 _1l2...... 
209-185 e .1j2 11, .21S !6~ _upp~rmostC.aslleg~te _1 203 _ . t-L _. _ ~3.§_. _n. -.21 _ ~Q n n._ 
ggQ:l!l.~ e v.~ )J __ 1?,1L_J.~~~p'~I!'-~!.f..~§.~.s2!L_ ------if4- ~ ___ J@.~6 __ ~ ___ ~?_ 
600-137 ~ 22 21S -1~permostCastlegate 134 N 336 ' -24 100 50 
!5.Q0~137 ~e ~w £2 2.1.S 1 ~E:., .. ",_upp~rrT1,~~!,C.~?~~,gat~" 13j! N 336 -24, 100 
600-137 ne sw 22 21 S 6E uppermost Casllegate 39 N 336 -24 100 
~Q9-13~ ne~_~ __ f!._8 __ 5!L_~p'erm~!...C~~~~ _____ I~ N ____ ~6 -24"---___ 1-'75==-_+ _ __ _ 
600-139 w 1/2 3 21S 5E uppermostCasliegate 2 N 336 -24 175 
§.0.Q,13.!!w112 3 21S ~ppermostCastiegate 11 N 336 -24 ;!9''''O_-l-___ 1 
100-36 ne sw 21 20S 5E ul2P.armost CasUeaate 8 IN 337 -23 300 
100-42 wll2 s 20 21S 5E uppermost Castiegate 2 N 337 -23 225 
100-42 n112 nw 20 218 5E uppermoslCaslJegate 3 N 33] -23 300 I 

¥gg; 185 ~,l_1 __ J21S BE upparmostCastlegata _ 110 N 337 -23 175~ __ t-___ 1 
600-137 ne 114 22 i218 5E uppermostCastlegate 17 337 -23 200 

~qQ:1~~I~~?_lS ___ 2S __ ~permostCastle.9ate 8 N 337 -23 ~5Q. __ 
200-185 e 112 11 21S 5E uppermostCasUegate 9 N 337 -23 175 

600-137 na 1/4 22 111 8 5E uppermosL CastieQaLe 18 N 337 -23 100 

100-3~ senw 21 20S ~ upp'ermostCastle~ 17 N 338 -22 150 
'160:42 i1172iWi zo-- 21-S--15E --,jpp8rii1oSiCaSiiegate --IS-- N~ ~-- - - -22 - 350 ' - -- -_. 
~~ ~ 2_0 __ ~~ __ !5E up-permost CasUegate l¥-- ~ _ ~ - 4 2.00 
200-185 e 1/2 11 21S BE uppermostCastiegaLe '7 N 338 -22 - ;go- -f-
200-185 a 112 11 21S ,5E :uppermostCastiegate 19 N 338 -22 250 

I~~ 11 21S 5E uppermostCastiegate 20 N 338 -22 150 I 
I~ a 112 11 lS ~permoslCastlegala ;21 N 338 -22 250 . 
~7 se1{4 .15 ~llL __ II§.._.J!PP.~!!Dg~L Cas~~.~__ '6 !L __ 338 ':ll. ___ ~ 
600-dt se 17r 1T-- 218 (SE uppermosl Casliegale -tt-- N ~----r-22 175 r-

20f7 10/23/2008 

rED 

t>.PK 1 9 2018 



Green Hollow Fraclure Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis 1 1 1 3601 

Tract + Buffer, North-Trending Quadrant Fracture Data Values 
Air Area Designation Stratigraphic Unit Fracture Analysis Assume 

Photo 
10 

WUOIIC Lana Survey SYSlem, 
5alt Lake Base and Meridian) 

,n., tr t-'hoto scale IS 1:1 f tlUU (~measures) 
• Use Engineer's 30 scale (I" = 1500', 

with smallest division = 50') 

'"iTri9-"" 114114 SeC'tlOnj-TOWriShiP - Range "nupperriiO'stcaStlegaie '-\iDT·I·6Ua;irafit[Ci;ientat1OnOrl8rii;iiian-[ Length' f 5paCing' 
Photo (N="5-45 (0.359) (·45 to +45) (It) (It) 

ID 1 E=45-135) 
jlQ9·137 nw1/4 23 215 ~p'ermostCastiegate 123 N 3~a ·22 150 , 
600·137 ne sw ~2 215 5E !!1'p~rmo5t C;lsUe9!le :27 N 338 ·22 OO ! 
600-137 ~ ~ 21~_ 5E --- -uPllermost Castlegate ,28 N 338 ~ 250 1 
600·137 nesw 22 218 5E uepermostCa5t1~ate 41 N ~ .. ~~ g.~ 
1QO{~~ ~ ~~-6~ppermost CastlesaTe'- -.-.- 1-- N---- 339 "'G-:i-'-21 -==~ 40--: 
100-36 se nw 21 205 BE uppermost Castlegate ;2 !~ 339 I:~~ 425 40 
JOQ~~ ?'~.IJ~ ?!._ 20~ ____ ~~~-'-'!'.2ill:.astl~~L ----- ?M!'!-------. ~39 :21 ~~_-tt!lL.--
100-36 ~_~1 205 5E uppermost Cast)e~ 4 N ___ .3~ 1.21 200 50 
100·36 se nw 21 205 5E uppermost Castlegate ,'t5 N 339 .. f-,31 _... . 175 
100-36 se nw 21 208 5E uppermost Casllegate 6 iN 339 /--21 100 
1<l9£..,. ;;.'L"~~~_ ~L8 ___ .g.~~ermost C~~~L __ ._\?L.JtL ....... ~~ ____ +~.l_ _ __ 5Q ______ . 
200·184 ne 114 11 215 5E u""ermost Castleyate fg-IN 33. -21 150 
.?,QQ:181 ne 114 11 I~~_ 5E_ LJPjlermostCastl~gate__ -.g.~ _ :_N __ E--~ -- !?L .J. __ 
2O()'184 ne lf4 11 215 6E uppermostCastiegate ;23 iN 339 -21 200 I 
200·184 .f:l.e 114 11 215 5E uppermost Castl~g"te ' 29 N 339 -21 175 i30 
200-184 ne 1/4 11 218 5E uppermost CasDegate 30 N 339 -21 200 
200·45 e112 ne 19 215 5E uppermost CasHeoale ' 16 N 339 t-21 250 
~O~~ !i~J~~ ?? __ ~5 __ ~. __ !!pp2most.9astl~ate __ =-__ ilL.. N ____ . ~§. __ j 21 .1~?"'00::--__ ~60".::::= 

~~~~~~~: ~;£~.-.- ~t~·-- ~=~~;~~;{f:~~~~~~- -==-/H--~ __ ~. __ .l~ ~ - ~~ -=-
600-138 wll2 ne 10 218 5E uppermost Castlegate 113 N 339 -21 150 II 

~ "" 1/2 15 218 5E -upp"rmosICastl,;gate 128 N 339 -21 325 
~~ ~~ __ 1~ ?!§.. __ ~ ___ .l!epermos! Cas~ate ___ . ____ J~L_~_ 3lL_ -21 250 __ ~ __ _ 
600-138 w 112 15 215 5E uppermost Castlegate 130 N 339 -21 200 r 
§.Q.C!:13!!~~ 215 ~permostCastiegale __ I~ ~~ __ -21 ~~ 
600-139 w112 3 215 5E uDDermostCastiegate 'iio I N 339 ~ _. 100 
100·38 nwse 33 208 5E uppermostCastlegate 11 N 339 -21 1-;;2"'0""0--+4'"0,----1 
100-38 nw se 33 208 5E uppermost Castleoate 12 'N 339 -21 150 I 
1Q0£.. ~~~~ ____ ?1§. __ ~E __ uppernl0stC-"~"-ega_tE3_ 4 N 340 -20 1;2,=2=-5_-+ __ _ 
.tQ~~ ~~.lJYL .?2._ £L5 ___ 5L ___ uep'¥}TlOSlCaslle ~ - - - i--·f-- -~±9.... ____ ·10. __ --- ~75 -=1-' -
.~QQ:1?_ ~.~_~Y!... , f..L. _ ?.1§. __ • 5L _ ... !!eP.~ost.~.~.tJ~.a~t~._. 1'1..._ N __ 3±Q. __ .•. __ ~ __ . __ ~_ _ 
100-42 S8 nw 20 218 ~permostCaslie ale 30 N 340 ·20 275 
100·42 SWSe ~ 215 - 5E uppermost Castle9ate 34 N 340 ·20 SOD 
200·184 ne 114 '11 . 2·15 5E uppermost CasUegate 12' N 340 ·20 250 ... 
~ ~2J~._ .l!._ J 218 __ 5~ppermosU:E.!!!'~_. lL~ ____ ~L .. _ :2.9 ___ ~~ 6_0 __ _ 
200-184 ne 1/4 11 - 1218 5E uppermost Castlegate 17 N 340 -20 150 
200-184 ne 114 11 218 5E uppermostCastleoate 18 N 340 ~ ~..j. __ 
200-184 ne 1/4 11 215 5E uppermost Castle gate 20 ~ 340 ~_ !i~~ 
200-184 ne 114 11 218 5E uppermostCastiegate 21 N 340 ·20 250 -,------
200.11l5& 112 11 21S 5E uppermostCastlegate 16 N 340 1·20 150 30 
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Green Hollow Fracture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis : I 360 

Air 
Photo 

10 

Tract + Buffer, North-Trending Quadrant Fraciure Data Values 
Area Designation 

(PubliC Land Survey Systam, 
Salt Lake Base and Meridian) 

Stratigraphic Unit ; Fracture Analysis Assume 
I Air Photo scale is 1:17500 (9 measures) 

I 
. Use Engineer's 30 scale (1" = 1500', 

with smallest division = SO') 

Une - 114114 Section Township Range all uppermost Castlegate UD # Quadrant Orientation I Orientation Length Spacing' 
Photo I (N=315-45 (0 - 359) (-45 '''45) (tt) (tt) 

ID I E=45-135) 

600-137 se II~ 15 21S 5E uppermostCastiegate ' I N 340 -20 17 5 I 
600-137 sa 114 15 21S 5E uppermostCastiegate ' 2 N 340 -20 150 __ 1i-___ 1 
sii5T37 sa 114 15 21 S 5E uppermost Castlegate 3 N 340 -20 200 
6iiO-137 se 1/4 15 21S 5E uppermostCastiegate 4 N 340 -20 125 
1~_0-137ne 1 14 ' I~_~ 2_1_S ___ ,SE uppermostCastleg~ 15 N 340 ~ 325 Co _ 
~O:1 ;17 ne 1/4 22 218 [5]; ~pp!,.'~s.t9.as.~~.9aJ!l_ -rte ,!'J ~40 . -20 375 
li.9Q:!9X ~~ I f- 21 S __ 5.r; __ . up~rmost Castleg"1e i3H N 340 -20 22S 
~n~ ~ 21S 510 uppermosLCasUe9~ 37 iii 340 -2Q 150 I I;; ~lW 1~- &~~ - --- ~g-- -~~~~~~~l-gm:-~~{~-- -----· ---f~~ ---- ~-----.---- ~~ ---------- j6---------- ~~-~ - l----------·-
600-13~ ~e 1/4 15 218 SE : uppermost Castlegate 50 .IN 340 ,-20 200 
600-138 se 1/4 15 21S E uppermost Castlegate 51 ~ 340 1-20 175 
600-)38 ~ ~ 21S SE :u" permostCastlegate 152 N. _ ~ -20 t-;1~2~5_--f3",0'-_-I 
600-138 sa 114 15 21S 5E uppermost Casllagata 53 N 340 -20 175 
600-138 sa 1/4 15 21S SE :uooaunasl CastIeaate 57 N 340 -20 150 
6iiO-13B 5e 1/4 15 218 SE uppermost Castlegate 58 N 340 -20 200 
600-138 se 114 15 218 ,5E _ u~~ermost Castlega1e '59 N 340 -20 225 
~OO~-:i8 ~ 10 21S iSE UEP.e;;;,ost Castlegate _ 122 IN 340 -20 150 
600-138 sw1 14 10 218 510 ueP'ermostCaStle.\jale .~_ N 340 -20 175 .1 
600-138 ~~-10 ~-- - 5Et--up~ermoslc'asue~- -- - ]~1 :'- N ,- 340- - - r:fo"'-" - -Ifc)o"- - .-t----
6QO-_138 5W_1/4 l Q 215 610 ____ "pJlerm.ostc;astle_gate . ?~ I'! 340 -20 150 - -r-
600-136 sw1/4 10 218 6E :upp-"rmostCastl~gate 26 N 340 -20 100 
600-136 sw 114 10 21S SE uppermosICa_sllegaJ~ 27 N 340 ~-2O 125 
100-38 nw se 33 20S SE iuppermost Castiegate 9 N 340 -20 225 --+ ;l4"'0c-- ---l 
100-36 nw se 33 20S SE uppermost Castlegale 10 N 340 -20 250 I 
100-38 B 1/2 33 20S 5E uooermost Castleaa1e 6 N 340 -20 150 
100-38 e 12 33 20S SE uppermost Castiegate 27 N 340 -20 150 I 
100-38 0 1/2 33 208 5E uppermostCastieaate 26 N 3i O -20 200 ~_ 

iQ5;!t ~ ~ 218 510 up~~.g~ 1 N 341 -19 300 ~ 
100-<12 senw 20 __ tm ___ 5L _ '!!p'p'""nostCastleQa!Q -_=!fElll tL __ 341 -19 200 -1--_ 
.1.Q9:~~ se nw ~Q. __ .?!.S _____ SE __ ..1!pp'!'.'most C~tll~~~. _______ :L~~ t'! ___ 3~ _____ :!L.. ______ 1~T __ 
1QQ...4.~~~ 218 _S~ ______ .'!g~"-~~stC_~L~9,,!~____ _ 3 t:I 341 -19 150 -,-
100-42 s.':'l se f:!. ' I ~~S 5E ______ up)le!_m_os_t_c:astle_ga_te__ 137 IN _ ~1 -19 5QO , __ 
200-185 e1/2 11 I<'IS 5E uPQermostCasllega1e 12 N 341 -19 200 
~l'Q:J~ i"JL~ _l0 __ I.?!.S _ ___ 5E uppermost Castiegate ____ J?.._!~ _ __ ~ __ ..1.:19 ___ ~L ___ _ 
600-138 w112 ne 10 218 ,SE uppermosl CasUegate -1 16 IN 341 , :-:r9 125 I 
§QQ; 1 ~§.~_10 __ lt _1S __ 5E up p'ermostCasti~ 9.ate 117 iN 341 -19 125 .1 

'~wl/2n 10 21S 5E uppermostCastiegate ' 18 N 341 -19 175 1 
600-138 w1/2 15 21S 5E uppermostCastiegate 41 N 341 -19 125 I 
~~eI/4 15 21S ISE upp'ermostCastiegate 47 N 341 -19 200 
2~ se 1/4 15 21S 5E uppermost Castlegale 48 N 341 -19 175 
pOO-138 ~~L!...'&_ ll~ __ ~ ___ '\!~~!!'!!1~~.9.~@~e __ --.J~.L_ , t'! 341 -19 -J1lp--L:=: 
600·138 se 114 15 218 5E uppermostCasUe_Qa"~ 1 54 IN 341 1-19 175 I 
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Green Hollow Fraclure Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis ! I I 360 1 I 
Tract + Buffer, North-Trending Quadrant Fracture Data Values 

Air Area Designallon Stratigraphic Unit I Fracture Analysis Assume - , .. - - _A.lf Fi':"I"lO[O scale!s 1:-1 75UO {9 measures) t"'noto tt-'UDIIC Lana ~urvey ::'!YSlem, 
ID 8alt Lake Base and Meridian) • Use Engineer's 30 scale (1" = 1500', 

',"th smalie&l dl>'iskin ~ SO') 

~ 1741 /4 Section Township Range all uppermost Castiegate - :ID# Quadrant ~Olrientation r L~ngth'f~Cing-;" 
Photo , 

~::;;~~ (0.359) (·45 10 +45) (It) (It) 
If) 

600-138 se 1/4 15 218 5E uppermost Castleg;lte 55 IN 341 '-19 150 : 
~~ s e 114 15 218 5E uPEermosl Caslle~ate 156 N 341 -19 175 1-600-138 w114 10 218 5E uppermost Castieoate 19 N 341 '1:19- 125 
600-138 swl14 10 ?1-L-_ 5L ____ upEermost Ca~~~.L, 20 IN 341 -19 225 
6CO:i3! BW 114 '1-0-- 218 5E uonerrnos! CasUeQate ~2_1 ___ N _____ 341 -19---

~ ---600-139 wl/2 3 218 ~~uPJlermostCasUegate ___ ..... 'i=f 'W- =1-9--- 250 .. ' 
!QiEii! wV2 . 3 " .. ils'" . 5~p~!!'-Q§u:aslle~~_ .4 N 341 -~-- 300 
60Cl-139 wTI2- 13- 21S---· 5E ___ _ JJJlpe'rT19stC;astieg.a!e _ --15 N--- 341 1-_19 ___ gso--
606:139 Wi/? 3 ~ 5E uppermost Castieoate -----& N 341 -19 250 
600·139 wl/2 3 218 5E uppermost Castlegate 19 iN 341 -19 150 
100·38 ~, 33 208 -- 5E ...l!P,l!!'l0.'l~t~~~ ---I~ - ~--- ~~.- -19 325 50 
'10 0-38- senw :n- 208 5E uppermost Castiegate :19 --200 - r-' 
100·38 8112 33 208 ~ ---'!!ppermost Castlegate 29 N 341 -19 2.00 

~ se nw 20 218 5E uppermost Casti~g;lte 17 'N 342 -18 125 50 
100-42 senv;-- 20 18 5E uppermost Castlegate 18 N 342. -18 100 
100-42 se nw 20 218 5E uppermost CasUeQate 20 N 342 -18 125 
100-42 se~ ?,O ~18 iSE upperm05tCastiegate ,21- t 342 -18 100 40 
100·42 senw 20 21 ~_ _l~~:-uPJlermoStcas.uesiate 25 N ~i2 ___ .-*. _ 100 
26b::;B4 ;;.1/4' ~ 

_.' ._-+ .. ~_ .. r ____ • 

?I5 _~5b "-. ~8 __ ~~.£stCastl~)l~ 13 N ~---;J~--. 
~~ " e 114 ' 11 218 5E _ ,!pp"rrT19stC:astl.ega\e __ ---14 N----

342 ~~ 
8l72" 11 218 BE uppermost Castlegate -- · 11 N 

275 
300 200-185 342 -18 

ioo:-jil5 ,,- 172: " 11 · .... · 2"15' BE uppermostCastl"gaJ.e . "- 1·5 .... N ...... "342- ......... ~;8· _ ... :i25 "'[ .... 
200·45 el/2 ne 19 218 5E uppermost Castiegate 13 • .t!. -342 -18 1~~ -~60 - _. 200-45 el12 ne 19 218 SE uppermost Castlegate 14 N 342 :18-- -' 
200-45 el/2 ne 19 ~ ~ .!'2P.ermost Castlegate ~ .*- 342 _ -18 200 
000·137 ne 1/4 22 21S 5E uppermost Casflegate 11 342 :1a'" - 350 ---
'600-137 na114 22 218 BE uppermost Castieg;l te 20 N 342 -18 2°H 600-138 wll2 ~ 10 21S SE uppermost CasU!11la!e 2 N 342 '-18 175 ,30---
6oCl-138 ~l2nt:' 10 :218 ~E !,.PJI""'!!!!"C!.~~~~~ ._._._ . _~.=ffi_~ 3~ .~_ ~ _ J:l0 __ 
000·138 w112 ne lTO - 218 5L._.~PJ!l!!!!!'?~.t~.!!!!lI~'L_ 342 ·18 ~i}-f9----6-t~ w-Vlne fo-::" ll8-.= ~E __ ~ep.!'!!1.'!!'l~~!9!l!_ 

--- ~4--t~---E~=tr---600-138 W112ne 10 218 §E- ~ I!.~~I~~~~'!. 100- ' 
60 0-138 wl/2ne 10--- 21-8-- BE uppermost Castlegate ;15 1~ -- 342 -18 225 I 
fgO-13"8 w 1/2 . 15 218 BE uppermost Castlegate :37 N 342 [-18 150 .50 
600-138 wll2 ~ 1£18 5E uE~ermost CasUegate 38 Jt'I __ . 3±~ 1-18 - 200 .. 
iioo-138 wV2 15 218 5E uppermost Castleaate 39 N 342 -- .... ':18 i50 
~]o. 1 :i8 iill!_ 1.5 __ 218 5E ~eermost CasUe~~ --- ~!l-=m-- +342 -t¥- 150 ~-100-38 nwnw 33 ~ 5E __ .~P£~!!!'~!i<a?~~.ll~te. __ 1 N 1 ~42 ( I ,1@ I 100-3a "~ 33 20S 5E uppermost CasUegate 2 - 342 -18 225 
iiiii=3s nwnw 33 208 5E uppermost Castlegate 3 IN '342 -18 375 
10(t.3a ~- 33 1208 5E uppermos ~ ~~te 14 .LN j~ ' · 18 1SO 
l"@~~ ~~ ~3 __ 1~~ 5E _.~PE~!!!'.~~Lc:~?tI~.ll~.t~ .. __ f---~--..:m-___ .~R_J1i _____ . -lffi --;:=--. --------

20Cl-45 • t/2 19 218 5E uppermost CasUegate 119 IN 1343 1·17 75 30 
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Green Hollow Fracture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis I I I 360 1 

Air 
Photo 

10 

Line -
Photo 

tn 
200-45 

~ 
200-45 
2 0-45 
fiOO-137 
BaO-f:i7 
§Q~~ 
600-138 
iiiiO-i3a 
600-138 
600·138 

I~ 600-136 
600-138 
600-136 
100-38 
100-38 
100:~ 
1Q9-:'!f-
100-42 
200-45 
200-45 

£Q.~:m 
600-138 
§QQ.:1~ 
600-136 
600-138 
600-136 
'6oO:"t38 
).Q..~-~ 
200-45 
200:45 
200-45 
20045 
£i?!!~~ 
600-139 

~:+~ 
1600-139 

I~ 100-38 
100-38 
100-38 
100-38 

Tract + Buffer, North-Trending Quadrant Fracture Data Values 
Area Designation Stratigraphic Unit : Fracture Analysis Assume 

(Public Land Survey System, I Air Photo scale is 1:17500 (9 measures) 
Salt Lake Base and Meridian) • Use Engineer's 30 scale (1" = 1500', 

with smallest division = 50') 

1/41/4 Section Township I Range all uppermost Cast l99ai8 t #[ Quadrant lOiientation Orienlation 
... ,---., 

Length Spacing 
(N=315-45 (0 - 359) (-45 La +45) 

(tt) (tt) E=45-135) 

6 1/2 19 21S 5E uppermost Casllegale /20 N 343 ·17 75 
s~ 1_9 __ 2~ ~P.~fmcsICa~9ats '21 N 343 · 17 1225 40 
s 1/2 19 21S 5E uppermost Castlegate '22 iii 343 ·17 100 
s 172 19 21S 5E uppermost Casllegale 

J~_N ~- . 17 100 -6e 1/4 15 21S 5E uppermost C~ate ;5 N 343 ·17 200 
se 114 15 21S 5lO _______ upJlerm_ostc;asliegate ___ '9 N 343 ·17 200 
se-ii4-' 15"-::' 218 - .. ··-- !jg---l1fl-,<-ermost Casllegate ----- '--'--i~~ --:- ~ -----.-- 343 ·17 350 

.. 

Wi7:fiie 10 ~~ §§-----'!I!~ermost Castiegate 143 -17 100 
wl12 n9 10 21S 5E .~PJl~r-,!,_os~_C;~,,-~e_gate_ j!.1 .! I'! 343 17 ~J§ 
wl12 ne 10 218 5E uppermost Casllegate 12 N 343 -17 650 
w1f2 15 21S 5L-up~o.&9a~.l&1!> /42 N 343 -17 - I ~~~ w l12 15 21S 5E uppap11Qsl CaslleMle 43 fJ---~---,- .f7"-- 30 ·_· 

~-~ 15 218 ~.!!l'P.~"l9.sIC~~9i!I~ ;44 N 343 17 125 -wl/2 15 21S 5E uppermost Castlegate 145 N 343 ·17 150 
w112 15 218 5E uppeJTl10SI Casllegate ,46 N 343 ·17 200 
e 1/2 33 20S 5E uppermost Casllegate 118 N 343 1-17 275 ~ 
'!..1LL 33 1205 5_E __ uP.~ermost Caslleg~ 19 N 343 -17 300 I 
se sw g1 :J£q~ ~E_ u 'E!'.':!!'..<lli_g,~~ ... ----j~-~ 344 :fi- 100 ! 
~~ :i ... 1m, .... B 

§.E __ up~_CasH Ie 1344 - -16 725 
se nw ~ep.!!rmosl C!'~..9~ 

__ ~~ ••• ~. B. 

344 -16 350 
5112 ~... _~P~-'!!l'1~!:.£~~;I!'.~!L . 344 ·16 ... . !Z~_ ••• &_.~& • ... 
i"112 5E uPp'ermoslCastlegale 344-'" .... • iii " 300 
wl12 ne T~-J1~ ~- ~eP,!l.!!!'.!!~!'9J,.!l1l'~le ._ :7:--1N ~~_4 ___ ~----~13_0 __ 
W1f2 ne 5E ul'..l!!.l!OOsl C.stlesale --Ia_N-- 344 ·16 125 
wl/2 ne 10--]215 5E ,uppermosl CasUegate !9 N 344 ·16 100 
w l f2 15 215 5E upponmosl CastlCQate '33 IN 344 .16 275 
w l12 15 215 5E uppermosl Castlegale '34 N 344 -16 500 60 
w112 15 215 5E u~~en'llOSl Cas~ 35 N 344 -16 200 
wl12 15 215 ~permost Castle~ale :36 N 344 -16 150 
e 112 33 205 ~ ._J!t>~!!!lQ~J.I<~~lJ..~\l! j17 N 344 -16 175 
eliZ" . 19--2-18---~.ppermostCasll~~ ___ p _2 _IN 345 -15 300 ---.-172-:;9'-' 215-'- 5E UPPermo:sl~egate 24 N 345 -15--·-~-. ~ 
s 112 19 21S ~E upJ'.e!.'11.~!£a.s~~B.~!~ ;26 'N 345 -15 125 
5112 19 21S SE uppermost GasUIlQ8\l! 127 N 345 -15 75 
sin 19 2 1 ~_ ~L_.!!~£!'..'!!'_~19~'!!~.11~~ '---J~L]fi-___ -~--~--- 125 I w l/2-- '3-- 215 ~~ __ !!l!E!Lmosl Casllem!\e I~ ,~ 345 -15 200 
w 112 3 218 5~ __ ul!p'ermost CaSIl'!9!\L. 345 -15 300 I 
wTi2 3 218 5E uppeomosl Cosllegale 17 N 340 -15 100 
9112 33 20S 5E u~rmosl CosUegale 13 N 345 ,-15 225 
e 1/2 33 20S 5E uppermost Casllegate 14 N 345 -15 100 
e 112 33 20S 5E up P9rTTIQSl Casll~ts 

----~ii--4~ .- 345 -15 

i~~ ---t-----9i72 33 205 ~§ ____ '!!p£,,!!!,~_Castle.9~!'...._ ~~--.-~---e~ 33- '2rs-"- 5E uppem1os\ castil!!iille 346 -15 
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Green Hollow Fracture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis I I I 360 1 

Tract + Buffer, North-Trending Quadrant Fracture Data Values 
Air Area Designation Stratigraphic Unit I ' Fracture Analysis Assume 

Photo (Public Land Survey System, Air Photo scale is 1:17500 (9 measures) 
ID Salt Lake Base and Meridian) • Use Engineer's 30 scale (1" = 1500', 

wilh smallest division = 50') 
---- 1741/4 'SEicuon Tciwnshii ange-:BiI uppermc;stcasileij,ile --r#TQ~ ·Orientation Line - Orientation Length Spacing' 

Photo (N=31S-45 (0·359) (-45lo +45) 
(tt) (tt) In E=45-135) 

200-45 S 1/2 19 21S 5E ueeermost Castlegate 125 IN 346 /·14 150 
600-138 ~ 10 21S 5E uppermost C3Stle9~ l.1....- N 346 · 14 150 
100:36 sesw -21-- 20S 5E uppermost CasUegate --ill l f'J 347 ·13 175 40 

:!,I!Q,~ I~ ~1.._ ~I!.S ___ ?g~_-,!PJ1!l.t:!!!O~l.C::.!5J!~~!L ~-.!~~-i==r 2.so ----
100-36 s~ ~-I~ ~p'ermost CasUegate i13 N 347 :13----~5-
100-36 :;;_~~s~ 21 ;108 510__ _ __ "uPRer,m,os,t c;a,;Oe,9ate P..4 It'/ 347 · 13 225 40 

iQ~~~ s~~~~_ 21 20S 9S __ ' ueeeIl!'g~! .C:~~!'~~!!!. __ ·---,t}·-j~ -- M.7 ___ .~ ___ 
~}--

3_0 __ 
100-36 sesw 2r--~ ~ppel'JTll)st Cas~JL 347 .13 
200-45 s"8i14 347 · 13 

c 

'18 218 5E __ , "PJle,IlTl,ostCasUe,9ate, , 3 N 75 
100-42 swse 21 21S 5E uppermost CasUegate '33 N 348 · 12 400 

~g~~ se 114 t~-- 21S 5L __ ,~PJ1!l_'!!\O.§!J<~s_~~~,t~_ ---- ~-!~---- 3~_ .:.g--- 400 
~.--200-45 59114 218--- 5E uppermost Castlegate 348' . 12 75--

2~2*-- se 1/4 18 21S SE ueeermost Castle~ 
" - 5 __ /r_- 348 · 12 200 t 

I~ ~ 
18- 21S SE uDDermost CasUegate 6 N 348 ::;'2-- 250 I 200-45 se 114 18 21S SE uppannost Ca5tlegate 7 N 348 ·12 125 

100-38 e 1/2 33 208 E uDDermost CasUeg;ote 32 N 349 1·11 100 140 
)00·36 ~ ~ ?O_5 ___ ,~ ___ ~p~ermost Castiegate 33 iN 349 1-11 75 i 
200-45 el12 ne !L ··0 ' .ll'-- or _-''''-"",.1""","-,_ --- -

8 N ~Q __ -:1!l ___ . ~~~ --~- _: ~pjt~j~~ lL_ ~.1.~ __ ... §s.._!!P.l!!'!~.fa.J.I!.BM!L ~."::: !-!-:::=: ~i......... __ :5 ______ 

~~~~fcr 
--

278 278 278 ' 44 
Maximum maximum value In thQ dl5!r1butlon --_ 3.~~t ~~. __ IJ..~ 
Mliilmum-- minimum value In tho dlslrlbution o -360 75 30 

~verag'~I_ iiiiianofiho dl. t,lbution -'1-.24 207 42 
5t.Dev. st.~d.rd devl3tlon altho dlulrlbution - 35 103 10 
,Median I the value In the middle of the dlstrlbuUon - ·20 200 40 
Mode the most frequent occurring or roPOUUvo volue of the distribution - ·20 200 40 

70f7 

APR \ 9 2018 

Div. of 
-":\ ,~ 

\!, 



CHAPTER 7 

HYDROLOGY 

APR 1 9 20tB 

Oil!. of Oil, Gas & Mining 

) 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

TABLE OF CONTENTS (December 20,1991) 

Section Page 

7.10 Introduction .............. .................................. . ....... . 7-1 

7.1.1 General Requirements ... 0 •• 0 0 0 0 •••• 0 ••••• 0 ••••••••••••••••••••• 7-1 

7.1.2 Certification ........ .... .. ................ ... ................ .. 7-1 

7.1.3 Inspection ......... .. 0 ••••••• 0 •••••••••• 0 ••••••• 0 • ••• ••••••••• 7-1 

7.20 Environmental Description .................................... .... . ..... 7-2 

7.2.1 General Requirements ...................... 0 0 •• 0 ••••• 0 ••••••••• 7-2 

7.2.2 Cross Sections and Maps ... . ....... . .................. .. ...... .. 7-2 

7.2.2.1 Location and Extent of Subsurface Water . 0 ••• 0 •••••••••••••• 0 7-2 

7.2.2.2 Location of Surface Water Bodies ...... ....... . .......... . 0 • 7-2 

7.2.2.3 Locations of Monitoring Stations ....... .................. . .. 7-2 

7.2.2.4 Location and Depth of Water Wells ..... ..................... 7-3 

7.2.2.5 Surface Topography ................ ' .. . .................. 7-3 

7.2.3 Sampling and Analysis ..................... ..................... 7-3 

7.2.4 Baseline Information ....................... .................... . 7-3 

7.2.4.1 Groundwater Information ............ .................... . 7-5 

7.2.4.2 Surface Water Information ........... .................... 7-17 

7.2.4.3 Geologic Information ................ ............ 0 ••••••• 7-24 

7.2.4.4 Climatological Information .................. . .. 0 0 • 0 • 0 ••••• 7-24 

7.2.4.5 Supplemental Information ......... ....................... 7-25 

7.2.4.6 Survey of Renewable Resource Lands ...................... 7-25 

7.2.4.7 Alluvial Valley Floor Requirements .. ...... .. ...... . ........ 7-25 

7.2.5 Baseline Cumulative Impact Area Information . .. 0 •••••••••••••••••••• 7-26 

7.2.6 Modeling . ... . ................. 0 ••••• 0 • 0 0 •• 0 • 0 0 0 0 0 0 •••• 0 0 •••• 7-26 

7.2.7 Alternative Water Source Information ........ ...... 0 0 • 0 • 0 •• 0 0 .0 0 0 •• 7-26 

7.2.8 Probable Hydrologic Consequences ............................. o. 7-26 

7.2.8.1 Potential Impacts to Surface and Groundwater .......... . .. .. . 7-26 

7.2.8.2 Baseline Hydrologic and Geologic Information .......... . .. ... 7-30 

J \'>, f ,r, (-. ,-., _0. 
n, '.f,,)h'! 'Olll\TED 

APR 1 9 2018 

7-ii 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

TABLE OF CONTENTS (Continued) 

Section Page 

7.2.8.3 PHC Determination ................. .. . ......... . ....... 7-30 

7.2.9 Cumulative Hydrologic Impact Assessment (CHIA) ..... ....... . . . . .... 7-47 

7.30 Operation Plan .................................. .................... 7-48 

7.3.1 General Requirements ........ . ............ .. ............ .. .... 7-48 

7.3.1.1 Hydrologic-Balance Protection ........ .................... 7-48 

7.3.1.2 Water Monitoring ................... .......... ...... .... 7-49 

7.3.1.3 Acid- and Toxic-Forming Materials ..... .. . . .. .. ... . ........ 7-72 

7.3.1.4 Transfer of Wells ...... .. .... ............ . ........ . ..... 7-72 

7.3.1.5 Discharges ................ ........ . .. . .......... . .... 7-72 

7.3.1.6 Stream Buffer Zones ......... ..... .. ... ....... . . . ....... 7-73 

7.3.1.7 Cross Sections and Maps ..... ........................... 7-74 ' 

7.3.1.8 Water Rights and Replacement .... . . . .......... . .. ... . .. . 7-74 

7.3.2 Sediment Control Measures .......... . ..... . ........... . . ....... 7-75 

7.3.2.1 Siltation Structures .... .. .. . . . . . ... .............. . .... .. 7-76 

7.3.2.2 Sedimentation Ponds .. . .... ... ............ . .... ...... .. 7-76 

7.3.2.3 Diversions ........... . ..... ............ . .............. 7-78 

7.3.2.4 Road Drainage ... . .. .. ... . .. . . . .. . . . .. ........ .... . .. . 7-82 

7.3.3 Impoundments ............... ... .. .. ...... ... . . ... ........ ... . 7-82 

7.3.3.1 General Plans ...... . .. ..... .. ..... . .... . ...... ... ..... 7-82 

7.3.3.2 Permanent and Temporary Impoundments .. ... .. ........... . 7-84 

7.3.4 Discharge Structures ....... ..... .......... ............... .. ... 7-84 

7.3.5 Disposal of Excess Spoil ...... .. ........... ...... . ...... . . .. . . . 7-84 

7.3.6 Coal Mine Waste ............. .. ............ ........... ... .. . . . 7-84 

7.3.7 Noncoal Mine Waste ........... ....... . ..... .. . .............. . . 7-84 

7.3.8 Temporary Casing and Sealing of Wells .... ................... . .... 7-85 

7.40 Design Criteria and Plans ...................... ......... .. .. .... . . ... .. 7-85 

7.4.1 General Requirements ................. ........................ 7-85 

7-iii APR 1 9 2018 

Div. of Oil Ga'" 0 fll' . 
, ,~",' I.".i vllllmg 



Canyon Fuel Company, LLC 
SUFCO Mine 

Section 

TABLE OF CONTENTS (Continued) 

Mining and Reclamation Plan 
March 2018 

Page 

7.4.2 Sediment Control Measures .. ............. .. .................... 7-85 

7.4.2.1 General Requirements ........ .. .. .. ... ... . ...... .... ... 7-85 

7.4.2.2 Siltation Structures .. ...... . ..... ......... .. ... ... .. .... 7-88 

7.4.2.3 Diversions ... ............... . ........... .............. 7-106 

7.4.2.4 Road Drainage ....... .. . ....... ....... ... .. . .. ... ... . 7-113 

7.4.3 Impoundments ....... : . ... . ... . .......... ..... ....... ... ..... 7-113 

7.4.4 Discharge Structures .. ..... . ....... .. .. .. . ....... .. ....... . . . . 7-114 

7.4.4.1 Erosion Protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-115 

7.4.4.2 Design Standards .... ........... . ..... . .. ... . .. . .. . . .. 7-116 

7.4.5 Disposal of Excess Spoil ...... ..................... . ....... .... 7-116 

7.4.6 Coal Mine Waste ............ ... . ..... ... ... ..... " . .. ......... . 7-116 

7.4.6.1 General Requirements .......... .. " ........... . ........ 7-116 

7.4.6.2 Refuse Piles ........ .... .. ..... ...... .... ....... . .... 7-117 

7.4.6.3 Impounding Structures ........ . . .. .. .. . . . . .. ....... . .. . 7-117 

7.4.6.4 Return of Coal Processing Waste to Abandon 

Underground Working ................... . ............. 7-117 

7.4.7 Disposal of Noncoal Mine Waste ................. ... .. . ... . ...... 7-117 

7.4.8 Casing and Sealing of Wells . . .. .... . ................. . . ........ 7-117 

7.50 Performance Standards ......................... .. .. . . .... . ....... ... 7-118 

7.5.1 Water Quality Standards and Effluent Limitations ........ .. . . ..... . .. 7-118 

7.5.2 Sediment Control Measures ...................... ..... . ........ 7-118 

7.5.2.1 Siltation Structures and Diversions .......... ... . ..... . .. . . 7-118 

7.5.2.2 Road Drainage ......................... .. . .. .. ... ... . 7-118 

7.5.3 Impoundments and Discharge Structures ............ ... ....... .... 7-119 

7.5.4 Disposal of Excess Spoil, Coal Mine Waste and Noncoal 

Mine Waste .................................. .............. 7-119 

7.5.5 Casing and Sealing of Wells ...................... ..... . ........ 7-119 

7-iv APR 1 9 2018 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Section 

TABLE OF CONTENTS (Continued) 

Mining and Reclamation Plan 
March 2018 

Page 

7.60 Reclamation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7-119 

7.6.1 General Requirements .......................... . . . .. . .. ...... 7-119 

7.6.2 Roads ..................... . ........... .......... . ......... 7-119 

7.6.2.1 Restoring the Natural Drainage Patterns ..... .. .. . . ....... . . 7-119 

7.6.2.2 Reshaping Cut and Fill Slopes ....... ........ . ... . ....... 7-120 

7.6.3 Siltation Structures ....................... .. ... ... . . . ......... 7-120 

7.6.3.1 Maintenance of Siltation Structures .... ............ . .. .. . .. 7-120 

7.6.3.2 Removal of Siltation Structures ....... .. . . . ...... . ........ 7-120 

7.6.4 Structure Removal .... ... . ................................ . ... 7-120 

7.6.5 Permanent Casing and Sealing of Wells ................. . . . . . . . ... 7-120 

References ... . .. ...... . ... . ........ . ....... . .. . ..... . ..... . .. . .... . ... 7-121 

APR f 9 2018 

7-v 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

LIST OF FIGURES 

Mining and Reclamation Plan 
March 2018 

Figure Located Behind Tab Marked Figures 

7 -1 Upper Price River Formation Hydrographs 

7-2 Castlegate Sandstone Hydrographs 

7-3 Blackhawk Formation Hydrographs 

7 -4 Surface Drainage Patterns 

7-5 Streamflow Probability of Selected Streams 

7-6 Mine Discharge arid Coal Production Rates 

7-7 Abandoned Mining Equipment Locations 

7 -8 East Fork Box Monitoring Locations 

7-9 Monitoring Stations in the South Fork of Quitchupah Creek Area 

7-vi 



Canyon Fuel Company, LLC 
SUFCO Mine 

LIST OF TABLES 

Mining and Reclamation Plan 
March 2018 

Table Page 

7-1 Observation Well Completion Summary ............................ .. .... 7-4 

7-1A Flow Observations in Link Canyon Water Monitoring Sites 7-40 

7-2 Water Monitoring Program . ......... .. ...... . ........................ 7-51 

7 -3 Field and Laboratory Measurement Protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7-55 

7-4 Groundwater Operational Water Quality Parameters .... . ..... . ............ 7-56 

7-S Surface Water Operational Water Quality Parameters 7-56 

7-5A East Fork of Box Canyon Monitoring and Mitigation 7-65 

7-6 Summary of Watershed Data ......... . ............................... 7-90 

7-7 Stage-Capacity Curve for the Concrete Sediment Trap .. . . . . ..... .. . ....... . 7-94 

7-S Stage-Capacity Data for the Sedimentation Pond 7-95 

7 -SA Stage-Capacity Data for the Overflow Pond 7-97 

7-9 Summary of Diversion Ditches ............ .................. ......... 7-102 

7-10 Summary of Diversion Culverts ........ . ........ . ......... . . . ..... . . . . 7-103 

7 -11 4R4E Panel Drillhole Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-16 
INf::-;r;'f1('j'n "T'-O ... ' ,- , l, '.. i -1/ .... 1.:. r.: 

APR f 9 2018 
7-vii Div. of Oil (",> - n ' , • .• 

, ~~ i;, ;:, (':. {'iI! ill n 9 



} 

) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Plate 

LIST OF PLATES 

7-1 (Revisions have eliminated this plate) 

7-2 Surface and Groundwater Rights 

7-3 Hydrologic Monitoring Stations 

7-4 Sedimentation Pond Topography 

7-4A Overflow Pond Topography 

7 -5 Sedimentation Pond Cross Sections 

7 -5A Overflow Pond Cross Sections and Details 

7 -58 Overflow Pond Details 

7-6 East Spring Canyon Drainage Details 

7-7 (Revisions have eliminated this plate) 

Mining and Reclamation Plan 
March 2018 

7-8 Watersheds Draining to The East Spring Canyon Surface Facilities 

7 -9 Link Canyon Watershed 

7-10 Operational Hydrologic Monitoring Stations (Greens Hollow) 

7-10C 4R4E Drill Logs (CONFIDENTIAL) 

7-11 4R4E Drillhole Location Map APR 19 2018 

7-viii 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

LIST OF APPENDICES 

(Appendices appear in Volumes 7, 8 and 9) 

Appendix 

7-1 Water Rights Data 

7-2 Hydrometrics Reports 

7-3 Groundwater Level Data 

7-4 Water Quality Data Summaries 

7-5 Climatological Data 

7 -6 Spill Prevention Control and Countermeasure Plan 

7-7 UPDES Permit 

7-8 1980 Valley Engineering, Inc. Report 

7-9 1979 Merrick and Company Report 

7-10 Hydrologic Design Methods 

7-11 Runoff Calculations 

7-12 Diversion Ditch Calculations 

7-13 Diversion Culvert Calculations 

7-14 Sedimentation Pond Calculations 

7-15 Alternative Sediment Control Measures Calculations and Designs 

7-ix 

APR 19 2018 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

LIST OF APPENDICES (Continued) 

(Appendices appear in Volumes 7, 8 and 9) 

7 -16 Small Area Exemption Demonstration Calculations 

7-17 Investigation of Surface and Groundwater Systems in the Vicinity of the SUFCO Mine, 

Sevier County, Utah: Probable Hydrologic Consequences of Coal Mining at the SUFCO 

Mine and Recommendations for Surface and Groundwater Monitoring 

7 -18 Investigation of Surface and Groundwater Systems in the Pines Tract Area, Sevier County, 

Utah: Probable Hydrologic Consequences of Coal Mining in the Pines Tract and 

Recommendations for Surface and Groundwater Monitoring 

7-19 Probable Hydrologic Consequences of Longwall Mining of the 3 Left Panel Modification 

Area at the SUFCO Mine 

7-20 Investigation of Surface and Groundwater Systems in the SITLA Muddy Tract Area, Sevier 

County, Utah: Probable Hydrologic Consequences of Coal Mining in the SITLA Muddy 

Tract and Recommendations for Surface and Groundwater Monitoring 

7-21 Muddy Tract Hydrologic Baseline Data (Includes SITLA Tract baseline data) 

7-22 Investigation Plan for Springs Pines 105, Joes Mill Pond, Pines 310, and 311 

7 -23 Overflow Pond Calculations 

7-24 Investigation of Surface and Groundwater Systems in the West Lease Modifications Area, 

Sevier County, Utah: Probable Hydrologic Consequences of Coal Mining in the West 

Lease Modifications and Recommendations for Surface and Groundwater Monitoring 

7 -25 North Water Mitigation Plan 

7-26 Probable Hydrologic Consequences of Longwall Coal Mining of 2R2S Block "A" at the 

Canyon Fuel Company, LLC Sufco Mine, Salina, Utah 

7-x 
APR 1 9 2018 



) 

) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

LIST OF APPENDICES (Continued) 

(Appendices appear in Volumes 7,8 and 9) 

7-27 Greens Hollow Tract 

7-28 Probable Hydrologic Consequences - Greens Hollow Tract 

INCORPORt- TED 

APR 1 9 2018 

01v. of Oil Gas & Mining 

7-xi 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

7.10 Introduction 

7.1.1 General Requirements 

This chapter presents a description of: 

CHAPTER 7 

HYDROLOGY 

Mining and Reclamation Plan 
March 2018 

• existing hydrologic resources within the permit and adjacent areas; 

• proposed operations and the potential impacts to the hydrologic balance; 

methods of compliance with design criteria; 

applicable hydrologic performance standards; and 

hydrologic reclamation plans for the SUFCO Mine. 

Greens Hollow Lease 

Much of the information presented for the permitting of the Greens Hollow Lease (GHL) was 
. . 

prepared with a conceptual mine plan assuming full extraction mining, associated subsidence and 

represents maximum impacts in the Bureau of Land Management's Environmental Impact 

Statement (FSEIS). The information in the text represents the permittees accepted obligations 

and commitments, the information provided in appendices from the (FSEIS) unless reference 

specifically is provided as background or baseline for the obligations and commitments within the 

text. The Greens Hollow Tract Lease area was originally part of the Muddy Creek Tract, reports 

and documents referring to the Muddy Creek Tract in this chapter text and appendices are 

applicable to the Greens Hollow Tract. The Muddy Creek Tract should not be confused with the 

SITLA Muddy Tract. 

7.1.2 Certification 

All maps, plans, and cross sections presented in this chapter have been certified by a qualified, 

registered professional engineer. 

7 .1.3 Inspection 

Impoundments associated with the mining and reclamation operations will be inspected as 

described in Section 5.1.4.3 of this M&RP. Tr:D 

APR 1 9 2018 
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7.2.1 General Requirements 
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This section presents a description of the premining hydrologic resources within the permit area 

and adjacent areas that may be affected or impacted by the proposed coal mining and reclamation 

operation. 

7.2.2 Cross Sections and Maps 

7.2.2.1 Location and Extent of Subsurface Water 

Groundwater occurs in perched zones of limited areal extent within the leased area. The PHC 

studies conducted by Mayo and Associates (Appendix 7-17 and Appendix 7-18) have determined 

that none of the formations down through the Blackhawk support a continuous aquifer. According 

to Mayo's research all of the aquifers within the permit area and adjacent areas are perched and 
. . 

discontinuous so it is not possible to represent a potentiometric surface for the area. 

Seasonal variations in well water levels are discussed in Section 7.2.4.1. 

The PHC for the Greens Hollow Lease area is located in Appendix 7-28 and discusses subsurface 

water. 

7.2.2.2 Location of Surface Water Bodies 

A map showing the location of surface water bodies (such as streams, ponds, and springs) for 

which water rights exist or for which there are pending water rights applications is provided as Plate 

7-2. A listing of water rights data (names, locations and ownership) is presented in Appendix 7-1. 

Other than for the indicated springs, no water rights exist for groundwater in the permit and 

adjacent areas. 

7.2.2.3 Locations of Monitoring Stations 

Surface water and groundwater monitoring stations associated with the SUFCO operation are 

located as shown on Plate 7-3. Approximate surface elevations of the monitoring stations are also 

indicated on Plate 7-3. li\ 
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7.2.2.4 Location and Depth of Water Wells 
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No water-supply wells exist in the permit or adjacent areas. Groundwater monitoring wells in the 

area are located as shown on Plate 7-3. Depths of these wells and other completion details are 

summarized in Table 7-1. 

Greens Hollow. Well MW-15-5-2 is located near Cowboy Creek (Plate 7-3). The well depth is 

approximately 295' deep. The well was drilled in 2015 has consistently been dry during monitoring, 

An in-mine monitoring well will be drilled into the Starpoint Sandstone to below the coal seam 

during 2019. The well will be drilled as close to the Greens Hollow Lease boundary as possible 

with the location being determined by safety, access and etc. The well location will be added to 

Plate 7-3 and 7-10 once the well has been completed. The well's drill log with depth and other 

relevant information will be added to Appendix 6-1 (confidential) and a description of the well's 

groundwater quality will be included in Appendix 7-27 once the information is available. 

Observation wells that are monitored as part of the SUFCO hydrologic monitoring program are 

monitored three times per year. 

7.2.2.5 Surface Topography 

Surface topographic features in the permit and adjacent areas are shown on the base maps used 

for Plate 7-3. 

7.2.3 Sampling and Analysis 

All water samples collected for use in this M&RP have been analyzed according to methods in 

either the "Standard Methods for the Examination of Water and Wastewater" or 40 CFR parts 136 

and 434. Where feasible, these same references have been used as the basis for sample 

collection. 

7.2.4 Baseline Information 

Surface water, groundwater, and climatic resource information is presented in this section to assist 

in determining the baseline hydrologic conditions which exist in the area of the mine. This 

information provides a basis to determine if mining operations have had, or can be expected to 

have, a significant impact on the hydrologic balance of the area. 

APR 1 9 2018 
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TABLE 7-1 

OBSERVATION WELL COMPLETION SUMMARy(a) 

Well Total Drilled Elev. Top of Total Depth Casing Length of Perf. 

Number Depth (ft) Casing (ft) Cased (ft) ID (in) (ft) 

US-77-7 1220 8495.7 Unknown 1.25 Unknown 

US-77-8 1140 8424.6 160 1.25 110 

US-77-9 1140 8360.2 100 1.25 75 

US-79-9 970 8541.8 860 2.0 20 

US-79-10 990 8553.8 880 2.0 20 

US-79-12 990 8523.1 860 2.0 20 

US-79-13 1014 8527.6 710 2.0 20 

US-80-2 207 8380.0 200 4.0 40 

US-80-4 245 8394.0 240 4.0 40 

US-81-1 1300 8492.3 1300 2.0 20 

US-81-2 1450 8688.0 1460 2.0 20 

US-81-3 1980 9029.4 1940 6.0/2.0 20 

US-81-4 1300 8383.9 1300 4.5 20 

_ ~, 89-16-1 1065 8374.2 1003 2.875 60 

"- 89-16-1W 160 8374.8 154 2.875 60 

89-18-1 1300 8405.8 1282 2.875 60 

89-20-1 1025 8272.1 983 2.875 60 
-~ .. 

89-20-2 1022 8359.5 975 2.875 60 ... 
1-; 
T7 89-20-2W 170 8358.8 167 2.875 60 ... 

r'w 
89-21-1 1014 8389.8 973 2.875 60 

01-8-1 1910 8994.1 1865 2.375 20 

See Plate 7-3 for well locations (aJ 

(bJ Kc = Castlegate Sandstone member of the Price River Formation. Kbh = Blackhawk Formation 

7-4 

Formation 

Monitored(b) 

Unknown 

KG 

Lower KG/Upper Kbh 

Upper Hiawatha Coal 

Upper Hiawatha Coal 

Upper Hiawatha Coal 

Kbh 

KG 

Kc 

Upper Hiawatha Coal 

Upper Hiawatha Coal 

Upper Hiawatha Coal 

Upper Hiawatha Coal 

Upper and Lower Hiawatha 

Kc 

Upper and Lower Hiawatha 

Upper Hiawatha Coal 

Upper and Lower Hiawatha 

KG 

Upper and Lower Hiawatha 

Upper Hiawatha Coal 
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This section presents a discussion of baseline groundwater conditions in the mine area. A 

discussion of the groundwater conditions in the SUFCO leased area is presented in this section 

and appended by Appendix 7-17. A discussion of groundwater conditions in the Pines Tract is 

presented in Appendix 7-18 of this Chapter. A discussion of groundwater conditions in the West 

Coal Lease Modifications is presented in Appendix 7-24 of this Chapter. A discussion of 

groundwater conditions at the waste rock disposal site is provided in Waste Rock Volume of this 

. M&RP. 

The locations of wells and springs in the mine area are presented on Plate 7-3. The wells in the 

mine area are all water monitoring wells, not water supply wells. Water rights for the mine and 

adjacent areas are addressed in Section 7.2.2.2 of this M&RP. With the exception of the potable 

use of source 94-87 by SUFCO, all other groundwater use (seeps and springs) is confined to stock 

watering. The hydrology in the area of the 2RWL sinkhole are discussed in the PHC located in 

Appendix 7-24. 

Greens Hollow. Appendix 7-27 contains selected water monitoring data for the Green Hollow 

Tract. The appropriated water rights within the Greens Hollow Lease belong to the USFS. The 

PHC for the Greens Hollow Lease is located in Appendix 7-28. 

AQUIFERS 

Geologic conditions in the permit and adjacent areas are described in detail in Chapter 6 of this 

M&RP. Groundwater occurrences within the permit and adjacent areas occurs predominantly in 

the Blackhawk Formation and Star Point Sandstone. However, perched aquifers of limited areal 

extent are present in the geologic formations. Hydrogeologic conditions within the permit and 

adjacent areas are summarized below. Refer to the PHC's in Appendices 7-17 thru 7-20, 7-24, 7-

26, 7-28 for more specific information. 

North Horn Formation. The North Horn Formation crops ,out in the northwest portion of the lease 

area. This formation consists of interbedded shale, sandstone, and limestone. Data presented in 

Appendix 7-2 indicate that only one seep and one spring issue from the North Horn Formation 

within the lease area. Recharge occurs to outcrops of the North Horn Formation west of the lease 
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area (Thiros and Cordy, 1991). Thus, it may serve as an aquifer in some portions of the western 

adjacent area. 

Upper Price River Formation. The upper Price River Formation consists of about 450 feet of 

interbedded sandstone and claystone. Within the area, the upper Price River Formation has not 

been identified as a significant aquifer. Thiros and Cordy (1991) estimated that combined recharge 

to the upper Price River Formation and the Castlegate Sandstone is limited to 1.2 percent of the 

total annual precipitation. As indicated in Appendix 7-2, a few isolated springs have been identified 

discharging from the sandstone lenses within the formation. No groundwater has been identified 

within this formation during the exploration drilling which has been conducted from the top of the 

plateau. As a result no monitoring or water supply wells have been completed in this formation 

within the mining area. 

Five monitoring wells have been completed in a massive sandstone unit in the Price River 

Formation at the waste rock disposal site. Hydrographs of three representative wells (B-3, B-6, and 

B-8) are depicted in Figure 7-1. Seasonal fluctuations are typically less than one foot in wells B-3 

and B-6, and less than three feet in B-8. All three wells display a general downward trend in water 

levels from spring to late summer (see also Appendix 7-4 and Waste Rock Volume). 

Castlegate Sandstone. The Castlegate Sandstone consists of an estimated 120 to 260 feet of 

medium to coarse-grained sandstone with a few thin interbedded mudstones or shales near the 

base. The sandstone is conglomeratic, forms prominent cliffs along the outcrop, and is well 

cemented with calcarious cement. 

A limited number of springs issue from the Castlegate Sandstone in the Quitchupah lease area, 

with flow generally less than 1 gpm. In the Pines Tract area, several springs issue from and near 

the base of the Castlegate Sandstone. The waters from these springs feed the Main Fork and East 

Fork of Box Canyon Creek. Base flow from these springs is generally less than 1 to 2 gpm with 

a few flowing at rates of 5 to 6 gpm. 

Based on information from the exploration drill holes and observation wells in the area, the 

Castlegate Sandstone contains small quantities of groundwater. No significant quantities of 

7-6 APR 1 9 2018 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

groundwater (more than 2 gpm) were encountered in any of the exploration holes nor was 

groundwater identified in all drill holes. 

Of the observation wells completed in the Castlegate Sandstone, two (US-77-9 and 89-16-1W) 

have been dry during their entire period of record. Two additional wells (US-77-8 

and 89-20-2W) have only a brief period of record (due to lack of water or time since installation, 

respectively). Hydrographs of the remaining two Castlegate Sandstone observation wells (US-80-2 

and US-80-4) are presented in Figure 7-2. Water-level data for all wells are provided in Appendix 

7-3. Seasonal fluctuations of groundwater levels in these wells have typically been less than one 

foot. 

Coal exploration holes drilled in and near the Pines Tract by the USGS, have geophysical logs 

indicating similar conditions for the Castlegate Sandstone. Exploration Hole W-TP-4-EW found 

fluids present at a depth of 82 feet below ground surface, within the Castlegate Sandstone. 

Exploration holes W-TP-3-EW and W-TP-2-EW did not en·counter fluids within the Castlegate 

Sandstone. 

This formation is not considered to be a significant regional aquifer. It is assumed that the 

groundwater occurrence within the Castlegate Sandstone is limited to isolated perched zones 

contained in the more permeable sandstone lenses or within weathered bedrock and 

fractures/joints at and near the escarpments within Box Canyon. Because groundwater occurrence 

within the Castlegate Sandstone is not continuous over the permit and adjacent areas, no 

potentiometric surface could be developed for the unit. 

The data presented in Figure 7-2 indicate a downward trend in static water levels for the Castlegate 

Sandstone. This trend is most probably due to decreased precipitation during the last several 

years. A discussion of climatic conditions in the permit and adjacent areas is provided in Section 

7.2.4.4 of this M&RP. 

Groundwater recharge to the Castlegate Sandstone is from precipitation and snowmelt. Over 

much of the area, the Castlegate Sandstone and the remainder of the Price River Formation form 

the surface of the plateau. However, as evidenced by the fact that the Castlegate is not 

continuously saturated, total recharge is probably low. This is due to the lacK pf Cl significant 
,; ! ~ ~ .; r ~. Jl W --'''~--' 
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developed soil to encourage infiltration and the presence of low permeability shales in the upper 

Price River Formation (see Waddell et aI., 1979). 

Discharge from the Castlegate Sandstone occurs mainly as springs along the outcrop and as 

through-flow to the underlying Blackhawk Formation. As indicated above, spring flow from the unit 

is limited in flow and in occurrence. These springs are used only for livestock and wildlife watering. 

Besides the monitoring wells completed in the Castlegate Sandstone, no known wells are 

completed in the formation. 

Blackhawk Formation. The Blackhawk Formation underlies the Castlegate Sandstone and consists 

of about 71 0 to 830 feet of interbedded sandstone, siltstone, shale, and coal. The Upper Hiawatha 

coal seam, mined by SUFCO, is located near the base of the Blackhawk Formation. During the 

drilling of the exploration and observation holes, groundwater was encountered in each of the drill 

holes; however, no significant quantities of water were identified in any of the holes. 

Recharge to the Blackhawk Formation occurs mainly from vertical movement of water from the 

overlying Castlegate Sandstone. Recharge from direct infiltration where the Blackhawk Formation 

is exposed is considered to be negligible due to the limited area of exposure. The quantity of 

groundwater recharge in the region area has been estimated to be 3 to 8 percent of the average 

annual precipitation (Danielson and Sylla, 1983). 

Discharge from the Blackhawk Formation occurs from springs, seeps, and the SUFCO Mine. 

Based on both the drilling and underground observations, groundwater flow in the Blackhawk 

Formation appears to occur primarily along fractures. Few springs or seeps are present in the 

Blackhawk sandstone lens outcrop areas. This suggests that general flow through the pores in the 

sandstone is not significant. 

Generally, flow rates from the springs and seeps issuing from the Blackhawk Formation are 

moderate to low in the spring and decline through the summer and into the fall (Appendix 7-1). 

These flow rates are typically less than 1 gpm with a few flowing at a slightly higher rate in the 

Pines Tract area. 
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At the SUFCO mine, groundwater is encountered in the underground workings. Since 1982, the 

mine has discharged at an average flow rate of 580 gpm (1.29 cfs). The underground water is 

primarily encountered at the working faces and is associated with faults, fractures, and roof bolt 

holes. As with many of the mines in the Wasatch Plateau, these zones yield water readily when 

new areas are opened, but inflow rates normally decrease rapidly as mining progresses. The 

inflow rates are commonly less than 5 gpm at any given point and cease after a few months, 

suggesting the presence of perched aquifers of limited areal extent. Monitoring point SUFCO-062, 

which has been the only underground monitoring point for inflow, averages 0.0011 cfs (0.49 gpm). 

Hydrographs of water levels in selected Blackhawk Formation observation wells are presented in 

Figure 7-3. As indicated in these hydrographs and the remaining data provided in Appendices 7-3, 

seasonal water-level fluctuations are typically less than two feet. However, the long-term trend is 

for water-level elevations to be decreasing. 

The downward trend in water-level elevations is probably caused by two factors. First, decreased 

precipitation during the past few years (see Section 7.2.4.4 of this M&RP) has contributed to lower 

groundwater recharge in the area. Second, interception of groundwater by mining operations has 

increased groundwater discharge from the area. 

Star Point Sandstone. The Star Point Sandstone is fine to medium grained in texture with the 

coarser grained material occurring in the upper portions of the formation. The Star Point forms a 

well defined cliff between the slopes of the Mancos Shale and the overlying Blackhawk Formation. 

Except where eroded or exposed in deep canyons, the Star Point Sandstone underlies the entire 

lease area. 

In 1989, four monitoring wells were completed in the basal Blackhawk/upper Star Point Sandstone 

Formation. The wells ranged from 1012 to 1300 feet deep and were completed in the intervals 

indicated on Table 7-1. These holes did not encounter significant quantities of groundwater. 

Recharge to the Star Point Sandstone probably occurs primarily from vertical movement of the 

water through the overlying Blackhawk Formation. Discharge from the Star Point is considered 

to be primarily to adjacent canyons at the contact with the underlying Mancos Shale. These 

discharge points are generally covered with alluvial fill of the stream systems. Therefore, little 

surface expression of the discharge has been identified. This was noted in ConvuJ~ip~ Canyon, 
~ 1 • .' '" _.'-', , . 

however there was no evidence of this occurring in Muddy Creek Canyon. ..\ ,i i (!\'{T~D 
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Mancos Shale. Underlying the mine area and exposed in the deep canyons is the Mancos Shale. 

This dark, slope-forming, marine shale is relatively impermeable and is not considered to be a 

regional or local aquifer (Danielson and Sylla, 1983). 

Quaternary Alluvium. Unconsolidated Quaternary deposits are present along streams and 

generally consist of silts, sands, and occasional gravels. The deposits, which have low to moderate 

permeability, receive water from the adjacent bedrock in some of the deeply incised canyons. 

Discharge from these materials is to the surface water system. SUFCO collects water in the 

alluvium at the base of East Spring Canyon and pumps it to the mine for use as culinary water. 

The average flow from this source is approximately 25 gpm. Water is probably supplied to the 

alluvium by seepage from the Blackhawk Formation and Star Point Sandstone. 

RECHARGE 

Recharge within the area occurs primarily on the exposed upland outcrops of the Price River 

Formation and the Castlegate Sandstone. The annual recharge to these units is estimated to be 

1.2 percent of the total annual precipitation. "Much recharge occurs" on outcrops of the Flagstaff 

Limestone and the North Horn Formation west of the lease area (Thiros and Cordy, 1991). 

Recharge to the Blackhawk Formation and the Star Point Sandstone probably occurs primarily from 

vertical movement of water through the overlying formations. The Mancos Formation underlies the 

entire area and is exposed in the deep canyons. It is relatively impermeable. Groundwater 

descending from the Star Point Sandstone flows along the Mancos-Star Point contact and 

discharges to the surface. 

Locally, recharge is probably greater where surface fractures intersect topographic highs 

(plateaus). These areas occur where the North Horn Formation or the Castlegate Sandstone crops 

out (Thiros and Cordy, 1991). The North Horn Formation crops out in the northwest corner and 

along the western border of the lease area. The Castlegate Sandstone generally crops out along 

the top edges of the steep-walled canyons (Plate 6-1). However, in the east and north central parts 

of the permit area, the Castlegate Sandstone caps the plateaus in relatively large areas. According 

to Thiros and Cordy (1991), recharge is increased where fractures extend down through the Price 

River Formation to the Castlegate Sandstone. This may occur in the southwestern corner of the 

permit area where subsidence cracks have been seen to penetrate the Castlegate Sandstone and 

Price River Formation (Thiros and Cordy, 1991). Additionally, faults along the western and 

northern margins of the permit area may increase secondary permeability, thus locally increasing 

recharge. 
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Recharge occurs in the northwest corner (T.21 S., R.4 E., sections 11 and 23) and the northeastern 

part of the permit area (T.21 S., R.5 E., section 16). The first area is a topographic high and 

fractured where the North Horn Formation crops out. The second area is a topographic high, 

capped by the Price River Formation. Linear features that imply fracturing are located in this area 

(Plate 6-1 and SUFCO, 1992). 

Recharge to shallowly circulating groundwater systems within the Castlegate Sandstone and 

Blackhawk Formation also occurs in the Pines Tract area. These shallow groundwater systems 

appear to occur within approximately 1000 feet of the Box Canyon escarpments. 

The recharge age for water flowing into the SUFCO mine was estimated at 70 years or older 

(Thiros and Cordy, 1991). Mayo and Associates (1997a and 1997b) identified mean groundwater 

residence times for in-mine discharges of 7,000 to 20,000 years. This indicates that recharge to 

the Blackhawk aquifer is not being affected by the increased hydraulic conductivities created by 

subsidence. 

Assuming mass-balance and stable hydrologic conditions in the permit area, over the long term, 

recharge must be equal to discharge. Recharge occurs mostly on the plateaus and over time 

moves vertically downward primarily along fractures. Where perched aquifers are encountered, 

the groundwater may flow through the aquifer until it meets an impermeable layer. Vertical flow 

typically does not extend below the top of the Mancos Formation. 

Greens Hollow Tract 

In 2015 and 2016 samples were collected at underground locations as close as possible to the 

Greens Hollow Tract to be analyzed for age and one sample was analyzed for water chemistry. 

Three locations were sampled with the recharge age for the waters sampled being similar to 

conclusions previously in this section. Refer to information/drawing provided and discussed in the 

PHC in Appendix 7-28, including a sampling location drawing. 

Pre-mine head in the coal has been measured in four observation wells completed in the Upper 

Hiawatha coal seam in the vicinity of Duncan Mountain. The three wells near the edge of the 

Wasatch Plateau were found to be dry. The head in the mine following cessation of mining and 

pumping would be expected to recover to approximately 80 percent of the premining level. Based 

on this assumption the heads in the mined-out area of the Greens Hollow tract would be expected 

to remain below the elevation at the outcrop of the Hiawatha coal seam near the edge of the 

Wasatch Plateau. Pressure redistribution with the coal supports rapid recovery df'a'6ou180 p~r;~~rh ~'o 
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of the potentiometric levels to pre-mining levels. The final 20 percent of recovery occurs more 

slowly. Most of the water entering the coal during final recovery is stored within units of the 

Blackhawk Formation. Any effects on the ground water discharges from the underlying Star Point 

Sandstone or the hydrogeologic units located stratigraphically above the coal would be low and 

unmeasurable. (Cirrus, (2013c). 

According to the FSEIS "water conveying faults are not expected to be encountered during 

underground mining in the Greens Hollow Tract". Anderson (2004a) found faulting in the study 

area to be minimal. Should water underground be encountered that is flowing directly from 

formation greater than 1 CFS, which continually flows for 30 days, a sample will be collected for 

lab analysis. The sample will be analyzed for the parameters listed on Table 7-2, subcategory D9. 

The analysis for tritium age dating will be completed once during the 30 day sampling period 

(carbon 14, carbon 13 and tritium). Flow measurements will be taken weekly until access is no 

longer available and lor flow stabilizes/stops. A map will be created showing the approximate panel 

location of the flow (as described above), the monitoring information and map will be incorporated 

into Appendix 7-27. 

) Mine Water Management System. Water is both pumped to and from mining districts 

underground. Process water is pumped into mining districts for uses on the longwall and in 

continuous miner sections. During the mining process water is primarily used on the longwall 

shearer, continuous miner, roof bolter and along conveyor belts for dust suppression. Water is also 

used in a mining district to clean equipment and assist with maintenance work. Water is collected 

from the mining districts in sumps, where particulate matter can settle prior to being either re

circulated for use, pumped to a sealed mine workings for storage/further treatment or discharged 

to the surface. The mine discharges water as UPDES Outfall 003 the location is shown on Plate 

7-3. 

WATER QUALITY 

Observation wells and springs that are monitored as part of the SUFCO hydrologic monitoring 

program are monitored three times per year. Due to the general inaccessibility of the sample 

points during the winter, no winter sampling occurs. A historical summary of water-quality analyses 

for groundwater samples (wells, springs and mine inflow) collected from the permit and adjacent 

areas is presented in Appendix 7-4. 

Groundwater-quality samples have been collected in the permit and adjacent 9f~as from: . 
• 1 .' . ,.' .. '. 
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Springs that issue from the North Horn Formation, the upper Price River Formation, 

the Castlegate Sandstone, the Blackhawk Formation, and the Star Point Sandstone, 

In-mine monitoring well finished in the Starpoint Sandstone formation in the vicinity 

of the Greens Hollow Lease boundary, 

Monitoring wells at the waste-rock disposal site that are completed in the upper 

Price River Formation, and 

Mine inflow that issues from the Blackhawk Formation. 

Results of analyses of these samples have been submitted to UDOGM. Historical results are 

summarized in Appendix 7-4. 

Historical data have been collected from one spring issuing from the North Horn Formation 

(SUFCO-057 A). Over its period of record, the water issuing from this spring has been a calcium 

bicarbonate type with an average total dissolved solids (TDS) concentration of 371 mg/I and an 

average pH of 7.5. Total and dissolved iron concentrations have averaged 0.24 and 0.02 mg/I, 

respectively. Total manganese concentrations have averaged 0.09 mg/I. Except for one apparent 

outlier, dissolved manganese concentrations at the spring have averaged 0.04 mg/I. Insufficient 

data are available to determine seasonal trends in water quality from this spring. 

One spring and three monitoring wells completed in the upper Price River Formation have been 

sampled in the permit and adjacent areas. Historical data collected from the spring (GW-13) 

indicates that this water is a sodium bicarbonate type with an average TDS concentration of 745 

mg/I and an average pH of 7.3. Dissolved iron and dissolved manganese concentrations have 

averaged 0.08 and 0.05, respectively, during the period of record. Data concerning total iron and 

total manganese are not available. The limited data suggest that pH and TDS concentrations are 

inversely proportional to flow while iron and manganese concentrations are directly proportional to 

flow. However, the data base is currently insufficient (seven sampling events) to draw detailed 

conclusions. 

Historical data collected from the monitoring wells (located at the waste-rock disposal site) indicate 

that the water in this area is of mixed chemical type with no consistently dominant ions. TDS 

concentrations in groundwater immediately underlying the waste-rock disposal site are high relative 

to other portions of the permit area (average TDS concentration of 2100 to 6170 mg/I), with 

average pH values that are approximately neutral (varying between the wells from 6.8 to 7.2). 

Dissolved iron and dissolved manganese concentrations have averaged 0.1 mg/I or less at the 

three wells (with the exception of one apparent outlier manganese value). Data codcerning-total 
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iron and total manganese are not available. Although there are no historic seasonal trends in the 

available data, the water quality data show that in 1991, sulfate and bicarbonate concentrations 

increased and chloride concentrations and pH values decreased from spring to fall (Appendix 7-4 

and Waste Rock Volume). 

TDS concentrations generally increase in the downgradient direction beneath the waste-rock 

disposal site. This increase is natural as evidenced by data collected prior to the onset of waste

disposal operations. The relatively high TDS concentrations at the site (compared, for example, 

with spring GW-13) and the downgradient increases in these concentrations are considered to be 

the result of natural dissolution of minerals in the general vicinity of the site. 

Three springs issuing from the Castlegate Sandstone (SUFCO-001, SUFCO-089, and GW-21) 

were sampled as part of the SUFCO hydrologic monitoring program. All water issuing from these 

springs is a calcium bicarbonate type, with historic mean TDS concentrations varying from 82 to 

302 mg/1. The average TDS concentration between all three springs was 238 mg/1. 

Spring waters issuing from the Castlegate Sandstone and Blackhawk Formation in the Pines Tract 

area are also calcium bicarbonate type. Historic TDS concentrations vary from 90 to 450 mg/1. 

Additional information regarding the physical and chemical characteristics of the springs in the 

Pines Tract is contained in Appendix 7-18 in the Probable Hydrologic Consequences of Mining in 

the Pines Tract Area, SUFCO Mine. 

The pH of water issuing from the Castlegate Sandstone springs is approximately neutral. Dissolved 

iron and dissolved manganese historically averaged 0.03 and 0.01 mg/I, respectively, at SUFCO-

001 and GW-21. At SUFCO-089, dissolved iron and dissolved manganese averaged 0.47 and 

0.17 mg/I, respectively. At SUFCO-001, total iron and total manganese concentrations historically 

averaged 0.11 and 0.01 mg/I, respectively. None of the chemical data have exhibited consistent 

seasonal trends. 

Historical data collected from stations SUFCO-047 and SUFCO-062 are considered representative 

of the Blackhawk-Star Point aquifer. Although station SUFCO-047 consists of seepage collected 

from alluvium and used for the mine domestic water supply, it is regarded as being fed by outflow 

from the adjacent Blackhawk-Star Point aquifer. Station SUFCO-062 represents inflow to the mine 

from the surrounding Blackhawk Formation. 
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Groundwater from these two sources is a calcium bicarbonate type, with historical TDS 

concentrations averaging 373 to 492 mg/I and pH values averaging 7.2 to 7.5. Between the two 

sources, average total iron concentrations range from 0.08 to 0.15 mg/I while average dissolved 

iron concentrations are both equal to 0.02 mg/I. Total manganese concentrations average 0.05 

to 0.06 mg/I between the two sources, while dissolved manganese concentrations average 0.02 

to 0.05 mg/1. The data have not exhibited consistent seasonal trends. 

As a general point of comparison, the ground water quality analyses were compared to the primary 

drinking water standards (40 CFR 141) and the secondary drinking water standards (40 CFR 143). 

These comparisons indicate that there were no exceedances of the primary drinking water 

standards for any of the groundwater samples. Exceedances of the secondary drinking water 

standards were found in groundwater samples only for sulfate and TDS concentrations (with 

recommended standards of 250 mg/I and 500 mg/I, respectively). All of the sulfate exceedances 

and most of the TDS exceedances occurred in groundwater collected from monitoring wells at the 

waste-rock disposal site. These exceedances are probably due to the natural dissolution of marine 

salts known to exist in the local strata (Waddell et aI., 1981). 

4 Right 4 East Panel - Water Quality 
The area of the panel was initially surveyed for surface and ground water resources in the late 
1980's and early 1990's to provide information for the USFS and BLM Environmental Assessment 

of the Quitchupah Lease (U-63214) and the US Geological Survey Water Resources Investigation 

Report 90-4084. At approximately 11 :30 AM on April 24, 2017 a walking survey of the surface 
above and immediately adjacent to the panel was conducted by a qualified CFC employee to locate 

surface and groundwater resources. The day was cloudy with a temperature of approximately 50 

degrees F and wind ranging from approximately 5-1 0 mph. There were no surface or groundwater 

sources identified during the survey. Two exploration wells were drilled in August of 2017 near the 
4R4E panel. The head geologist over the drilling project reported that no water was encountered 

in either well while drilling. See Table 7-11 below for drill hole locations, completion dates and 

other information. See Plate 7-10C for the 4R4E drillhole logs and 7-11 for the drillhole location 

map. The closest know surface water is an established natural pond approximately 3/4 mile 
northwest of the panel in T21 S, R5E, Section 28. 
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SUFCO 2017 DRILLHOLE INFORMATION- 4RIGHT 4 EAST PANEL AREA 

Drill Hole Date UTM Z12 WGS 84 Utah State Plane SLB Nad 27 Collar 

10 Completed TO (tt) Water 
EAST NORTH EAST NORTH Elev (tt) Encountered 

17-34-1 8/14/17 469641.30 4311077.10 2042787.07 223975.43 8620.15 1018 No water 

encountered 

drill with no 

circulation 

17-34-2 8/9/17 470248.20 4311437.40 2044772.46 225168.69 8659.34 1037 No water 

encountered 

drill with no 

circulation 

Greens Hollow Tract 
The description is bas.ed on and extensive three year study of the Muddy Cree.k area and a 2-mile 

buffer surrounding the tract performed by Cirrus in 2004 and the continuation of sampling by the 

Permittee. Springs were identified as occurring in the Castlegate, Price River and North Horn 

formations. "The overall risk for permanent water loss at any spring located within the tract should 

be relatively low" (FSEIS, 2015). 

Cirrus- A total of 33 springs were measured for flow and various parameters during the spring and 

fall seasons for 2001 to 2004. A summary of the collected data in included in the Tables 2A & B 

located in the PHC Tables. Water quality samples were collected for laboratory analysis from eight 

springs during 2001 - 2004. The field parameter monitoring results for the springs indicate that the 

relevant criteria for the State of Utah with the exception of dissolved oxygen, which is typically low 

in springs. Laboratory analysis met the relevant criteria except for some slight exceedances in 

arsenic, cadmium, lead, TDS, selenium and zinc. Based on the knowledge of local geology and soil 

the water chemistry reflects natural conditions. 

The permittee continued monitoring selected springs and surface water locations shown on Plates 

7 -3, 7-10 and the data is summarized in the PHC in Appendix 7-28. Summaries include data spring 

data for M-SP 4 - 12, 14,15, 19, 20, 40, 41, 44, 45, 53, 60 and etc. 
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Major surface drainages in the permit and adjacent areas are depicted in Figure 7-4. As indicated, 

the lease area exists entirely within the Muddy Creek watershed. Most of the lease area drains 

southward into Quitchupah Creek via the North Fork of Quitchupah Creek and various ephemeral 

tributaries. Quitchupah Creek flows southeastward into Ivie Creek which in turn flows eastward into 

Muddy Creek. The northeast portion of the lease area, including the majority of the Pines Tract, 

drains into Muddy Creek via Box Canyon. 

Based on flow data obtained during the collection of water-quality samples, the following streams 

are considered perennial: 

North Fork of Quitchupah Creek (as measured at stations SUFCO-007 and SUFCO-042 

• South Fork of the North Fork of Quitchupah Greek (as measured at station SUFCO-006) 

Quitchupah Creek (as measured at stations SUFCO-041 and SUFCO-046) 

• Box Canyon, including East Fork Box Canyon (as measured at stations SUFCO-090, Pines 

403, Pines 407 and Pines 408) 

• Muddy Creek (as measured at stations Pines 405 and Pines 406) 

• Cowboy Creek (as measured at station M-STR4) 

According to Thiros and Cordy (1991), Link Canyon contains an ephemeral stream. Two small 

areas of riparian vegetation are supported in the canyon by discharge from springs near the head 

of the canyon (Link Canyon Spring GW-21 , Plate 7-3) and the abandoned Link Canyon Mine 

workings (Link Portal West and Link Portal East, Plate 7-3). Water from Spring GW-21 near the 

head of Link Canyon typically flows only about 300 to 750 feet below the source, depending upon 

the season. Water discharged from the Link Canyon portals typically flows on the surface for 500 

feet or less during early spring. In 2002, the surface flow only reached about 250 feet downstream 

of the portals. 

Link Canyon, in the area of the portals, is typified by four types of stream gradient segments or 

reaches. The initial drainage segment, Segment 1, flows across a low gradient surface with a 

slope of approximately 3 percent (Plate 7-9). The drainage sits on top of the Castlegate Sandstone 
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and the channel floors consist of bed rock with a thin covering of loose, fine to coarse grain sands 

and silts. Channels can be shallow and broad or narrow and deeply incised in the minimal soil 

cover. Surface water is observed flowing in this reach only after significant storm events or on a 

few warm days during the spring runoff. No significant riparian vegetation is associated with this 

reach of the drainage. 

From the point where the drainage enters the canyon near spring GW-21 (which discharges from 

the Castlegate Sandstone) to a point approximately 1200 feet downstream, the gradient increases 

to approximately 12 percent. In this reach, Segment 2, the drainage is cutting through the 

Castlegate Sandstone and the channel floors are typified by very shallow soils consisting of sand. 

Bedrock is exposed at or near the surface in the channel walls in this reach. The channel itself is 

in the very bottom of the canyon and in locations where soil is present, it is deeply incised in the 

soils with steep, eroding banks. This area of the drainage is typically heavily grazed by livestock. 

Water flows from the springs for about 300 to 750 feet in the channel bottom before disappearing 

into the sands of the channel floor, into the bedrock, or evaporates. Riparian vegetation is 

supported in this reach beginning at spring Pines 100 and continuing downstream about 1200 feet. 

The riparian vegetation consists of alders, willows, wild rose, horsetails, etc. The riparian 

vegetation is limited generally to the floor of the channel and the spring areas (Plate 7-9). The 

riparian vegetation does extend further downstream than typical surface flows suggesting water 

does continue to flow in the subsurface downstream of where surface water disappears. The 

vegetation typical of this area has been described in Chapter 3 of this M&RP. 

The third segment of the stream, Segment 3, is approximately 1500 feet long and extends from a 

point approximately 1200 feet below Pines 100 to a point approximately 250 feet below the Link 

Canyon Mine Portals. The slope of the gradient in this reach is approximately 50 percent. The 

drainage cuts through the Blackhawk Formation and the upper Star Point Sandstone. This reach 

is typified by alternating sandstone ledges and shaley slopes with little to no soil cover. The 

channel contains large boulders, cobbles and gravel and at times is poorly defined. Surface water 

above the mine portals has only been observed in this reach during and shortly after significant 

storm events. Surface water flows downstream of the portals for a distance typically less than 500 

feet. Riparian vegetation is located slightly upstream and for approximately 800 feet below the 

Link Canyon portals. This vegetation is typified by willow, alder, stinging nettle, rose, horsetail, 

carex, Kentucky Bluegrass, rush, and clematis. As in segment 2, the riparian vegetption is typically 
'; ~ '. - '", :'; '" :', ";/\ (1. :rJ 
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limited to the bottom of the channel or a short distance up the channel walls. This suggests that 

the water source for these plants is the water discharged from the mine into the channel and not 

an areal extensive aquifer discharging to the channel at numerous locations and elevations. 

The final reach of the drainage, Segment 4, described herein runs from a point beginning 

approximately 250 feet below the portals to the USFS boundary and the south section line of 

Section 26, or approximately 2600 feet. The slope of the gradient in this reach is approximately 

10 percent. The drainage channel cuts through the Mancos shale in this reach and typically has 

a floor of sandstone cobbles and boulders resting in fine to coarse sand and silt. The channel itself 

can be incised in the minimal soil cover or be broad and flat where bedrock is exposed and little 

soil cover is found. Surface water would flow in this reach only after significant precipitation events. 

However, in five years of monitoring the two sites, Link 001 (located near the base of the third 

stream segment) and 002 (located near the base of the fourth stream segment), surface water has 

not been observed in the channel. 

Station locations are indicated on Plate 7-3. All other streams within the permit and adjacent areas 

are ephemeral, unless specified otherwise. 

Based on channel-geometry measurements and a technique described by Fields (1975), Waddell 

et al. (1981) estimated that the historic average annual flow of Quitchupah Creek is approximately 

3800 acre-feet immediately above the confluence with Link Canyon. With a drainage area of 85.4 

square miles (Waddell et aI., 1981), this results in a unit-area average annual streamflow of 44.5 

acre-feet per square mile per year (AF/mi2/yr) for Quitchupah Creek above Link Canyon. 

The U.S. Geological Survey collected streamflow data from Ivie Creek from 1951 through 1961 at 

a station located approximately 11 miles south of the mine surface facilities. During the period of 

record, data published by the U.S. Geological Survey indicate that the average annual streamflow 

at this station was 2830 AF/yr. Based on a published drainage area of 50 mi2, the unit-area 

average annual streamflow of upper Ivie Creek was 56.6 AF/mi2/yr. This compares favorably with 

the unit-area yield of Quitchupah Creek and with the mean annual water yields presented by the 

Utah Division of Water Resources (1977). 

Seasonal variations in historic streamflow in the vicinity of the lease area are portrayed graphically 

in Figure 7-5. The Muddy Creek station is located approximately 6 miles dowlJ~tream from the 
i' ;: ~ . 

7-19 
APR 1 9 2018 

f)iv, 

o 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

confluence of Box Canyon and Muddy Creek while the Ivie Creek station was located about 11 

miles south of the mine surface facilities. These trends (which are considered representative of 

perennial streams in the permit and adjacent areas) indicate that peak monthly stream flows in the 

area generally occur in Mayor June, probably as a result of snowmelt runoff. The Ivie Creek data 

also indicate that an additional rise in the monthly hydrograph occurs in July or August, probably 

as a result of summer thunderstorm activity. 

Even though selected stations have been monitored for over eight years, no streamflow data are 

available for ephemeral drainages in the permit and adjacent area. When it does occur, ephemeral 

runoff in the area is expected to occur predominantly in the months of July, August, and September 

as a result of thunderstorm activity. These storms are expected to result in runoff with a short 

duration and high intensity. 

Greens Hollow Tract 

Surface runoff from the tract flows' into tributaries of Muddy Creek and the North Fork' of 

Quitchupah Creek. Watersheds for the tract include most of the Greens Canyon, Greens Hollow, 

Cowboy Creek, North Fork Quitchupah Creek and South Fork Quitchupah Creek watersheds. The 

main stem of Muddy Creek is perennial as it passes along the northern edge of the Greens Hollow 

tract. North Fork of Quitchupah Creek does not flow into Muddy Creek but does have perennial 

flow. According to USGS records the annual average flow for Muddy Creek near Emery is 37.5 

cfs (USGS 2013). In 2001 the average flow was 33.2 cfs. 

A loss/gain study for Greens Canyon and its tributaries, Greens Hollow and Cowboy Creek was 

done in 2001. The study showed losses for the streams in the Blackhawk Formation and 

Castlegate Sandstone. Cirrus was not confident that this study was representative of normal 

conditions. Quarterly field visits by Cirrus to stock ponds in the Muddy Creek Tract boundary from 

summer 2002 through fall 2003 showed most ponds being empty by early summer. 

Cirrus did monitoring of surface water and as did the permittee, locations are shown on Plate 7-3 

and the data is summarized in Tables 2A & Bin PHC. Summaries include data for the South Fork 

of Quitchupah (Upper), U-Mud and MSTR-6. 
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Small catchment ponds have been constructed in the permit and adjacent areas to capture water 

for wildlife and stock watering. Those catchment ponds are located as shown on Plate 7-2 and on 

a plate in Appendix 7-27 (Ponds, Troughs and Water Monitoring Locations). Appendix 7-27 

contains a table providing historic (2008 -2017) information about the ponds inside the Greens 

Hollow Lease boundary and within an approximate one mile radius of the lease boundary. The 

catchment ponds capture water either from an adjacent spring and/or precipitation (rain, snow, etc). 

SUFCO commits to visiting the ponds (M-P 02 - 05,07 -10 and GH-P01 thru 09) within the Greens 

Hollow Lease and immediately adjacent area when accessible in the spring of each year (typically 

late April to June), photographing each pond, observe the pond for evidence of cracking, estimate 

the depth and surface area of water contained in the pond, inspect the immediate drainage area 

for evidence of surface cracking, note general soil moisture conditions within the pond, and note 

the general condition of the pond. The same data will be collect during an additional monitoring 

visit made in the Fall annually (typically late September to early November). The pond monitoring 

information will be compiled and submitted in an annual report or provided to the Division's 

hydrologist upon written request (e-mail, etc.). Refer to Appendix 7-27 for additional information 

pertaining to ponds adjacent to and within the Greens Hollow Lease. 

The Sufco mine has three UPDES discharge monitoring points. The locations of these points are 

shown on Plate 7-3. 

UPDES monitoring point 001 represents an emergency mine discharge point that is used only in 

the event of a failure of the mine dewatering system. To discharge from this point, the emergency 

in-mine pump must be started and the valve on the discharge pipe must be manually opened. 

When the point is used, water is discharged into the East Spring Canyon 72-inch bypass culvert 

shown on Plate 7-6. 

UPDES monitoring point 002 represents discharge from the East Spring Canyon sedimentation 

pond. Discharge from this point occurs only infrequently as a result of pond dewatering. 

UPDES monitoring point 003 (equivalent to hydrologic monitoring station SUFCO-021) represents 

normal discharge from the underground workings into the North Fork of Quitchupah Creek. As 

indicated in the 1990 annual report, discharge at this point averaged approximately 550 gpm during 

the period 9f 1983 through 1990. From 1988 through 1990, this discharge rate generj\lUyjncrea~ed 
~~ \: ':, ~ '. ,~; /~ ".~ '<" :~"",' r ~ '~l~) 
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from a pre-1988 rate of about 450 gpm to about 1,000 gpm (see Figure 7-6). Discharge rates tend 

to relate to coal production rates and are not seasonally affected. 

Note that the waste-rock disposal area sedimentation pond does not have a UPDES permit since 

this is a total-containment, non-discharge facility (see the Waste Rock Volume of this M&RP). 

WATER QUALITY 

Surface-water quality samples have been collected in the permit and adjacent areas from stations 

located on Quitchupah Creek, the North and South Forks of Quitchupah Creek, mine discharges 

into the North Fork of Quitchupah Creek, drainages to Muddy Creek and Box Canyon. Historical 

data from these sources are summarized in Appendices 7-4, 7-17 and 7-18. 

Historical data collected from stations SUFCO-006 (upper South Fork of Quitchupah Creek) and 

SUFCO-007 (upper North Fork of Quitchupah Creek) indicate that water in the upper reaches of 

. this drainage is predominantly a calcium-bicarbonate chemical type with an average TDS 

concentration that varies from about 330 to 470 mgtl. The pH of this water is slightly alkaline, 

averaging 7.9 to 8.0. Total iron concentrations at these stations typically ranges from 1.7 to 3.0 

mgtl, with dissolved iron concentrations averaging 0.03 to 0.04 mgtl. Total manganese 

concentrations at these stations average 0.11 to 0.12 mgtl, with dissolved manganese 

concentrations averaging 0.02 to 0.05 mgtl. 

Alkalinity typically exceeds acidity at these upper stations by a factor of approximately 25. TDS 

concentrations tend to be inversely proportional to flow, while total iron and manganese 

concentrations are typically directly proportional to flow. Consistent seasonal variations in pH, 

dissolved iron, and dissolved manganese concentrations are not apparent. 

The historical mine discharge at SUFCO-021 (UPDES monitoring station 003) is a calcium

bicarbonate-sulfate water with an average TDS concentration of 603 mgtl and an average pH of 

7.4. Sulfate concentrations in the mine-water discharge average 236 mgtl. This compares with 

an average sulfate concentration of 81 mgtl between stations SUFCO-006 and -007 and an 

average of 66 mgtl in the mine inflow (station SUFCO-062). This increase in sulfate (and TDS) in 

the mine-water discharge as compared with adjacent surface and underground water may be the 

result of dissolution of the calcium-sulfate based rock dust used in the mine. >:"' , , . 
. ' ,i,,' TCD 

7-22 APR 1 9 2018 



) 

Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

Total and dissolved iron concentrations in the mine-water discharge average 0.08 and 0.03 mgtl, 

respectively. Total and dissolved manganese concentrations in this water average 0.02 and 0.01 

mgtl, respectively. On the average, the alkalinity exceeds the acidity by a factor of approximately 

20. The chemical data have not exhibited consistent seasonal variations. 

At the mouth of the North Fork of Quitchupah Creek (SUFCO-042), the predominant ions are 

calcium, bicarbonate, and sulfate. The average historical TDS concentration at this location is 518 

mgtl, with an average pH of 7.9. Total and dissolved iron concentrations at this station average 

3.4 and 0.03 mgtl, respectively, with total and dissolved manganese concentrations averaging 0.08 

and 0.01 mgtl, respectively. Alkalinity exceeds acidity by a factor of more than 20. 

TDS concentrations at SUFCO-042 are generally inversely proportional to flow, while total iron and 

manganese concentrations are directly proportional to flow. Seasonal variations in pH, dissolved 

iron, and dissolved manganese are not apparent. 

Stations SUFCO-046 and SUFCO-041 monitor Quitchupah Creek above East Spring Canyon and 

above the North Fork of Quitchupah Creek, respectively. Average historical TDS concentrations 

at these stations vary from 697 to 685 mgtl, with pH averaging 7.6 to 8.0. Water in Quitchupah 

Creek is of mixed chemical type. Average total iron concentrations range from 0.28 mgtl at the 

7-23D 

upstream station to 3.76 mgtl at the downstream station. Average dissolved iron concentrations 

range from 0.03 to 0.04 mgtl at the two stations. Total manganese averages 0.08 at both stations, 

with dissolved manganese ranging from 0.06 mgtl at the upstream station to 0.02 mgtl at the 

downstream station. 

Alkalinity typically exceeds acidity in Quitchupah Creek by a factor of at least 25. Flow-TDS and 

flow-total metal relationships are as indicated above. Seasonal variations in pH, dissolved iron, and 

dissolved manganese are not apparent. 

The historical chemical quality of surface water in East Spring Canyon at station SUFCO-047 A is 

similar to that of Quitchupah Creek at SUFCO-046. The water is of mixed chemical type, with an 

average TDS concentration of 724 mgtl and an average pH of 7.4. Total and dissolved iron 

concentrations average 0.43 and 0.04, respectively, with total and dissolved manganese 
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concentrations averaging 0.04 and 0.02, respectively. Alkalinity typically exceeds acidity in East 

Spring Canyon by a factor of approximately 20. Flow-TDS and flow-total metal relationships are 

as indicated above. Seasonal variations in pH, dissolved iron, and dissolved manganese are not 

apparent. 

The historical chemical quality of streamflow in Box Canyon (as monitored at station SUFCO-090) 

contains an average TDS concentration of 93 mgtl and an average pH of 7.1. No total iron or 

manganese data are available. However, dissolved iron and manganese concentrations have 

averaged 0.27 and 0.04 at the station, respectively. The data base is insufficient to assess 

seasonal variations. However, trends between flow, TDS, and total metals are anticipated to be 

as described for the North and South Forks of Quitchupah Creek. Data collected from monitoring 

sites Pines 407 and Pines 408 are included in Appendices 7-17 and 7-18. 

As a general point of comparison the surface-water analytical data were compared to primary and 

secondary drinking water standards. With the exception of twci slight exceedances of the barium 

standard of 1.0 mgtl (one at SUFCO-007 and one at SUFCO-041), no exceedances of the primary 

drinking water standards occurred at the monitored stations. Exceedances of the secondary 

drinking water standards occurred for both sulfate and TDS. With the exception of the mine 

discharge, these exceedances are likely due to dissolution of marine salts in the sediments and 

outcropping rocks (Waddell, 1979 and Doelling, 1972). 

7.2.4.3 Geologic Information 

Geologic information related to the permit and adjacent areas is presented in Chapter 6 of this 

M&RP. 

7.2.4.4 Climatological Information 

Climatological data have been collected from a station location at the mine surface facilities since 

July 1986. Historical monthly summaries of these data are presented in Appendix 7-5. These and 

other regional data are summarized in this section. Updated climatological data have been 

submitted to the Division in annual reports. 

Precipitation. Based on regional data, normal annual precipitation at the mine is about 18 inches 

per year (Utah Division of Water Resources, 1977). Approximately 42 percent of tl[lis' precipitatiql) " 
) " , ", ; ;;',' \) L:'I) 
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falls in the period of May through September, with the remainder falling in the October through April 

period, primarily as snow (Utah Division of Water Resources, 1977). 

During the historical period of record at the mine site, precipitation has been below the regional 

normal cited above, averaging 12.51 inches per year (see Appendix 7-5). Average monthly 

precipitation at the mine has ranged from 0.59 inch in June to 1.65 inches in August, with the 

August peak being the result of summer thunderstorm activity. Snow cover is typically on the 

ground from September through May. 

Wind. The station closest to the mine that reports wind data is located at Gunnison, Utah 

(approximately 28 miles northwest of the mine). Due to the mountainous conditions in the area, 

the wind data collected at this station are not considered representative of the mine site. Periodic 

observations by mine personnel suggest that the prevailing wind at the mind is up the local canyons 

(Le. south to north at the mine surface facilities) . 

Temperature. The normal annual temperature at the Salina, Utah station (located 24 miles west 

of the mine) is 49.5° F (National Weather Service, 1989). Seasonally, this temperature varies from 

a normal monthly low of 27.6° F in January to a normal monthly high of 73.7° F in July. During the 

period of record , temperatures at the mine have ranged from a low of -19° F in February 1989 to 

a high of 92° F in July 1989. 

7.2.4.5 Supplemental Information 

No supplemental information is required at this time. 

7.2.4.6 Survey of Renewable Resource Lands 

The existence and recharge of aquifers in the permit and adjacent areas is discussed in Section 

7.2.4.1 of this M&RP. A discussion of the potential for material damage or diminution of these 

aquifers and their recharge areas due to subsidence is provided in Section 7.2.8 of this M&RP. 

7.2.4.7 Alluvial Valley Floor Requirements 

Information regarding the presence or absence of alluvial valley floors in the permit and adjacent 

areas is presented in Chapter 9 of this M&RP. 

I': 
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The hydrologic and geologic information required for UDOGM to develop a Cumulative Hydrologic 

Impact Assessment is presented in this M&RP under Chapters 6 and 7. Required information not 

available in these chapters is available from the Utah Division of Water Rights and Water 

Resources and from the U.S. Geological Survey, the U.S. Bureau of Land Management, and the 

U.S. Forest Service. The Greens Hollow PHC is located in Appendix 7-28. 

7.2.6 Modeling 

No numerical groundwater or surface water modeling was conducted in support of this M&RP. 

7.2.7 Alternative Water Source Information 

No surface mining has been or will be conducted in the permit and adjacent areas. Therefore, this 

section does not apply to the SUFCO Mine. 

7.2.8 Probable Hydrologic Consequences 

This section addresses the probable hydrologic consequences of coal mining and reclamation 

operations in the mine permit and adjacent areas. Mitigating measures are discussed generally 

in this section and in detail in Section 7.3 of the M&RP. The Greens Hollow PHC is located in 

Appendix 7-28. 

7.2.8.1 Potential Impacts to Surface and Groundwater 

Potential impacts of coal mining on the quality and quantity of surface and groundwater flow may 

include: 

Contamination from acid- or toxic-forming materials; 

• Increased sediment yield from disturbed areas; 

• Increased total dissolved solids concentrations; 

Flooding or stream flow alteration; 

• Impacts to groundwater or surface water availability; 

Hydrocarbon contamination from above ground storage tanks or from the use of 

hydrocarbons in the permit area; 

• Contamination of surface and groundwater from road salting; and 

Contamination of surface water from coal spillage due to hauling operations. 
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These potential impacts are addressed in the following sections of this M&RP. 

Greens Hollow Seep & Spring Inventory -In the time that has elapsed subsequent to the 2000-

2004 spring and seep survey and baseline monitoring activities performed by Cirrus Ecological 

Solutions in the Greens Hollow Tract (U.S. Forest Service, 2005), Petersen Hydrologic personnel 

have traversed all of the major surface water drainages and observed hydrologic conditions 

(including spring discharge locations and conditions) within the tract and adjacent area. The areas 

traversed include the Muddy Creek drainage in the vicinity of the northern portions of the tract, the 

Greens Hollow area, the upper and lower Cowboy Canyon areas, the North Fork stream drainage, 

the South Fork stream drainage, Big Ridge, and the broad upland plateau areas that are situated 

between the major drainages that are developed on erosional surfaces in the Price River Formation 

within and adjacent to the Greens Hollow Tract. Additionally, Petersen Hydrologic personnel have 

in the past several years routinely traversed the Box Canyon and Skutumpah Canyon areas 

adjacent to the Greens Hollow Tract. In addition, many of these areas have also been traversed 

by Canyon Fuel environmental specialists in recent years (personal communication, Vicky Miller, 

2017). 

The field visits to these areas have occurred in conjunction with quarterly hydrologic monitoring in 

the area (2000-2017), supplemental quarterly baseline monitoring activities specifically for the 

Greens Hollow Tract (2014-2017), and in conjunction with miscellaneous hydrologic field 

investigations that have been performed in the area (2000-2017). Most of the areas have been 

traversed by foot, while others have been observed from vehicles or ATV's, or during aerial surveys 

from helicopters. In the course of these field visits and observations, a single previously 

unidentified spring, USP-2 (a Price River Formation spring with measured flows less than 0.5 gpm), 

was identified by Petersen Hydrologic personnel. USP-2 was incorporated into the water 

monitoring plan. No additional significant springs (i.e. with measurable discharges) were identified 

within the Greens Hollow Tract during these site visits. 

During the course of the supplemental baseline hydrologic monitoring that has been performed at 

the Greens Hollow Tract by Petersen Hydrologic (2015-2017), all of the springs within the Greens 

Hollow Tract previously identified in the 2000-2004 spring and seep and baseline monitoring 

activities conducted by Cirrus Ecological Solutions have been visited, monitored and observed by 

Mr. Petersen during 2nd
, 3rd and 4th quarters each year (2015 - 2017). During these field visits, it 
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was noted that the metallic field spring-identification tags that were placed at individual spring 

locations during the 2000-2004 Cirrus Ecological Solutions surveys were found for almost all of the 

previously identified springs. Additionally, the geographic UTM coordinates that were determined 

by Cirrus (2000-2004) using hand-held GPS devices were field verified by Petersen Hydrologic 

using a Garmin hand-held GPS device for all of the identified spring locations during the recent 

traverses. The Cirrus locations and the recent Petersen Hydrologic locations were found to be in 

agreement. There is no indication that there has been any substantial movement of spring 

discharge locations during the time that has elapsed since the initial 2000-2004 spring identification 

activities. There was likewise no indication that any new substantial springs had emerged 

subsequent to the 2000-2004 surveys. 

Hydrologic monitoring of springs and streams was performed by Petersen Hydrologic as follows: 

Discharge measurements at springs were performed using a stopwatch and a calibrated container. 

Typically, the spring discharge measurements were performed by damming· and diverting the 

spring discharge through a pipe, and then performing time-to-fill measurements using an 

appropriately sized container of known volume. Time-to-fill measurements were repeated at a site 

until the discharge through the pipe had stabilized. Generally, after the discharge from the pipe 

had stabilized, at least three additional time-to-fill measurements were performed. The time-to-fill 

values measured after the discharge had stabilized were averaged and used to calculate the 

reported discharge rate. 

Discharge measurements at stream monitoring sites where stream discharge rates were low were 

typically performed using the time-to-fill technique described above. Where stream flows were 

greater, discharge measurements were usually performed using current-velocity techniques 

described by the United States Geological Survey. Stream velocity measurements were performed 

using a Marsh-McBirney brand electromagnetic current-velocity meter and top-set wading rod. In 

some locations, discharge measurements were performed using a portable gO-degree v-notch weir 

or a portable 3-inch Parshall flume constructed in accordance with United States Department of 

the Interior, Bureau of Reclamation specifications. Discharge measurements at the historic 

monitoring site on the South Fork of Quitchupah Creek (Sufco 006) were commonly measured 

using the permanently installed 12-inch Parshall flume at the monitoring station when flows were 

substantial. 
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Temperature measurements were performed using a Taylor brand electronic digital thermometer 

or a conventional glass-bulb thermometer. Discharge temperature measurements at springs were 

performed as close to the spring discharge locations as possible. Stream temperature 

measurements were performed, where possible, in a shaded, actively flowing portion of the stream. 

Specific conductance measurements were performed using an Extech brand model EC400 

conductivity meter with automatic temperature compensation or a Hanna brand Tester Dist 5 model 

with automatic temperature compensation. The instruments were calibrated using NIST traceable 

conductivity standard solutions in accordance with the manufacturer's recommendations. 

Water pH Measurements were performed using an Oakton model pH Testr 30 with automatic 

temperature compensation, or a Hanna Model pHep 5 with automatic temperature compensation. 

The instruments were calibrated using NIST traceable pH standard solutions in accordance with 

the manufacturer's recommendations. 

Dissolved oxygen measurements were performed using a YSI brand model 55 dissolved oxygen 

meter. The meter was calibrated using atmospheric oxygen calibration methods in accordance with 

the manufacturer's recommendations. 

Water quality laboratory analyses were performed by SGS Laboratories of Huntington, Utah or 

Chemtech-Ford Laboratories of Murray, Utah. 80th of these laboratories are NELAC certified 

water analysis laboratories. Information regarding laboratory standard analytical methods and 

procedures used and laboratory detection limits are recorded on laboratory reporting sheets. 

Field data from monitoring events were recorded in bound, water-resistant field notebooks and 

archived for future reference. 

Groundwater and surface-water quantity and quality information from the Greens Hollow Tract area 

was compiled into an electronic format. The compiled hydrologic information was utilized in the 

performance of investigations of groundwater and surface-water systems and the determination 

of the probable hydrologic consequences of coal mining in the Greens Hollow Tract. The compiled 

groundwater and surface-water monitoring data for springs, seeps, and streams in the Greens 

Hollow Tract area are presented in Appendix 7-28, Tables 2-A, 2-8, 4 and 5. Once the mining 
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plan for the Greens Hollow Lease area is approved the Division's Coal Water Quality On-line 

Electronic Database will be updated to include the added monitoring sites and their associated 

water data. 

The drainages, canyons and ridges in the following sections were traversed by foot with the 

assistance of motorized transportation between areas during annual monitoring (April- December, 

2015 - 2017): T21 S R 4E Sections 1,2,10,11,12, 13,22,23,24; T21 S R5E Sections 5, 6, 7: T20S 

R 5E Sections 19, 20, 21, 28, 30, 31,32,33: and T20S R 4E Sections 35, 36. The areas were 

visited by Mr. Petersen as well as personnel from Sufco familiar with hydrology monitoring during 

these years, however some areas have been visited since the early 2000's. 

The following Sections were traversed by air or motorized vehicle T20S R 5E Section 29 

The monitoring was completed when weather conditions and safety issues did not interfere 

It is Mr. Petersen's professional opinion that, based on the observations and monitoring activities 

performed to date as described herein, the current identification of springs and seeps in the Greens 

Hollow Tract (as of 2017) has been reasonably and adequately performed in a manner consistent 

with good hydrogeologic practice. 

7.2.8.2 Baseline Hydrologic and Geologic Information 

Baseline geologic information is presented in Chapter 6 of this M&RP. Confidential drill logs and 

other information related to geology is located in Appendix 6-1. Appendix 6-4 contains geologic 

information related to the Greens Hollow Lease. Baseline hydrologic information is presented in 

Sections 7.2.4.1 and 7.2.4.2 of this M&RP. The baseline monitoring sources are believed to be 

representative of existing ground water and surface water. An additional inventory is not planned 

unless circumstances dictate a need for change. 

7.2.8.3 PHC Determination 

Potential Impacts to the Hydrologic Balance. Potential impacts to the hydrologic balance are 

addressed in the following subsections of this M&RP and in Appendices 7-17,7-18,7-19, 7- 20 

and 7-24. Appendices 7-18, 7-20 and 7-24 contain PHC determinations for mining activities in the 
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Pines Tract, SITLA Muddy Tracts and West Coal Lease Modifications, respectively. The PHC for 

the area of Greens Hollow Lease is located in Appendix 7-28. 

Acid- or Toxic- Forming Materials. Information on acid-and toxic-forming materials is presented 

in Chapter 6. These data reveal boron, sodium absorption ratio, and specific conductance 

exceedances of. the Table 2 guidelines for management of topsoil and overburden (Leatherwood 

and Duce, 1988) in waste rock from the SUFCO mine. As noted in Section 7.2.4.2 of this M&RP, 

the alkalinity of the mine discharge water typically exceeds the acidity of this water by a factor of 

20. Additionally, mine discharge water typically meets the standards for water quality for the state 

of Utah (Utah Water Quality Board, 1987). Thus, analytical data obtained from mine-water 

discharges indicate that although potential exists in localized portions of the mine for acid- or toxic

forming materials to be present, there has been no known impact to the surface or groundwater 

in the permit and adjacent areas. 

Sediment Yield. The potential impact of mining and reclamation on sediment yield is an increase 

in sediment in the surface waters downstream from disturbed areas. Sediment-control measures 

(such as sedimentation ponds, diversions, etc.) have been installed to minimize this impact. These 

facilities are regularly inspected (see Section 5.1.4) and maintained. 

Data on file with the Utah Department of Environmental Quality (formerly the Utah Division of 

Environmental Health) indicate that waters discharging from the mine have typically not exceeded 

the total suspended solids standards (40 CFR 434) of 70.0 mg/I maximum, 35.0 mg/I 7-day 

average, and the 25.0 mg/I average daily. Samples of sedimentation pond discharge have rarely 

exceeded the maximum standard with the exceedances ranging from 26.0 to 261 mg/I. Except 

under unusual circumstances, the average total suspended solids concentration of the 

sedimentation pond discharge is less than the average daily standards. Thus, although a limited 

number of exceedances of the standards have occurred, the sediment-control measures at the 

mine are considered effective at minimizing the impacts of increased sediment yield on adjacent 

streams. 

Sediment yields may increase locally due to subsidence. Subsidence cracks which intersect 

ephemeral drainages with steep gradients could, for a short period of time, increase the sediment 

yield of the stream. However, this sediment increase would cause the crack to ~~ ~g~iGkIX fll!~~:/\ ff:-::O 
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recreating pre-subsidence stream channel conditions. Thus, the potential impact to sediment yield 

would be minor and of short duration. 

An assessment of the Alternative Sediment Control Measures to be implemented during 

reclamation was performed as indicated in Appendix 7-15. These calculations indicate that the 

implementation of each sediment control measure substantially reduces the amount of sediment 

erosion from the reclaimed areas, to the point that the mulch theoretically inhibits soil loss more 

effectively than a baseline level of undisturbed ground cover. In fact, the combination of surface 

soil preparation, an application of wood fiber hydromulch at 2000 pounds per acre, and the use of 

silt fences results in a 37% to 85% reduction of soil erosion below that which would be expected 

from naturally vegetated grass/sage slopes. Thus, sediment control measures to be implemented 

during reclamation will preclude adverse impacts to the environment. 

In the area of the Link Canyon Portal and Link Canyon Substation No. 1 and No.2 pads and 

access roads, sediment yield from the disturbe"d areas will be controlled with berms and/or silt 

fences. The calculations supporting the use of berms and lor silt fences for these areas are 

presented in Appendix 7-15. Undisturbed runoff from above the Link Canyon Portal pad area that 

naturally flowed down the Link Canyon drainage will be diverted under the pad area by the use of 

a diversion culvert and will be channeled back into the existing Link Canyon drainage. Undisturbed 

runoff from above the substation pad areas that naturally flowed directly into the existing Link 

Canyon Road inside ditch will be diverted around the substation pad areas by the use of a diversion 

ditch and will be channeled back into the existing Link Canyon Road inside ditch. Sediment yield 

from the undisturbed drainage ditch will be controlled with a silt fence. From the point that the 

Substation No.2 undisturbed drainage reenters the existing Link Canyon Road ditch the existing 

road ditch drainage flows for about 30' along the inside of the road before the flow is diverted 

across the road by an existing water bar were the flow is directed toward the channel at the bottom 

of Link Canyon. This drainage is by Division definition an intermittent stream. However, water only 

flows in this canyon in the substation areas as the result of snow melt runoff or the occasional 

summer thunderstorm. 

Acidity, Total Suspended Solids, and Total Dissolved Solids. Probable impacts of mining and 

reclamation operations to the acidity and total suspended solids concentrations of surface and 
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groundwater in the permit and adjacent areas were addressed previously in this section. Impacts 

to water quality parameters within the Pines Tract area are addressed in Appendix 7-18. 

Data presented in Appendix 7-4 and summarized in Section 7.2.4.1 of this M&RP indicate that the 

average TDS concentration of water entering the mine (as measured at SUFCO-062) is 397 mgtl. 

This a calcium-bicarbonate water with an average sulfate concentration of 63 mgtl. As noted in 

Section 7.2.4.2, the average TDS concentration of water discharging from the mine (as measured 

at SUFCO-021) is 667 mgtl (with a historical range of 350 to 970 mgtl). This is a calcium

bicarbonate-sulfate water with an average sulfate concentration of 277 mgtl (with a historical range 

of 40 to 469 mgtl). 

These data indicate that the TDS concentration of water flowing through the mine increases by a 

factor of approximately 1.6. The sulfate concentration of this water increases by a factor of about 

3.5. As noted in Section 7.2.4.2, this increase in TDS and sulfate concentrations may be the result 

of dissolution of calcium-sulfate rock dust used in the mine. 

Subsidence may cause some surface water to be diverted into the groundwater. As the water flows 

) slowly through the ground, the water dissolves the salts available in the formations and TDS 

concentrations increase. When the diverted water is later discharged to the surface, TDS 

concentrations may be higher than if it had flowed over the surface. Due to the nature of 

ephemeral streamflow, these subsidence-caused diversions would be small in volume. When a 

fracture becomes sealed with bentonitic materials available in the area (Thiros and Cordy, 1991), 

the diversion either ceases or flows into a higher stratigraphic unit. Thus, potential impacts would 

be minor and not of significant concern. 

The impact of the TDS and sulfate concentration increases on surface-water resources in the 

permit and adjacent areas is considered minimal for three reasons. First, surface water in the 

permit and adjacent areas has been classified in the Utah Department of Environmental Quality 

Wastewater Disposal Regulations as Class 3a and 4 water (protected for cold water aquatic life 

and agricultural uses, respectively). No sulfate discharge standard exists for either of these two 

classifications. The only TDS standard is for Class 4 water, with a discharge limitation of 1200 

mgtl. Thus, the mine water does not exceed the applicable discharge standard and small amounts 

of surface water diverted through the groundwater system would not cause exceedances of the 

applicable standards. 

Second, according to data presented in Section 7.2.4.2, although the discharge of mine water into 

the North Fork of Quitchupah Creek increases the TDS and sulfate concentrations!prme{~ceiving". ","" 
. "\i!\ h i ["I,) 
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water (compare data from SUFCO-006, SUFCO-007 and SUFCO-042), the TDS concentration of 

the discharge water is less than that of Quitchupah Creek above the influence of the mining 

operation (compare data from SUFCO-046). As a result of these factors, the impacts of increased 

TDS and sulfate concentrations in the mine-water discharge relative to the adjacent natural water 

are not considered significant. 

Finally, as indicated on Plate 6-1 , surface water in the North Fork of Quitchupah Creek flows across 

Mancos Shale immediately downstream from the mine discharge point. Similarly, Quitchupah 

Creek crosses Mancos Shale immediately downstream from the confluence with East Spring 

Canyon. Since the Mancos Shale is a gypsiferous formation, sulfate and TDS concentrations are 

naturally high in areas underlain by this unit. Thus, the additional input of these constituents from 

the mine waters to local streams is considered minimal. 

As indicated previously, tension cracks created by subsidence may locally increase the rate of 

downward percolation of groundwater. However, as indicated by Mayo in Appendix 7-17, the 

potential for increased vertical percolation of groundwater due to subsidence is not considered to 

be significant and should have no impact on mine discharge water quality. 

No subsidence is anticipated to occur in the Link Canyon Substation pad area. Therefore, 

disturbance in this area is not anticipated to adversely effect groundwater. Surface water will not 

be adversely effected in this area since runoff will be treated prior to discharge, thus limiting the 

amount of total suspended solids. Additionally, the soils in the area are not toxic or acid forming 

and the total increase of dissolved solids added to the runoff from the limited area of the pad will 

not be significant. The receiving waters pass over large areas of exposed Mancos Shale before 

it is put to beneficial use. Therefore, the contribution of TSS and TDS from the pad area when 

compared to the contribution of the in-place soils and shale bedrock will be insignificant. 

Flooding or Streamflow Alteration. Runoff from all disturbed areas is treated through 

sedimentation ponds or other sediment-control devices prior to discharge to adjacent undisturbed 

drainages. Three factors indicate that these sediment-control devices minimize or preclude 

flooding impacts to downstream areas as a result of mining operations: 

1. The sediment-control facilities have been designed and constructed to be 

geotechnically stable. Thus the potential is minimized for breaches of the sediment

control devices to occur that could cause downstream flooding. 
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2. The flow routing that occurs through these sediment-control devices reduces peak 

flows from the disturbed areas. This precludes flooding impacts to downstream 

areas. 

3. By retaining sediment on site in the sediment-control devices, the bottom elevations 

of stream channels downstream from the disturbed areas are not artificially raised. 

Thus, the hydraulic capacity of the streams channels is not altered. 

Following reclamation, stream channels will be returned to a stable state (see Section 5.4.2.2). The 

reclamation channels have been designed to safely pass the peak flow resulting from the 1 ~O-year, 

24-hour storm. Thus, flooding in the reclaimed areas will be precluded. Interim sediment-control 

measures and maintenance of the reclaimed areas during the post-mining period will preclude 

deposition of significant amounts of sediment in downstream channels following reclamation, thus 

maintaining the hydraulic capacity of the channels and precluding adverse flooding impacts. 

The mine has been designed to minimize subsidence impacts to perennial streams (see Section 

5.2.5.1). Any material damage to the stream channel will be mitigated. Streamflow volume in the 

North Fork of Quitchupah Creek will, however, increase due to mine water discharge. 

Mine water discharge to the North Fork of Quitchupah Creek has increased streamflow by over 

1000 gpm (2.25 cfs). Waters encountered in the Pines Tract will be pumped to the Quitchupah 

discharge point. The worst case flow increase is estimated to be approximately 3.75 cfs. Once 

mining has ceased, the mine will be sealed and no discharges will occur. The streamflow volume 

will return to pre-mining discharge levels. Increased flow to the North Fork of Quitchupah during 

seasonal flow conditions are addressed by Mayo in Appendix 7-17. 

Subsidence tension cracks that propagate to the surface, will increase the secondary porosity of 

the formations overlying the SUFCO mine. Thiros and Cordy (1991) state that bentonitic shale and 

plastic flow in mudstone within the perching layers could possibly slow or stop the downward 

movement of groundwater. If these cracks do not become blocked with bentonite, recharge to 

aquifers that feed spring flow may increase. Thus, subsidence may contribute to increases in 

streamflow. 

Subsidence may decrease spring flow if the perched aquifer which supplies the spring is 

intersected by tension cracks, allowing groundwater to drain to underlying strata (Thiros and Cordy, 

1991). Subsidence has occurred beneath East Spring (monitoring station DOn but no major 
, ,' ', i ' ,',; , ) L'D 
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changes in flow rate or water quality have been detected from 1985 to 1986 (Thiros and Cordy, 

1991). Groundwater monitoring data (Appendices 7-4 and 7-17) indicate that flow rates of this 

spring have declined from 1987 to 1995. This decline in flow, however, is likely due to the drought 

conditions of the last several years (Appendix 7-5). Flow rates from other springs currently 

monitored by SUFCO, but located in unsubsided areas (057A and FS-109), have also declined 

during the last several years (Appendices 7-4 and 7-17). 

Subsidence will occur in areas occupied by ephemeral and perennial stream channels. According 

to Thiros and Cordy (1991), surface water flow to natural drainages has the potential of being 

intercepted by subsidence fractures that extend to the land surface. In addition, the broad 

depressions created by subsidence may locally retain runoff that would normally discharge from 

an area. Although surface cracks that result from subsidence in the area tend to heal with time 

(see Appendix 5-4), stream flows may be partially intercepted prior to completion of the healing 

process. However, the following factors indicate that the impact of subsidence on streamflow will 

be minimal: 

1. Bentonitic shale and plastic flow in mudstone within perching layers could possibly 

slow or stop the downward movement of previously perched groundwater (Thiros 

and Cordy, 1991). 

2. Field observations indicate that there are no sustained above normal inflows in the 

mine. Thus, flow along fractures is either from a relatively small source, or the 

conduits become sealed quickly. 

3. Ephemeral streamflow in the area is sporadic, allowing significant periods of time 

which may allow for surface cracks to heal between flow events. 

4. Ephemeral streamflow typically carries a high sediment load. During precipitation 

runoff events, perennial streams will also carry a high sediment load. This sediment 

will fill remaining cracks. As the cracks heal, the potential for interception of 

streamflow is minimized. 

5. The depressions created by subsidence are sufficiently broad that changes in slope 

are not typically of an ample magnitude to cause ponding in anything other than 

local areas. If ponding does occur, the shallow depressions will fill with sediment 

quickly due to the periodic high sediment load of streams and the drainage will 

return to the previous pattern. 
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Groundwater and Surface Water Availability. The potential impacts of mining on reductions in 

surface-water availability are discussed above. As indicated, these impacts are not considered to 

be significant. 

As noted in Section 7.2.4.2, groundwater is encountered in the SUFCO mine and pumped to the 

surface, generally into the North Fork of Quitchupah Creek at UPDES station 003. 

According to Mayo (Appendix 7-17), the rate of discharge from the mine has increased since 1987 

from approximately 1.0 cfs (450 gpm) to about 3.56 cfs (1,600 gpm). 

The increase in flow into and out of the mine is considered to be the result of increased coal 

production. The primary method of mining converted from room-and-pillar to longwall in October 

1985. As a result of this change, production in the mine increased (see Figure 7-6). With the 

increase in production, new areas were mined at an increasingly higher rate. According to Mayo 

(Appendix 7-17), the mine discharge hydi-ograph shows that the rate of mine water discharge does 

not increase as the total area of the mine increases, but rather, the rate of discharge is related to 

the amount of recently mined areas. 

As indicated in Section 5.2.3 ofthis M&RP, long-term production from the SUFCO mine is expected 

to average about 6 million tons. Projecting this production rate and the mine discharge rate on 

Figure 7-6, it is estimated that long-term discharge of groundwater from the mine will average 

approximately 2.6 cfs (1,200 gpm). 

It should be noted that the discharge of mine water to a stream probably results only in a local 

increase in flow and not a basin-wide increase. As noted on Plate 6-1, the Mancos Shale outcrops 

in the North Fork of Quitchupah Creek just upstream from the mine-water discharge point and in 

Quitchupah Creek above the confluence with East Spring Canyon. The shales of this formation 

have a low permeability (Waddell et aI., 1981), thus forcing groundwater to the surface as 

streamflow. Thus, although the discharge of water from the mine may result in a local loss of 

groundwater and gain in surface water, this discharge does not disrupt the hydrologic balance of 

the basin. 
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The long-term mean mine discharge to North Fork Quitchupah Creek is 980 gpm and discharge 

varies between 460 and 1760 gpm. The mean upstream flow during high-flow conditions (June) 

is 2,650 gpm and during low-flow conditions (October) the flow is 290 gpm. Thus, mine discharge 

represents a mean increase in creek discharge of 37% and 337% for June and October, 

respectively. The mean low flow discharge measured at site 042, 5 miles downstream from the 

mine discharge point, is 950 gpm. This suggests that the lower reaches of North Fork Quitchupah 

Creek could go dry in late summer and early fall without the contribution of mine water to the 

stream. 

Subsidence has occurred in the leased mined area (Plate 5-10). More subsidence is expected to 

occur in the future as longwall mining progresses. Fractures that remain open orfill with permeable 

material would locally increase the hydraulic conductivity of the strata. However, when tension 

fractures intercept mudstones or shale units that contain bentonitic or montmorillonite clays, these 

fractures become sealed, stopping vertical flow (Thiros and Cordy, 1991). When tension fractures 

intercept strata that are more brittle or less amenable to sealing by clays, such as the Castlegate 

Sandstone, these fractures will heal naturally by filling in with silt and organic material such as 

sticks, pine needles, pine cones, and pine cone fragments. This natural healing could take longer 

to seal the cracks with the potential to impact water resources for a period of time. A discussion 

of the potential impacts to water resources due to subsidence is provided in Section 7.2.8.3 of this 

M&RP and in Appendix 7-17. DeGraff (Appendix 5-4) indicates that tension cracks in the leased 

area typically heal quickly. There are no sustained above normal inflows in the mine due to mining 

or subsidence. Thus, most fractures in the leased area appear to become sealed in a relatively 

short period of time. Intersection of locally perched aquifers by subsidence cracks could divert 

groundwater from a spring. Water will not be lost from a specific basin, but may become diverted 

within the basin. 

The discharge from the abandoned Link Canyon Mine was to be maintained during and after 

utilization of the western portal for Sufco Mine access. The water naturally discharging from the 

abandoned mine is not considered to be a UPDES mine discharge point by the Utah Division of 

Water Quality so long as the water is not contaminated or comes in contact with Sufco mining 

related activities. The initial plan by Sufco was to maintain the flow of water from the flooded old 

works to the abandoned eastern portal and out the rehabilitated western portal. However, when 

the old works were accessed, both from inside the Sufco Mine and the surface, very, li~tle water was 
I. '.' .: ...; , II ",' "'" .. 
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encountered and the old works did not appear to be flooded. The majority of water encountered 

during rehabilitation efforts was located just inside the western portal. A small pond of water had 

formed behind a roof fall in the old mine. It was apparent that shallow ground water or surface 

water entered the mine just in by the portals and upgradient of the roof fall, forming the small pond. 

Once the roof fall was removed and the water drained, water ceased discharging from the western 

portal. The volume of water discharging from the eastern portal area also appeared to decrease. 

It further appears that most of the water that currently seeps into the old workings near the portal 

evaporates before it can accumulate and discharge out the western portal. Small volumes of runoff 

and ground water still accumulates in the eastern portal area and can be seen in the spring and 

fall discharging over the rock ledges below the portal. 

The riparian vegetation in the area of the Link Canyon portals is feed not only by the discharge 

from this portal but also by subsurface flow discharged by springs above the mine in the Castlegate 

Sandstone. Thus, the riparian vegetation above and below the west portal was sustained during 

site construction by subsurface flows from the uj::>gradient springs and flows from the east portal. 

Water, if any, that enters the portion of the Link Canyon Mine utilized by Sufco will be discharged 

at UPDES discharge point 003. The Link Canyon Portal elevation is 7663 feet and the elevation 

where the old works will connect to the existing Sufco Mine is 7658 feet with the mine average dip 

being 2% N45°W. As of August 2005, water had not accumulated in the abandoned Link Canyon 

Mine and draining and discharging the water through the existing Sufco Mine has not been 

necessary. 

The activity related to reopening the western Link Canyon portal should not have a significant 

negative impact on surface water flows in Link Canyon Creek. While the creek has been 

designated as an intermittent stream under the R645 rules as a result of its drainage area size, the 

stream functions primarily as an ephemeral stream (Thiros and Cordy, 1991). As described in 

Section 7.2.4.2 of this chapter, the majority of the stream's reaches typically only flow as a result 

of runoff from significant precipitation events and during brief periods of snow melt runoff. The two 

surface water sites, Link 001 and Link 002 which are located above and below the portals (Plate 

7-3), did not have measurable or monitorable flows during quarterly monitoring episodes from 1999 

through 2002 (Erik Petersen, personnel communication, November 2002). Observable surface 

flows in the stream are generally limited to just below the developed springs (Pines 100 and GW-
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21) near the head of the canyon and just below and adjacent to the Link Canyon Portals. In both 

locations water flow or moist soils have been observable for only a few hundred feet below the 

source. Table 7-1A details the dates, flows, and monitoring personnel for sites Link 001, Link 002, 

Link Portal West and Link Portal East. 

TABLE 7-1A 

FLOW OBSERVATIONS IN LINK CANYON WATER MONITORING SITES 

Link 001, Link 002, Link Portal West, and Link Portal East 

DATE OF 

LOCATION OBSERVATION FLOW (gpm) SAMPLER 

Link 001 and Link 002 06-03-97 No Flow E. Petersen 

10-29-97 No Flow E. Petersen 

11-03-97 No Flow E. Petersen 

06-29-98 No Flow E. Petersen 

09-16-98 No Flow E. Petersen 

11-04-98 No Flow E. Petersen 

06-22-99 No Flow E. Petersen 

08-25-99 No Flow E. Petersen 

10-28-99 No Flow E. Petersen 

06-01-00 No Flow E. Petersen 

08-22-00 No Flow E. Petersen 

11-14-00 No Flow E. Petersen 

06-13-01 No Flow E. Petersen 

08-22-01 No Flow E. Petersen 

10-01-01 No Flow E. Petersen 

05-18-02 No Flow E. Petersen 

09-26-02 No Flow E. Petersen 

10-08-02 No Flow E. Petersen 
H ./ " r'f~: r~ 
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FLOW OBSERVATIONS IN LINK CANYON 

WATER MONITORING SITES 

Link 001, Link 002, Link Portal West, and Link Portal East 

DATE OF 

LOCATION OBSERVATION FLOW (gpm) SAMPLER 

Link Portal - West 09-17-77 5 (estimated) Hydrometries 

08-04-86 1.5 Thiros & Cordy* 

08-20-86 2.2 Thiros & Cordy* 

09-15-86 1.6 Thiros & Cordy* 

11-04-86 1.3 Thiros & Cordy* 

05-11-87 2.0 Thiros & Cordy* 

06-16-87 1.5 Thiros & Cordy* 

07-20-87 1.7 Thiros & Cordy* 

09-08-87 1.6 Thiros & Cordy* 

09-16-98 1.0 (estimated) Erik Petersen 

12-07-01 0.5 (estimated) Chris Hansen 

10-26-02 No Flow - Standing Water Erik Petersen 

10-30-02 No Flow - Standing Water Erik Petersen 

11-06-02 No Flow - Standing Water Erik Petersen 

11-15-02 No Flow - Standing Water Erik Petersen 

Link Portal - East 12-07-01 0.5 (estimated) Chris Hansen 

10-26-02 No Flow - Standing Water Erik Petersen 

10-30-02 No Flow - Standing Water Erik Petersen 

11-06-02 No Flow - Standing Water Erik Petersen 

11-15-02 No Flow - Standing Water Erik Petersen , 
I A.[D 
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Vegetation in the Link Canyon channel below the mine will be photographically monitored on a 

quarterly basis, except in the winter months, to determine what, if any, impacts the reduction of 

discharge from the western portal has on the vegetative community. The vegetation monitoring 

was started in the summer of 2005 and will continue through the reclamation of the portals. The 

general health of the willows, Woods Rose, clematis, and wire grasses present in the vegetative 

community will be observed and the observations reported in the mine's annual report. If significant 

changes occur in the vegetation monitored, these changes will be reported to the Division and the 

Forest Service. A plan may be developed and instigated at that time to mitigate any damages to 

the vegetation as a result of mining activities. Refer to Section 3.2.2.2 for additional vegetation 

information. 

Flows from the Link Canyon portals have been measured periodically since 1977 with discharges 

ranging from 5 gpm (estimated by Hydrometrics, 1977) to no discharge (Petersen 2002). Samples 

of the water discharged from the west port·al have been obtained and analyzed by Thiros and Cordy' 

(1991), Mayo and Associates during the Pines Tract EIS process (1998), and recently by Petersen 

(2002, Appendix 7-4). 

Prior to disturbing the portals, additional samples have been obtained from both the east and west 

portals in October and November 2002. One sample from each portal was obtained for four 

consecutive weeks. No surface flow was present in the summer of 2002 at either of the portals. 

However, a small pool of standing water was present at the mouth of the west portal through most 

of the year. The samples were obtained by first excavating a depression near the mouth of the east 

portal and allowing water to gradually fill the depression and by sampling the standing water at the 

mouth of the western portal. These samples were obtained as baseline samples in compliance with 

a request from the Forest. The samples have been analyzed according to the Division's guidelines 

for baseline water monitoring samples. Copies of the sample analyses results for samples 

obtained on October 26, October 30, November 6, and November 15, 2002 are included in 

Appendix 7-4. Included in Appendix 7-4 is a brief report by Erik Petersen of Petersen Hydrologic, 

Inc. that discusses the various sampling events, the results of the sample analyses, and an 

interpretation of the data as it relates to the origin of the water in the Link Canyon Mine. 
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Mr. Petersen discusses in his report that water issuing from the Link Canyon portals is likely not 

sourced from the springs at the head of the canyon but probably from surface water that enters the 

mine through the weathered bedrock near the surface. It appears that during periods of normal 

or greater than normal precipitation, the water discharged from the mine has a TDS level of near 

500 mg/I. However, in drought years, as has occurred in the area beginning in 1999 and continuing 

through 2002, the TDS levels in the water naturally rises due to a lack of fresh water flushing of the 

abandoned mine workings water. Hence, the samples obtained in the fall of 2002 had TDS 

concentrations greater than 1400 mg/I. 

A hydrograph of the discharges from the Link Canyon Mine is provided in the USGS report by 

Thiros and Cordy (1991). This hydrograph, along with the additional data collected by Mayo and 

Associates and Erik Petersen suggest the discharge from the mine is influenced by seasonal 

changes in precipitation. Significantly, the flow from the mine has nearly ceased as a result of the 

area drought which began in 1999 and has continued through at least 2002. 

Water discharged from the mine will continue to be monitored at sites Link Portal West and Link 

Portal East, as part of the quarterly water monitoring program. Significant changes in water 

chemistry and the apparent causes will be reported to the Division. 

The only actual loss of groundwater from the hydrologic balance is that water which is the 

difference between the average as-shipped moisture minus the inherent moisture or in-situ 

moisture of the coal and leaves the basin upon mining. Based on an average coal moisture loss 

of groundwater content of 1.8 percent and a long-term coal production rate of 6 million tons per 

year, approximately 80 AF/yr of groundwater is removed from the basin. This represents about 2 

percent of the average annual flow of Quitchupah Creek above Link Canyon. 

Several springs and stream locations in the leased area are monitored for quantity and quality as 

prescribed by the M&RP water monitoring program. Analysis of the monitored flows indicated that 

very little impact has occurred to springs and streams. Erik Petersen of Petersen Hydrologic, Inc 

evaluated the flow data collected from several springs and surface flows in the Box Canyon 

drainage. His evaluation was forwarded to Sufco in the form of a letter report dated August 14, 

2003 and is included in Appendix 7-19. Mr. Petersen determined that since mining began in the 

Pines Tract, a few the area springs have exhibited an increase in flow during alperiod ofpro)ongEt,Q.. 
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drought. He also concluded that perhaps one spring, Pines 303, in the lower portion of the Box 

Canyon, may have experienced reduced flows as a result of mining activities. However, because 

of the prolonged drought in the area that began in 1998, it is not possible to determine with 

certainty whether mining activities, drought conditions, or both have resulted in the loss of spring 

flow. A loss in flow from this spring was a predicted possibility described in the Pines Tract EIS. 

The loss of flow from this spring(less than 4 gpm) has apparently not adversely affected area 

vegetation or wildlife. Because of the increased discharge of springs farther up canyon, the loss 

of the less than the 4 gpm contribution of ground water from Pines 303 to Box Canyon Creek is 

insignificant to the total flow of the creek. No water rights were found to have been filed on this 

spring discharge. 

Mr. Petersen has noted an increase in the flow of springs Pines 209 and 212 and in the flow of the 

Main Fork of Box Canyon Creek that appears to coincide with mining in the western portion of the 

Pines Tract. He reasons that the increase in spring flow is related to subsidence enhanced 

recharge or hydraulic conductivity of the aquifers sourcing the springs. The increase in spring flow 

has resulted in the increase in flow in the Main Fork of Box Canyon Creek. This has been noted 

as a positive impact to the creek during a time of drought. Analysis of the flow data presented by 

Petersen suggests the increase in flow from these springs may be short lived. He has also 

indicated that flow from these springs will not cease but should return to near pre-mining rates. In 

fact, the data presented in his August 14, 2003 letter report suggests the flow rates may already 

be beginning to return to pre-mining rates. 

Greens Hollow Tract 

Although subsidence has occurred beneath springs and streams in areas adjacent to the Greens 

Hollow Tract, few springs or streams have been permanently effected. The sedimentary geology 

is the dominant factor influencing the hydrologic system of the area, determining how subsidence 

affects the surface and subsurface water resources. The geologic units of importance in this 

commentary are the Blackhawk Formation, the Castlegate Sandstone, Price River Formation and 

North Horn Formation. Widespread subsidence impacts across the Greens Hollow tract would not 

be expected. Refer to Appendix 7-4, FSEIS pages 147 - 150, highlighted portions. 

"The overall risk for permanent water loss at any spring located with the tract would be relatively 

low. If the flow at a particular spring is diminished as a result of subsidence-inducrRl~yrface tensile 
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fracture, the ground water would not be drained to the mine or lost from the hydrogelogic system" 

(FSEIS, 2015). 

"Petersen (2009) provides an assessment of subsidence impacts observed in the adjacent Pines 

Lease Tract and local confirmation of Wilkowske et. al. (2007) indicate that there is minimal risk 

of water loss from perennial streams where overburden cover is greater than 600 feet and on the 

order of 60 times mining height." FSEIS, 2015). 

Potential Hydrocarbon Contamination. Diesel fuel, oils, greases, and other hydrocarbon 

products are stored and used at the site for a variety of purposes. Diesel and oil stored in above

ground tanks at the mine surface facilities may spill onto the ground during filling of the storage 

tank, leakage of the storage tank, or filling of the vehicle tank. Similarly, greases and other oils 

may be spilled during use in surface and underground operations. 

The probable future extent of the contamination caused by diesel and oil spillage is expected to be 

small for three reasons. First, because the tanks are located above ground, leakage from the tanks 

can be readily detected and repaired. Second, spillage during filling of the storage or vehicle tanks 

is minimized to avoid loss of an economically valuable product. Finally, the Spill Prevention Control 

and Countermeasure Plan presented in Appendix 7-6 provides inspection, training, and operation 

measures to minimize the extent of contamination resulting from the use of hydrocarbons at the 

site. 

The potential for hydrocarbon contamination of the environment at the Link Canyon Substation or 

the reopened Link Canyon Mine Portal is minimal since no fuels or lubricants will be stored at this 

site. If a catastrophic failure of the transformers at the substation occurred, the minimal volume 

of oil would be contained behind the berm to be built around the equipment. 

Periodically due to difficult recovery conditions or roof collapse, mining equipment is abandoned 

underground. Abandoned mining equipment locations are shown on Figure 7-7. Prior to leaving 

equipment underground, lubricating and hydraulic fluids are removed to the extent possible. Since 

the equipment is steel and not too different compositionally from the roof support throughout the 

mine, contamination to ground water from abandoned equipment will cause minimal , if any, 
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disturbance to the hydrologic balance within the permit and adjacent areas and is not expected to 

cause material damage outside the leased area. Assuming the mine were to flood and the 

abandoned equipment were to be covered with water, several probable results and impacts can 

be evaluated: 

1. Flooding of the abandoned mine might be relatively rapid, but once flooded, flow of 

ground water into, through, and out-of the void spaces of the mine should be slow. 

2. If steel or other metals in the equipment were to oxidize, it would be at a very slow 

rate and the amount of iron and other metals added to the ground water at anyone 

time would be very small. 

3. Oxides of most metals are insoluble or slightly soluble in water. At temperatures 

expected in the mine, metal oxides would tend to precipitate as solids within the 

mine rather than flow in solution in the ground water. If any metal were to go into 

solution, concentrations would be highest near the abandoned equipment, but the 

volume of water in the flooded mine would dilute concentrations outside the 

immediate vicinity of the equipment. 

4. Because of dilution and dispersion, natural seasonal fluctuations, changes in water 

quality would not be expected to be large enough to be detected at the surface at 

springs, ground-water baseflows to streams, or in discharges from the mine. 

Road Salting. No salting of the mine road occurs within the permit area. This impact is not a 

significant concern. 

Coal Haulage. Coal is hauled over the paved county road from the mine portal area to Interstate 

Highway 70. Past experience has indicated that approximately one truck load of coal (43 tons) is 

spilled annually. Residual coal following cleanup of the spill may wash into local streams during 

a runoff event. Possible impacts to the surface water are increased total suspended solids and 

turbidity from the fine coal particulates. The probability of a spill occurring in an area sufficiently 

close to a stream channel to introduce coal to the stream bed is considered small. 

In order to minimize fugitive coal dust haulage trucks are either covered or modified to reduce the 

amount of coal dust blown off the trucks. The impact from fugitive coal dust is therefore considered 

to be insignificant due to the small amounts lost during haulage in the permit and adjacent areas. 
K;\l .. ,i ". j " " ; .:;.~~ "r', 
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In 1986/1987 an experimental practice of subsiding escarpments on the west side of Quitchupah 

Canyon containing the North Fork of Quitchupah Creek in Section 32, Township 21 South, Range 

5 East and Section 5, Township 22 South, Range 5 East was approved by the Division. The 

planned 3 Right 4 East panel straddles Sections 28,29,32 and 33, Township 21 South, Range 5 

East on the east side of Quitchupah Canyon. The planned panel (northern) and the experimental 

area (southern) are both in Section 32, across the canyon from one another. The objective of the 

practice was to ascertain whether or not the escarpment could be undermined by a longwall while 

causing minimal surface damage. 

In 1991 a report was written discussing the observations, the information collected was submitted 

to the Division in annual reports. The escarpment test area was monitored visually, by photography 

and by reliable survey measurements for horizontal and vertical movement. The conclusion of the 

report state the "One independent block of rock fell during subsidence and a few tension cracks 

were created along the cliff face: No other visible signs of mining were found even though the 

surface elevations were reduced several feet." 

Because spalling is considered a natural feature of the Castlegate Formation it is anticipated that 

cliff spalling may occur, since the entire area of the Quitchupah Canyon escarpment is heavily 

fractured by natural jointing and in some areas is highly sculpted where the combined effects of 

jointing and erosion are the most severe. The slopes are littered with block of stone which have 

eroded way from the Castlegate and other small sandstone members to the Blackhawk Formation. 

The channel grade in the North Fork of Quitchupah Creek which lies to the west of the panel to be 

mined should be sufficient to allow the flow to continue should rocks from spalling enter the creek 

channel. It is not anticipated that enough rock from spalling will enter the North Fork to block flow, 

but the surface flow at water monitoring site 042 downstream of the panel will be checked during 

the mining of the 3 Right 4 East panel to determine if an action is required. There are no known 

groundwater sites in the area of the 3 Right 4 East panel. 

7.2.9 Cumulative Hydrologic Impact Assessment (CHIA) 

A Cumulative Hydrologic Impact Assessment to include the permit and adjacent areas is to be 

prepared by the UDOGM. 
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7.30 Operation Plan 

7.3.1 General Requirements 

This permit application includes an operation plan which addresses the following: 

Groundwater and Surface Water Protection and Monitoring Plan; 

Sediment Pond Sludge Sampling and De-watering Plan; 

Design Criteria and Plans; 

Performance Standards; and 

Reclamation Plan. 

7.3.1.1 Hydrologic-Balance Protection 

Groundwater Protection. To protect the hydrologic balance, coal mining and reclamation 

operations will be conducted to handle earth materials and runoff in a manner that minimizes acidic, 

toxic, or other harmful infiltration to the groundwater system. Additionally, SUFCO will manage 
. . 

excavations and disturbances to prevent or control discharges of pollutants to the groundwater. 

SUFCO commits to replace loss of any surface water identified for protection in this M&RP that are 

impacted by mining at the SUFCO mine. 

Surface Water Protection. To protect the hydrologic balance, coal mining and reclamation 

operations will be conducted to handle earth materials and runoff in a manner that minimizes acidic 

or toxic drainage, prevents, to the extent possible, additional contributions of suspended solids to 

streamflow outside the permit area, and otherwise prevents water pollution. Additionally, SUFCO 

will maintain adequate runoff- and sediment-control facilities to protect local surface waters. 

SUFCO commits to mitigating any material damage resulting from subsiding perennial streams in 

the leased area as indicated in Chapter 5 of this M&RP. The plan for protection of the perennial 

streams meets the BlM requirements for protection of their water rights (BlM, 1992). 

Sedimentation Pond Sludge Plan. Sludge contained in the sediment ponds will be cleaned from 

the ponds and temporarily stockpiled upstream of the pond to allow water to drain from the sludge 

back into the pond. The sludge will be sampled for acid and toxic forming substances prior to be 

transported to the waste rock disposal site. Sedimentation pond sludge will be incorporated into 

the fill as described in Section 536 of Waste Rock Volume. 
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Groundwater Monitoring. Groundwater monitoring is proposed to be conducted in the SUFCO 

permit and adjacent areas according to the water monitoring plans presented in Tables 7-2 through 

7-5A and for the rock waste disposal site in Section 731 in Waste Rock Volume of this M&RP. 

These tables are based on the studies done by Mayo and Associates (Appendices 7-17 and 7-18) 

and supersede previous plans. 

The location of the monitoring points are presented on Plate 7-3 and 7-10. The location of the 

monitoring wells for the rock waste disposal site are presented on Map 5A, Waste Rock Volume 

of this M&RP. The monitoring plans were developed based on information presented in the PHC 

determinations, the baseline hydrologic data, and the geology chapter of this M&RP. 

The monitoring programs provide data that are reviewed and compared to the baseline data. Any 

significant changes are evaluated to determine their impact on the hydrologic balance. These 

comparisons have taken the form of reports prepared by Hydrometrics early in the permit term 

(1978-1987). Results of these evaluations are submitted periodically to the UDOGM. The annual 

Water Quality Report submitted to the Division contains the monitoring data. 

Baseline data collected for the Pines Tract area included performing field surveys to identify 

existing springs. Additionally, springs identified in the USGS publication "Hydrology and Effects 

of Mining in the Quitchupah and Pines -Coal Lease Tracts, Central Utah" (Thiros and Cordy, 1991) 

were searched for and, when found, included in the baseline survey. Those springs identified and 

found within the Pines Tract in the above referenced publication are labeled on Plate 7-3 with the 

prefix "GW - ". During the baseline surveys, several springs identified in the publication could not 

be found as illustrated on the document maps or by using the printed location descriptions. It is 

assumed the springs that could not be found have a) stopped flowing; b) were miss mapped; or 

c) were in close proximity to springs found during the baseline surveys but could not be positively 

identified as USGS located springs and were therefore given new number deSignations. 

Baseline data collected for the Muddy Tract area is located in the "Coal Tract Evaluations on the 

Manti-La Sal National Forest" report prepared for the Manti-La Sal National Forest by Cirrus 

Ecological Solutions, LC. Those springs identified and found within the Muddy Tract in the above 

referenced publication are labeled on Plate 7-3 with the prefix "M- ". 
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Sampling for the SUFCO Mine and adjacent areas is accomplished in accordance with the 

schedule outlined on Tables 7-2 through 7-SA. Sampling for the waste rock disposal site is 

accomplished in accordance with the schedule and the parameter list as outlined in Chapter 7 of 

the Waste Rock Volume of this M&RP. 

Groundwater monitoring data are submitted to UDOGM by the end of the quarter following 

samplingMonitoring data are submitted in an annual summary by March 31 ofthe subsequent year. 

Groundwater monitoring will continue through the mining and post-mining periods until bond 

release. The monitoring requirements, including the analytical parameters and the sampling 

frequency may be modified in the future in consultation with the UDOGM if the data demonstrates 

that such a modification is justified. 

Groundwater monitoring wells US-77-7, US-77-8, US-77-9, US-79-9, US-79-10, US-79-12, US-81-

1, US-81-2, US-81-3, 89-16-1, 89-16-1W, 89-18-1, 89-20-1, 89-20-2, and 89-21-1 have been 

removed from the operational monitoring plan and are listed as historic monitoring wells because 

these are old baseline wells, wells that have been discontinued or wells the water level 

measurements are not possible due to the collapse or blockage of the casing. These historic 

monitoring wells will be permanently sealed along with all the operational groundwater monitoring 

wells during the final reclamation of the mine in accordance with Sections 6.3.1 and 7.4.8. 

In addition to gathering ground water samples from seeps and springs at the surface, SUFCO 

will obtain a ground water sample, if ground water is encountered, in-mine within the proposed 

150 acre lease expansion located in T21 S, R5E, Section 10. This sample will be taken shortly 

after the start-up of the longwall and will be age-dated using isotopic analysis methods. After 

the longwall advances through approximately 50% of the panel length within the 150 acre 

lease expansion, a second ground water sample will be obtained from the face and analyzed 

for the same parameters. The results of the analysis and a sample location map will be 

submitted to the Division. 

Total hardness, total alkalinity, dissolved iron, and dissolved manganese were not included in the 

groundwater operational monitoring plan proposed by Mayo and Associates (Appendicies 7-17 and 

7-18). The reasons for excluding these parameters are discussed below: . . " ;: '( :,: ';\TED 
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• Mayo does not believe that total hardness is a necessary parameter in the 

operational monitoring plan. Total hardness describes the soap-consuming 

capacity of water, but has very limited value in geochemical studies. This 

parameter is generally calculated from the milliequivalent concentrations of Ca2+ 

and Mg2+. Because Ca2+ and Mg2+ are included in the operational monitoring plan, 

the parameter could be calculated if it were ever necessary to evaluate total 

hardness. 

Mayo does not believe that total alkalinity should be included in the operational 

monitoring plan. In the waters of Wasatch Plateau, total alkalinity is almost 

exclusively the product of bicarbonate and carbonate alkalinity. Both bicarbonate 

and carbonate alkalinity are included in the operational monitoring plans. 

Contributions to alkalinity from hydroxide, silicate, borate, and organic ligands are 

trivial. 

Mayo did not include dissolved iron and dissolved manganese in the operational 

monitoring plan because iron and manganese do not readily exist in dissolved form 

in basic (pH> 7) waters but exist instead as hydroxide complexes. All waters in the 

leased area are basic. Measurements of total iron and manganese quantify both 

the dissolved and complex forms of these elements. 

Equipment, structures and other devices used in conjunction with monitoring the quality and 

quantity of groundwater in the permit and adjacent areas have been installed, maintained, and 

operated in accordance with accepted procedures. This equipment will be removed or properly 

abandoned by SUFCO when no longer needed. 

Monitoring Wells 

US-80-2 

US-80-4 

89-20-2W 
US-79-13 

US-81-3 

TABLE 7-2 

Water Monitoring Program 
Protocol Comments 

A Screened in Castlegate Sandstone 

B Screened in Castlegate Sandstone 

A Screened in Castlegate Sandstone 

B 

A 

Screened in Blackhawk Formation 
Screened in Blackhawk Formation 
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TABLE 7-2 (Continued) Water Monitoring Program 
Protocol Comments 

US-81-4 

01-8-1 
MW-15-5-2 

In-mine Well (Proposed) 

Streams 

SUFCO 006 
SUFCO 0060 

SUFCO 007 (North Fork Lower) 

SUFCO 041 
SUFCO 042 

SUFCO 046 

SUFCO 047A 

SUFCO 090 
Pines 106 

Pines 302 
Pines 403 

Pines 405 

Pines 406 
Pines 406b* 

Pines 407 

Pines 408 
USFS-109 

Link 001 

Link 002 

FP-1 
FP-2 

M-STR1 

M-STR4 

M-STR6 

Muddy ABF 

U-Mud 
Cowboy Top 

Cowboy Middle 

Cowboy Bottom 
SP60 Creek 

A 
A 

A 
A 

C,2 

F,1 
C,2 

C,2 

C,2 
C,2 

C,2 

C,1 
C,2 

C,1 

C,2 
C,2 

C,1 

C,1 
C,1 

C,1 

C,1 
C,2 

C,2 

G,6 

G,6 
C,1 

C,1 

C,8 

C,8 

C,8 

C,2 
C,2 

C,2 

C,2 

7-52 

Screened in Blackhawk Formation 

Screened in Blackhawk Formation 

Screened in Castlegate Sandstone 
Screened in Starpoint Sandstone 

Upper South Fork Quitchupah Creek 

Upper South Fork Quitchupah Creek 

Upper North Fork Quitchupah Creek 
Lower Quitchupah Creek 

Lower North Fork Quitchupah Creek 

Upper Quitchupah Creek 
Lower East Spring Canyon Creek 

Upper Box Canyon Creek 

Upper East Fork Box Canyon 
Muddy Creek-Last Water Creek Confluence 

Lower Box Canyon Creek 
Muddy Creek - Box Creek Confluence 

Lower Muddy Creek 

Lower Muddy Creek 

Box Canyon Creek 
East Fork Box Canyon Creek 

Upper Main Fork of Box Canyon Creek 

Link Canyon Drainage 

Link Canyon Drainage 
East Fork of Main Fork of Box Canyon 

East Fork of East Fork of Box Canyon 

Cowboy Creek 

Cowboy Creek 

Top Greens Canyon 
Lower Muddy Creek 

Confluence North & South Fork Muddy 

Top of Cowboy Creek 

Mid segment of Cowboy Creek 

Bottom of Cowboy Creek 
Creek adjacent to Monitoring point SP60 
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TABLE 7-2 (Continued) 
Streams 

Water Monitoring Program 
Protocol Comments 

CPC Upper 

CPC Middle 

CPC Lower 

North Fork Upper 

North Fork Middle 

ULGH 

URGH 

GH at Road 

Muddy Creek below Horse 

Muddy Creek above Horse 

Horse Creek 

Springs 

SUFCO 001 

SUFCO 047 

SUFCO 057A 

SUFCO 089 

GW-8 

GW-9 

GW-13 

GW-20 

GW-21 

Pines 100 

Pines 105 

Pines 206 

Pines 209 

Pines 212 

Pines 214 

Pines 218 

Pines 303 

Pines 310 

Pines 311 

Link Portal-West 

C,2 

C,2 

C,2 

C,2 

C,2 

C,2 

C,2 

C,2 

C,2 

C,2 

C,2 

D,3 

D,4 

D,3 

E,3 

D,5 

D,5 

D,3 

D,5 

D,3 

D,4 

D,3 

D,5 

D,5 

D,5 

D,5 

D,3 

D,3 

D,7 

D,7 

D,4 

7-53 

Top of Tributary to North Fork Quitchupah 

Mid segment of Tributary to North Fork 

Quitchupah 

Just above North Fork confluence 

Top of North Fork Quitchupah at lease edge 

Mid segment of North Fork Quitchupah just 

above CPC confluence 

Upper Left Fork Greens Hollow Creek 

Upper Right Fork Greens Hollow Creek 

Greens Hollow Creek at road crossing 

Muddy Crk below confluence with Horse Crk 

Muddy Crk above confluence with Horse Crk 

Horse Creek at confluence with Muddy Creek 

Blackhawk Formation 

Star Point Sandstone 

North Horn Formation 

Castlegate Sandstone 

Price River Formation 

Price River Formation 

North Horn Formation 

Castlegate Sandstone 

Castlegate Sandstone 

Castlegate Sandstone 

Castlegate Sandstone 

Blackhawk Formation 

Blackhawk Formation 

Blackhawk Formation 

Blackhawk Formation 

Castlegate Sandstone 

Blackhawk Formation 

Castlegate Sandstone 

Castlegate Sandstone 

Link Canyon Portal, , 
f: 
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TABLE 7-2 (Continued) Water Monitoring Program 
Springs Protocol 
Link Portal-East 0,4 
M-SP01 0,3 
M-SP02 0,3 
M-SP04 0,9 
M-SPOS 
M-SP06 
M-SP08 
M-SP09 
M-SP11 
M-SP12 
M-SP1S 
M-SP18 
M-SP19 
M-SP20 
M-SP39 
M-SP40 
M-SP41 
M-SP44 
M-SP4S 
M-SPS3 
M-SP60 
M-SP87 
M-SP100 
M-SP103 
M-SP104 
M-SP10S 
M-SP106 
Mud Spring 
Broad Hollow 
USP-2 

Springs 
Wedge Spring 
Amanda Spring 
94-113 Seep 

0,9 
0,9 
0,3 
0,9 
0,9 
0,9 
0,9 
0,3 
0,9 
0,9 
0,3 
0,9 
0,9 
0,9 
0,9 
0,3 
0,9 
0,9 
0,9 
0,9 
0,9 
0,9 
0,9 
D,S 

D,S 

0,9 

Protocol 
H,3 
H,3 
H,3 
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Comments 
Link Canyon Portal 
Price River Formation 
Price River Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
Price River Formation 
North Horn Formation 
North Horn Formation 
Price River Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
Price River Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
North Horn Formation 
Price River Formation 
Blackhawk Formation 
Price River Formation 

Comments 
Castlegate Sandstone 
Castlegate Sandstone 
Price River Formation 
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Monitoring point 406B is located at an old USGS monitoring location ( circa 1999) located in the 

NW1/4NE1/4, Sec. 21, T21S. R6E. 

Should a spring listed in Table 7-2 change locations, the Division will be notified in the note section 

during the entry of the quarterly data into the Division's database. 

TABLE 7-3 

Field and Laboratory Measurement Protocol 
Water level and flow measurements 

Monitoring well: quarterly water level measurement (3 quarters per year) 

Monitoring well: annual water level measurement (3rd quarter) 

Stream: quarterly discharge measurements 

Spring: quarterly discharge measurements 

Spring Pool: quarterly water level measurement 

A 

B 

C 
D 

E 
F Stream: Bi-weekly measurements while mining is occurring under the stream 

in 2013, thereafter quarterly for two years. 

G 
H 

Stream: 

Spring: 

Identify perennial portion of stream on or near October 1 of each year. 

Quarterly measurements while mining is occurring under the 2R2S panel 

stream in 2013, thereafter quarterly for two years. 

Water quality 

1 Stream: quarterly surface water quality field measurements 

2 Stream: quarterly surface water quality operational laboratory measurements 

3 Spring: quarterly groundwater quality field measurements 

4 Spring: quarterly groundwater quality operational laboratory measurements 

5 Spring: groundwater quality operational laboratory measurements quarterly for two (2) 

years, then reverting to quarterly water quality field measurements 

6 Stream: flow measurements only, no water quality samples required. 

7 Spring: initially ground water field measurements June 2006 through December 2006 as 

accessible then quarterly groundwater field measurements thereafter. 

8 Stream: quarterly surface water quality field measurements and analysis for total dissolved 

solids, total suspended solids, total iron, total manganese. 

9 Spring: quarterly ground water quality field measurements and analysis for total dissolved 

solids, total iron, total manganese. 
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Groundwater Operational Water Quality Parameters 

FIELD MEASUREMENTS 

Water Level or Flow 
pH 
Specific Conductivity 
Temperature 

LABORATORY MEASUREMENTS 

Total dissolved solids 
Carbonate 
Bicarbonate 
Calcium (dissolved) 
Chloride 
Iron (total) 
Iron (dissolved) 
Magnesium (dissolved) 
Manganese (total) 
Manganese (dissolved) 
Potassium (dissolved) 
Sodium (dissolved) 
Sulfate 
Cations 
Anions 

REPORTED AS 

pH units 
I-lstcm @ 25°C 
°C 

mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
meqtl 
meqtl 

TABLE 7·5 

Surface Water Operational Water Quality Parameters 

FIELD MEASUREMENTS 

Flow 
pH 
Specific Conductivity 
Dissolved Oxygen 

REPORTED AS 

pH units 

I-lstcm @ 25°C 
mgtl 
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Temperature 

LABORATORY MEASUREMENTS 

Total Dissolved Solids 
Total Suspended Solids 
Carbonate 
Bicarbonate 
Calcium (dissolved) 
Chloride 
Iron (total) 
Iron (dissolved) 
Magnesium (dissolved) 
Manganese (total) 
Manganese (dissolved) 
Potassium (dissolved) 
Sodium (dissolved) 
Sulfate 
Oil and Grease 
Cations 
Anions 

mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
mgtl 
meqtl 
meqtl 
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Surface Water Monitoring. Surface water monitoring is conducted in the SUFCO Mine permit and 

adjacent areas based upon the monitoring plans contained in Tables 7-2 through 7-6. Surface 

water monitoring locations are identified in Plate 7-3. The parameters monitored meet the 

requirements of R645-301-731.222.1, 40 CFR 122 and 123, R645-301-751, and the applicable 

UPDES permits. These tables are based on studies done by Mayo (Appendices 7-17 and 7-18) 

and supersede previous plans. For clarification of the apparent discrepancies over the 

classification of stream-monitoring site 047A in the M&RP and the Mayo report (Appendix 7-17) 

which identified site 047A as a spring-monitoring site. SUFCO has always called the station a 

surface water monitoring site because samples are taken in a drainage. However, Mayo called this 

site a spring in their report and recommended monitoring plan. When Mayo first collected samples 

from the site, they were surprised to learn that water from this site had essentially no tritium. 

Modern surface waters contain abundant tritium. They visited this site again in June 1996 and 

located several springs in the drainage several hundred feet above where samples a ~~ coll~c;t'~~f ' _ 
I. " .. ',' ~ r ~ .. /{ ~/~'r!2'D 
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and classified the site as a spring-monitoring site. Nevertheless, Mayo now agrees with SUFCO 

that this site should be considered a surface water site for monitoring purposes because, at times, 

this drainage has flow which is contributed by snow melt, precipitation, or sediment pond discharge. 

Monitoring sites are sampled three times per year. Surface water monitoring data are submitted 

to UDOGM by the end of the quarter following sampling. Monitoring data are submitted in an 

annual summary by March 31 of the subsequent year. UPDES reporting requirements will be met 

for the three UPDES discharge sites at the mine (see Appendix 7-7). 

To better understand the effects that mining will have, if any, on the stream flows within Box 

Canyon, surface water monitoring sites Pines-407 and Pines-408 will be monitored for stream 

flows in gallons per minute once every week during the months of June, July, August, 

September, and October in 1999. Starting in the year 2000, sites 407 and 408 will be 

monitored once a month in July, August, September, and October for a five year period. If 

analysis of the data shows no significant changes during this time period, monitoring at these 

points will be eliminated from the water monitoring program on Table 7-2. Flow 

measurements at these two sites will be obtained on the same day. Also, the operator will 

endeavor to obtain the required samples at least five days after the last precipitation event in 

the drainage area. 

To better understand the effects that mining will have, if any, on the stream flows within the South 

Fork of Quitchupah, surface water monitoring sites SUFCO 006A and SUFCO 0068 will be 

monitored quarterly starting in 2010 for stream flows in gallons per minute and once every two 

weeks when accessible while mining is occurring within the 15 degree angle-of-draw of the stream 

channel. Two additional surface water monitoring sites will be monitored quarterly, SUFCO 006C 

starting in 2011 and SUFCO 006D starting in 2012. Once mining has been completed within the 

angle-of draw, the sites will be monitored on a quarterly basis for two years after mining has 

progressed past the 15 degree angle-of-draw. If analysis of the data shows no significant changes 

during this time period, monitoring at these points will be eliminated from the water monitoring 

program on Table 7-2. Flow measurements at these four sites will be obtained on the same day. 

Areas identified on Plate 7-3 as FP-1 and FP-2 will be monitored on or near October 1 of each year 

to determine the extent of perennial stream flow, if any, present in the East Fork of t~~ ;Main Fork . .. '. 
I; ' .. ;-- .); \,,; i i ; ~I,\ I L.:D 
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of Box Canyon Creek and the East Fork of the East Fork of Box Canyon Creek, respectively. 

Stream flows will be obtained a short distance below the point where the streams become perennial 

and the location will be mapped. 

Monitoring points Pines 106 and USFS 109 are located at or near the points which the streams 

become perennial in the East Fork of Box Canyon Creek and the Main Fork of Box Canyon Creek, 

respectively. The drainages in the area of these two points will be monitored on or near October 

1 of each year to verify and map the location where the streams become perennial. Flows will be 

obtained at Pines 106 and USFS 109 on or near October 1. 

Data gathered from monitoring points Pines 407, Pines 408, FP-1, FP-2, Pines 106, and USFS 109 

will be compared with precipitation data collected from the mine site weather station, and any other 

appropriate nearby station, to aid in determining if there have been any mining-related effects on 

the perennial flows. The flow data, perennial stream flow maps, and the results of the weather 

data/flow data comparison will be submitted in the fourth quarter water monitoring report each year. 

Surface water monitoring will continue through the mining and post-mining periods until bond 

release. The monitoring requirements (except those required by UPDES) may be modified in the 

future in consultation with UDOGM if the data demonstrate that such a modification is justified. 

Operational monitoring at surface water monitoring sites 022 and 030 has been discontinued from 

the monitoring plan since the data collected has demonstrated that no flow has been recorded 

during the monitoring of these sites from June 1983 to October 1997. 

Total hardness, total alkalinity, dissolved iron, and dissolved manganese were not included in the 

surface water operational monitoring plan proposed by Mayo and Associates (Appendices 7-17 and 

7-18). The reasons for excluding these parameters are discussed below: 

• Mayo does not believe that total hardness is a necessary parameter in the 

operational monitoring plan. Total hardness describes the soap-consuming 

capacity of water, but has very limited value in geochemical studies. This 

parameter is generally calculated from the milliequivalent concentrations of Ca2+ 

and Mg2+. Because Ca2+ and Mg2+ are included in the operational monitoring plan, 
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the parameter could be calculated if it were ever necessary to evaluate total 

hardness. 

• Mayo does not believe that total alkalinity should be included in the operational 

monitoring plan. In the waters of Wasatch Plateau, total alkalinity is almost 

exclusively the product of bicarbonate and carbonate alkalinity. Both bicarbonate 

and carbonate alkalinity are included in the operational monitoring plans. 

Contributions to alkalinity from hydroxide, silicate, borate, and organic ligands are 

trivial. 

• Mayo did not include dissolved iron and dissolved manganese in the operational 

monitoring plan because iron and manganese do not readily exist in dissolved form 

in basic (pH> 7) waters but exist instead as hydroxide complexes. All waters in the 

leased area are basic. Measurements of total iron and manganese quantify both 

the dissolved and complex forms of these elements. 

Equipment, structures, and other devices used in conjunction with monitoring the quality and 

quantity of the surface water in the permit and adjacent areas have been installed, maintained, and 

operated in accordance with accepted procedures. This equipment will be removed by SUFCO 

when no longer needed. 

Stock Water Ponds 

Several stock watering ponds are located in the Pines Tract and Quitchupah Lease area. The 

ponds are identified as Big Ridge South Draw, Big Ridge East Draw, Box, Jensen, Johnson, Rock, 

Dry Point, Joes Mill, Slab and Verdus. The stock ponds are located either within the lease area 

orwithin one-half mile of the lease area. Surface cracking due to mining related subsidence within 

the Quitchupah Lease has apparently adversely affected a few of the ponds. Action has been 

taken by SUFCO in the past to mitigate the damage, including applying bentonitic seals to the pond 

floors and hauling water for livestock. However, ranchers and State and Federal agencies have 

erroneously claimed that subsidence has adversely affected several ponds outside of the mining 

areas. In order to more adequately monitor the effects of mining on the stock watering ponds, 

SUFCO has been negotiating with DOGM, USFS, and the local rancher's association to create a 
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workable monitoring plan for the ponds that can be agreed upon by all participants. DOGM has 

taken the lead in this process, and as of May 2000, a plan had not yet been finalized. In the 

interim, SUFCO commits to visiting the ponds within the Pines Tract and Quitchupah Lease area 

as soon as they are accessible in the spring of each year (typically late April to early May), 

photographing the condition of each pond, observe the pond for evidence of cracking, estimate the 

depth and surface area of water contained in the pond, inspect the immediate drainage area for 

evidence of surface cracking, note general soil moisture conditions, and note the general condition 

of the pond. Additional monitoring visits will be made in the late summer (late July to early August) 

and in the fall (late September to early October) of each year. This information will be kept on file 

at the mine. The effects of subsidence are dormant in the Pines and Quitchupah lease area per 

the subsidence monitoring report for 2017 on file with the Division in the annual report. Beginning 

in 2018 the ponds listed above will be monitored once annually and included in the mine's annual 

report. 

It is assumed a new monitoring plan can be agreed upon by the State, USFS, and rancher's 

association and will be in place prior to the end of 2000. This plan will include the afore mentioned 

monitoring efforts, as well as determining the functionality and water holding capacity of each 

potentially affected pond and the determination of the water shed area for each pond. Mitigation 

requirements in the event of proven mine related effects will also be agreed upon as part of the 

new monitoring plan. 

East Fork of Box Canyon Monitoring and Mitigation Plan 

Sufco anticipates undermining and subsiding a portion of the East Fork of Box Canyon beginning 

in November of 2003 when the mine starts longwalling panel 3LPE. Additional subsidence under 

the East Fork will occur when the 4LPE panel is mined in 2005. A surface and ground water 

monitoring and mitigation program more intensive than the general monitoring plan described 

previously in this Section will be initiated in this area prior to subsidence occurring within the 15-

degree angle-of-draw of the stream channel. This monitoring program has included conducting 

a pre-mining subsidence survey of the East Fork of Box Canyon over the 3LPE and 4LPE panels 

that incorporated video taping the stream channel from Joe's Mill Ponds downstream to a point 

above the western-most gate road of the 3LPE panel. The purpose of the video will be to provide 

a visual record of the stream channel prior to subsidence. Fourteen sites were identified within the 

portion of the East Fork video taped where the monitoring of surface and/or~ grol,lnd wa~er f!P'f~ ; !.l 
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channel width, channel subst~ate, vegetation, soils, and general geomorpholgy will occur. The 

general area in which these sites will be located are illustrated on Figure 7-8. 

Stream monitoring sites will be monitored specifically for stream flow, channel width, channel 

substrate changes, and channel convergence. The geology of spring sources will be identified and 

described. The substrate of the spring tributary where water discharged from the spring converges 

with other flows and forms a tributary to the East Fork creek will be described. The width of the 

spring tributary at the location where the vegetation survey is conducted will be monitored. 

Some of the site locations have been identified using a survey grade GPS. However, the locations 

of sites deeper in the Canyon could not be located with a GPS due to the restrictive nature of the 

narrow canyon when trying to locate satellites with which to triangulate a location. 

The vegetation and soil monitoring program is discussed in greater detail in Section 3.2.2.2 of this 

M&RP. The surface and/or ground water flows and channel width at these stations will be 

monitored on a weekly basis while mining is occurring within the 15 degree angle-of-draw of the 

stream channel. Once mining has been completed within the angle-of draw, the sites will be 

monitored once every two weeks for a period of eight weeks after mining has progressed past the 

15 degree angle-of-draw. Table 7-5A presents the monitoring site numbers, monitoring 

parameters, and the frequency of monitoring. The fourth quarter 2003 water monitoring will be 

conducted prior to mining within the area of concern in the East Fork of Box Canyon. If new 

springs are created as a result of subsiding the East Fork, the spring flows will be monitored two 

times per week until the 15 degree angle-of-draw area above the longwall face has advanced 

beyond the new spring. Thereafter, the spring flows will be monitored once every week for a period 

of eight weeks followed by monitoring the springs once every two weeks for eight weeks. A report 

on the impacts, if any, to the stream or ground water flows, vegetation, soils, general 

geomorphology, location of the longwall, etc., will be provided via e-mail to the Division on a weekly 

basis. 

One goal of monitoring the stream sites in the East Fork of Box Canyon Creek will be to determine 

the portion of the stream that is perennial and where the stream is gaining or losing flow prior to, 

during, and after subsidence. In addition to the monitoring stations, the Thalweg of the stream 

channel between the lower-most monitoring station and Upper Joe's Mill pond will be surveyed. 

Also, two pools near monitoring sites EFB-9 and EFB-11, will be monitored be1Gl(ei durjng'anp;flf~et D 
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subsidence. The criteria for monitoring the two pools will be width and depth of the pool and the 

height of the fall structure. 

Monitoring for subsidence cracks within the stream channel of the East Fork of Box Canyon Creek 

will also be part of this intensive monitoring and mitigation plan. The details of the mitigation plan 

are discussed in greater detail in Section 5.2.5.1 of this M&RP. However, in an effort to compile 

as much of the monitoring requirements for the East Fork of Box Canyon in a single location within 

the M&RP, the parameters and frequency of monitoring for subsidence have been included in 

Table 7-5A. The subsidence monitoring program will consist of inspecting the stream channel floor 

within the active 15 degree angle-of-draw on a twice-a-week basis. Mining induced subsidence 

effects, such as cracks, slumps, offsets, etc., will be identified, mapped, and a brief narrative of the 

effects will be recorded and forwarded to the Division on a weekly basis. The portions of the 

stream within the active angle-of-draw will also be measured weekly for stream flow and channel 

convergence. The portions of the channel where the longwall shear has moved beyond the 15 

degree angle-of-draw will then be monitored for subsidence effects, flow, and channel convergence 

on a once every two weeks basis for a period of eight weeks. Following the eight week period, 

monitoring will be conducted on a quarterly basis for a two year period after no subsidence, 

interception of water, or diversions of water are identified. This monitoring program will result in 

a moving zone of "high intensity" or twice a week channel monitoring occurring within an area 

defined by the 15 degree angle-of-draw above the active longwall face. As the longwall face 

advances, the "high intensity" zone advances and is followed by the "moderate intensity" once-a

week monitoring zone for eight weeks that is then followed by the "less intense" once every two 

week monitoring zone. A weekly report will be provided via e-mail to the Division on the results 

of the subsidence monitoring and mitigation activities. A summary report to the Division 

documenting the pre- and post-mining conditions of springs and stream channel will be submitted 

90 days after subsidence monitoring is complete for the 3LPE and 4LPE panels. This report will 

include a description of all activities and work conducted by Sufco for stream channel evaluation 

and mitigation. All identified impacts and mitigation efforts will be documented. The results of 

mitigation, if performed, will be discussed. 

Protocol 

A Monitor sites for flow and channel width weekly while site is within the 15 degree angle of 

draw of the longwall face. Once area is outside angle of draw, monitor <;>n ·; ~once eY~r~}~q ·: 1 ) 
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week basis for eight weeks. Note any changes due to mine-induced subsidence to flows, 

soils, vegetation, geomorphology, etc. and provide a weekly report via e-mail to the Division 

of Oil, Gas and Mining. Spring sites will be measured for changes in the substrate 

conditions and width of spring tributary channel in area of vegetation study will be 

monitored. 

B Monitor subsidence features, such as cracks, and repairs (if needed) on twice a week basis 

while features are within the 15 degree angle-of-draw of the active longwall face. These 

sites will be monitored for location, type of subsidence feature, frequency, repairs needed, 

type of repairs, and success of repairs. After the features are outside the angle-of-draw, 

monitor features on a weekly basis for eight weeks followed by monitoring of the features 

once every two weeks for an eight week period and then once quarterly for a two year 

period after observed subsidence effects are no longer active. Provide a weekly report via 

e-mail to the Division of Oil, Gas and Mining. 

C Monitor fall structures closely associated with these stream sites. The related pool will be 

monitored for width and depth while the fall structure will be monitored for changes in 

height. 

A rain and temperature monitoring station will be established in the area of the East Fork of Box 

Canyon as soon as permitting allows. The data collected from the station will be used in 

combination with data collected from local water monitoring stations to aid in determining what, if 

any, impacts have occurred to surface runoff, stream flows, and local springs as a result of mining 

activities. 

Prior to implementation of any mining-induced subsidence mitigation efforts in the stream channel 

as described in Chapter 5, a Stream Alteration Permit will be obtained from the Utah Division of 

Water Rights. Sufco will have the alteration permit(s) prior to undermining the East Fork stream 

channel since the mitigation efforts will occur as soon as possible after a need for mitigation is 

determined. 

Every reasonable attempt will be made by Sufco to implement and follow the monitoring program 

schedule. However, mining of 3LP panel under the East Fork of Box Canyon 'f{iJ/ j~~~i~ In;t?,e J~~e,:" D 
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fall of 2003 and continue through early winter of 2003 and 2004. If access is limited due to snow 

or inclement weather, the mine's effort to access the area will be documented in the weekly report 

to the Division. The time of the access attempt, weather conditions, and reason(s) for failing to 

monitor the East Fork sites will be provided in the report. 

TABLE 7-SA 

East Fork of Box Canyon Monitoring and Mitigation 

Monitoring Sites Protocol Comments 

EFB -1 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -2 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -3 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -4 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -5 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -6 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -7 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -8 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -9 A,C Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -10 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -11 A,C Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -12 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -13 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB -14 A Monitor flows, vegetation, soils, geomorphology, etc. 

EFB-*** B Subsidence Feature - Monitor location, type, 

frequency, repairs, etc. 

*** Site numbers and quantity of sites will be dependant upon the number of features created due 

to subsidence. The weekly report to the Division will include all identified sites once mining begins 

in the area. 
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A copy of the October 2003 "Monitoring and Mitigation Plan for Mining Under the East Fork of Box 

Canyon" prepared by the Division and reviewed and accepted by the Forest with some 

modifications has been included in Appendix 3-1 O. The preceding paragraphs have been prepared 

based on this plan. Sufco will meet all of the monitoring and mitigation responsibilities described 

in the plan as it pertains to the undermining of the East Fork of Box Canyon. 

Springs Pines 310 and Pines 311, located in the east fork (North Water Fork) of the East Fork of 

Box Canyon, were added to the water monitoring list in July 2006. Initially, these springs have . 

been monitored monthly since June 2006 and will continue to be monitored monthly through 

December 2006, or as accessible, for field water quality parameters and flow. After December 

2006, these sites will be monitored on a quarterly basis for field water quality and flow. The flow 

from Pines 310 spring area is measured at a point where the majority of the spring area flow 

coalesce into a channel a few hundred feet north and west of the initial spring discharge area. 

Field water quality parameters are monitored at one of the points where ground water is 

discharging from the Castlegate Sandstone. Pines 311 is monitored at the western most point cif 

where ground water is discharging from the outcrop in this spring area. 

Pines 105, Joes Mill Pond, Pines 310, and Pines 311 Investigation 

The Pines 105 and Joes Mill Pond springs were undermined during the winter of 2005-2006 as 

Sufco extracted coal from panel 5LPE. In the spring of 2006, Sufco discovered surface discharge 

of ground water at these locations appeared to have ceased as the area was subsided. The 

Division concluded that Sufco had caused material damage to the spring areas and required the 

mine to prepare and submit a plan to restore the spring areas. Initially, Sufco hauled sufficient 

water to livestock in the area to replace that which was lost when the springs stopped flowing at 

the surface. In July, Sufco submitted a plan to investigate the effected spring areas and a copy 

of the investigation plan is included in Appendix 7-22. 

The purpose of the investigation proposed is three-fold : 

1. Determine if ground water discharge in the area of Pines 105 and Joes Mill Pond 

springs continue to discharge to the alluvium; 
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2. Monitor and evaluate the effects of mining on the surface and subsurface water in 

the Pines 310 and Pines 311 spring areas; and 

3. Determine the potential for completing and operating ground water wells in the 

spring areas as part of the spring site mitigation activities. 

The piezometers/wells completed as part of this project will be monitored on a bi-weekly basis 

through December 2006 or as accessible. Transducers with data loggers will be placed in several 

of the piezometers to record data on a more continuous basis. The monitoring frequency of the 

piezometers/wells after December 2006 will be dependant upon the results of the drilling 

investigation and the impacts to springs Pines 310,311, 105, and the Joes Mill Pond of mining the 

6LPE panel in the fall and winter of 2006. 

A report detailing the results of the drilling and piezometer/ well installation and completion will be 

submitted to the Division by the end of October 2006. Water level data collected from the 

piezometers/wells will be reported to the Division electronically within two'weeks at the end of each 

the month through December 2006. The Division will also be notified within three days via e-mail 

or telephone of significant changes to ground water elevations in Pines 310,311, 105 spring areas 

as the 6LPE longwall panel is mined. A report compiling the water level data and interpretation of 

the data will be submitted to the Division by the end of January 2007. 

Based on the findings of the investigation, Sufco will submit to the Division either additional plans 

(if water is not found in the Pines 105 and Joes Mill Pond area, additional bedrock drilling may be 

required to locate a suitable source of ground water) or a final plan for mitigation of the effected 

spring areas. 

South Fork of Quitchupah 2R2S Block "A" and 3R2S Block "B" Monitoring and Mitigation Plan 

A monitoring and mitigation plan that is more intensive than the general Mining and Reclamation 

Plan area has been proposed for monitoring water flows, subsidence cracks, and repair of the 

cracks in the portions of the South Fork of Quitchupah channel to be undermined. This plan is 

outlined below. 

Prior to the initiation of undermining and subsidence, a pre-subsidence survey of the stream 

channel will be conducted in the portion of South Fork of Quitchupah that floWs'bver ~h~I?.R?~" , ',. 
. -\ ,!.,. ~-(' -1 j .t= i,) 
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Block "A" panel and associated gate roads. The survey will consist of a gainlloss survey of flow 

within the stream channel paying particular attention to surface flows and ground water discharge, 

soil conditions, and the general channel geomorphology. A similar study was performed in the past 

but all stream measurements were not conducted on the same date. The second gainlloss survey 

will be completed on a single day at or near base flow conditions late in the summer or early fall 

of 2011. The mine will attempt, as part of this second survey, to occupy the same monitoring sites 

in the panel area as those chosen in the initial survey. 

Two weeks before and then once every two weeks after subsidence mining begins, the measuring 

locations occupied during the gainlloss survey will be reoccupied and flow measurements of the 

stream flow will be obtained. The approximate locations of these sites are illustrated on Figure 7-9. 

The once every other week flow measurements will be supplemented by visual observations of flow 

performed twice a week or once every three to four days. Flowlno flow conditions will be described 

on these days. If no flow or diminished flows are noted, the appropriate mine and Forest personnel 

will be contacted and the mitigation plan to restore flows will be implemented. 

Semi-weekly flow observations and visual inspections will continue for at least 12 weeks, or as 

conditions allow, after the completion of mining under the stream channel. The bi-weekly (once 

every two weeks) stream flow monitoring will continue for at least four weeks, or as conditions and 

monitoring results indicate necessary, after the completion of subsidence mining under the stream 

channel. The monitoring plan will then change to quarterly flow and field parameter measurements 

for two years at four sites: one upstream of the panel, one within the panel, and two downstream 

of the panel. The location of these new temporary monitoring sites are listed in Table 7-2 and 

shown on Plate 7-3 and labeled as sites 006A, 006B, 006C and 0060. Additional flow monitoring 

may be needed to determine specific locations where flow is being lost, and treatments are needed. 

Mining ceased beneath the South Fork of Quitchupah Creek in March 2015 (Panel 3R2S) and per 

the mitigation plan the weekly monitoring obligation for the ponds, springs and channel upstream 

of the culvert road crossing ceased on June 30,2017. Flow data (OOGM database) has provided 

justification for discontinuing the monitoring. The channel, riparian vegetation and springs appear 

to be stable and unaffected by subsidence associated with underground mining. Ponds 94-1394, 

94-982 and 94-115 have shown no effect from mining in the area of the South Fork of Quitchupah 

and therefore monitoring was discontinued on June 30, 2017. Weekly water monitoring (per the 
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mitigation plan) will continue thru the Fall of 2017 from the culvert road crossing downstream to the 

confluence of the North and South Fork of Quitchupah Creek, as will the search for and repair of 

mining-induced subsidence damage. 

The subsidence monitoring plan for the South Fork of Quitchupah will include frequent inspection 

of the stream channel during and after active subsidence. While mining is occurring under the 

stream channel, and within the 15-degree angle-of-draw above the active longwall face, that area 

of the channel will be inspected semi-weekly for subsidence cracks or other related features. As 

the longwall face advances and the 15-degree angle-of-draw area follows, 

the portions of the channel that now lie outside the 15-degree angle-of-draw will be monitored for 

subsidence features on a quarterly basis for two years following the cessation of subsidence 

related effects, if any, due to mining. 

Mitigation of cracks that interrupt or divert flows from the stream channel will be sealed immediately 

with an appropriate impermeable grout or, in some cases, native materials. Sufco will attempt to 

seal cracks with the least intrusive methods (typically hand placement of grout or native materials) 

first. The sealing material may be placed by pouring it directly into the crack or, if cracks occur in 

an actively flowing portion of the stream, the stream may be temporarily diverted using native 

materials (or a designed flume if necessary to maintain the flow) until the crack is sealed. If cracks 

are present in channel walls defined by soil, the soil cracks may be hand filled using a native 

soil/bentonite mix. The sealing of the channel floor and walls will be accomplished with hand tools 

such as shovel, picks, trowels, etc. 

As a backup plan, in the unlikely event that cracks too large to be sealed through the efforts of one 

or two persons in one day do occur and it appears there is a danger of water being diverted from 

the channel for an extended period of time, the stream will be temporarily diverted using native 

materials and a pipe to carry the flow over the crack to maintain the channel flow. Arrangements 

will be made to get a contractor to the site as soon as possible to repair the crack after consultation 

with the Forest Service. 

There may be sections of the stream channel that may require more intensive mitigation efforts to 

restore surface flows in the creek. These efforts could include the drilling of closely spaced shallow 

boreholes in and adjacent to the stream channel and the injection of an acceptable impermeable 
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grout into the alluvium or bedrock. The work will be accomplished either using hand tools or low 

impact equipment to minimize surface disturbance. Existing roads and turnouts will be used as 

staging areas to locate larger equipment and supplies. Any hoses or lines will be transported from 

the staging areas to the nearby work sites either by hand, the use of pack animals, or by helicopter. 

This work will be done with a contractor selected after consultation with the Forest Service. 

Additionally, it may be required to remove loose rock from the channel floor, either where the 

channel flows across thin-bedded bedrock or where large rock have fallen into the channel and is 

impeding flows. In the instance of the former, past experience has shown this can occur in the 

upper Blackhawk Formation and is easily repaired by removing enough of the broken channel 

surface to again expose the stream flow. In the instance of the later, removal of large rocks could 

be accomplished by drilling and then fracturing the rock into smaller fragments more easily moved 

to locations were they are not impeding flow. This work may be completed using available 

pneumatic or hydraulic tools that do not require road or pad building disturbances. In the unlikely 

event that large boulders do need to be moved, pumps and tanks necessary to complete the work 

will be located in pre-disturbed areas, such as roads or turnouts, and hoses will be walked into the 

work area. 

Sufco will conduct longwall mining operations in such a manner as to minimize surface disturbance 

while mining within the 15-degree angle-of-draw area that includes the South Fork stream channel. 

This will be accomplished by advancing the longwall on a schedule where mining will not be 

suspended for a period to exceed 48 hours. 

A copy of the "Monitoring and Mitigation Plan for Undermining the South Fork of Quitchupah 2R2S 

Block "A" and 3R2S Block "B"has been included in Appendix 3-14. The preceding paragraphs have 

been prepared based on this plan. Sufco will attempt to meet the monitoring and mitigation 

responsibilities described in the plan as it pertains to the undermining of the South Fork of 

Quitchupah 2R2S Block "A" and 3R2S Block "B". Refer to Chapter 3, Section 3.3.3.3 for additional 

information. 

A bi-weekly (once every two weeks) report on the impacts to stream flow and required mitigation, 

if any, will be submitted via e-mail to the Division and the Forest detailing the results of the 

inspections while mining is occurring under the stream channel. The reports will include, but not 

, ; ,:.' ; ;J) 
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necessarily be limited to: a map illustrating the current location of the longwall face; descriptions 

and dates of field activities; noted changes in stream and local geomorphology; location, width, 

frequency of cracks; and a description of repairs, if any, conducted. If the prescribed inspections 

cannot be conducted, the reason for the missed inspection and a record of the attempt to conduct 

the inspection will be submitted to Division and the Forest in the report. Division and the Forest will 

be notified immediately after mining-induced cracks, if any, are found in the South Fork stream 

channel and the steps taken or planned to be taken as mitigation. Thereafter, Division and the 

Forest will be advised of continuing mitigation efforts, if needed, in the report. 

Prior to implementation of any mining-induced subsidence mitigation efforts in the stream channel 

as described in Chapter 5, a Stream Alteration Permit will be obtained from the Utah Division of 

Water Rights. Sufco will have the alteration permit(s) prior to undermining the South Fork of 

Quitchupah stream channel since the mitigation efforts will occur as soon as possible after a need 

for mitigation is determined. 

Greens Hollow. Refer to Appendix 7-28 for the Greens Hollow PHC which describes the potential 

impacts on the hydrologic balance. The PHC also contains a drawing showing the location and a 

description of monitoring data for the monitoring locations within the Greens Hollow Lease. Plate 

7-3 shows historic in addition to current water monitoring locations. Plate 7-10 shows current 

monitoring locations only. 

A Greens Hollow Lease progress map (Confidential) will be created highlighting mined out areas 

segmented with monthly completion dates and labeled showing the current location of the longwall. 

During mining within the Lease the map will be submitted to the Division within 30 days following 

the end of the previous quarter with the sediment pond and waste rock quarterly inspection forms. 

Locations for surface water monitoring above and below the coal panels within the Greens Hollow 

Lease are shown in Appendix 7-27 on Figure 1, Plate 7-3, Plate 7-10 and Table 9 of the PHC. The 

monitoring of the above and below sites began in the first quarter of 2017. A description of the 

monitoring program for the above and below sites is provided in Table 7-2. 
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Results of monitoring of mine discharge, surface, and groundwater, indicate that no impact to these 

waters from acid- and toxic-forming materials has been found in the permit and adjacent areas 

(Section 7.2.8.3). Parameters defining acid- and toxic-forming materials continue to be monitored 

as described in the Waste Rock Volume of this M&RP. In the event that acid- or toxic-forming 

materials are identified, they will be disposed of in the waste rock disposal area. 

The treatment of these materials will be handled as indicated in the Waste Rock Volume of this 

M&RP. 

7.3.1.4 Transfer of Wells 

Before final release of bond, exploration or monitoring wells will be sealed in a safe and 

environmentally sound manner in accordance with R645-301-631, R645-301-738, and R645-301-

765. Ownership of wells will be transferred only with prior approval of the UDOGM. The conditions 

of such a transfer will comply with State and local laws. SUFCO will remain responsible for the 

management of the well until bond release in accordance with R645-301-529, R645-301-551, 

R645-301-631, R645-301-738, and R645-301-765. 

7.3.1.5 Discharges 

Three UPDES discharges are associated with the SUFCO mine. These include two mine water 

discharges and the sedimentation pond discharge. A description of these discharges is provided 

in Section 7.2.4.2. 

The primary mine-water discharge consists of water from the underground mine workings that is 

diverted into mined-out areas now used as sumps. These sumps are used to settle out fines 

before discharge to the surface. This diversion is done in accordance with the requirements of 

R645-301-731.1 00 through R645-301-731.522 and R645-301-731.800. The clarified water flows 

through a box weir and pipeline to a point on an outcrop of Star Point Sandstone about 20 feet 

above the North Fork of Quitchupah Creek (see Plate 7-3). From there, the water flows directly 

into the creek. This discharge water is monitored for compliance with the UPDES permit standards 
.\ ' ~., . ' ', " , ~ ," ~ . \ J 

prior to release from the mine. ;; '., . . " .. , ! 
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An emergency mine-water discharge is also maintained. A description of this discharge point is 

provided in Section 7.2.4.2. 

Water from the disturbed surface area in East Spring Canyon is collected and conveyed to the 

sedimentation pond. After the collected water is allowed time to settle-out the sediment, the water 

is discharged to the creek. The discharge water is monitored for compliance with the UPDES 

permit standards prior to release from the sedimentation pond. 

No discharges of surface water are being made to underground mines and none are planned in 

the future. 

Upon abandonment of the mining area, the connection between the Sufco Mine and old Link 

Canyon Mine works will be sealed and made as water tight as possible. A low area that will capture 

water will remain in the west portal, in the same area as the roof fall that created the underground 

pond prior to rehabilitating the old Link Canyon Mine portal. The low area will be allowed to fill and 

will discharge naturally at the west portal. Some structures used to seal the old works from the 

rehabilitated works may be removed as the mine is abandoned thus ensuring the discharge at the 

east portal during reclamation. 

7.3.1.6 Stream Buffer Zones 

All perennial and intermittent streams in the mine area are protected by 100 foot stream buffer 

zones on either side of these streams. Coal mining and reclamation operations should not cause 

or contribute to the violation of applicable Utah or federal water standards and should not adversely 

effect the water quantity and quality or other environmental resources of the stream. 

Stream Channel Diversions. Temporary or permanent stream channel diversions comply with 

R645-301-742.300. 

Buffer Zone Designation. The areas surrounding the streams that are not to be disturbed are 

designated as buffer zones, and SUFCO has marked these as specified in R645-301-521.260. 

APR 1 9 2018 
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The locations of water rights for current users of surface water flowing into, out of, and within the 

permit and adjacent areas is provided on Plate 7-2. Discharges associated with the permit and 

adjacent areas are located as presented on Plate 7-3. 

The locations of each water diversion, collection, conveyance, treatment, storage, and discharge 

facility to be used in the East Spring Canyon area are presented on Plate 7-6. Similar information 

for the waste-rock disposal site is presented in the Waste Rock Volume of this M&RP. Similar 

information for the Link Canyon Substation No. 1 and No.2 facility areas is presented on Plates 

5-20 and 5-2E. Similar information for the Link Canyon Portal facility area is presented on Plate 

5-2F. 

Locations and elevations of each station to be used for water monitoring during coal mining and 

reclamation operations are presented on Plate 7-3. 

The construction details and cross sections for the concrete sediment trap are located in the 

"Alternate #1 Drainage Facilities and Sediment Control Plan" (Appendix 7-8). The existing 

topography and cross sections for the primary sedimentation pond are located on Plates 7-4 and 

7-5. The design topography and cross sections for the overflow pond are located on Plates 7-4A 

and 7-5A. The design topography and cross sections for the waste rock disposal site 

sedimentation pond are located in the Waste Rock Volume of this M&RP. 

Other Cross Sections and Maps. Other relevant cross sections or maps are presented and 

discussed in Chapter 5 of this M&RP. 

7.3.1.8 Water Rights and Replacement 

Ground and surface water rights do exist within the Sufco Mine leased area. Mitigation has been 

performed at stock pond locations where claims have been made that the available surface water 

has been impacted by subsidence. Mitigation at these locations has been performed by the 

placement of bentonite in the bottom of stock ponds and by hauling replacement water to the ponds 

for livestock use during summer months. 
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The Permittee will mitigate and replace the water supply of any land owner or adversely affected 

State appropriated water if such a water supply proves to be contaminated, diminished or 

interrupted as a result of mining operations. First, a determination will be made by the Division in 

accordance with R645-301-731.BOO as to whether or not material damage has occurred. Then, 

in accordance with Regulation R645-301-525.510, the operator will correct any material damage 

resulting from subsidence caused to surface lands (which includes water rights), to the extent 

technologically and economically feasible. Negotiations will be held immediately with the impacted 

party to determine the appropriate mitigation activities. The.restoration of water flows to impacted 

sources will be accomplished using the Best Technology Currently Available (BTCA). These 

activities may include, but not necessarily be limited to: piping or trucking water to the location of 

the loss; sealing surface fractures to prevent further losses (Le., stream floors on bed rock or in 

shallow alluvium), and; construction of a ground water well and the installation of pumps to restore 

flows. If the above efforts are not successful, then the operator will explore the transferring of 

water rights to the injured party in flow equal to the determined loss and/or monetary 

reimbursement for proven material damages. 

The water supply in the East Fork of Box Canyon is of special concern to Sufco and the regulatory 

authorities. In an effort to protect the minimal surface flows in this area, an intense monitoring and 

mitigation plan will be implemented prior to full extraction mining taking place under the East Fork. 

If changes in the quantity and quality of the water in the East Fork are noted, the Division will be 

immediately notified. A determination of the amount of water, if any, that is lost due to mining 

activities will be made using surface and ground water flow and climatic data. If a loss of flow is 

confirmed, the loss will be addressed as described in the proceeding text of this section. 

The Forest Service (USFS) continues to work with the Division of Water Rights to develop subbasin 

claims that would assert a claim of right for all developed and undeveloped water on the National 

Forest System lands. The majority of the water rights in the Greens Hollow Lease belong to the 

USFS for stock watering along streams and at springs. The permittee holds five water rights for 

multiple uses including temporary water mitigation and exploratory drilling. 

7.3.2' Sediment Control Measures 

The existing sediment control measures within the permit area have been designed, constructed, 

and maintained to prevent additional contributions of sediment to streamflow or to rl:JhQff .out~ide ; .', . ' . . . , I. · ' J ;1;\.1 LiJ 
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the permit area. In addition, they have been designed to meet applicable effluent limitations, and 

minimize erosion to the extent possible. 

The structures to be used for the runoff-control plan for the permit area include disturbed and 

undisturbed area diversion channels, sedimentation ponds, containment berms, silt fences, and 

road diversions and culverts. 

7.3.2.1 Siltation Structures 

The siltation structures within the permit area consist of the sedimentation ponds described in 

Section 7.3.2.2. 

7.3.2.2 Sedimentation Ponds 

There are four sedimentation ponds operating at the mine facility. Three of them are located in the 

immediate vicinity of the existing facilities. A fourth pond is located at the waste rock disposal site. 

Concrete Sediment Trap. A sediment trap is located near the southern end of the mine yard which 

captures all disturbed area runoff from the mine yard area. This concrete sediment trap was 

designed to remove in excess of 65% of all solids from the disturbed area runoff before the water 

enters the main sedimentation pond below. The purpose of the concrete sediment trap is to reduce 

the required size of the main sedimentation pond and to decrease the amount of overall 

disturbance. A detailed design of the concrete sediment trap is contained in Appendix 7-8. 

Operation of the sediment trap includes decanting the existing water and removing the sediment. 

Except during use, the telescoping decanting valve on the trap is locked to prevent unauthorized 

drainage of the concrete structure. On regular UPDES sampling days, the structure is inspected 

for sediment content. If a sediment delta is evident at the water level extending to or beyond the 

first of the mine discharge pipes, the structure will be decanted within one week of the observation. 

The decanting period shall not exceed four days. Sediment material from the structure will then 

be removed with a front-end loader and disposed of at the waste-rock disposal site. 

Primary Sedimentation Pond. The primary sedimentation pond is located in the area immediately 

below the fill on which the existing mine facilities are constructed. The existing sedimentation pond 

topography and cross sections are presented on Plates 7-4 and 7-5 of this M&RP. 

7-76 

APR 1 9 20fB 
, If r'~ -", ( I • f ~~ .. 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
March 2018 

The staff gauge in the pond has been marked to indicate the 60% clean-out elevation of 740B.1 

feet as defined in Section 7.4.2. At least once each year following the spring runoff event, the pond 

will be drained with the decanting device to inspect the accumulated sediment level. The pond will 

be sampled for effluent quality immediately before the decanting operation. 

If sediment has accumulated to the 60% clean-out elevation, the pond will be cleaned. The 

sediment will be transported and disposed of at the waste rock disposal site. 

The southern-most extent of the sedimentation pond dam is located 1BO feet south of the lease 

boundary across East Spring Canyon. The Fishlake National Forest Service issued a special use 

permit that approved the construction with the stipulation that the dam site be included in the 

disturbed mine permit area and subject to final reclamation. The area is included in the calculation 

of the disturbed area subject to bonding and in the calculation of final reclamation costs. 

Overflow Pond. The overflow pond is located BOO feet downstream of the primary sedimentation 

pond. The overflow pond topography, cross sections and details are presented on Plate 7-4A and 

7-5A of this M&RP. 

The staff gauge in the overflow pond will be marked to indicate a clean-out elevation of 7243.62 

feet as defined in Section 7.4.2. At least once each year, following the spring runoff event, the 

pond will be drained with the decanting device to inspect the accumulated sediment level. The 

pond will be sampled for effluent quality immediately before the decanting operation. When 

sediment has accumulated to the clean-out elevation, the pond will be cleaned. The sediment will 

be transported and disposed of at the waste rock disposal site. 

Waste Rock Disposal Site Sedimentation Pond. The sedimentation pond located at the waste rock 

disposal site is presented on Map 7 in the Waste Rock Volume of this M&RP. A discussion of the 

operation, maintenance, and reclamation of this pond is also contained therein. 

Compliance Requirements. All sedimentation ponds will be maintained until removal in 

accordance with the reclamation plan (see Section 5.40 of this M&RP). When a pond is removed, 

the land will be revegetated in accordance with the reclamation plan defined in Section 5.40. 

. ' r", 'j'-
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The Primary sedimentation pond and concrete sediment trap were designed together to contain 

the volume of sediment equal to 0.035 acre-foot per acre of disturbed area. The concrete sediment 

trap will provide for removal of 65% of this sediment volume, while the sedimentation pond will 

contain the remaining 35%. In addition, the sedimentation pond will fully contain the runoff from 

the 10-year, 24-hour storm event. The spillways for both the sedimentation pond and concrete 

sediment trap will adequately pass the peak flow from the 25-year, 6-hour precipitation event. 

The overflow pond has been designed to retain sediment from the disturbed mine facilities and 

runoff from the 10-year, 24-hour storm event. The spillway for the overflow pond has been 

designed to safely pass the peak flow from the 25-year, 6-hour precipitation event. The affected 

area will be included in the calculation of the disturbed area subject to bonding and in the 

calculation of final reclamation costs. 

The waste rock disposal site sedimentation pond was designed to contain a sediment volume equal 

to 0.1 acre-foot per acre of disturbed area·. It will also fully contain the runoff from the 10-year, 24- · 

hour storm event. The spillways for the pond were initially designed to pass the peak flows from 

the 25-year, 24-hour storm event. The revised design storm (25-year, 6-hour precipitation event) 

results in a smaller peak discharge and, thus, the spillways are adequately designed. 

Additional design standards for all ponds are presented in Section 7.4.2. 

MSHA Requirements. MSHA requirements defined in 30 CFR 77.216 are not applicable since 

the existing sedimentation ponds do not impound water or sediment to an elevation of 20 feet or 

more above the upstream toe of the structure. The ponds also store a volume less than 20 acre

feet. 

7.3.2.3 Diversions 

The objective of the run-off control plan is to isolate, to the maximum degree possible, run-off from 

disturbed areas from that of undisturbed areas. This is accomplished by: 

• Allowing all upstream run-off to by-pass the disturbed area via a network of culverts. 
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Routing run-off from the undisturbed east slope above the facilities down diversion 

ditches in the east side road to by-pass the disturbed area. 

Routing of any run-off from undisturbed areas which enters the disturbed area into 

the sediment control system. 

The location of each diversion ditch or culvert for the main facility area is presented on Plate 7-6. 

The location of each diversion ditch for the Link Canyon Portal and Substation No. 1 and No.2 

facility areas is presented on Plates 5-2D, 5-2E, and 5-2F. A brief list of each diversion structure 

is as follows (refer to Plates 7-6, 5-2D, 5-2E, and 5-2F for the location of each sub-watershed 

boundary): 

Diversion Ditches: 

• 

• 

• 

Interception ditch along the East Side Road which drains watershed CBE-5. 

Interception ditch along the East Side Road which drains watersheds CBE-1 

through CBE-5. 

Substation pad upper undisturbed interception ditch which drains watershed CBE-4. 

Substation pad lower undisturbed interception ditch which drains watershed CBE-3. 

This ditch is part of the alternate sediment control measures defined in Section 

7.4.2.1. 

• Riprap diversion channel for CBE continuance diversion. This diversion drains 

watersheds CBE-1 through CBE-5. 

Interception ditch which drains undisturbed watershed ESC-6 north of ATOF. 

• Interception ditch which drains undisturbed watershed ESC-7 north of ATOF. 

Interception ditch which drains undisturbed watershed MSH-2 north of ATOF. 

Sedimentation Pond access road diversion ditch which drains disturbed watershed 

DIS-3. 

• Main access road diversion ditch which drains undisturbed watershed DWN-1. 

Link Canyon Substation No.1 ditch which drains watersheds LINK and ASCA-1. 

Link Canyon Substation No.1 road swell which drains watersheds LINK, ASCA-1, 

and ASCA-3. 
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• 

• 

• 

Link Canyon Substation No.2 ditch which drains watersheds LINK No.2, AS9A-4, 

and ASCA-7. 

Link Canyon Portal Access Road Channel No.1 which diverts the access road 

disturbed drainage and undisturbed drainage above the access road to the Link 

Canyon drainage bypass culvert inlet. 

Link Canyon Portal Pad Channel No. 2 which diverts the pad area disturbed 

drainage and the undisturbed area above the pad to the Link Canyon drainage 

bypass culvert inlet. 

• West Overflow Pond Undisturbed Area Diversion Channel which diverts and drains 

runoff from watershed DWN-3 around to Overflow Pond Access Road Channel. 

• Overflow Pond Access Road Channel which diverts and drains runoff from 

watershed DWN-3 along the Overflow Pond Access Road. 

• East Overflow Pond Undisturbed Area Diversion Channel (Shallow Section) which 

diverts and drains runoff from watershed DWN-5 around the Overflow Pond. 

• East Overflow Pond Undisturbed Area Diversion Channel (Steep Section) which 

diverts and drains runoff from watershed DWN-5 down the overflow pond 

impoundment. 

Diversion Culverts: 

CBE bypass culvert at substation which drains watersheds CBE-2 through CBE-

5. 

• Pipe No.5 diversion culvert which drains undisturbed watershed DWN-1. 

• Mud Spring Hollow bypass culvert which drains undisturbed watersheds MSH-1 and 

MSH-2. This culvert discharges into the East Spring Canyon bypass culvert. 

East Spring Canyon bypass culvert which drains undisturbed watersheds ESC-1 

through ESC-7. This bypass also receives flows from the Mud Spring Hollow 

bypass. 

• East Spring Canyon bypass culvert emergency diversion atthe main mine fan. This 

3.5 foot square drop drain with oil skimmer cap connects into a 48-inch culvert 

directed into the East Spring Canyon bypass culvert. This serves as an overflow 

system when the trash rack at the inlet to East Spring Canyon becomes plugged 

with debris. 
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• 8-inch pipe diversion for undisturbed watershed ESC-7. This pipe tees to the 10-

inch pipe that drains undisturbed watershed ESC-6. 

• Main Mine Fan Diversion. The main mine fan is located in a depression which is 

nine feet below the adjacent mine yard drainage system. A sump pump with 

automatic float controls in front of the main fan will pump the runoff from this area 

into the 10-inch mine yard drain line. 

• 1 a-inch mine yard culvert drainage system. This system discharges to the concrete 

sediment trap. 

• Link Canyon Portal bypass culvert which drains watersheds LCP-East and LCP

West. 

The primary sediment pond diversion culvert allows runoff from the disturbed area 

to bypass the primary sedimentation pond, thereby allowing water to be drained 

from the primary sedimentation pond for sediment removal. This culvert discharges 

to the overflow pond. 

• The 66-inch overflow pond bypass culvert allows runoff from undisturbed 

watersheds DWN-1, DWN-2, DWN-3, MSH-1, MSH-2, and ESC-1 through ESC-7 

to bypass the overflow pond. This culvert discharges immediately downstream of 

the overflow pond. 

All diversion ditches are maintained with adequate rip-rap or alternative erosion protection in the 

ditch sections where flow velocities are great enough that a ditch lining is necessary. Adequate 

ditch capacities are maintained in all ditch sections. Culverts are kept free of debris and each 

outlet is lined with adequate riprap. Detailed diversion design is presented in Section 7.4.2. 

Water bars in roadside ditches have been constructed of rocks to form low dams across the 

ditches. The rocks are large enough to resist movement during anticipated run-off events. They 

are arranged to channel water down the center of the ditch rather than around the water bar ends 

to prevent erosion of the ditch side walls. Accumulations of sediment behind the ditch water bars 

are permitted to rise to the lowest height of the bar. 

Diversion ditch and culvert operation and maintenance for the diversions within the waste rock 

disposal site are presented in the Waste Rock Volume of this M&RP. 
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Road drainage facilities include diversion ditches, culverts, containment berms, and/or water bars. 

The road drainage diversion ditches and culverts for the mine site and Link Canyon facility area are 

included in the list of diversions presented in Section 7.3.2.3 above. In addition, water bars have 

been constructed across dirt roads within the disturbed areas to channel water off the road onto 

downslopes or into roadside ditches. Riprap has been placed along these transitions to minimize 

the potential for erosion. Water bars have been constructed on the East Side road and along the 

access road to the sedimentation pond. Additional road drainage design information is presented 

in Section 7.4.2. 

The operation of the road drainage diversions within the waste rock disposal site is presented in 

the Waste Rock Volume of this M&RP. 

All road drainage diversions will be maintained and repaired to original condition following the 

occurrence of a large storm event. Culvert inlets and outlets will be kept clear of sediment and 

other debris. 

7.3.3 Impoundments 

7.3.3.1 General Plans 

There are four sedimentation ponds operating at the mine facility as described in Section 7.3.2.2. 

Three ponds are located at the East Spring Canyon surface facilities. A fourth pond is located at 

the waste rock disposal site. 

The concrete sediment trap is located near the southern end of the mine yard and captures all 

disturbed area runoff from the mine yard area. A detailed design of the sediment trap is contained 

in Appendix 7-8. 

The primary sedimentation pond is located in the area immediately below the fill on which the 

existing mine facilities are constructed. The existing sedimentation pond topography and cross 

sections are presented on Plates 7-4 and 7-5 of this M&RP. 
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The overflow pond is located 800 feet downstream from the primary sedimentation pond. The 

overflow pond is designed to allow for flood control and sediment settling while the primary 

sediment pond is being drawn down for sediment removal. A series of canal boxes with valves will 

allow the primary sediment pond to be bypassed for draw down, sediment removal, and 

maintenance. Detailed design information regarding the overflow pond is provided in Appendix 7-

23 and Plates 7 -4A and 7 -5A. 

The waste rock disposal site sedimentation pond is located at the waste rock disposal site and is 

presented on Map 7 in the Waste Rock Volume f this M&RP. 

Certification. All maps and cross sections of the sedimentation ponds have been prepared by or 

under the direction of and certified by a qualified, registered, professional engineer. 

Maps and Cross Sections. The construction details and cross sections for the concrete sediment 

trap are located in Appendix 7-8. The existing topography and cross sections for the main 

sedimentation pond are located on Plates 7-4 and 7-5 of this M&RP. The topography and cross 

sections for the overflow pond are located on Plates 7-4A and 7-5A of this M&RP. The design 

topography and cross sections for the waste rock disposal site sedimentation pond are located in 

the Waste Rock Volume of this M&RP. 

Narrative. A description of each sedimentation pond is presented in Sections 7.3.2.2 and 7.4.2 

of this M&RP. 

Subsidence Survey Results. No underground coal mining occurs beneath the existing 

impoundments within the permit area and, therefore, there has been no effect from subsidence. 

Hydrologic Impact. The preliminary hydrologic and geologic information required to assess the 

hydrologic impacts of the impoundments can be found in Section 7.2.4 and Chapter 6, respectively. 

Design Plans and Construction Schedule. There are no additional structures proposed for the 

mining operation at this time. Designs of all existing structures have been described within this 

M&RP. 
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Requirements. All impoundments have been designed and constructed using current, prudent, 

engineering practices. Specific foundation design and construction criteria are presented in 

Chapter 5 of this M&RP. Specific hydrologic design criteria for each impoundment are presented 

in Section 7.4.3. All impoundments will be inspected regularly based on the schedule contained 

in Section 5.1.4.3. 

Permanent Impoundments. There are no permanent impoundment structures within the mine 

facilities at this time. 

Temporary Impoundments. The UDOGM authorized the construction of the existing temporary 

impoundments at the mine as part of coal mining and reclamation operations. 

. . 
Hazard Notifications. The sedimentation ponds will be examined for structural weakness and 

erosion at least four times per year. A report of these findings will be submitted to the UDOGM on 

a quarterly basis. 

7.3.4 Discharge Structures 

The discharge structures within the East Spring Canyon facilities area include the spillways on the 

concrete sediment trap, primary sedimentation pond, and overflow pond. These discharge 

structures are defined in Section 7.4.4. The spillways constructed on the waste rock disposal site 

sedimentation pond are described in the Waste Rock Volume of this M&RP. 

7.3.5 Disposal of Excess Spoil 

There is no excess spoil generated at the mine. 

7.3.6 Coal Mine Waste 

Areas designated for the disposal of coal mine waste and coal mine waste structures are 

constructed and maintained as described in the Waste Rock Volume of this M&RP. 

7.3.7 Noncoal Mine Waste 

Noncoal mine waste is stored and disposed of as described in Chapter 5. 
, '.: . I, ,,'\ r;- [) I • _ _ _ . 
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Each groundwater monitoring well identified on Plate 7-3 will be operated and maintained as 

described in Section 7.4.8. 

7.40 Design Criteria and Plans 

7.4.1 General Requirements 

This M&RP includes site-specific plans that incorporate minimum design criteria for the control of 

drainage from disturbed and undisturbed areas. 

7.4.2 Sediment Control Measures 

7.4.2.1 General Requirements 

Design. Existing sediment control measures have been designed, constructed and maintained to 

provide the following: 

• Prevent additional contributions of sediment to stream flow or to runoff outside the 

permit area. 

Meet the effluent limitations defined in Section 7.5.1. 

Minimize erosion to the extent possible. 

Appendix 5-11 contains design drawings and information pertaining to the paving of an area in the 

upper mine yard and the repair/re-paving of an adjacent area. The areas to be paved will have 

three segments of concrete gutter with drip drains/inlet boxes and a fourth drop drain/inlet box in 

the asphalt to collect and direct runoff to the lower mine yard. 

Appendix 5-11 contains design drawings and information pertaining to the construction of a 

sump(also referred to as the "West Lease #1 Belt Sump") at the entrance of the existing West 

Lease Beltline Tunnel. New drainage line and junction boxes will direct treated water from the 

sump into existing mine yard drainage culverts. A portion of the mine yard will also be 

paved/repaved in the vicinity of the West Lease Portal, directly east of the ROM coal storage area 

(Appendix 5-11-2 drawing) 
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Measures and Methods. The sediment control measures at the mine include practices carried 

out within and adjacent to the disturbed area. Sediment control methods include: 

• Retention of sediment within the disturbed area; 

• Diversion of runoff away from the disturbed area; 

• Diversion of runoff using channels or culverts through disturbed areas to prevent 

additional erosion; 

Cut and fill slopes within the disturbed area will be revegetated with a quick growing 

vegetative cover (standard seed mix in section 3.4.1.2 minus the shrubs and trees) 

to provide interim reclamation and stability of the slopes during mining. 

• Provide straw dikes, riprap, check dams, mulches, vegetative sediment filters, 

dugout ponds and other measures that reduce overland flow velocities, reduce 

runoff volumes or trap sediment; 

Treatment with chemicals; and 

Treatment of mine drainage in underground sumps. There are four portal sites in 

Quitchupah·Canyon. The 4 East portal site is classified as an ASCA. · South portals, 

3 East portals, and Quitchupah portals have sediment control consisting of routing 

runoff from disturbed areas into the mine with berms and insloping. The runoff is 

then treated using in mine settling ponds prior to discharge through approved 

UPDES points. The disturbed area associated with the South portals is 0.017 acre. 

The disturbed area associated with the 3 East portals is 0.017 acre. The disturbed 

area associated with the Quitchupah portals is 0.017 acre. A calculation 

demonstrating the insignificance of the inflow of surface water into the mine is 

included in Appendix 7-16. 

During construction of the new overflow pond sediment from the disturbed area will be controlled 

by the use of containment berms and silt fencing. 

Several alternate sediment control areas are defined within the mine site and are listed below (see 

Plates 5-2B,C,D,E,&F): 

The original substation pad area and fire water tank above the office building. The 

sediment controls include a graveled pad area and silt fences. The disturbed area 

is 0.324 acre. 
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The topsoil stockpile near the mine site primary sedimentation pond. The sediment 

control consists of containment berms and silt fencing. The disturbed area is 0.105 

acre. 

The topsoil stockpile near the mine site overflow pond. The sediment control 

consists of containment berms and silt fencing. The disturbed area of the overflow 

pond topsoil stockpile is 0.141 acres. 

The subsoil, topsoil and sedimentation pond topsoil stockpiles at the waste rock 

disposal site. The sediment controls include containment berms and silt fencing. 

The disturbed area of the subsoil and topsoil stockpiles is 1.24 acre. The disturbed 

area of the pond topsoil pile is 0.293 acre. 

• The area above the mine fan in East Spring Canyon. The sediment control consists 

of silt fencing. The disturbed area is 0.122 acre. 

The pump house in Convulsion Canyon. The sediment control consists of 

containment berms and silt fencing. The disturbed area is 0.075 acre. 

• The leach field in Convulsion Canyon.· The sediment control consists of 

containment berms and silt fencing. The area is fenced to prevent grazing. The 

disturbed area is 0.40 acre. 

• The new substation pad disturbed area is 0.287 acre. The sediment controls 

include gravel and silt fences. 

• The 4 East portal site consists of a pad area where a mine fan has been built. The 

disturbed area associated with the two portal openings at this site is 0.70 acre. 

Alternate sediment control at this pad consists of a containment berm, gravel and 

silt fencing. 

• The Link Canyon Substation No. 1 facility disturbed area is 0.18 acre. This 

substation pad area was reclaimed in 2000. The sediment control consists of 

containment berms, silt fencing, and vegetation. 

The Link Canyon Substation No. 2 facility disturbed area is 0.12 acre. The 

sediment control consists of containment berms, gravel and silt fencing. 

The Link Canyon Portal facility disturbed area is 0.18 acre. The sediment control 

consists of containment berms, gravel and silt fencing. 

The total area for Alternate Sediment Control Areas (ASCA) is 4.167 acres. This is approximately 

13.6 percent of 30.454 acres of total disturbed area at the mine site, Link Canyon Portal and 
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Substation No. 1 and No. 2 facility sites, and waste rock disposal site (including ASCA's and 

SAE's). 

The upper yard concrete gutters and inlet boxes/drop drains will direct surface runoff into existing 

culverts, which discharge water into the sediment pond( s) for treatment. There will be no additional 

runoff introduced into the designed drainage system with the paving of the upper yard area. Refer 

to Appendix 5-11 for details of the gutters and inlet boxes. 

The West Lease #1 Belt Sump will capture and treat water from the beltline as well as from portion 

of the mine yard in the vicinity of the West Lease portal. Treated water from the sump will be 

directed through new drainage lines and junction boxes to existing mine yard drainage culverts. 

Refer to sheet number Appendix 5-11-2 for location of sump, drainage lines, and junction boxes. 

Sump design details are located in Appendix 5-11, West Lease #1 Belt Sump. 

7.4.2.2 Siltation Structures 

General Requirements. Additional contributions of suspended solids and sediment to stream flow 

or runoff outside the permit area are being prevented to the extent possible using various siltation 

structures. 

The existing siltation structures for the main facilities area, the concrete sediment trap and primary 

sedimentation pond, were not constructed before beginning coal mining operations. The structures 

were constructed upon implementation of applicable State and Federal Regulations. The overflow 

pond was constructed to allow for continued compliance with State and Federal Regulations. The 

sedimentation pond for the waste rock disposal site was constructed before the site was used. 

Each structure has been certified by a qualified registered professional engineer. 

All siltation structures which impound water have been designed, constructed and maintained as 

described in Chapter 5 and Sections 7.3.3 and 7.4.3. 

Siltation structures are also provided at the mine-water discharges points. Water is presently being 

discharged from the mine at UPDES discharge point 003 from the Quitchupah Canyon breakouts. 

UPDES discharge point 001 is approved as an alternative mine water discharge point. Design of 

the siltation structures for these discharge points is presented in Section 7.3.1.5. 
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Sedimentation Ponds. There are four sedimentation ponds operating within the permit area. 

These ponds are described as follows: 

Concrete sediment trap located at the south end of the main facilities area. 

• Primary sedimentation pond located in the area immediately below the fill on which 

the existing mine facilities are constructed. 

• Overflow pond located approximately 800 feet downstream from the primary 

sedimentation pond. 

Waste rock disposal site sedimentation pond located at the waste rock disposal site. 

Sedimentation Pond Use. 

Individually or in Series. The concrete sediment trap and the primary sedimentation pond or 

overflow pond are designed to work in series to manage the design sediment volume and pass the 

peak discharge rate. The overflow pond is designed to allow runoff from the concrete sediment 

trap to bypass the primary sediment pond to allow for draw down, sediment removal, and 

maintenance. The sedimentation pond at the waste rock disposal site functions individually. 

Location. All sedimentation ponds are located as near as possible to the disturbed areas. The 

location of the concrete sediment trap, primary sedimentation pond, and overflow pond are 

indicated on Plate 7-6. Location of the waste rock disposal site sedimentation pond is presented 

in the Waste Rock Volume of this M&RP. The concrete sediment trap, primary sediment pond, and 

waste rock disposal site sediment pond are not located within a perennial stream channel. The 

overflow pond is located within a perennial stream channel. 

Design, Construction and Maintenance. 

Sediment Storage Volume. The concrete sediment trap, primary sedimentation pond or overflow 

pond were designed to, in series, control a sediment volume of 0.035 acre-feet per acre of 

disturbed area. The disturbed area, contributing sediment to the concrete sediment trap and 

primary sedimentation pond, contains 15.88 acres from contributing watersheds DIS-1 through 

DIS-5. The disturbed areas, contributing sediment to the overflow pond, cont~il1s J.6.49 ac~es frQrn 
~ " ' . ' : i '" i :, ~ " 
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contributing watersheds 01S-1 through 0IS-6. Refer to Plate 7-6 for a location of the watersheds. 

Although it contributes runoff to the ponds, a sediment storage volume from the watershed CBW-1 

is not included in the calculations because it is an undisturbed area. 

The sediment trap was constructed to provide easy access for the removal of 65% of all solids 

before runoff from the disturbed area enters the primary sedimentation pond. Although the 

concrete basin does not have 65% of the total sediment volume it permits reduction of the primary 

pond size by that amount because it provides a sediment control measure for the removal of 

sediment equal to the reduced volume. 

Watershed 

01S-1 

01S-2 

01S-3 

01S-4 

01S-5 

CBW-1 

OWN-1 

CBE-1 

CBE-2 

CBE-3 

CBE-4 

CBE-5 

ESC-1 

ESC-2 

ESC-3 

ESC-4 

ESC-5 

TABLE 7-6 

Summary of Watershed Data 

Curve Number Area (acres) 

80 2.46 

80 9.27 

80 1.40 

80 2.23 

100 0.34 

72 29.8 

79 7.23 

72 12.4 

90 0.30 

90 0.05 

72 3.05 

72 3.88 

72 882 

72 1010 

72 211 

72 468 

72 487 

7-90 

Time of Concentration 

(hours) 

0.021 

0.226 

0.066 

0.022 

0.008 

0.183 

0.110 

0.187 

0.017 

0.011 

0.119 

0.107 

1.36 

0.875 

0.453 

1.18 

0.776 
/ il·", 1 t., 
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ESC-6 

ESC-7 

MSH-1 

MSH-2 

ESC-1 throuah ESC-5 

DWN-2 

DWN-3 

DWN-4 

DWN-5 

DIS-6 

Curve Number 

79 

79 

72 

79 

72 

79 

79 

79 

79 

100 

Area (acres) 

0.92 

0.57 

1956 

0.55 

~O58 

6.02 

2.25 

36.74 

12.65 

0.61 
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Time of Concentration 

(hours) 

0.042 

0.053 

1.89 

0.046 

1 _89 

0.033 

0.028 

0.217 

0.175 

0.015 

The concrete sediment trap was constructed after consultation with representatives from the Office 

) of Surface Mining, the Division of Oil, Gas and Mining and the U.S. Forest Service during the spring 

of 1980 and was built subsequent to approval of the various regulatory authorities. The design was 

selected in preference to other designs employing a full size pond due to environmental 

considerations. Among these considerations was that a full size pond would have required the 

disturbance of at least twelve additional acres of presently undisturbed area. In addition, the 

resulting pond would have been exceedingly difficult to maintain with respect to regular and 

frequent sediment recovery and disposal. 

) 

The primary sedimentation pond was designed to fully contain the remaining 35% of the design 

sediment volume. Based on calculations presented in Appendix 7-14, the disturbed area totals 

15.88 acres. Therefore, the primary sedimentation pond will contain a maximum of 24,211 cubic 

feet (0.556 acre-feet) of sediment. The elevation of the maximum sediment level is 7410.4 feet. 

The 60% sediment clean-out volume of 14,527 cubic feet (0.333 acre-feet) has an elevation of 

7408.1 feet. 

The overflow pond is designed to work in series with the concrete sediment trap, andlor the primary 

sedimentation pond. A review of sedimentation pond discharge records for the period of 11106/99 
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to 07/09/08 indicates that normal dust suppression activities at the facility, and wash down of 

transport vehicles contributes a constant flow of approximately 0.046 cfs from the disturbed area 

to the concrete sediment trap and primary sedimentation pond. The sediment trap and the primary 

sedimentation pond were designed to create a quiescent sediment settling area capable of 

containing runoff from a 10-year, 24-hour storm with a spillway capable of safely discharging the 

peak flow resulting from a 25-year, 6-hour storm. Dust suppression and washdown water flows 

almost constantly into these two basins, the overflow pond is sized to more efficiently manage 

runoff from the 10-year, 24-hour storm from the disturbed and adjacent areas . . 

The overflow pond was designed to fully contain the design sediment volume for the disturbed 

area. As indicated in Appendix 7-23, the disturbed area associated with this pond totals 16.49 

acres. This disturbed area includes 15.88 acres treated and detained by the concrete sedimenttrap 

and primary sediment pond and 0.61acres of the overflow pond. The 0.61 acres of disturbed area 

for the overflow pond includes only the pond area itself no additional sediment will be created. 

Based on a sedimenf storage volume of 0.035 acre-feet per acre of disturbed area, the overflow 

pond will contain 24,211 cubic feet (0.556 acre-feet) of sediment. The elevation of the maximum 

sediment level is 7,245.41 feet. The 60% sediment clean-out volume of 14,526 cubic feet (0.33 

acre-feet) has an elevation of 7,243.62 feet. 

The design sediment storage volume and 60% clean-out level for the waste rock disposal site 

sedimentation pond is presented in the Waste Rock Volume of this M&RP. 

Detention Time. An adequate detention time will be provided in each pond to allow the effluent to 

meet UPDES and 40 CFR Part 434 limitations. The decant water will be sampled and discharged 

from the pond in accordance with the above referenced effluent limitations. 

Design Event. The sedimentation ponds are designed to fully contain the 10-year, 24-hour 

precipitation event. 

Overflow Pond, Primary Sedimentation Pond and Concrete Sediment Trap. The calculations 

contained in Appendix 7-14 were based on the assumption that the primary sedimentation pond 

will fully contain the runoff from the main facility disturbed areas. The conc~~te ~rdirJ~mt,trapfwill 
" ,. " '. i. ," ., , I I. ! , 
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pass the water to the sedimentation pond, but will not provide significant runoff storage. The 

concrete sediment trap is used primarily for the removal of sediment. 

Several drainage areas, identified on Plate 7-6, contribute runoff to the overflow pond. The 

disturbed drainage area contributing directly to the overflow pond are 01S-1 through 0IS-6. The 

undisturbed drainage area contributing to the overflow pond is CBW-1. 

The curve numbers used to determine the design runoff volume were based on information 

presented in Appendix 7-11 and Appendix 7-23. The curve number assumed for the disturbed 

watershed 01S-1 through 01S-4 is 80 and for 01S-5 and 01S-6 is 100, see Appendix 7-11 and 7-23. 

The curve number for undisturbed watersheds CBW-1 is 72, see Appendix 7-11. Refer toJable 

7 -6 for a list of all disturbed and undisturbed subwatershed areas and curve numbers within the 

facilities area. Based on the curve numbers presented above, the storm runoff volume from the 

10-year, 24-hour storm event to the overflow pond is 57,898 cubic feet (1.33 acre-feet). The 

maintenance runoff rate of 0.046 cfs adds 3,975 cubic feet (0.0913 acre-feet) to this volume during 

a 24-hour period, resulting in a combined required runoff storage volume of 61,873 cubic feet (1.42 

acre-feet) without sediment storage. The calculations, presented in Appendix 7-23, are based on 

hydrologic design methods described in Appendix 7-10. As presented above, the maximum 

sediment storage volume is 24,211 cubic feet. In order to fully contain the runoff from the 10-year, 

24-hour storm event and the maximum sediment storage, the primary spillway elevation for the 

overflow pond is 7252.5 (2.14 acre-feet), from the stage-capacity table contained in Table 7-8A. 

The required minimum elevation for the primary spillway with a volume of 24,211 cubic feet is 

7,252.26, for ease of construction the primary spillway elevation will be 7,252.50 feet. The actual 

overflow pond is 3.15 acre feet. 

Several drainage areas, identified on Plate 7-6, contribute runoff to the primary sedimentation 

pond. The disturbed drainage areas contributing to the pond are 0IS-1, 0IS-2, 0IS-3, 0IS-4, and 

0IS-5. The undisturbed drainage area contributing to the pond is CBW-1. The undisturbed 

drainage CBW-1 is discharged to the pond because it was determined that construction of a 

diversion ditch along the top of the cut slope from the trash pit north to Mud Spring Hollow may 

cause some stability problems with the cut slope. 
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Stage-Capacity Curve for the Concrete Sediment Trap 

ELEVATION (FT) AREA (FT2) INCREMENTAL CUMULATIVE 

VOLUME (FT3
) VOLUME (FT3

) 

7436.1 360.0 0 

1469.0 

7438.7 770.0 1469.0 

756.0 

7439.6 911.0 2225.0 

377.0 

7440.0 974.0 2602.0 

613.0 

7440.6 1069.0 3215.0 

1069.0 

7441.6 1069.0 4284.0 
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Stage-Capacity Data for the Primary Sedimentation Pond 

ELEVATION (FT) AREA (FT2) INCREMENTAL CUMULATIVE 

VOLUME (FT3
) VOLUME (FT3

) 

7401.0 188.3 0 

534.9 

7402.0 881.4 534.9 

1122.6 

7403.0 1363.8 1657.5 

1567.1 

7404.0 1770.3 3224.5 

1971.6 

7405.0 2172.8 5196.1 

2390.2 

7406.0 2607.6 7586.3 

2857.8 

7407.0 3108.0 10,444.1 

3387.6 

7408.0 3667.1 13,831.6 

3941.7 

7409.0 4216.3 17,773.3 

4487.6 

7410.0 4758.8 22,260.9 

5030.7 

7411.0 5302.6 27,291.6 

c , A [D 
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Stage-Capacity Data for the Primary Sedimentation Pond 

ELEVATION (FT) AREA (FT2) INCREMENTAL CUMULATIVE 

VOLUME (FT3
) VOLUME (FT3

) 

5587.8 

7412.0 5873.0 32,879.4 

6172.5 

7413.0 6471.9 39,051.8 

6877.2 

7414.0 7282.4 45,929.0 

7667.6 

7415.0 8052.8 53,596.6 

8405.6 

7416.0 8758.4 62,002.2 

9105.2 

7417.0 9452.0 71,107.4 

6786.2 

7418.0 9937.1 77,893.5 

4541.1 

7418.15 10,245.7 82,434.6 

1544.4 

7418.3 10,346.3 83,979.3 

7406.7 

7419.0 10,815.8 91 ,386.0 

11,147.2 

7420.0 11,478.6 102,533.2 
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TABLE 7-8A 

Stage-Capacity Data for the Overflow Pond 

ELEVATION (FT) AREA (FT2) INCREMENTAL CUMULATIVE 

VOLUME (FT3
) VOLUME (FT3

) 

7238.0 928 0 

1,170 

7239.0 1,413 1,170 

1,655 

7240.0 1,897 2,825 

2,253 

7241.0 2,609 5,078 

2,965 

7242.0 3,320 8,043 

3,728 

7243.0 4,135 11,771 

4,542 

7244.0 4,949 16,313 

5,397 

7245.0 5,844 21,710 

6,292 

7246.0 6,739 28,002 

7,217 

7247.0 7,695 35,219 

8,173 

7248.0 8,651 43,392 

9,178 
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TABLE 7-8A (Continued) 

Stage-Capacity Data for the Overflow Pond 

ELEVATION (FT) AREA (FT2) INCREMENTAL CUMULATIVE 

VOLUME (FT3
) VOLUME (FT3

) 

7249.0 9,705 52,570 

10,232 

7250.0 10,759 62,802 

11,348 

7251.0 11,937 74,150 

12,526 

7252.0 13,114 86,676 

13,750 

7253.0 14,386 100,441 

15,022 

7254.0 15,658 115,463 

16,359 

7255.0 17,060 131,822 
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The curve numbers used to determine the runoff volumes were based on information presented 

in Appendix 7-9. The average curve number for the disturbed area is 80. The curve number 

assumed for the undisturbed watershed CBW-1 is 72. The curve number for the pond area 

(watershed DIS-5) was assumed to be 100. Refer to Table 7-6 for a list of all disturbed and 

undisturbed subwatershed areas and curve numbers within the facilities area. 

Based on the curve numbers presented above, the storm runoff volume from the 10-year, 24-hour 

storm event is 57,898 cubic feet (1.329 acre-feet). The calculations, presented in Appendix 7-14, 

are based on hydrologic design methods described in Appendix 7-10. As presented above, the 

maximum sediment storage volume is 24,211 cubic feet. Thus, the minimum capacity of the pond 

at the elevation of the primary spillway must be 82,109 cubic feet (1.885 acre-feet), assuming the 

spillway does not spill during the 10-year, 24-hour storm. 

In order to fully contain the runoff from the 10-year, 24-hour storm event ·and the maximum 

sediment storage, the primary spillway on the sedimentation pond will need to be raised. From the 

stage-capacity curve for the existing pond structure contained in Appendix 7-14, the required 

elevation of the primary spillway is 7418.15 feet. 

Waste Rock Disposal Site Sedimentation Pond. The design storm runoff volume for the waste rock 

disposal site sedimentation pond is presented in the Waste Rock Volume of this M&RP. The 

sedimentation pond adequately contains the runoff from the 10-year, 24-hour storm event with 

maximum sediment storage. 

Dewatering Device. The concrete sediment trap contains a telescoping dewatering device which 

can decant water from any elevation in the basin. It will be locked to prevent unauthorized drainage 

of the concrete structure. 

The existing dewatering device on the primary sedimentation pond will be modified so the flowline 

will be at the elevation of the maximum sediment level, elevation 7410.4 feet. Water will be 

discharged from the pond in accordance with UPDES guidelines. 
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The overflow pond dewatering device is designed to decant at the 60% sediment level, 7,243.62 

feet. Water will be discharged from the pond in accordance with UPDES guidelines. 

The dewatering device for the waste rock site sedimentation pond is identified in the Waste Rock 

Volume of this M&RP. 

Short Circuiting. Short circuiting is minimized in the primary sedimentation pond and the waste 

rock disposal site sedimentation pond because both ponds will fully contain the runoff from the 10-

year, 24-hour precipitation event. 

Sediment Removal. Sediment removal from the concrete sediment trap will be performed 

frequently such that the basin will operate efficiently. On regular UPDES sampling days, the 

structure will be inspected for sediment content. If a sediment delta is evident at the water level 

extending to or beyond the first of the mine discharge pipes. Sediment material from the structure 

will then be removed with a front-end loader and mixed with coal in the adjacent coal storage pile. 

Sediment removal from the primary sedimentation pond will be conducted when the sediment level 

reaches the 60% clean-out level. From the stage-capacity curve presented in Appendix 7-14, the 

60% clean-out elevation is 7408.1 feet. The sediment will be transported and disposed of at the 

waste rock disposal site. 

Sediment removal from the overflow pond will be conducted when the sediment level reaches an 

elevation of 7,243.62 feet or 60% of sediment capacity. The sediment will be transported and 

disposed of at the waste rock disposal site. 

Sediment removal procedures for the waste rock disposal site sedimentation pond are defined in 

the Waste Rock Volume of this M&RP. 

Excessive Settlement. Existing sedimentation ponds within the permit area have been operating 

for a period long enough to ensure that any settlement which may have occurred is now complete. 

Excessive settlement has not been observed at either the primary sedimentation pond or the waste 

rock disposal site sedimentation pond. During construction, the embankment of the overflow pond 

will be compacted to an average of 95% of maximum dry density, to minimizl'th~chance ' of: reT; 
excessive settling. 
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Embankment Material. During construction of the primary sedimentation pond, overflow pond and 

the waste rock disposal site sedimentation pond the embankment materials were free of sod, large 

roots, frozen soil, and acid- or toxic forming coal-processing waste. 

Compaction. During construction the primary sedimentation pond was compacted to an average 

of 95% of maximum dry density. The sedimentation pond at the waste rock disposal site was 

compacted to a maximum dry density of 90% as determined by ASTM D1557. During construction 

of the overflow pond, the embankment of the pond will be compacted to an average of 95% of 

maximum dry density. 

MSHA Sedimentation Ponds. MSHA requirements defined in 30 CFR 77.216 are not applicable 

at this mine since the existing sedimentation ponds do not impound water or sediment to an 

elevation of 20 feet or more above the upstream toe of the structure. The ponds also store a 

volume less than 20 acre-feet. 

Other Sedimentation Ponds. All sedimentation ponds within the permit area have primary and 

emergency spillways that will, in combination, safely discharge a 25-year, 6-hour precipitation 

event. 

Concrete Sediment Trap. Primary Sedimentation Pond and Overflow Pond . . The 25-year, 6-hour 

storm event was routed through the concrete sediment trap and primary sedimentation pond to 

determine the adequacy of the existing spillways. The concrete sediment trap and sedimentation 

pond are hydraulically connected since overflow from the basin is discharged to the pond. The 

computer software SEDIMOT II, as described in Appendix 7-10, was used for the routing. 

SEDIMOT II assumes that the ponds are full of water up to the spillway elevation at the beginning 

of the storm event. The overflow pond was designed using HydroCAD version 
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Diversion Minimum 

Bottom 

Width (ft.) 

Upper East Side Road diversion draining CSE-5 1.0 

Lower East Side Road diversion draining CSE-1 Lower 1.0 

through CSE-5 (lower and upper sections of ditch) Upper 1.0 

ubstation pad upper interception ditch draining CSE- 1.0 

ubstation pad lower interception ditch draining CSE- 1.0 

CSE continuance diversion 1.0 

Interception ditch draining ESC-6 north of ATOF 1.0 

Interception ditch draining ESC-7 north of ATOF 1.0 

Interception ditch draining MSH-2 north of ATOF 1.0 

Interception ditch draining MSH-2A north of ATOF 1.0 

Interception ditch draining DIS-1 A 1.0 

Sedimentation pond access road diversion ditch 1.0 

draining DIS-3 

Main access road diversion ditch draining DWN-1 2.0 

ink Canyon Substation No. 1 ditch draining LINK and 2.0 

ASCA-1 [Reclaimed in 2000] 

Link Canyon Substation No.1 road swale draining Parabolic 

LINK, ASCA-1, and ASCA-3 [Reclaimed in 2000] 

Linl.<'Canyon Substation No.2 ditch draining 0.0 

- Link No.2. ASCA-4. and ASCA-7 

Link Canyon Portal Access Road Channel No. 1 0.0 

Link Canyon Portal Pad Channel No.2 0.0 

West Overflow Pond Undisturbed Area Diversion 0.0 

Access and Maintenance Road Channel 0.0 
-' 

Fast o. P. Undisturbed Area Dvrsn Channel (shallow 0.0 

East O.P. Undisturbed Area Dvrsn Channel (steep 0.0 

Overflow Pond Inlet Swale 5.0 

TABLE 7-9 

Summary of Diversion Ditches 
-

Minimum Minimum Side Slopes Minimum 

Top Width Depth (ft.) (H:V) riprap D50 

(ft.) (in.) 

2.2 0.4 1.5:1 not required 

Lower 2.2 Lower 0.5 Lower 1.2:1 Lower 2.0 

Upper 2.5 Upper 0.5 Upper 1.5:1 Upper not 

required 

1.6 0.4 0.8:1 not required 

1.6 0.4 1:1 not required 

2.5 0.5 1.5:1 3.0 

1.8 0.4 1:1 not required 

2.2 0.4 1.5:1 not required 

2.2 0.4 1.5:1 not required 

2.2 0.4 1.5:1 not required 

2.0 .61 1.5:1 not required 

2.2 0.4 1.5:1 1.0 

4.0 0.5 2:1 not required 

2.81 0.41 1:1 not required 

10.0 0.398 Parabolic not required 

1.52 .51 Left 2:1 not required 

Right 1:1 

0.97 0.48 1:1 not required 

0.90 0.45 1:1 not required 

3.0 1.0 1.5:1 not required 

2.7 0.9 1.5:1 not required 

3.9 1.30 1.5:1 not required 

2.7 0.9 1.5:1 9.0 

10.0 0.5 5:1 not required 

Min. Slope Max. Peak Minimum 

("!o) Slope ("!o) Flowl') (ets) Free-board 

(ft.) 

16.0 38.0 0.09 0.36 

Upper 3.0 Lower 24.0 0.79 Lower 0.36 

Upper 0.29 

1.0 18.0 0.07 0.33 

1.0 10.0 0.03 0.35 

33.0 38.0 0.79 0.37 

1.0 1.0 0.13 0.30 

21.0 32.0 0.08 0.37 

1.0 20.0 0.08 0.32 

1.0 20.0 0.03 0.32 

1.0 1.0 0.06 0 ,30 

21 .0 31.0 0.35Ib) 0.31 

1.0 3.0 0.85 0.30 

1.0 9.82 0.87 0.30 

1.0 2.0 0.89 0.30 

1.0 6.7 0.20 0.30 

7.69 11·9 0.10Ib) 0.30 

5.21 8.3 0.06 Ib) 0.30 

0.97 .8 1.23(') 0.49 

1.0 0.9 1.23(0) 0.49 

1.0 0.9 3.13(0) 0.49 

0.24 0.25 3.13(3) 0.45 

0.025 0.025 6.26Ib) 0.24 

(al Peak discharge resulting from the 10-year. 6-hour precipitation event. (b) Peak discharge resulting from the 25-year. 24-hour precipitation event. 

Existing diteh 

geometry and 

riprap OK? 

yes 

Lower yes 

Upper yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 
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Diversion Culvert Diameter Material 

(in.) 

East Spring Canyon bypass culvert at 72 CMP 

inlet 

Bypass culvert for combined East Upper CMP 

Spring Canyon and Mud Spring Hollow 72 

flows Lower 

48 

Mud Spring Hollow bypass - 42 CMP 

discharges to East Spring Canyon 

bypass 

East Spring Canyon bypass culvert 48 CMP 

emergency diversion at main mine fan 

CBE bypass at substation 18 CMP 

Pipe NO.5 diversion draining DWN-1 18 CMP 

8-inch pipe diversion draining ESC-7, 8 steel 

discharges to 10 inch pipe draining 

ESC-6 

10-inch pipe diversion draining ESC-6 10 steel 

and ESC-7, discharges to East Spring 

Canyon bypass 

6-inch pipe diversion draining MSH- 6 steel 

2A, ~!scharges to East Spring Canyon 

" bypass --, 
Lin~ Canyon Portal bypass culverts 2-36 CMP 

Main mine fan diversion 

10-inch mine yard drainage, 10 Steel 

'. --discharges to sediment trap 

,Sediment Trap Diversion Culvert 18 CMP 

~-Overflow Pond Bypass Culvert 66 CMP 

(a) Peak discharge resulting from the 1 D-year, 6-hour precipitation event. 
1 ~O-year, 6-hour precipitation event. 

TABLE 7-10 . 

Summary of Diversion Culverts 

Inlet type Min. Slope Outlet Slope Existing riprap Peak FloWa) Culvert Existing riprap 

(%) (%) Ds. (in.) (cfs) inlet OK? Ds. OK? 

mitered 1.2 N/A N/A 59.6 yes N/A 

N/A Upper Upper Upper 97.7 Upper Upper 

1.2 N/A N/A N/A N/A 

Lower Lower Lower Lower Lower 

10.0 10.0 15.0 N/A yes 

mitered 1.8 N/A N/A 38.1 yes N/A 

drop N/A N/A 59.6 N/A 

mitered 1.0 10.0 6.0 0.53 yes yes 

and drop 

mitered 10.0 28.0 12.0 0.85 yes yes 

mitered 1.0 N/A N/A 2.4 yes N/A 

mitered 1.0 N/A N/A 3.19 yes N/A 

mitered 1.0 N/A N/A 0.24 yes N/A 

mitered 9.09 18.2 6.0 55.32(b) yes yes 

Not applicable since the mine yard drainage system is not designed to handle peak flows, only 

drop 
daily drainage volumes. 

mitered 1.2 1.25 N/A 6.26(b) yes yes 

mitered 2.8 3.0 12.0 622.37(C) yes yes 

Cbl Peak discharge resulting from the 25-year, 24-hour precipitation event. (C) Peak discharge resulting from the 
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8.50 software to safely convey the 25-year, 6-hour storm event. HydroCAD assumes that the 

sediment trap and primary sedimentation pond are full of water up to the spillway at the beginning 

of the storm. 

The stage-capacity data for the sediment trap, primary sedimentation pond, and overflow pond are 

presented in Tables 7-7, 7-8, and 7-8A. The spillway analysis for the primary sedimentation pond 

assumes that the primary spillway flowline is raised, per discussions above, to an elevation of 

7418.15 feet. Stage-discharge data were computed for both the concrete sediment trap and the 

sedimentation pond and input directly into SEDIMOT II. The purpose of calculating the stage

discharge relationship in the sediment trap was that the spillway is not a typical design, and 

SEDIMOT II would not accommodate it directly. A stage-discharge curve was computed for the 

primary sedimentation pond to incorporate the discharge from both the primary and emergency 

spillways. The SED I MOT II input and output for the sediment trap and primary sedimentation pond 

is contained in Appendix 7-14. The spillway analysis for the overflow pond utilized both HydroCAD 

version 8.50 and FlowMaster I. HydroCAD was used to calculate the flow rate, FlowMaster was 

used to calculate the flow velocity. For full calculations see Appendix 7-23. 

From the final analysis of the 25-year, 6-hour storm event, the maximum inflow rate to the sediment 

trap from storm runoff is 2.0 cubic feet per second (cfs) and the maximum outflow rate from the 

basin is 2.1 cfs. The corresponding high water level in the sediment trap is 7440.0 feet, 1.6 feet 

below the top of the concrete structure. The maximum inflow rate to the primary sedimentation 

pond is 2.65 cfs and the maximum outflow rate is 2.2 cfs. The corresponding high water level is 

7418.35 feet, 0.2 feet above the primary spillway flowline, and 1.65 feet below the minimum 

embankment elevation of 7420.0. 

The maximum design inflow rate to the overflow pond is 6.31 cfs and the maximum design outflow 

rate is 6.31 cfs. The corresponding high water level is 7253.24, 0.74 feet above the primary 

spillway flowline, and 1.76 feet below the minimum embankment elevation of 7255.0. 

Details for the concrete sediment trap spillway are presented in Appendix 7-8. Details for the 

primary and emergency spillways on the primary sedimentation pond can be found on Plate 7-5. 

Details for the overflow pond primary and emergency spillway can be found in Appendix 7-23 and 
'j' 

on Plate 7-5A. : ; ! 'i 1 
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Waste Rock Disposal Site Sedimentation Pond. The sedimentation pond at the waste rock 

disposal site will adequately pass the 25-year, 6-hour precipitation event through the primary and 

emergency spillways. Details regarding the spillway design are located in the Waste Rock Volume 

of this M&RP. 

Other Treatment Facilities. There are no other treatment facilities within the mine permit area. 

Exemptions. Exemption areas are listed below (see Plate 5-28): 

The south side of the original substation pad area above the office building. This 

area is classified as an "Exempt Area". The demonstration for this area is a 

SEDCAD computer program and is located in Appendix 7-16. The disturbed area 

is 0.040 acre. 

• The spring collection field in Convulsion Canyon. This area is classified as an 

"Exempt Area". The demonstration for this area is a SEDCAD computer program 

and is located in Appendix 7-16. The 'area is fenced to prevent grazing. The 

disturbed area is 0.39 acre. 

• The water tank area northeast of the mine site. This area is classified as an 

"Exempt Area". The demonstration for this area is a SEDCAD computer program 

and is located in Appendix 7-16. The disturbed area is 0.193 acre. 

The total disturbed area contributing to the primary sedimentation pond is 15.88 acres. The total 

disturbed area contributing to the overflow pond is 16.49 acres. The total disturbed area 

contributing to the waste rock disposal site sedimentation pond is 7.93 acres. The total area for 

Small Area Exemption (SAE) is 0.623 acres. This is 2.1 percent of 30.454 acres of total disturbed 

area at the mine site, Link Canyon Portal and Substation No.1 and No. 2 facility sites, and waste 

rock disposal site (including ASCA's and SAE's). 
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General Requirements. The diversions within the permit area consist of drainage ditches and 

culverts. All diversions within the permit area have been designed to minimize adverse impacts 

to the hydrologic balance, to prevent material damage outside the permit area and to assure the 

safety of the public. 

All diversions and diversion structures have been designed, located, constructed, maintained and 

used to: 

8e stable 

• Provide protection against flooding and resultant damage to life and property 

Prevent, to the extent possible, additional contributions of suspended solids to 

stream flow outside the permit area 

Comply with all applicable local, state, and federal laws and regulations 

All diversions within the permit "area are temporary and will be removed when no longer needed. 

The diversions will be reclaimed in accordance with the reclamation plan defined in Chapter 5. 

Peak discharge rates from the undisturbed and disturbed area drainages within the permit area 

were calculated for use in determining the adequacy of the existing diversion ditches and culverts. 

The storm runoff calculations for the temporary diversion structures were based on the 10-year, 

6-hour precipitation event of 1.3 inches. Curve numbers were based on those defined in Appendix 

7-9 and professional judgement. A description of the methods used to determine the peak 

discharge rates is presented in Appendix 7-10. The overflow pond bypass culvert was designed 

to safely convey the 100-year, 6-hour precipitation event of 2.06 inches. For more information of 

designs and calculations see Plates 7-5A, 7-58, and 7-5C and Appendix 7-23. The sediment trap 

outfall culvert, primary sediment pond bypass, and overflow pond inlet swale were designed to 

safely convey the 24-year, 6-hour precipitation event of 1.55 inches. The remaining overflow pond 

diversion; overflow pond access road channel, west and east overflow pond undisturbed area 

diversion channels were designed to safely convey the 10-year, 6-hour event. 

The disturbed and undisturbed drainage areas for the facilities area are presented on Plate 7-6. 

Those drainage areas too large to fit on Plate 7-6 can be found on Plate 7-8 . . ~. summary of 

watershed characteristics is presented in Table 7-6. The disturbed and undisturbe drainage 'areas\"(:· n 
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for the Link Canyon facilities area are presented on Plate 5-2D,E,&F. Link Canyon diversion 

calculations and designs are presented in Appendix 7-12. 

The size and location of each existing diversion ditch and culvert were verified in the field. All 

diversions are located on Plates 7-6 and 5-2D,E,&F. The minimum capacity and freeboard of each 

diversion ditch was determined based on the minimum ditch slope, while the maximum velocity and 

minimum riprap protection was calculated based on the maximum ditch slope. The capacity of 

each culvert was determined using the minimum culvert slope, and the outlet velocity and riprap 

protection was verified using the culvert outlet slope. Slopes were measured either in the field or 

from a contour map with the scale of 1" = 50'. A description of the methods used to determine 

diversion capacities, flow velocities, and riprap sizes is presented in Appendix 7-1O_and 7-23. All 

diversion calculations are presented in Appendices 7-12,7-13, and 7-23. 

Diversion of Perennial and Intermittent Streams. Flows from the two tributary streams are 

diverted under the fill area by two large corrugated metal pipes. Both diversions are temporary, 

and can adequately pass the peak flows from the 10-year, 6-hour precipitation event. 

Mud Spring Hollow flows into a 42-inch diameter CMP. The mitered inlet structure is constructed 

of concrete and has a headwall of approximately 4 feet. It discharges directly into the 72-inch East 

Spring Bypass culvert. Based on the calculations presented in Appendix 7-11, the peak flow rate 

from watershed MSH-1 is 38.06 cfs. The minimum culvert slope is 1.8% which results in a 

maximum flow depth of 1.79 feet. The existing culvert is adequate in size. 

The flows in East Spring Canyon are diverted by a 72-inch diameter CMP. This pipe is large 

enough to handle the flows from East Spring Canyon and Mud Spring Hollow. This CMP extends 

under the fill area and discharges downstream below the primary sedimentation pond. The size 

of the bypass narrows to a 48-inch diameter CMP down the steep fill slope. 

The peak flow from East Spring Canyon is 59.6 cfs. The concrete inlet structure was evaluated 

according to methods described in Appendix 7-10. The inlet structure is adequate to pass the 

design storm event. 
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An emergency diversion was constructed at the main mine fan for the East Spring Canyon bypass 

culvert. This 3.5 foot square drop drain with oil skimmer cap connects into a 48-inch culvert 

directed into the East Spring Canyon bypass culvert. This serves as an overflow system when the 

trash rack at the inlet to East Spring Canyon becomes plugged with debris. 

The combined peak flow from East Spring Canyon and Mud Spring Hollow for the 10-year, 6-hour 

precipitation event is 97.9 cfs. The capacity of the culvert was evaluated based on this flow rate 

and a minimum culvert slope of 1.2%. The resulting maximum flow depth of 2.6 feet indicates that 

the existing culvert is adequate. The capacity of the 48-inch culvert was also verified. The 

resulting maximum flow depth, corresponding to the minimum slope of 10%, is 1.75 feet. The 48-

inch culvert is adequate to pass the design storm. 

The discharge velocity from the 48-inch culvert was determined to verify the adequacy of the 

existing riprap (D50 = 15 inches). The calculated outlet velocity, based on a culvert outlet slope of 

10%, is 18.5 feet per second. Using methods defined in Appendix 7-10, the required average 

riprap size at the outlet is 15 inches. The existing riprap is acceptable. 

Outfall from the 48-inch East Spring Canyon and Mud Spring Hollow culvert described above flow 

approximately 800 feet through the natural stream at the canyon bottom into a 66-inch smooth wall 

CMP culvert whose inlet will be installed immediately upstream from the overflow pond. The 66-

inch smooth wall CMP culvert is designed to safely convey the peak flow from a 100-yr, 6-hr storm 

for East Spring Canyon, Mud Spring Hollow, overflow from the primary sedimentation pond, and 

undisturbed areas upstream from the overflow pond (DWN-2 and DWN-4). This culvert will 

discharge immediately below the overflow pond within the natural stream channel. For more 

information see Plates 7-4 and 7-5A and Appendix 7-23. 

The primary sedimentation pond diversion culvert allows discharge from the sedimentation trap to 

bypass the primary sedimentation pond and flow directly into the overflow pond. This culvert is also 

designed to allow discharge from the primary sedimentation pond to flow directly into the overflow 

pond. Due to this culvert acting as a bypass for the primary sedimentation pond the 18-inch CMP 

sedimentation trap diversion has been designed to convey the 25-year, 6-hour precipitation event. 

For more information see Plates 7-4 and 7-5A and Appendix 7-23. 
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Diversion of Miscellaneous Flows. Diversion ditches and culverts have been utilized within the 

permit area to divert miscellaneous flows from disturbed and undisturbed area drainages. 

Diversion Ditches. A summary table of the minimum channel geometry, channel slope, peak 

discharge, minimum riprap requirements, maximum flow velocity and minimum freeboard values 

for each diversion ditch within the facilities area is presented in Table 7-9. All calculations are 

contained in Appendix 7-12 and 7-23. Each ditch was verified in the field and has adequate 

capacity and erosion protection to pass the 1 a-year, 6-hour precipitation event. A description of 

the diversion ditches within the facilities area is presented below: 

• Interception ditch along the East Side Road which drains the undisturbed watershed 

CBE-5. This diversion drains into the CBE bypass culvert at the substation. 

Interception ditch along the East Side Road which drains the undisturbed 

watersheds CBE-1 through CBE-5. This diversion drains into the CBE continuance 

diversion. 

• Substation pad upper interception ditch which drains the undisturbed watershed 

CBE-4. This diversion drains into the CBE bypass culvert at the substation. 

Substation pad lower undisturbed interception ditch which drains the watershed 

CBE-3. This diversion drains into a drop drain for the CBE bypass culvert at the 

substation and is part of the alternate sediment control measures defined in Section 

7.4.2.1. 

• Riprap diversion channel for CBE continuance diversion. This diversion carries 

flows from the lower interception ditch along the East Side Road to an adjacent 

ephemeral drainage. 

Interception ditch for the undisturbed watershed ESC-6 north of the ATOF. This 

diversion discharges to the inlet of the 1 a-inch pipe diversion which connects into 

the 72-inch East Spring Canyon bypass system. 

• Interception ditch for the undisturbed watershed ESC-7 north of the ATOF. This 

diversion drains to an 8-inch pipe that tees into the 1 a-inch pipe which drains ESC-

6. 

Interception ditch for the undisturbed watershed MSH-2 north of the ATOF. This 

diversion drains to the inlet of the 42-inch Mud Spring Hollow bypass. 
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• Interception ditch for the undisturbed watershed MSH-2A north of the ATOF. This 

diversion drains to the 6-inch pipe diversion which connects into the 72-inch East 

Spring Canyon bypass system 

Interception ditch draining watershed 0IS-1A. This diversion drains to one of the 

drop drain inlets of the 10-inch mine yard drain line. 

Sedimentation pond access road diversion ditch. This diversion drains the 

disturbed watershed 01S-3 and discharges to the sedimentation pond. 

• Main access road diversion ditch which drains undisturbed watershed OWN-1. This 

ditch drains to the pipe number 5 diversion. 

Link Canyon Substation No.1 ditch which drains the watersheds LINK and ASCA-1. 

This diversion diverts the upper undisturbed drainage around the substation and 

drains to the Link Canyon Substation No. 1 road swale. This diversion ditch was 

reclaimed in 2000. 

• Link Canyon Substation No.1 road swale which drains watersheds LINK, ASCA-1, 

and ASCA-3. This diversion carries flows from the Link Canyon Substation No. 1 

ditch across the substation access road to the main Link Canyon road drainage. 

This diversion was reclaimed in 2000. 

Link Canyon Substation No.2 ditch which drains the watersheds LINK No.2, ASCA-

4 and ASCA-7. This diversion diverts the upper undisturbed drainage around the 

substation and drains to the main Link Canyon road drainage. 

Link Canyon Portal access road Channel No. 1 diversion ditch. This diversion 

diverts the access road disturbed drainage and the undisturbed drainage above the 

road to the Link Canyon drainage bypass culvert inlet. 

Link Canyon Portal Pad Channel No.2 diversion ditch. This diversion diverts the 

pad area disturbed drainage and the undisturbed drainage above the pad to the 

Link Canyon drainage bypass culvert inlet. 

The west overflow pond undisturbed area diversion channel. This channel diverts 

runoff from the undisturbed area immediately west of the overflow pond and 

conveys the runoff south to the overflow pond access road channel. 

• The overflow pond access road channel. This channel diverts runoff from the 

undisturbed area immediately west of the overflow pond access road and runoff 

from the west overflow pond channel south along the west side of this road to a 

swale and across U.S.F.S road . 
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• The east overflow pond undisturbed area diversion channel (shallow section). This 

channel diverts runoff from the undisturbed area immediately east of the overflow 

pond and conveys the runoff south to the face of the overflow pond impound. 

• The east overflow pond undisturbed area diversion channel (steep section). This 

channel collects runoff from the east overflow pond channel shallow section and 

diverts it down the impoundment face into the existing natural stream channel at the 

bottom of east spring canyon. 

• The overflow pond inlet swale. This swale conveys outfall from gate box #2 south 

to the overflow pond. This swale will be designed to allow track hoes and bull 

dozers to drive across it for maintenance purposes. 

A description of the diversion ditches within the waste rock disposal site can be found in the Waste 

Rock Volume of this M&RP. 

Diversion Culverts. A summary table of the culvert size, slope, peak discharge, existing riprap 

at outlet, and outlet flow velocity for each culvert within the facilities area is presented in Table 7-10. 

All calculations are contained in Appendix 7-13. Each culvert has adequate capacity and outlet 

erosion protection to pass the 1 O-year, 6-hour precipitation event. The primary sediment diversion 

culvert allows discharge from the sedimentation trap to bypass the primary sedimentation pond. 

Therefore this culvert must have adequate capacity to safely pass the peak flow resulting from the 

25-year, 6-hour precipitation event. To ensure that the overflow pond embankment remains stable 

during 100-year, 6-hour storm, the overflow pond bypass culvert was designed to have adequate 

capacity and erosion protection to pass the 100-year, 6-hour precipitation. A description of the 

diversion culverts within the facilities area is presented below: 

East Spring Canyon bypass culvert. This culvert drains the undisturbed watersheds 

ESC-1 through ESC-5 and extends under the fill area and discharges downstream 

below the primary sedimentation pond. 

• Mud Spring Hollow bypass culvert. This culvert drains the undisturbed watershed 

MSH-1 and connects into the 72-inch East Spring Canyon bypass culvert system. 

• CBE bypass culvert at the substation. This culvert drains the undisturbed 

watersheds CBE-2 through CBE-5 and discharges to the 10wer~ E~~' ~i1,e {~?r!~' ! 1) 
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interception ditch. Three drop drains direct the flows to the bypass culvert. The 

drop drains help reduce the time the runoff water will be on the pad area to reduce 

the chance of water migrating through the substation pad fill and lubricating the 

substation slide slip zone. 

Pipe NO.5 diversion culvert which drains the undisturbed area DWN-1. This culvert 

discharges below the sedimentation pond access road to the natural slope. It does 

not drain to the pond. 

• 1O-inch pipe diversion for undisturbed watersheds ESC-6 and ESC-7. This pipe 

connects into the 72-inch East Spring Canyon bypass system. 

8-inch pipe diversion for undisturbed watershed ESC-7. This pipe connects to the 

1 a-inch pipe that drains undisturbed watershed ESC-6. 

• 6-inch pipe diversion for undisturbed watershed MSH-2A. This pipe connects into 

the 72-inch East Spring Canyon bypass system. 

Main Mine Fan Diversion. The main mine fan is located in a depression which is 

nine feet below the adjacent mine yard drainage system. A sump pump with 

automatic float controls in front of the main fan will pump the runoff from this area 

into the 1 a-inch mine yard drain line. 

• 1 a-inch mine yard drainage system. This drainage system was installed to handle 

normal surface flows in the mine yard and to reduce the occurrence of mud and 

erosion. The drainage system consists of drop inlets and a 1 a-inch pipeline 

discharging to the concrete sediment trap. It was not designed to pass the 1 a-year, 

6-hour precipitation event. Instead, the surface area of the mine yard is graded to 

divert all runoff to the concrete sediment trap. 

• The sediment trap diversion culvert allows the sedimentation pond to drain for 

sediment removal. This culvert discharges to the overflow pond. 

• The 66-inch overflow pond bypass culvert allows watersheds DWN-1, DWN-2, 

DWN-3, MSH-1, MSH-2, and ESC-1 through ESC-7 to bypass the overflow pond. 

This culvert discharges immediately downstream of the overflow pond. 

A description of all diversion culverts within the waste rock disposal site can be found in the Waste 

Rock Volume of this M&RP. 
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All Roads. The existing roads within the facilities area are the mine access road, the primary 

sedimentation pond access road, the east side road, and overflow pond access road. The existing 

road within the Link Canyon facilities area is the substation access road. All of the roads have 

been constructed to include adequate drainage control with the use of diversion ditches, culverts, 

and containment berms. None of the roads are located in the channel of an intermittent or 

perennial stream. All roads have been located to minimize downstream sedimentation and 

flooding. Diversion ditches and culverts for all roads are described in Section 7.4.2.3 above. 

Primary Roads. The mine access road is the only primary road within the permit area. The mine 

access is located, where practical, to minimize erosion. The access road does not ford any stream 

channels. 

The drainage control system for the mine access road includes a diversion ditch, culvert, and berm. 

The diversions will adequately pass the peak runoff from the 1 a-year, 6-hour precipitation event. 

Drainage details for the access road are presented in Section 7.4.2.3 above. 

The culvert draining the undisturbed area DWN-1 adjacent to the mine access road is identified as 

pipe no. 5. It is constructed with an mitered inlet with a trash rack to avoid plugging. The outlet 

of the culvert, located below the primary sedimentation pond access road, is adequately lined with 

riprap to prevent erosion. Refer to Section 7.4.2.3 for additional drainage details. The diversion 

ditch and culvert will be maintained and operated as described in Section 7.3.2.3. No natural 

stream channels were relocated for the construction of the mine access road. 

7.4.3 Impoundments 

The existing impoundments within the permit area consist of the four structures constructed for 

sediment control purposes. These structures are: 

The concrete sediment trap located near the southern end of the mine yard. 

The primary sedimentation pond located immediately below the fill on which the 

existing mine facilities are constructed. 

The overflow pond located approximately 800 feet below the primary sedimentation 

pond. 

The sedimentation pond located at the waste rock disposal site. H\! .. i ',1; J) 
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All pertinent information regarding these sedimentation ponds is presented in Sections 7.3.2.2 and 

7.4.2.2. 

7.4.4 Discharge Structures 

The discharge structures within the permit area consist of the primary and emergency spillways on 

each sedimentation pond. The spillways on all sedimentation ponds within the permit area will 

adequately pass the peak discharge from the 2S-year, 6-hour precipitation event. Detailed 

information for each sedimentation pond is presented in Sections 7.3.2.2 and 7.4.2.2. 

The spillway of the concrete sediment trap consists of an overflow weir which discharges to a 24-
, 

inch CMP culvert. The culvert drains into canal box #1. From this canal box it drains either into 

a 24-inch culvert, then directly into the primary sediment pond, or into the 18-inch primary sediment 

pond bypass. Specific construction details of the spillway system for the sediment trap are 

presented in Plates 7-4 and 7-SA and Appendix 7-8 and 7-23. 

The primary spillway on the primary sedimentation pond consists of a 12-inch steel riser with a 

covered oil-skimmer. The primary spillway discharges directly to the 18-inch primary sediment 

pond bypass culvert. The emergency spillway is a trapezoidal open channel lined with riprap. The 

bottom width is 14 feet with side slopes of 2: 1 (horizontal:vertical). This spillway discharges to the 

downstream natural drainage system. The design calculations for the spillways are presented in 

Appendix 7-14 and 7-23. The details for each spillway are presented on Plate 7-S. 

The primary spillway on the overflow pond consists of a 24-inch steel riser with an oil-skimmer. 

The primary spillway discharges directly to the riprap lined emergency spillway channel below the 

pond. The emergency spillway is a trapezoidal open channel lined with riprap. The top section of 

the spillway has a bottom width of 1 feet with side slopes of 12H: 1 V to allow vehicles to be driven 

across the spillway for maintenance access. The sloped section of the spillway, or bottom section, 

slopes down the face of the impoundment at 3H:1V with a 1 foot wide bottom. The emergency 

spillways discharge to the downstream natural drainage system. The primary spillway discharges 

through a flume to measure flow and then enters the natural drainage system. The details for each 

spillway are presented on Plate 7 -SA. 
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Details for the discharge structures on the waste rock disposal site sedimentation pond are 

presented in the Waste Rock Volume of this M&RP. 

7.4.4.1 Erosion Protection 

Each discharge structure was evaluated to determine the adequacy of the existing riprap, and 

capacity of the structure during the 25-year, 6-hour precipitation event. The calculations for the 

discharge structures within the facilities area are presented in Appendix 7-14. 

The discharge structure on the overflow pond was evaluated to determine the size of the riprap, 

and capacity of the structure during the 25-year, 6-hour precipitation event. The calculation for the 

discharge structures within the overflow pond are presented in Appendix 7-23. 

The 24-inch CMP from the concrete sediment trap discharges to the primary sedimentation pond. 

The outlet slope, measured in the field, is 53%. The peak discharge from the sediment trap is 2.1 

cubic feet per second. Using methods discussed in Appendix 7-10, the flow velocity at the culvert 

outlet is 11.8 feet per second. The flow depth at the outlet is 0.21 feet. 

The erosion protection at the culvert outlet consists of one large boulder, 6 to 8 feet in diameter, 

located approximately 10 feet below the outlet. In addition, riprap with the average size of 14 

inches is located at the immediate vicinity of the outlet. Based on methods defined in Appendix 7-

10 and an outlet velocity of 11.8 feet per second, an average riprap size of 15 inches is required 

at the outlet. Therefore, the combination 14-inch riprap and 6-foot boulder erosion protection at 

the culvert outlet is adequate. 

The 12-inch primary spillway on the primary sedimentation pond discharges to 18-inch primary 

sediment pond bypass. The emergency spillway channel has a bottom width of 14 feet, side slopes 

of 2H:1V, and an average riprap size of 15 inches. 

The adequacy of the existing riprap was initially evaluated assuming the peak discharge of 2.2 cfs 

flows exclusively down the emergency spillway. In this case, assuming a maximum channel slope 

of 71 %, the maximum flow velocity is 3.7 feet per second. This is considered non-erosional. 

Finally, the riprap was evaluated assuming the peak discharge flows exclusively through the 12-

inch primary spillway. In this case, assuming an outlet slope of 35%, the maximum flow velocity 

is 11.1 feet per second at the culvert outlet. Using methods defined in Appendix 7 -19,}he req~ir~~ 
.. t., .... : 
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average riprap size to provide adequate protection is 12 inches. Therefore, the existing 15-inch 

riprap is acceptable. 

The 18-inch primary spillway on the overflow pond discharges into a flume to measure the outlet 

flow. From the flume discharge enters the historic natural drainage path. The top or upper 

emergency spillway channel has a bottom width of 1 feet, side slopes of 12H:1V and an average 

riprap size of 2-inches. The bottom section, which slopes down the face of the impoundment, has 

a 1 foot wide bottom, with 2H:1V side slopes and slopes down the impoundment at a 3H:1V. 

Assuming a maximum channel slope of 33.3%, the maximum flow velocity for the emergency 

spillway is 5.53 feet per second. The riprap was evaluated assuming the peak discharge flows 

exclusively through the 18-inch primary spillway. In this case, assuming an outlet slope of 5.88%, 

the maximum flow velocity is 4.35 feet per second at the culvert outlet. Using methods defined in 

Appendix 7-10; the required average riprap size to provide adequate protection for the channel 

above the primary spillway outfall is 2-inches, and the required average riprap size to provide 

adequate protection for the channel below the primary spillway outfall is 2-inches. 

The riprap design for the discharge structures on the waste rock disposal site sedimentation pond 

is presented in the Waste Rock Volume of this M&RP. 

7.4.4.2 Design Standards 

All discharge structures within the permit area were designed and constructed according to 

standard engineering design procedures. 

7.4.5 Disposal of Excess Spoil 

There is no excess spoil within the permit area. 

7.4.6 Coal Mine Waste 

7.4.6.1 General Requirements 

All coal mine waste is contained within the waste rock disposal site. All coal mine waste will be 

placed in a controlled manner to minimize adverse effects of leachate and surface water runoff on 

surface and groundwater quality and quantity. A description of the methods of plaffirr~n,t c~n be {,', , . ,_. 
. "'.'~~: ):-: ~'\i~ :~;,} 

found In the Waste Rock Volume. '. 
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A detailed description of the refuse piles at the waste rock disposal site can be found in Chapter 

5 and the Waste Rock Volume of this M&RP. 

Based on the size, configuration, and open graded structure of the waste rock fill and its location 

at the site, no underdrains or rock core chimney drains were required . There are no springs or 

seeps within the fill area which require special treatment. 

All surface precipitation falling on the fill is channeled to the sedimentation pond located down 

gradient from the toe of the disposal area fill. All surface drainage from the areas above the site 

is diverted around the disposal area using diversion ditches. Surface drainage from the county 

road above the site is controlled by a shoulder ditch and diverted away from the fill area. All 

diversions are lined with either riprap, concrete, or vegetation to minimize surface erosion at the 

site. 

No permanent impoundments will exist on the completed refuse pile. 

7.4.6.3 Impounding Structures 

There are no impounding structures within the permit area that are constructed of coal mine waste 

or are used to impound coal mine waste. 

7.4.6.4 Return of Coal Processing Waste to Abandoned Underground 

Workings 

Coal processing waste is not returned to abandoned underground workings at this facility. 

7.4.7 Disposal of Noncoal Mine Waste 

Disposal of noncoal mine waste is discussed in Chapter 5. 

7.4.8 Casing and Sealing of Wells 

Each water well has been cased, sealed, or otherwise managed, as approved by the UDOGM, to 

prevent acid or other toxic drainage from entering ground or surface water, to minimize disturbance 

to the hydrologic balance, and to ensure the safety of people, livestock, fish and wildlife, and 

machinery in the permit and adjacent area. The drill logs and completion diagramsJor the water 
~ ." ,~ .<: ' ~' ~" ;..;\~~'. ) 

wells are contained in Appendix 6-1 . 
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If a water well is exposed by coal mining and reclamation operations, it will be permanently closed 

unless otherwise managed in a manner approved by the UDOGM. 

7.50 Performance Standards 

All mining and reclamation operations will be conducted to minimize disturbance to the hydrologic 

balance within the permit and adjacent areas, to prevent material damage to the hydrologic balance 

outside the permit area and support approved postmining land uses. 

7.5.1 Water Quality Standards and Effluent Limitations 

Discharges of water from disturbed areas will be in compliance with all Utah and federal water 

quality laws and regulations and with effluent limitations for coal mining contained in 40 CFR Part 

434. 

7.5.2 Sediment Control Measures 

All sediment control measures will be located, maintained, constructed and reclaimed according 

to plans and designs presented in Sections 7.3.2, 7.4.2, and 7.6.0. 

7.5.2.1 Siltation Structures and Diversions 

Siltation structures and diversions will be located, maintained, constructed and reclaimed according 

to plans and designs presented in Sections 7.3.2, 7.4.2, and 7.6.3. 

7.5.2.2 Road Drainage 

All roads will be located, designed, constructed, reconstructed, used, maintained and reclaimed 

according to plans and designs presented in Sections 7.3.2.4,7.4.2.4, and 7.6.2. All roads have 

been designed to: 

Control or prevent erosion, siltation and the air pollution attendant to erosion by 

vegetating or otherwise stabilizing all exposed surfaces in accordance with current, 

prudent engineering practices; 

• Control or prevent additional contributions of suspended solids to stream flow or 

runoff outside the permit area; 

• 

Neither cause nor contribute to, directly or indirectly, the violation of effluent 

standards given under Section 7.5.1. 

Minimize the diminution to or degradation of the quality or quantitXiRf;-su1aR~? c;md'-i 't) 

ground-water systems; . 
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• Refrain from significantly altering the normal flow of water in streambeds or 

drainage channels. 

7.5.3 Impoundments and Discharge Structures 

Impoundments and discharge structures will be located, maintained, constructed and reclaimed 

as described in Sections 7.3.3, 7.3.4, 7.4.3, 7.4.5, and 7.6.0. 

7.5.4 Disposal of Excess Spoil, Coal Mine Waste and Noncoal Mine Waste 

Disposal areas for coal mine waste and noncoal mine waste will be located, maintained, 

constructed and reclaimed as described in Sections 7.3.6, 7.3.7, 7.4.6, 7.4.7, 7.6.0 and Chapter 

5. 

7.5.5 Casing and Sealing of Wells 

All wells will be managed as described in Sections 7.4.8 and 7.6.5. Water monitoring wells will be 

managed on a temporary basis as described in Section 7.3.8. 

7.60 Reclamation 

7.6.1 General Requirements 

A detailed reclamation plan for the mine is presented in Section 5.40. In general, SUFCO will 

ensure that all temporary structures are removed and reclaimed. SUFCO plans to remove all 

culverts within the surface facility area during final reclamation. Permanent diversions will be 

maintained properly and will meet the req uirements of the approved reclamation plan for permanent 

structures and impoundments. SUFCO will renovate the diversion structures if necessary to meet 

the requirements of R645-301 and R645-302 and to conform to the approved reclamation plan. 

7.6.2 Roads 

A road not to be retained for use under an approved postmining land use will be reclaimed 

immediately after it is no longer needed for coal mining and reclamation operations. 

7.6.2.1 Restoring the Natural Drainage Patterns 

All natural drainage patterns will be restored. 

I 'e 
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All cut and fill slopes will be reshaped to be compatible with the postmining land use and to 

complement the drainage pattern of the surrounding terrain. 

7.6.3 Siltation Structures 

7.6.3.1 Maintenance of Siltation Structures 

All siltation structures will be maintained until removed in accordance with the approved reclamation 

plan. 

7.6.3.2 Removal of Siltation Structures 

When the siltation structure is removed, the land on which the siltation structure was located will 

be regraded and revegetated in accordance with the reclamation plan presented in Section 5.40. 

Because of the narrow confines of East"Spring Canyon it is not practical to remove the mine fili 

area and restore the area to approximate original contour without removing the sediment pond at 

the base of the fill. Interim sediment control measures as discussed in Section 5.40 will be 

implemented during the reclamation stage. 

7.6.4 Structure Removal 

A timetable for the removal of each structure is presented in Figure 5-2. 

7.6.5 Permanent Casing and Sealing of Wells 

When no longer needed for monitoring or other use approved by the UOOGM upon a finding of no 

adverse environmental or health and safety effects, or unless approved for transfer as a water well, 

each well will be capped, sealed, backfilled, or otherwise properly managed, as required by the 

UOOGM. Wells will be sealed and backfilled by placing a concrete plug from TO to surface. 

Permanent closure measures will be designed to prevent access to the mine workings by people, 

livestock, fish and wildlife, machinery and to keep acid or other toxic drainage from entering ground 

or surface waters. 
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- -0- ... "" ........... 

. • 

Search or TOWNSHIP = '20S' and RANGE = '4E' and BEM = 'SL' 

'YR Dinrsion Well Location Status Priori!)' t.1scs CFS ACFT Addres~ Owner Name Latitude Longitude 
"'umber Type Log 

S660 

94-342 
Point to W660 £4 

P 1879 S 0.0110000 
324 - 25TH USA FOREST 

3~0519957537-111.507670527 
Point 1920S4E STREET SERVICE 

SL 

N660 

94-343 
Point to E660 S4 

P 1879 S 00000000 
324 - 25TH USA FOREST 39.0922188478 -111.437923863 

Point 0220S4E STREET SERVICE 

SL 

S660 

94·399 
Point (0 WI980 £4 P 1879 S 0.0000000 

324 - 25TH USA FOREST 39.0963880645 -111419104896 
Point 01 205 4E STREET SERVICE 

SL 

N660 

94-401 
Point (0 EI980W4 

1879 S 00000000 
324 - 25TH USA FOREST 39.1001631064 -II 1.423907198 

Point 0120S4E P STREET SERVICE 

SL 

SI980 

94·407 
Point to E660N4 

P 1879 S 00110.000 
324 - 25TH USA FOREST 

3~1008265918-111 419117794 
Point 0120S4E STREET SERVICE 

SL 

N660 

94-408 
Point to EI980W4 1879 S 0.01 10000 

324 - 25TH USA FOREST 39.1001631064 -I 11.423907198 
Point 01 20541: P STREET SERVICE 

SL 

N660 

9'~-409 
Point to EI980 W4 

1879 5 0.0110000 
324 - 251'11 USA FOREST 39 1003081135 -I II 442535654 

Point 0220S4E P STREET SERVICE 

SL 

N660 

94-415 
Point to W66054 

P 1879 5 0.0000000 
324 - 25TH USA FOREST 39.0920991774 -111.423872294 

Point 01 20S4E STREET SERVICE 

SL 

Point to 
NI WI600 324 - 25TH USA FOREST 

94-481 Point 
SE 25 20S P 1879 5 00000000 

STREET SERVICE 
390322862255 -111.417885168 

4E SL 

Point to 
NI £1700 324 - 25TH USA FOREST 

94-482 Point 
5W 25 20S P 1879 5 00000000 

STREET SERVICE 
390323669523 -III 424821745 

4£ SL 

Point to 
NI E2350 324 - 25TH USA FOREST 

2"'-483 Point 
SW 35 20S P 1879 S 00000.000 

STREET SERVICE 
390176327112 - III 441181235 

4E SL 

Point to 
N2200 EI 324 - 25TH USA FORESl 

94-484 Point 
SW 2620S P 1879 S 00000000 

STREET SERVICE 
39.038343737 I -III 449497953 

4E SL 

Point to 
NI W600 324 - 25Hl USA FORESl 

94-485 Point 
5E 34 20S P 1879 S 00000000 

STREI:T SERVICE 
39 0175928133 -III 451567888 

4E SL 

Point to 
N300 \1/50 324 - 25TH USA FOREST 

94-497 Point 
SE 30 20S P 1879 S 00000000 

STREET SERVICE 
390331580379 -11150553208 

4E SL 

S2600 I 
94-498 

Point to W4000 NE P 1879 S 00000000 
324 - 25TI1 USA FOREST 

390395652378 -III 5007i)~m D 
Point 2920S4E STREET SERVICE 

SL 
39 04416403JftR 5tJ952BJa )91~-499 Point to P 1879 S 00000000 324 - 25TH USA FOREST 

Point STREET SERVICE 

niv, of Oil, GEL:;; & Mining 

http://maps.waterrights.utah.gov/Py/platKMLform.py 81212016 



WKt'LAl rage Lor 11 

S900 E650 
NW29 
20S 4E SL 

Point to 
SI W2000 

324 - 25TH USA FOREST 
94·500 

Point 
NE 29 20S P 1879 S 0.0000.000 

STREET SERVICE 
39.0467335758 ·11 1.4937 141 13 

4E SL 

N2 100 

94·501 
Point to E710 SW 

P 1879 S 00000.000 
324·25TH USA FOREST 

39.0525441675 -111484208017 
Point 21 20S 4E STREET SERVICE 

SL 

Point to 
N2250 EI 

324 - 25TH USA FOREST 
94·502 

Point 
S\V 72 20S P 1879 S 00000000 

STREET SERVICE 
39 052809066 I - I II 467997899 

4E SL 

Po int to 
S100 E400 32425TH USA FOREST 

94-503 
Poinl 

NW23 P 1879 S 00000000 
STREET SERVICE 

39061067718 -I 11448070895 
20S 4E SL 

SI500 

2" ·50;1 
Point to WII OO NE P 1879 S 0.0000000 

324 - 25TH USA FOREST 
39.0425839372 -111.453350797 

Pnint 27 20S -i r: C'Tn r~r'T C'rn"r,.-,r 
\.Jll\"LL! o..JL!\"Vl'_L 

SL 

N900 

2-1·501 
Point to E200 SW 

P 1879 S 0.0000 .000 
324 - 25TH USA FOREST 

39.0638115264 -111.448792899 
Point 14 20S 4E STREET SERVICE 

SL 

Point to 
SI400 EI 

324 - 25TH USA FOREST 
94-508 

Point 
NW23 P 1879 S 0.0000.000 

STREET SERVICE 
39.0574918049 -111449453952 

20S 4E SL 

S2100 

9·\-509 Point to EI350NW 
1879 S 00000000 

324 - 25TI I USA FOREST 
39.070 1010056 -111426072708 

Po int 13 20S 4E P STREET SERVICE 
SL 

S2600 

2+510 
Point to W600 NE 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 

39.0687023534 -I 11.432935176 
Point 14 20S 4E STREET SERVICE 

SL 

Nl300 

!H·51l 
Point to W600 SE 

P 1879 S 00000.000 
324 - 25TH USA FOREST 

39.0649846068 -III 433111866 
Point 14 20S 4E STREET SERVICE 

SL 

S520 

2 1·512 
Point to EIlOO NW P 1879 S 0.0000.000 

324 - 25TH USA FOREST 
39.0744372851 -111.426979738 

Point 13 20S 4E STREET SERVICE 
SL 

Point to 
SI EI850 324 - 25TII USA FOREST 

94·513 
Point 

NW 13 P 1879 S 0.0000000 
STREET SERVICE 

39.0758724081 -111.424345474 
20S 4E SL 

N660 

24-514 
Point to E660 W4 P 1879 S 0.0000.000 

324 - 25TH USA FOREST 
39.0556413694 -111.503046586 

Point 20 20S 4E STREET SERVICE 
SL 

Point to 
S660 E660 

324 - 25TH USA FOREST 
94·515 

Point 
NW20 P 1879 S 00110000 

STREET SERVICE 
39.0592085675 -III 503013941 

20S 4E SL 

N660 n\h"! . "',:,'\ "'T':'D 
Point to W660 E4 324 - 25TH USA FOREST 

) .~ ', • • ', ,I ~ I; "t,;' ~ A r'\ L ., 

94·516 
Point 19 20S 4E P 1879 S 00000000 

STREET SERVICE 
39 0556211555 -III 507696.J.92 

SL APR 1 9 2018 S660 E660 
94·517 

Point to 
N4 20 20S P 1879 S 00000.000 

324 - 25TH USA FOREST 
390593234438 -111.493661394 

Point 
4E SL 

STREET SERVICE 
Div. of Oil, Gas 8 .. Mininc 

N660 

94-518 Point to W660 E4 
P 1879 S 0.0000.000 

324 - 25TH USA FOREST 
39 ,0558062471 -111.488995388 

Point 20 20S 4E STREET SERVICE 
SL 

94·519 Point to S660 P 1879 S 001 10.000 324 - 25TH USA FOREST 39.05207843 -111.470305168 
Point W660 E4 STREET SERVICE 

http://maps.waterrights.utah.gov/Py/platKMLform.py 8/2/2016 



- --C' - -" ......... ... .... 

2120S4E 
SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-520 
Point 

W41620SP 1879 S 00000000 STREET SERVICE 
39.0667918071 -111.48430162 

4E SL 

S660 

94-521 Point to W660 N4 
P 1879 S 0011 0.000 

324 - 25TH USA FOREST 39.0594327618 -111461066281 
Point 22 20S 4£ STREET SERVICE 

SL 

S660 

94-522 
Point to WI980 E4 P 1879 S 00000.000 

324 - 25TH USA fOREST 390666810133 -I) 1475042707 
Point 162054E STREET SERVICE 

SL 

S660 

9tl-523 
Point to W1980 E4 P 1879 S 00000.000 

324 - 25TH USA FOREST 39.0666810133 -111.475042707 
Point 16 20S 4E STREET SERVICE 

SL 

S660 

911 ·524 
Point to WI980 E4 1879 S 00000000 

324 - 25TH USA FOREST 39.0666810133 -111475042707 
Point 1620S4E P STREET SERVICE 

SL 

N660 

94-525 
Point to [660 SW 

P 1879 S 00000,000 
324 - 25m USA FOREST 39,0629937094 -I) I 4657105) 

Point 15 20S 4E STREET SERVICE 

SL 

N660 

94·526 
Point to E660SW 

P 1879 S 00110000 
324 - 25TH USA FOREST 39.062993709-1-111.46571051 

Point 15 20S 4E STREET SERVICE 

5L 

Point to 
5660 E660 324 - 25TH USA FOREST 

94-527 N4 22 20S P 1879 S 0000 0000 31.0594511125 -111 456415956 
Point 4E SL 

STREET SERVICE 

N660 

94·528 
Point to W660 S4 

P 1879 S 0000 0.000 
324 - 25TII USA FORE5T 

3~0630581739-ll1 461089867 
Point 15 20S 4E STREET SERVICE 

SL 
N660 

94-529 
Point to £660 S4 

P 1879 S 00000000 
324 - 25TH USA FOREST 39 063076526 -111.456439304 

Point 1520S4E STREET SERVICE 

SL 

S660 

94-530 
Point to WI980 E4 

1879 S 00000000 
324 - 25TH USA FOREST 

3~0668225471 -111456482068 
Point 1520S4E P STREE'I SERVICE 

SL 

Point to 
S660 E660 324 - 251H USA FOREST 

94-531 
Point 

N4 14 20S P 1879 S 0.0000000 
STREET SERVICE 

390741160072 -111 437871768 

4E SL 

5660 

2!:lli 
Point to W1980E4 p 1879 5 00000000 

324 - 25TH USA FOREST 390812691646 -111437858488 
Point 112054E STREET SERVICE 

SL 

S660 

94·534 
Point to WI98D E4 p 1879 S 0000 0 000 

324 - 25TH USA FOREST 390812691646 -II) 437858488 
Point 11 20S 4£ STREET SERVICE rNr:" r,r,c 1"1 

SL "d );-',j .. ..In/\TED 
S66D 

94-535 
Point to W660 N~ 

P 1879 S 00000000 
324 - 25TII USA FOREST 

39 074D<A~R2 -119 4mtrJ068 
Point 1420S4E STREET SERVICE 

SI. 

N660 OIV. ()t ( iI. (1 \ . ( lI,'dninq 
9'1·537 

Point to W660 Sf 
P 1879 5 00000000 

324 - 25TH USA FOREST 

Point 10 20S 4E STREET SERVICE 
39 (]7779 16 197 - I II ~5 1 890 I 17 . 

SL 

5660 

r 24-538 
Point to W660 E4 

P 1879 S 0000 a 000 
324 - 25H1 USA FOREST 390813868956 -111451870045 

Point 10 20S 4E STREET SERVICE 

SL 

http://maps,watelTights.utah.gov/Py/platKMLform.py 8/212016 



WKt'LA l rage q or 11 

N660 

~2 
Poin!!o E660 S4 

P 1879 S 0,000 0000 
324 - 25TH USA FOREST 

390922188478 -111437923863 
Point 02 20S 4E STREET SERVICE 

SL 

N660 

94·540 
Po in! to E660 S4 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 

39.0922384248 -I 11.456588061 
Point 03 20S 4E STREET SERVICE 

SL 

N660 

94·54] 
Point to W660 S4 

1879 S 00000000 
324 - 25TH USA FOREST 

39.092220063 -II I 461240542 
Point 03 20S 4E '-P 

STREET SERVICE 
SL 

SI980 

94·542 
Point to E660 N4 p 1879 S 00000000 

324 - 25TH USA fOREST 
39. 10 10581 009 -111.456391269 

Point 0320 ' 4E STREET SERVICE 
SL 

Puint to 
S660 E660 

324 - 25TI I USA FOREST 
94·543 Point 

W4 02 20S P 1879 S 00000,000 
STREET SERVICE 

39,0966649185 -111 447165771 
4E Sl. 

S660 

94·544 
Point to EI980 W4 

1879 S 0.0000000 
324 - 25TH USA FOREST 

39,0966827193 -III 442512988 
Point 02 20S 4E P STREET SERVICE 

SL 

Point to 
S660 E660 

324 - 25TH USA FOREST 
94-545 

Point 
W4 02 20S P 1879 S 0011 0000 

STREET SERVICE 
39.0966649185 -111447165771 

4ESL 

S660 

94·546 
Point to EI 980 Wt! 

1879 S 0011 0000 
324 - 25TH USA FOREST 

39,0966827193 -111.442512988 
Puin! 02 20S <I E P STREET SERVICE 

SL 

N660 

24-547 Point to E660 S4 
P 1879 S 0011 0000 

324 - 25TH USA FOREST 
39,0922188478 -111.437923863 

Point 02 20S 4E STREET SERVICE 
SL 

N660 

94-54ll. 
Puint !o W660 SE r 1879 S 0 0 110.000 

324 - 25TH USA rOREST 
39.0921687518 -III 433256464 

Point 02 20S 4E STREET SERVICE 
SL 

N660 

9,1-549 
Point to EI980 W4 p 

1879 S 00000000 
324 25T! I USA FOREST 

39,0703625912 -111461113911 
Point 15 20S 4E STREET SERVICE 

SL 

N660 

94·550 
Point to E660 SW p 1879 S 0.0000000 

324 - 25TH USA FOREST 
39.0776943846 -III 465819409 

Point 10 20S 4E STREET SERVICE 
SL 

N660 

94.55 1 
Point to E660 SW 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 3~fo~q69'43846 ~ (1 \ :4658 [9 10U) 

Point 10 20S 4E STREET SERVICE 
SL 

N660 APR 1 9 20m 
Point to E660 SW 324 - 25TH USA FOREST 

94-552 
Point 1020S4E 

P 1879 S 0000 0 000 
STREET SERVICE 

390776943846-111465819409 

SL [' . - -, ' I ( . r. "". . 

S660 E660 
_IIV. ot L! , j ·I.G (' ... U::ri ln~~ 

9<1·553 
Point to 

W4 10 20S P 1879 S o DOll 0000 
324 - 25'1'1 I USA FOREST 

39,0813343737 -111465852021 
Point 

4E SL 
STREET SERVICE 

Point to 
S660 E660 

324 - 25TH USA FOREST 
94-554 

Point 
W4 1020S P 1879 S 0.0000.000 

STREET SERVIC E 
39.0813343737 -111465852021 

4E SL 

S660 

94-555 
Point to W660N4 

P 1879 S 00000000 
324 - 25TH USA FOREST 

3907408978[2 -111479696311 
Point 16 20S 4E STREET SERVICE 

SL 

94-556 Point to S660 P 1879 S 0.0000.000 324 - 25TH USA FOREST 390740897812 -I [[ 479696311 
Point W660 N4 STREET SERVICE 

http://maps.waterrights.utah.gov/Py/platKMLform, py 8/212016 



.... _~_ -./ ...... ..1.. J...l. 

16 20S 4E 
SL 

N660 

24·557 
Point to E660 SW P 1879 S 00000000 

324·25TH USA FOREST 390777734321 -Ill 48-B 19293 
Point 09 20S 4E STREET SERVICE 

SL 

S660 

94·558 
Point to W660 N4 P 1879 S 0.01 10000 

314 - 25TI1 USA FOREST 3907401 10856 -111 498345253 
Point 17 20S 4E STREET SERVICE 

SL 

N660 

94--552 
Point to W660 SE 

P 1879 S 0.0000000 
324 - 25TH USA FOREST 390777539661 -III 488970804 

Point 08 20S 4E STREET SERVICE 

SL 

N660 

94·560 
Point to E660 S4 P 1879 S 00000000 

324 - 25TH USA FOREST 39.0776563172 -111.493719265 
Point 08 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 32-1- 25TH USA FOREST 

94·561 Point 
W4 09 20S P 1879 S 00000.000 

STREET SERVICE 
39.0813854452 -111 484306939 

4E SL 

N660 

94-562 
Point to [1980 W4 

1879 S 00000.000 
32-1- 25TH USA FOREST 390850301181 -III 479679743 

Point 09 20S 4E P STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94·563 Point 
\\'40420S P 1879 S 00000000 

STREET SERVICE 
39.0966188072 -11148-1284121 

4E SL 

S660 

94·564 
Point to WI980 E4 1879 S 0000 0.000 

324 - 25TH USA FOREST 390965932184 -I I 147511908 
Point 04 20S 4E P STREET SERVICE 

SL 

N660 

94-565 
Point to W660 E4 

P 1879 S 0.0110000 
324 - 25TH USA FOREST 391002375204-11147049042 

Point 04 20S 4E STREET SERVICE 

SL 

S660 

94-566 
Point to WI980 E4 P 1879 S 0.0000.000 

324 - 25TH USA FOREST 390965796865 -111.493589618 
Point 05 20S 4E STREET SERVICE 

SL 

SI980 

94-567 
Point to E660 N4 P 1879 S 00000000 

32425TH USA FOREST 391008475263 -11 1.493712983 
Point 05 20S 4E STREET SERVICE 

SL 

Point to 
5660 E660 324 - 25TH USA FOIU:Sl 

94-568 
Point 

NW04 p 1879 S 00000000 
STREET SERVICE 

391046147586-111484248859 

20S 4E SL 

94-571 
Point to 00NE04 

P 1879 S 0000 0000 
324 - 25TII USA FOREST 39.1064653143 -111468057244 

Point 205 4E 51. STREET SERVICE 

S660 
INcr'\~I"V""": rTr.:o ':\ . .; ~ , 1, ~ .. i ~ ;. "\ L-

94-575 
Point to W660 N4 p 1879 S 0.0]10000 

324 - 25TH USA FOREST 39.0740 II 0856 - II 1.498345253 
Point 17 20S 4E STREET SERVICE 

S1. APR 1 9 2018 
N660 

94-582 
Point to W66054 

P 1879 S 00000000 
32-1- 25TH ~~:~~~ESTO i Vl 9(!)12®Pil,7f3 z}.~ I@~f1HtHg 

Point 01 20S 4E STREET 

SL 

N660 

94-593 
Point to 1::660 S4 P 1879 S 00000000 

324 - 25IH USA FOREST 39.0922188478 -I 11437923863 
Point 02 20S 4F STREET SERVICE 

SL 

N660 

94·594 
Point to W660 S-1 P 18i 9 S 00000000 

324 - 25TH USA FOREST 39.0776364763 -II 1498370762 
Point 08 20S 4E STREET SERVICE 

S1. 

94·598 P 1879 S 00000000 390466235851 -III 47007405 

http://maps.watenights.utah.govlPy/platKMLform. py 8/212016 



WRPLAT t'age 0 or 11 

Point to NI W600 324 - 25TH USA FOREST 
Point S[2120S STREET SERVICE 

4E SL 

N660 

24-600 
Point to E660 W4 

P 1879 S 0011 0000 
324 - 25TH USA FOREST 

390557225634 -111465679147 
Point 22 20S 4E STREET SERVICE 

SL 

N660 

94·605 
Point to E660 S4 

P 1879 S 00110.000 
324 - 25TH USA FOREST 

39.0922188-178 - III 43 7 '1 23 ~ 63 
Point 02 20S 4E STREET SERVICE 

SL 

S660 

94-606 
Point to W660 N4 

P 1879 S 00 II 0 ODD 
324 - 25TH USA FOREST 

39.0740110856 -1114983-15253 
Point 1720S4E STREET SERVICE 

SL 

Point to S660 E660 
324 - 25TH USA FOREST 

94-609 
Point 

N4 04 20S P 1879 S 00 II 0 DOD 
STREET SERVICE 

39. 1046387294 -Ill 47498374 
4E SL 
C' r.. r.:n-r. r. r.n. 

Point to 
,-'VlJV I,\)UV 

324 - 25T! i USA FOREST 
94-610 

Point 
N4 04 20S P 1879 S 0.0110000 

STREET SERVICE 
39.1046387294-11147498374 

4E SL 

N550 

94·482 
Point to E1600 SW 

1879 S 0.0000000 
324 - 25TH USA FOREST 

39.0483997181 -111 425273263 
Point 24 20S 4E P STREET SERVICE 

SL 

S1950 

C) ' l -~!:J 
Point to W2150 NE 

1879 S 00000000 
324 - 25TH USA FOREST 

39.0414842887 -111438439945 
Point 26 20S 4E P STREET SERVICE 

SL 

NI800 

94-485 
Point tq WI150 SE 

1879 S 0.000 0000 
324 - 25Tfl USA FOREST 

39.0372293741 -111 453544668 
Point 27 20S 4E P STREET SERVICE 

SL 

N1700 

94-.1ll~ 
Point to W1250 SI: P 1879 S 00000000 

32425TII USA FOREST 
39.0369533456 -111 453895098 

Point 27 20S 4E STREET SERVICE 
SL 

N2300 

94-496 
Point to E1900 SW 

1879 S 00000000 
324 - 25TH USA FOREST 

39.0386360177 -111461329858 
Point 27 20S 4E P STREET SERVICE 

SL 

S1900 

!)4-497 
Point to E500NW 

P 1879 S 0000 0.000 
324 - 25TH USA FOREST 

39.0269799829 -11 1.484794966 
Point 33 20S 4E STREET SERVICE 

SL 

S1700 

94-498 
Point to W2350 NE P 1879 S 00000.000 

324 - 25TH USA FOREST 
39.04206 I 992 -11 1.494914355 

Point 29 20S 4E STREET SERVICE 
SL 

N2500 

9 ,1-492 
Point to E400 SW 

P 1879 S a ODD 0 000 
324 - 25TH USA FOREST 

39.0391731248 -11 I 44809791 I 
Point 26 20S 4E STREET SERVICE 

SL H\~f' '-, .,. ", " . /\ r~~' f) 
SI950 

94-500 
Point to W800 NE 

P 1879 S 0.0000000 
324 - 25TH USA FOREST 

39 .0413~p~9 -j 19 4~9 50372 Point 29 20S 4E STREET SERVICE 
SL ' 018 
S2450 

U A fOl E T Div. Of -, I Point to W2110 NE P 324 - 25T! 1 
. 

94-501 Point 
1879 S 00000000 TREET SERVI ' E 3 C) . O~ l)S 0':' 11 ;) lil;(n :"'- 3 6 liliO 28 20S 4E . :1 

SL 

N550 

94·502 
Point to EI600 SW P 1879 S 0.000 a 000 

324 - 25TH USA FOREST 
39.0483997181 -111 425273263 

Point 24 20S 4E STREET SERVICE 
SL 

94·503 Point to SI350 P 1879 S 00000000 32425TH USA FOREST 39.0576601656 -1 J 14413557 
Point E2300NW STREET SERVICE 
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- " · 0 - .. ..- . . .. 

2320S4E 
SL 

NI200 

24-504 
Point to W300 SE p 1879 S 00000000 

324 - 25TH USA FOREST 390500105346 -II 1450580203 
Point 22 20S 4E STREET SERVICE 

SL 

S600 

94-508 
Point to WI450 NE 1879 S 0.0000.000 

324 - 25TH USA FOREST 390597550035 -111436074529 
Point 23 20S 4E P STREET SERVICE 

SL 

S1800 

94-509 
Point to EIS50 NW P 1879 S 00000000 

324 - 25TH USA FOREST 390564983366 -111425485736 
Point 24 20S 4E STREET SERVICE 

SL 

NI150 

94-51Q 
Point to E3S0SW P 1879 S 0.0000000 

324 - 25TH USA FOREST 
3~0645850513-111 429762268 

Point 1320S4E STREET SERVICE 

SL 

N700 

94-S 11 
Point to E350SW 

P 1879 5' 0,0000000 
324 - 25TH USA FOREST 39,0633491129 -III 429754773 

Point 13 20S 4E STREET SERVICE 

SL 

SI500 

94-512 
Point to E2400NW I' 1879 S 00000,000 

324 - 25TH USA FOREST 39,0717624257 -111422382834 
Point J3 20S 4E STREET SERVICE 

SL 

SI980 

94-516 
Point to E660 N4 

I' 1879 S 00000000 
324 - 25TH USA FOREST 39,05569804 -111493636143 

Point 2020S4E STREET SERVICE 

51. 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-517 Point 
N4 20 205 Ii' 1879 S 0.0000000 

STREET SERVICE 
39 0593234438 -111.49366 1394 

4E SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

) 9tl-5 1R W42120SP 1879 S 0.0000000 39.0522003016 -111484320549 
Point 4ESL 

STREET SERVICE 

N660 

94-S20 
Point to W660E4 1879 S 00000000 

324 - 25TH USA FOREST 39.0558315586 -III 451828747 
Point 22 20S 4E P STREET SERVICE 

SL 
5660 

2;.t-S22 
Point to W660 N4 

I' 1879 S 0,0000000 
324 - 25TH USA FOREST 39,0594327618 -111.461066281 

Point 22 20S 4E STREET SERVICE 

SL 
N660 

94-523 
Point to W660 SE P 1879 S 00000000 

324 - 25TH USA FOREST 
3~0629749876-111 470361062 

Point 16 20S 4E STREET SERVICE 

SL 

N660 

94-524 
Point to W660 SE P 1879 S 00000000 

324 - 25TH USA FOREST 3~0629749876-111 470361 062 
Point 16 20S 4E STREET SERVICE 

SL 

N660 
INr'n:--.,-,~. 

Point to W660SE 324 - 25TH USA FOREST 
~~ ... "-' 1"II"uR/\ TED 

94-525 Point 16 20S 4E 
P 1879 S 00000.000 

STREET SERVICE 
390629749876 -111470361062 

SI: APR 1 9 201B 
N660 

94-527 
Point to W660 [4 

P 1879 S 00000000 
32-1- 25TH USA FOREST 3 j. 8ttJ '1- 1 ,t· - l8~'f7.a 

Point 22 20S 4E STREET SERVICE I .. " .. 
SL 

l r • • :.> I ling 

N660 

9:J-521l 
Poin( to W660 E4 p 1879 S 0000 0 000 

324 - 25TH USA FOREST 390558315586 -III 451828747 
Point' 22 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-529 Point 
NW23 P 1879 S 00000000 STREET SERVICE 

390595331895 -111447145197 

20S 4E SL 
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WKt'LAl rage: 0 Vi 11 

Point to 
S660 E660 

324 - 25TH USA FOREST 
94-530 

Point 
W4 14 20S P 1879 S 00000000 

STREET SERVICE 
39.0668586993 -111.447180436 

4E SL 

Point to 
S660 E660 

324 - 25TH USA FOREST 
94-531 

Point 
W4 1420S P 1879 S 0000 0.000 

STREET SERVICE 
39.0668586993 -Ill 447180436 

4E SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-532 
Point 

N4 14 20S P 1879 S 00000000 
STREET SERVICE 

39.0741160072 -I 11437871768 
4E SI 

N660 

94-535 Puint to E660 W4 
P 1879 S 0000 a 000 

324 - 25TH USA FOREST 
39.0704841109 -III 447203317 

Point 14 20S 4E STREET SERVI CE 
SL 

S660 

94-537 
Point to W660 NE 

P 1879 S 0.0000000 
324 - 25TH USA FOREST 

39.074166214 -1 1145186699 
Point 15 20S 4E STREET SERVICE 

SL 

N660 
n :. ~ .... r.c. c..n (" I 32 '! 25TH USA FOREST 

94-5311 
• UJIU LV Lo\}U~) U,. 

P 1879 S 0.0000.000 39.0777523657 -111 .'156529005 
Puint 10 20S 4E STREET SERVICE 

SL 

S660 

9i~-539 
Puint to WI980 E4 P 

1879 S 0.0000.000 
324 - 25TH USA fOREST • 

39.0813687234 -111.456521815 
Point to 20S 4E STREET SERVICE 

SL 

N660 

94-540 Point to E660 W4 
P 1879 S 0.0000.000 

324 - 25nl USA fOREST 
39.0849597706 -111.465875871 

Point 10 20S 4E STREET SERVICE 
SL 

N660 

94-541 Point to E660 W4 
P 1879 S 00000·000 

324 - 25TH USA FOREST 
39 0849597706 -111.465875871 

Point 10 20S 4E STREET SERVICE 
SL 

N660 

94-542 
Point to W660 Sf 

P 1879 S 00000000 
324 - 25TlI USA FOREST 

390922329646 -111451896246 
Point 03 20S 4E STREET SERVIC E 

SL 

N660 

94-543 Point to E660 SW 
P 1879 S 0,0000000 

324 - 25TH USA FOREST 
39.0922509536 - I I 1.447243758 

Point 02 20S 4E STREET SERVICE 
SL 

N660 

94-544 Point to E660 SW 
P 1879 S 0.000 0 000 

324 - 25TH USA FOREST 
39.0922509536 -111.447243758 

Point 02 20S 4E STREET SERVICE 
SL 

Point to 
S660 E660 

32425TH USA FOREST 
94-549 

Point 
N4 15 20S P 1879 S 0.000 a 000 

STREET SERVICE 
39.0741269614 -111.45650564 

4E SL 

N660 H"IC:. ), .. ~ { .\ 'j .~ /\~r[: D 
Point to W660 S4 324 - 25TH USA FOREST 9,1-550 
Point 10 20S 4E 

P 1879 S 00000000 
STREET SERVICE 

39,0777340081 -111.461180533 

SL APR 1 9 20i8 
N660 

94-551 
Point to E660 S4 

P 1879 S 00000.000 
324 - 2STI r USA FOREST 

39.0777'136-7 - 111 456 2 Or . 
Point 10 20S 4E STREET SERVICE Dl/ofOi1,(' ~ . ll"JIl1g 

SL 

S660 

94-552 
Point to EI980 W4 P 1879 S 0.0000000 

324 - 25TII USA FOREST 
39.0813529181-111.46120026 

Point 10 20S 4E STREET SERVICE 
SL 

S660 

911-553 
Point to WI980 E4 P 

1879 S 0,0000 .000 
324 - 25TH USA FOREST 

39.0813687234 -111.456521815 
Point 10 20S 4E STREET SERVICE 

SL 

24-554 Point to S66Q P 1879 S 0000 0.000 324 - 25TH USA FOREST 39.0813529181-11146120026 
Point EI980 W4 STREET SERVICE 
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- .. ~- .. 

10 20S 4E 
SL 

N660 

94·555 
Point to \V660 E4 

P 1879 S 00000000 
324 - 25TH USA FOREST 

39 084941O~92 -111470527867 
Point 09 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-556 
Point 

NWIO P 1879 S 00000000 
STREET SERVICE 

39.088599755 -Ill 465908494 

20S 4E SL 

N660 

24-557 
Point to W660 S4 

P 1879 S 0_0000000 
324 - 25TH USA FOREST 39.0777151781 -III 479720864 

Point 09 20S 4E STREET SERVICE 

SL 

S660 

94·559 
Point to W660N4 

P 1879 S 00000000 
324 - 25TH USA FOREST 390885925628 -111.479766 171 

Point 09 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

9·'·560 Point 
NWIO P 1879 S 0 .0000000 

STREET SERVICE 
39088599755 -111465908494 

20S 4E SL 

N660 

94-561. 
Point to E1980 W4 P 1879 S 00000000 

324 - 25TH USA FOREST 
3~0850301181 -111479679743 

Point 09 20S 4E STREET SERVICE 

SL 

S660 

94-562 
Point to W660N4 

P 1879 S 00000000 
324 - 25TH USA FOREST 390885925628-111479766171 

Point 09 20S 4£ STREET SERVICE 

SL 

N660 

94-563 
Point to E660 S4 

1879 S 0_0000000 
324 - 25fH USA FOREST 39.0922370525 -III 475138272 

Point 04 20S 4E P STREET SERVICE 

SL 

N660 

94·564 
Point to W660 SE 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 39.0922064126 -I 11470584827 

) Point 04 20S 4E STREET SERVICE 

SL 

N660 

94·566 
Point to EI980 W4 P 1879 S 00000000 

324 - 25TII USA FOREST 391002634719-111479655935 
Point 04 20S 4E STREET SERVICE 

SL 

N660 

24·567 
Point to E660 W4 

P 1879 S 0.0000000 
32425TII USA FOREST 39.1002·W885 -I 11.484308929 

Point 04 20S 4E STREET SERVICE 

SL 

N660 

94·56S 
Point to EI980W4 P 1879 S 00000000 

324 - 25111 USA FOREST 391002634719-111479655935 
Point 04 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

!)lJ·570 
Point 

N4 09 20S P 1879 S 00000000 
STREET SERVICE 

39.0886116632 -I 11475113941 

4E Sl 

N660 

24·582 
Point to W660 S4 

P 1879 S 00000000 
324 - 25TH USA FOREST 3909209Q, 774- 111 4238722 4 

Point 01 20S 4E STREET SERVICE f TED SL 

N660 

94·593 
Point to W660S,1 

P 1879 S 00000000 
324 - 251 J-I lJSA FORES r 

39 09220 12306A.f?Rld5~632018 
Point 02 20S 4E STREET SERVICE 

SL 0; " 
SI980 'Oi/, Co:.', ~ Minin 

94-59,~ 
Point to E660N4 

P 1879 S 00000.000 
324 - 25TH USA FOREST 39 O&·H!6026()7 - J 1 I 41)368 1502 f.f 

Point 08 20S 4E STREE'f SERVICE 

SL 

Poinl to 
5660E660 324 - 25TH USA FOREST 

94-595 
Point 

N4 09 20S P 1879 S 0.0000000 
STREET SERVICE 

390886116632 -111475113941 

4E S1. 
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WKt'LAl 

9 4-593 Point to 
Point 

65-2429 Sllrface 

!):J-l J 34 Surface 

Surface 

Rediversion 

Surface 

Surface 

Surface 

Rediversioll 

Surface 

Surface 

Rediversion 

94·4&7 Spring 

94-488 Spring 

24-48..2 Spring 

94·491 Spring 

NI700 P 
EI220 SW 
22 20S 4E 
SL 

S3848 
E712 NW 
06 20S 4E P 
SL 

S35 \VIOO 
NEI020SP 
4E SL 

S650 
E16 10NI; 
04 20 ' lIE P 
SL 

NI175 
WI003 SE P 
04 20S 4E 
SL 

SI650 
WI050 NE P 
20 20S 4E 
SL 

NI850 
W245 SE 
28 20S 4E P 
SL 

S2420 
W I700 NE 
27 20S 4E P 
SL 

NI50 
WI22S SE 
22 20S 4E P 
SL 

S35 WIOO 
NE \0 20S I' 
4E SL 

S650 
EI610 NW 
04 20S 4E P 
SL 

NI175 
WI003 SE 
04 20S 4E P 
SL 

SI400 
EI50NW 
35 20S 4E P 
SL 

S2300 
EI600 NW 
34 20S 4£ P 
SL 

S2200 
E2250 NW P 
34 20S 4E 
SL 

51200 
E2500 NW P 
34 20S 4E 
SL 

51100 
EI700 NW P 
34 20S 4E 
SL 

rage 1 V 01 11 

1879 S 0.000 0000 324 - 25TH USA FOREST 39.0513156831 -111.463693922 
STREET SERVICE 

1-94 WEST STATE OF 
) , UTAH 

1989 12200 0.000 320 000 TN~,RllpLH re, DIVISION OF 39.0955801354 -111.51550925-\ 
I ~ WILDLIFE 

STE 2110 RESOURCES 

1882 DIMS 0.000 300.000 ~ o~ BOX 

19130111 DIMS 0.000 51300 fo~ BOX 

P.O BOX 
19130111 DIMS o.oqo 51300 10+ 

19511219 DIMS 0.000218 000 ~o~' BOX 

1961.0818 DIMS 0.000 724.940 ~o~ BOX 

19610818 DIMS 0000 724.9.\0 ~o~ BOX 

19610818 DIMS 0.000 724.940 ~o~· BOX 

19501212 DIMS 0.000 8.000 ~o~ BOX 

19581112 DIMS 0.000 238.700 io~ BOX 

19581112 DIMS 0.000238 700 ;o~ BOX 

1879 S 00110.000 
324 - 25Tll 
STREET 

324 - 25TI-I 
1879 S 00110.000 

STREET 

1879 S 0011 0.000 
324 - 25TH 
STREET 

1879 S 0.0110000 
324 - 25TH 
STREET 

MUDDY CREEK 
IRRIGATION 39.0903317928 -111.449910334 
COMPANY 

MUDDY CREEK 
IRRIGATION 39 1046561192 -111.480900094 
COMPANY 

MUDDY CREEK 
IRRIGATION 39.093615965 -111.471803187 

MUDDY CREEK 
IRRIGATION 39.0566932661 -111.490314189 
COMPANY 

MUDDY CREEK 
IRRIGATION 39.0373698,)99 -111.468876237 
COMPANY 

MUDDY CREEK 
IRRIGATION 39.0400488632 -111.455447852 
COMPANY 

MUDDY CREEK 
IRRIGATION 39.0471139999 -111453820064 
COMPANY 

MUDDY CREEK 
IRRIGATION 39.0903317928 -Ill 449910334 
COMPANY 

MUDDY CREEK 
IRRIGATION 39 1046561192 -111.480900094 
COMPANY 

MUDDY CREEK. 
IRRIGATION 39.093615965 -111471803187 
COMPANY 

USA FOREST 
39.0284582201 -III 448910619 

SERVICE 

USA FOREST L \~ . 
SERVICE 

39.0259977 15- - III .1 62JO~ 10 

APR 1 9 2018 
USA FOREST 

39 0262814812 -111 460017032 
SERVICE Div. of Oil, CJ.s & Minin~J 

USA FOREST 
39.029031503 -111.459154473 

SERVICE 

1879 S 0.011 0.000 324 - 25TH USA FOREST 39 0292949937-111.461973429 
STREET SERVICE 

http://maps.waterrights.utah.gov/Py/platKMLform.py 8/212016 



24492 Spring S300 P 1879 S 0.011 0000 324 - 25TH USA FOREST 39.0314418646 - I II 474489336 
WI850 NE STREET SERVICE 
33 20S 4E 
SL 

S1200 

94-493 Spring WI900NE P 1879 S 0.0110000 
324 - 25TH USA FOREST 

390289692635 -III 474648877 
33 20S 4E STREET SERVICE 
SL 

S100 

24-494 Spring 
W800NE 

P 1879 S 0.011 0000 
324 - 25TH USA FOREST 

39.0320062066-111470795328 
33 20S 4E STREET SERVICE 
SL 

N2400 

94-495 Spring 
E400 SW 

P 1879 S 001) 0000 
324 - 25TH USA FOREST 

39 024216783 -11148533617 
33 20S 4E STREET SERVICE 
SL 

S700 E400 
324 - 25TH USA FOREST 24-506 Spring NW27 P 1879 S 001 10000 
STREET SERVICE 

390447124553 -11 I 466539052 
205 4E SL 

535 WIOO 
DIMS 0000 I 17.000 ~o~ BOX 

lvfUDDY CREEK 
94·55 Surface NE 10 20S P 1900 IRRIGATION 39.09033 I 7928 -) 11 449910334 

4E SL COMPANY 

51650 
MUDDY CREEK 

WI050 NE 
DHvlS 0000251 000; o~ BOX 94·56 Surface 2020S4E P 1900 IRRIGATION 390566932661 -III 490314189 

SL 
COMPANY 

S35 WIOO 
DIMS 0000225 000 ~)o~ BOX 

MUDDY CREEK 
94-57 Surface NE 10205 P 1900 IRRIGATION 39.0903317928 -111 449910334 

4£ SL COMPANY 

N250 

94-599 Spring 
E250 SW 

P 1879 S 0.011 0.000 
324· 25TH USA FOREST 

39.0473195373 -111467084574 
2220S4E STREET SERVICE 
S1. 

N350 

) 94-601 Spring 
W800 SE 

P 1879 S 0.011 0000 
324·25TH USA FOREST 

390475792712-111470784881 
21 20S 4E STREET SERVICE 
SL 

S500 

9·1·603 Spring E2050 NW P 1879 S 0011 0.000 
324 - 25TH USA FOREST 

390309478096-111460751615 
34 20S 4E STREET SERVICE 
SL 

S500 E500 
324·25TH USA FOREST 

94·604 Spring NW34 P 1879 S 00110000 
STREET SERVICE 

39.030926044 -1 II 466210023 
20S 4E SI. 

N670 

24-612 Spring 
W800 SE 

P 1879 S 00110000 
324 - 24TH USA FOREST 

39.048~581602 -I 1 I 470790716 
212054E STREET SERVICE 
SL 

Utah D1VJsiXi of Wa1er RIghts I 15~ wo~t 1'/1)111'1 Templ_ Sll'!~ 2.;.'0 f'CI Bo.< 146300. Snn l:J>u en,. UI:Ih 84114-6300 801·538·7240 
tJ.., I!!!"'! B'Jr;)lJrC'l"l 1 ~~I I l'lr,r.Lllm,or l PronG,! P~Uc'l l Agr}.'Ielbllily ponTi 

APR 1 9 2018 

) 
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W Kl'LA I Page 101'8 

IfSe3f<:h i 
L 

Search ofTOWNSHlP '" '205' and R.\l\GE '" '5E' and BEM '" 'St' 

WR Diversion Well Location Status Priority l'scs CFS ACFT Address Owner Name Latitude Longitude 
Number Type Log 

Point to N660 W660 SE P FEDERAl 
USA 

93-2275 
Point 01 20S 5E SL 

1877 S 0011 0000 BUILDING 
FOREST 39.0920841057 -111301820334 
SERVICE 

Point to 
S660 £ 1980 FEDERAl. 

USA 

93-Wli Point 
W4 12 20S 5E P 1877 S 0011 0000 

BUILDING 
FOREST 390812626401 -111.311035499 

SL SERVICE 

Point to 
S660 W1980 FEDERAl_ 

USA 

93-2282 Point 
E4 12 20S 5£ P 1877 S 00110.000 

BUILDING 
FOREST 39.081176727 -111.30644109 

SI. SERVICE 

Point to 
S660E1980 FEDERAL 

USA 

93-2283 
Point 

W4 12 20S 5E P 1877 S 00110000 
BUILDING 

FOREST 39.0812626401 -111.311035499 

SL SERVICE 

Point to 
SI980 E660 FEDERAl_ 

USA 

93-2284 
Point 

N4 12 20S 5E P 1877 S 0011 0.000 BUILDING 
FOREST 3~0848673463 ·111 .306401929 

SL SERVICE 

Point to N660 E660 W4 I' FEDERAL 
USA 

93-2285 Point 12 20S 5E SL 
1877 S 0.0110000 

BUILDING 
FOREST 390848755169 -111 315703489 
SERVICE 

I'oint to N660 E660 S4 FEDERAL 
USA 

93-2286 Point 02 20S 5E 51. 
P 1877 S 0.011 0000 BUILDING 

FOREST 39.0921602084 -111 .325006689 
SERVICE 

Point to 5660 ~V6~0 £4 I' FEDERAL 
USA 

93-2287 Point 0320551: SL 
1877 S 00110000 

BUILDING 
FOREST 3,90957861699 -111 338922638 
SERVICE 

Point to N660 W660 E4 P FEDERAL 
USA 

93-2288 
Point 03 20S 5E 51. 

1877 S 00110000 
BUILDING 

FOREST 39.0994115884 -111 .338939989 
SERVICE 

Point to N660 E660 W 4 ) FEDERAL 
USA 

93-2289 
Point 02 20S 5E SI. I 

1877 S 0.011 0.000 
BUILDING 

FOREST 39.0994250709 -I 11 334286966 
SERVICE 

Point to S660 W660 NE P FEDERAL 
USA 

93-2290 Point 02 20S 5E 51. 
1877 S 00110000 

BUILDING 
FOREST 39 1030298303 -111 320297732 
SERVICE 

Point to S660 W660 NE FEDERAl_ 
USA 

23-2291 Point 02 20S 5E SL P 
1877 S 00110.000 

BlTILDlNG 
FOREST 39.1030298303-111320297732 
SERVICE 

Point to S660 ~V6~0 NE P FEDERAL 
USA 

93-2292 Point 02 20S 51: SL 
1877 S 00110000 BUILDING 

FOREST 391030298303-111320297732 
SERVICE 

Point to S660 W660 NE I' FEDERAL 
USA 

93·2293 1877 S 0011 0000 FOREST 3~1030298303-11) 320297732 
Point 02 20S 5E SL BUlLDlNG 

SERVICE , N ,..-, .-"' .. -... r' 
~ ;V,,)I:/ '(;OPTr:o 

Point tu FEDERAL 
USA 

r . . 'l \ .,~ ~ 

23-2296 
S660 ~'~60 N4 P 1877 S 0.0110000 FOREST 391030443744-11131101713 

Point 01 20S )\'. SI. BUILDING 
SERVICE APR 1 9 2018 USA 

23-2297 
Puint to S660 \\'660 N4 1877 S o OJ 1 0000 

FEDERAL 
f'ORES '\ I 39 1 0304-l '7.j ~ -11131101713 

Point 0120S5ESI. p BUILDING 'ERV1( ' V. OJ 1/ G'!S & Mining 
Point to N660 \,l,'660 SE P FEDERAL 

USA 

93-2298 
Point 02 20S 5E SL 

1877 S 00110000 
BUILDfNG 

FOREST 390921268157 ·111320351348 
SERVICE 

Point to N660 £660 S4 FEDERAL 
USA 

\ 93-2299 Point 0120S 5E SL 
P J877 S 00110000 

BUILDING 
FOREST 390921602084 -111 325006689 
SERVICE 

93-230tl P 1877 S 0011 0000 390921602084 -111 325006689 
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WRPLAT Page 2 of 8 

Point to N660 E660 S4 FEDERAL USA 
Point 02 20S 5E SL BUILDING FOREST 

SERVICE 

Point to S660 W660 NE P FEDERAL 
USA 

93-2301 Point 01 20S 5E SL 
1877 S 0.011 0 .000 

BUILDING 
FOREST 391030581798 -111301736519 
SERVICE 

Point to 
S 1980 E660 

FEDERAL 
USA 

93-2302 Point 
N4 01 20S 5£ P 1877 S 0.0110000 

BUILDiNG 
FOREST 39 0994313214 -Ill 30634~172 

SL SERVICE 

Point til 
S660 EI980 

OGDENUT 
USA 

93-2402 Point 
\V4 II 20S 5E P 1877 S 0 0000 000 

84401 
FOREST 39.0813287007 -III 329602984 

SL SERVICE 

Point til N660 E660 S4 OGDENUT 
USA 

93-2403 Point 02 20S 5E SL 
P 1877 S 0,0000 000 

84401 
FOREST 39.0921 602 084 -111325006689 
SERVICE 

Point to N660 E660 W4 P OGDENUT 
USA 

93-2406 Point 02 20S 5E SL 
1877 S 0.0000.000 

84401 
FOREST 39.099425 0709 -I I 1 334286966 
SEP..'.'!CE 

Point to S660 W660 E4 P OGD EN UT 
USA 

93-2409 Point 01 20S 5E SL 
1877 S 00000.000 

84401 
FOREST 39095758433 -111 301770706 
SERVICE 

Point t6 
N660 EI980 

OGDEN UT 
USA 

93-2424 Point 
W4 01 20S 5E P 1877 S 0.0000.000 

84401 
FOREST 39.0994163354 -II [ 311026675 

SL SERVICE 

Point to 
N660 EI980 

OGDEN UT 
USA 

93-2425 
Point 

W4 01 20S 5E P 1877 S 0.0000.000 
84401 

FOREST 39.09941 63354 -IIUII 026675 
SL SERVICE 

Point to N660 W660 SE P 324 - 25TH 
USA 

9 '1-340 Point 24 20S 5E SL 
1879 S 00 II 0.000 

STREET 
FOREST 39.0485929481 -111 .301715003 
SERVICE 

Point to N660 E660 W4 P 324 - 25TH 
USA 

94-346 Point 21 20S 5E SL 
1879 S 0.0 110.000 

STREET 
FOREST 39.0559053709 -111.371369499 
SERVICE 

Point til N660 W660 E4 P 324 - 25TI I 
USA 

94-350 Point 24 20S 5E SL 
1879 S 0.0 II () ,OOO 

STREET 
FOREST 39,0558161735 -111.301727691 
SERVICE 

Point to 
N660 EI980 

324 - 25TH 
USA 

94-351 Point 
W4 25 20S 5E P 1879 S 0.0000000 

STREET 
FOREST 39.0413794033 -111.310951292 

SL SERVICE 

Point to 
S660 E 1980 

324 - 25TH 
USA 

94-352 Point 
W4 26 20S 5£ P 1879 S 0.0110000 

STREET 
FOREST 39.037745751 -111.329514941 

SL SERVICE 

Point to N660 E660 SW P 324 - 25TH 
USA 

94-353 Point 23 20S 5E SL 
1879 S 00 II 0.000 

STREET 
FOREST 39.0485964478 -111.334156023 
SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

94-354 Point 22 20S 5£ SL 
1879 S 00110.000 

STREET 
FOREST 390594877539 -111348147135 
SERVICE 

Point to N660 W660 E4 P 324 - 25TH 
USA H·" . .'- 1 ~ ~ t ': ~- .' [) 

94-35 Point 10 20S 5E SL , 
1879 S 00 110000 

STREET 
FOREST 390849273525 -111 338923992 
SERVICE 

Point to 
S 1980 E660 

324 - 25TH 
USA APR 1 9 2018 

94-356 Point 
N4 10 20S 5E P 1879 S 00110.000 

STREET 
FOREST 39.0849046859 -111.343566048 

SL SERVICE 

S 1980 E660 D' ,,' ("1 G'F ' Ii', i\~' "IYJ 
Point to 324 - 25TH 

USA IV. 01 ,JI! l J(.", <., •• ,JrlI ~ 

94-357 Point 
N4 10 20S 5E P 1879 S 0,0110000 

STREET 
FOREST 39.0849046859 -111.343566048 

SL SERVICE 

Point to N660 W660 SE P 324 - 25TH 
USA 

94-361 Point 24 20S 5E SL 
1879 S 0.0000000 

STREET 
FOREST 39.0485929481 -Ill 301715003 
SERVICE 

Point to 
S 1980 E660 

324 - 25TH 
USA 

94-362 Point 
N4 24 20S SE P 1879 S 0.0000.000 

STREET 
FOREST 39.0558252565 -111.306319792 

SL SERVICE 

Point to N660 W660 S4 P 324 - 25TH 
USA 

94·363 Point 13 20S 5E SL 
1879 S 00000.000 

STREET 
FOREST 39063063784 -111.311001753 
SERVICE 
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91~·364 Point to N660 W660 E4 P 1879 S 0.0000000 324 - 25TH USA 390703430846 -111320311445 

Point 14 20S 5E SL STREET FOREST 
SERVICE 

Point to 
5660 EI980 324 - 25TH 

USA 

94-36~ Point 
W4 14 20S 5E P 1879 S 00000000 

STREET 
FOREST 39.0667624782 -111329535431 

SL SERVICE 

Point to S660 W660 E4 P 324 - 25TH 
USA 

94·366 Point 15 20S 5E SL 
1879 S 0.0000000 STREET 

FOREST 39.0667357084 -111338837181 
SERVICE 

Point to N660 E660 W 4 P 324 - 25TH 
USA 

24·367 Point 14 20S 5E SL 
1879 S 00000000 STREET 

FOREST 39.0703746236 -Ill 33.J203398 
SERVICE 

Point to N660 W660 S4 P 32,,\ - 25TH 
USA 

94-368 Point 15 20S 5E SL 
1879 S 0.0000000 

STREET 
FOREST 39.0631131936 -111.348164937 
SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

24-369 1879 S 00000000 FOREST 39.0740681687 -III 348130247 
Point 15 20S 5E SL STREET SERVICE 

Point to S660 W660 1'-1"£ P 324 - 25TH 
USA 

94-370 Point 10 20S 5£ SL 
1879 S 0.0000000 

STREET 
FOREST 39.088541201 -111 33894978 
SERVICE 

Point to N660 £660 W4 P 324 - 25TH 
USA 

2 fl·371 Point 10 20S 5E 5L 
1879 S 00000000 STREET 

FOREST 3~0849214184-111 352825737 
SERVICE 

Point to N660 W660 SE P 324 - 25TII 
USA 

94·372 1819 S 00000.000 FOREST 39.0776983905 -111.3574 I 524 
Point 09205 5E S1. STREET 

SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

24-373 Point 16 20S 5E SL 
1879 S 0.0000.000 STREET 

FOREST 39.0741123634 -111.366671067 
SERVICE 

Point to S660 W660 NE P 324 - 25TH 
US/\ 

24·374 Point 09 20S 5E S1. 
1879 S 0.0000.000 

STREET 
FOREST 39.0884905742 -111.357522071 
SERVICE 

Point to 
S660Wl980 324 - 25TH 

USA 

24-375 Point 
E4 09 20S 5E P 1879 S 0.0000.000 STREET 

FOREST 39.0812673661 -Ill 362111322 

SL SERVICE 

Point to S660 £660 W4 P 324 - 25TH 
USA 

24·376 Point 0920S 5E SL 
1879 S 0.0000.000 STREET 

FOREST 39.0814123509 -111.371418185 
SERVICE 

Point to 
S1980 E660 324 - 25TH 

USA 

94·377 Point 
N4 10 20S 5E P 1879 S 0.0000000 STREET 

FOREST 390849046859 -111343566048 

SL SERVICE 

Point to S660E660NW 32425TH 
USA 

94-378 Point 09 20S 5£ 5L P 
1879 S 00000000 

STREET 
FOREST 39.0886587072 -Ill 371542561 
SERVICE 

Point to N660 W660 Sf P 324 - 25TH 
USA 

24·379 1879 S 00000.000 FOREST 390922691545 -111 376214115 
Point 05 20S 5£ SL STREET 

SERVICE If\' ", .' , 
Point to N660 £660 W4 P 32425TH 

USA 
• ,.,,{ :r •. '/ ,I :' 

'ED 
94-380 Point 03 20S 5£ SI. 

1879 S o ODD a ODD 
STREET 

FOREST 39 0994250334 -1113528268 i 
SERVICE 

APR 19 201§ 
Point to 

SI980 E660 324 - 25TH 
USA 

94-381 Point 
N4 04 20S 5E P 1879 S 0.0000000 STRf:ET 

FOREST 3Cf99462 I 753 -111.361 9990 

SI. SERVICE IV. 0 Oil ( 

Poillt to S660 W660 E4 324 - 25111 
USA ' . ... f":inin 

94-382 1879 S 0.0110000 FOREST 390957853959 -111 357·16 1524 9 
Point 04 20S 5E SL P SlREEl SERVICE 

Point to N660 W660E4 324 - 25TH 
USA 

24-383 Point 04 20S 5£ SL P 
1879 S 00000000 STREET 

FOREST 39099410811 -I I I 357479826 
SERVICE 

Point to 5660 E660 W4 324 - 25TH 
USA 

94-384 Point 03 20S 5E SL P 
1879 S 00000000 STREET 

FOREST 390957996173 -111 352808749 
SERVICE 

Point to 
N660 E I980 324 - 25T11 

USA 

94-405 Poinl 
W4 06 20S 5E P 1879 S 00000000 

STREET 
FOREST 39.0993370786 -1110405151569 

SL. SERVICE 
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94-406 Point to N660 EI980 P 1879 5 00000.000 324 - 25TH U5A 39.0993370786 -I 11 .405151569 
Point 'vV4 06 20S 5E STREET FOREST 

SL SERVICE 

Point to 51400 E I NW 32425TH 
USA 

94-417 
Point 07 20S 5E SL 

P 1879 S 0.0000.000 
STREET 

FOREST 390863792977 -IlIA I 2125431 
SERVICE 

Point to S900 E600 NW P 324 - 25TH 
USA 

94-lllS 
Point 17 20S 5E SL 

1879 S 00000000 
STREET 

FOREST 39.0733659522 -111.3899740 I 5 
SERVI CE 

Point to 
S-2400 E400 

324 - 25TH 
USA 

94-419 
Point 

NW 07 20S 5E P 1879 S 00000000 
STREET 

FOREST 39.0836377514 -111.410703296 
SL SERVICE 

Point to 
NIIOO EI300 

324 - 25TH 
USA 

9:\-420 
Point 

SW 07 2QS 5E P 1879 S 00000000 
STREET 

FOREST 39.0787258433 - I II 40754331 
SL SERVICE 

Point to SI EIOO N'Y 324 - 25TH 
USA 

94-421 
Point 18 20S SE SL 

P 1879 S 00000000 
STREET 

FOREST 39.0756870101 -111.411754482 
SERVICE 

Point to S2000 E I NW 324 - 25TH 
USA 

94-422 
Point 07 20S SE SL 

P 1879 S 00000000 
STREET 

FOREST 39.0847313838 -Ill 412115 842 
SERVICE 

Point to 
N2700 WIOOO 

324 - 25TH 
USA 

9'1-423 Point 
SEI820S5E P 1879 S 0.0000000 

STREET 
FOREST 390686777514 -I 11.395676149 

SL SERVICE 

Point to 
NI950 E900 

324 - 25TH 
USA 

94-424 
Point 

SW 19 20S 5E P 1879 S 0,0000 .000 
STREET 

FOREST 39.0521404009 -111.409064562 
SL SERVICE 

Point to N2500 E I SW 324 - 25TH 
USA 

94-449 
Point 31 20S 5£ SL 

P 1879 S a 000 0000 
STREET 

FOREST 39.0245746907 - I 11.41220788 
SERVICE 

Point to S660 W660 NE p OGDENUT 
USA 

23-2402 Point 12 20S 5£ SL 
1877 S 00000.000 

84401 
FOREST 390884586769 -1 I 1.301804891 
SERVICE 

Point to N660 £660 S4 32425TH 
USA 

94-360 
Point 25 20S 5£ SL 

P 1879 S 0.000 0.000 
STREET 

FOREST 39.0341535592 -111.306309108 
SERVICE 

Point to 
N660 £1980 

324 - 25TH 
USA 

94-361 
Point 

W4 25 20S 5E P 1879 S 0 0000 .000 
STREET 

FOREST 39.0413794033 -111.310951292 
SL SERVICE 

Point to 
5660 E 1980 

324 - 25TH 
USA 

94-362 
Point 

W4 25 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39 0377539439 - I lUI 0935409 
SL SERVICE 

Point to N660 W660 S4 P 324 - 25TH 
USA 

2·1-363 Point 26 20S 5E SL 
1879 S 00000.000 

STREET 
FOREST 39,0341112827 -II 1.329551474 
SERVICE 

Point to 
SI980 E660 

324 - 25TH 
USA 

911-3M 
Point 

N4 27 20S 5E P 1879 S 00000.000 
STREET 

FOREST 3~0413533907-llI . 343444465 

SL SERVICE , 
Point to S660 E660 W4 P 324 - 25TH 

USA 
94-365 

Point 23 20S 5E SL 
1879 S 0.0000 .000 

STREET 
FOREST 39.0521966249 -111.334149693 
SERVICE APR 1 9 2018 

Point to S660 E66? N4 p 324 - 25TH 
USA 

94-366 1879 S 00000.000 FORES· 3905960 10333 - 111 362083729 
Point 21 20S 5E~ SL STREET 

ERV I Iv. 01 II I ( ~ r~' I f r itl<. 
Point to N660 E660 W 4 P 324 - 25TH 

A 
9·1-367 1879 S 00000000 FOREST 39.0559053709 -111371369499 

Point 21 20S 5E SL STREET 
SERVICE 

Point to N660 W660 S4 P 324 - 25TH 
USA 

94-368 
Poinl IS 20S 5E SL 

1879 S 00000.000 
STREET 

FOREST 39.0631131936 -I 11J48164937 
SERVICE 

Point to S660 W660 E4 P 324 - 25TH 
USA 

94-369 
Point 16 20S 5E SL 

1879 S 0.0000 .000 
STREET 

FOREST 3~0668194817-111.357440203 
, SERVICE 

Point to S660 W660 NE P 324 - 25TH 
USA 

94-370 
Point 20 20S 5E SL 

1879 S 0.0000000 
STREET 

FOREST 39.059606 I 61 -II 137598479 
SERVICE 
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94·371 Point to S660 E660 N\II' P 1879 S 0.0000000 324 - 25TH USA 39.0596211195 -111.371334404 

Point 21 20S 5E SL STREET FOREST 
SERVICE 

Point to 
S660 WI980 324 - 25TH 

USA 

94·372 Point 
E4 16 20S 5E P 1879 S 0000 0.000 

STREET 
FOREST 39.0668050768 - I II 36209107 

SL SERVICE 

Point to S660 E660 N\V P 324 - 25TH 
USA 

94·373 Point 21 20S 5E SL 
1879 S 0.0000.000 

STREET 
FOREST 39.0596211195 -11 1371334404 
SERVICE 

Point to 
S660 E 1980 324 - 25TH 

USA 

94·374 Point 
W417 20S 5£ P 1879 S 00000000 STREET 

FOREST 39 0667630055 -111 385120484 

5L SERVICE 

Point to 
S660 EI980 324 - 25TH 

USA 

94-375 Point 
W4 09 20S 5f P 1879 S 0000 a 000 

STREET 
FOREST 39.0814271285 -111366766363 

SL SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

94· 376 Point 17 20S 5E SL 
1879 S 00000000 

STREET 
FOREST 390740809471-111385181376 
SERVICE 

Point to 
S 1980 £660 324 - 25TH 

USA 

94-377 Point 
N4 10 20S 5E P 1879 S 0.0000.000 

STREET 
FOREST 39.0849046859 -Ill 343566048 

SL SERVICE 

Point to N660 E660 W4 P 32425TH 
USA 

94·378 Point 08 20S 5E SL 
1879 S 0.000 0.000 

STREET 
FOREST 390848508732 -111 38985723 
SERVICE 

Point to S660 W660 NE P 324 - 25TH 
USA 

94·379 Point 08 20S 5£ SL 
1879 S 0.0000000 

STREET 
FOREST 39.0886437387 -I 11.376194856 
SERVICE 

Point to 
N660 EI980 32425TH 

USA 

94·380 Point 
W4 08 20S 5E P 1879 S a 000 0.000 

STREET 
FOREST 39.0848663865 -111.385205192 

5L SERVICE 

Point to 
S660 WI980 324 - 25TH 

USA 

94·381 Point 
E4 04 20S 5E P 1879 S 0.0000.000 

STREET 
FOREST 3~0957709888-I11 362114296 

SL SERVICE 

Point to S660 \V660 E4 P 324 - 25TH 
USA 

94-383 Point 04 20S 5E SL 
1879 S 00000.000 

STREET 
FOREST 390957853959 -I I I 357461524 
SERVICE 

Point to S660 ':"'6~0 E4 P 324 - 25TH 
lJSA 

94·384 1879 S 0.0000000 FOREST 390957853959 -III 357461524 
Point 0-1 20S 5£: SI. STREET SERVICE 

Point to S660 E660 N4 324 - 25TH 
USA 

24·385 Point 05 20S 5E SI, 
P 1879 S 00000000 STREET 

FOREST 39.1030043325 -111.380615651 
SERVICE 

Point to 
N660 EI980 324 - 25TH 

lJSA 

94·386 Point 
W4 08 20S 5E I' 1879 S 00000000 

STREET 
FOREST 390848663865 -111 385205192 

SL SERVICE 

Point to N660 E660 W 4 P 324 - 25TII 
lJSA 

94·391 Point 05 20S 5E SL 
1879 S 00000000 

STREET 
FOREST 390993019041 -111 389945472 
SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

94·392 Point 08 20S 5E S1. 
1879 S 00000000 

STREET 
FOREST 39.0885269168 -11138537716 
SERVICE 

POUlt to N660E6~0 .W4 P 324 - 25TH 
USA 

9 ,08-1 8508732 . 111 38985~n 0 94·396 Point 08 20S 5£: SL 
1879 S 0.0000000 

STREET 
FOREST 
SERVICE 

Point to 
N660 F1980 3.1-1 -25T II 

USA 39 .0993'!fo~6 !I~I 2I11§1569 94·397 Point 
W4 06 20S 5f:: P 1879 S 00000000 S m T ., FOREST 

SL SERVin : D/v. o U, ("'-
Point to S660 \\'660 N4 P 324 - 25TH 

USA I, {~'M " 
24.39& Point 06 20S SF SL 

1879 S 00000000 
STREET 

FORE~n 3Y.I02<.1 366l!-I - I I I 40.J50t/7W1g 
SERVICE 

Point to 
N660 FI980 324 - 25TII 

USA 

94·399 Point 
W4 06 20S 5E P • 1879 S 0 .0000.000 

STREET 
FOREST 390993370786 ! III 405'15.15 69 

SL SERVICE 

Point to 
N660 EI980 324 - 25TH 

USA 

94·402 Point 
W4 06 20S 5E P 1879 S 0.0000.000 

STREET 
FOREST 39 0993370786 -III 405151569 

SL SERVICE 
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94·405 Point to S660 E660 NW P 1879 S 0000 0.000 324 - 25TH USA 39.088425073 -Ill 389908357 
Point 08 20S 5E SL STREET FOREST 

SERVICE 

Point to 
N660 EI980 

324 - 25TH 
USA 

94406 
Point 

W4 06 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39.0993370786 -III 405151569 
SL SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

9~-415 
Point 07 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39.08840683 II -II 1404513775 
SE RVICE 

USA 
-

94-416 
Point to S660 \\'660 N4 P 1879 S 0000 0 000 

32425TH 
FOREST 39.088-1068311 -I 11.404513775 

Point 07 20S 5E SL STREET 
SERVICE 

Point to 
SI900 EI500 

32425TII USA 
94-417 

Point 
NW 07 20S 5E P 1879 S 0000 0.000 

STREET 
FOREST 39.0850146473 -111.406834561 

SL SERVICE 

Point to 
S2750 EI 900 

324 - 25TI-I 
USA 

94418 Point 
NW 1720S5E P 1879 S 0.000 0.000 

STREET 
FOREST 39.0683001459 -111.3853 65575 

SL SFRVWF 

Point to 
NI900 £2300 

324 - 25TH 
USA 

2!!.M2 Point 
SW 07 20S 5E P 1879 S 00000000 

STREET 
FOREST 39 0809353688 -111.404031883 

SL SERVICE 

Point to 
S 100 W2600 

324 - 25TH 
USA 

9i\-;~20 
Point 

NE 18 20S 5E P 1879 S 0.000 0.000 
STREET 

FOREST 390755247892 -111401261282 
SL SERVICE 

Point to 
S900 EI300 

324 - 25TI I 
USA 

94-4lt Point 
NW 18 20S 5E P 1879 S 0000 0.000 

STREET 
FOREST 39.0732327861 -111.407511714 

SL SERVICE 

Point to SI250 WI NE 324 - 25TII 
USA 

94-422 
Point 20 20S 5E SL 

P 1879 S 0.000 0.000 
STREET 

FOREST 39.057993 1919 -II 1.373654583 
SERVICE 

Point to 
N850 W1320 

324 - 25Tf I 
USA 

94-423 
Point 

SE 18 20S 5E P 1879 S 00000 000 
STREET 

FOREST 39.0635928165 -111.396775212 
SL SERVICE 

Point to NI EI 250 SW 324 - 25Tl! 
USA 

94-424 
Point 26 20S 5E SL 

P 1879 S a 000 a 000 
STREET 

FOREST 39 0323 I 5358 -111332119634 
SERVICE 

Point to 
S550 E2100 

324 - 25TH 
USA 

9,1-1142 
Point 

NW 35 20S 5£ P 1879 S 0000 0 000 
STREET 

FOREST 39.0308105277 -111.329119191 
SL SERVICE 

Point to N2100WI Sf 324 - 25TH 
USA 

~H..I149 
Point 28 20S 5E SL 

P 1879 S 00000.000 
STREET 

FOREST 39.0380-13889 -11135513165 
SERVICE 

Point to 
N660 £1980 

324 - 25TH 
USA 

94-461 
Point 

W4 17 20S 5£ P 1879 S 0.0000.000 
STREET 

FOREST 39.0703884332 -111.385140185 
SL SERVICE 

Point to N400 EI50 SW P 324 - 25TH 
USA 

94-462 
Point 33 20S 5E SL 

1879 S 00000000 
STREET 

FOREST 39.0188914506 -111.373182393 
SERVICE ~~\~~>r<'J'1 (j :'.: t ': [;D 

Point to NI 000 E50 SW P 324 - 25TH 
USA 

94-463 
Point 33 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39.0205382552 -111373543162 
SERVICE APR t 9 2018 

Point to 
S550 E3000 

324 - 25TH 
USA 

94-467 NW 29 20S Sf P 1879 S 00000000 FOREST 39.0452700828 -111381 64387 
Point 

SL 
STREET 

SERVICE Di" of ('iI r:-; .. :,:; i'" tJ; nina • '. ,,I, •. ~ .'.'. "., .••.•. ~ 

Point to 
SI500EI650 

324 - 25TH 
USA 

94-468 
Point 

NW 29 20S 5E P 1879 S 0000 0.000 
STREET 

FOREST 39.0426451426 -III 3863 84764 
SL SERVICE 

Point to NIOIO WI SE 324 - 25TH 
USA 

94·469 
Point 20 20S 5f SL 

P 1879 S 00000000 
ST~ET 

FOREST 390495180013 -111373719028 
SERVICE 

Point to SI EI300 NW 324 - 25TH 
USA 

2:!:i® Point 35 20S 5E SL 
P 1879 S 0.0000000 

STREET 
FOREST 39.032310365 -111.331943524 
SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA' 

94461 Point 07 20S 5E SL 
1879 S 00000.000 

STREET 
FOREST 39.088406831 I -III 404513775 
SERVICE 
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94-467 Point to S2600 E4400 P 1879 S 00000000 324 - 25TH USA 39039655753 -III 376682746 

Point NW 29 20S 5E STREET FOREST 

SL SERVICE 

Point to 
NI300 E2400 324 - 25TH 

USA 

94-468 
Point 

SW 29 20S 5E P 1879 S 0.0000000 
STREET 

FOREST 390358928061 -11138 3723554 

SL SERVICE 

Point to 
NI300 \1,'1900 324 - 25TH 

USA 

94-469 
Point 

SE 30 20S 5E P 1879 S 00000000 
STREET 

FOREST 39.0358417927 -111.398867429 

SL SERVICE 

Point to 
S 1980 E660 324 - 25TH 

USA 

94-576 Point 
N4 10 20S 5E P 1879 S 00110000 STREE"f 

FOREST 39.0849046859 -II 1.343566048 

SL SERVICE 

N2000 W800 324 - 25TH 
USA 

9·1-446 Surface Sf 34 20S 5£ P 1879 S 0.000 0.000 
STHEET 

FOREST 39.0233256159 -I I 133937014 

SI. SERVICE 

S300 W2100 324 - 25TH 
USA 

94-447 Surface NE 34 20S 5E P 1879 S 00000000 
STREET 

FOREST 39.031454287 -111343913239 

SL SERVICE 

S450 W750 NE P 324 - 25TH 
USA 

94-448 Surface 1879 S 0.0000,000 FOREST 39.0310320716 -111357734285 
33 20S 5£ SL STREET SERVICE 

, 

N2000 EI970 324 - 25TH 
USA 

94-450 Surface SW 28 20S 5E P 1879 S 0000 0.000 
STREET 

FOREST 39.0377640998 -111.36675455 

SL SERVICE 

52100 EI620 324 - 25TH 
USA 

24-45 1 Spring NW 33 20S 5£ P 1879 S 00110000 STREET 
FOREST 39.0264993197 -111367928845 

SI. SERVICE 

NI750 EI650 324 - 25TH 
USA 

94-452 Surface SW 33 20S 5£ P 1879 S 00000000 
STREET 

FOREST 390226161633 -II 1.367920111 

SL SERVICE 

S350 E4300 324 - 25TH 
USA 

94-453 Surface NW 29 20S 5E P 1879 S 00000000 STREET 
FOREST 39.0458343471 -III 377067794 

SL SERVICE 

N750 W450 SE P 324 - 25TH 
USA 

94-454 Spring 1879 S 0.0110000 FOREST 39.0198398571 -111.356675048 
33 20S Sf SL STREET SEHVICE 

S2350 E2750 324 - 25TH 
USA 

94-157 Spring NW 08 20S 5E P 1879 S 0011 0000 
STREET 

FOREST 390838079211 -11 1382517187 

SI. SERVICE 

S250 [2850 324 - 25TH 
USA 

94-464 Surface NW 2020S 5E P 1879 S 00000000 
STREET 

FOREST 39 0606208652 -111382067131 

SL SERVICE 

51500 E2100 324 - 25TH 
USA 

94-465 Surface NW 20 20S 5f P 1879 S 00000000 
STHEET 

FOREST 3~0571789697-II1 384690802 

SL SERVICE 

S2250 [3400 324 - 25TH 
USA 

94-466 Surface }\.,\V 20 20S 5E l' 1879 S 00000.000 
STREET 

FOREST 39.0551341375 -111380099995 

SL SERVICE 

N850 E1400 324 - 25TH 
USA 

94-47Q Spring SW 29 20S 5E P 1879 S 00 110 000 
STREET 

FOREST 390346451697 -111387238644 

SL SERVICE 
, t.] (.~ =" ,r :.~~' f :r { ";. 1 N2000 E900 324 - 25TH 

USA 

94-471 Spring SW 30 20S 5E P 1879 S 0011 0000 
STREET 

FOREST 390378079056 '-I iJ'do9 11 

51. SERVICE 

SIOOO WI800 324 - 25TI-I 
USA 

39 0295~~~3 !I ~1 ~ql~9772 94-472 Spring NE 31 20S 5f P 1879 S 00110000 
STREET 

FOREST 

S1. SERVICE Div. of (li/ G 
S450 W450 NE p 324 - 25TI-I 

USA . , J ;iC! 
93~jW{lg 

. 24-473 Spring 1879 S 00110000 FOREST 390310527497 -II I 
31 20S 5E SI. STREET SERVICE 

S750 E 1_5? NW P 324 - 25TH 
USA 

94-478 Spring 1879 S 001 I 0000 FOREST 390302359268-111391616606 
32 20S )1: SL STREET SEHVICE 

N200 EI880 324 - 25TH 
USA 

24-479 Spring SW 25 20S 5E P 1879 S 0011 0 000 
STREET 

FOREST 39 032876849 -11131129742 

SL SERVICE 
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94-596 Spring N2250 W2200 P 1879 S 0.011 0.000 314 - 25TH USA 390384473813 -111399938685 
SE 30 20S 5E STREET FOREST 
SL SERVICE 

S550 W2300 
324 - 25TH 

USA 

21=lli Spring NE 30 20S 5E P 1879 S 00110000 
STREET 

FOREST 39.045207254 -111400312047 
SL SERVICE 

Point to NIOOO WI SE 324 - 25TH 
USA 

9'1-47(; 
Point 32 20S 5E SL 

P 1879 S 00000.000 
STREET 

FOREST 39.0205376774 -Ill 37372274 
SERVICE 

Point to N500 EI SW 324 - 25TH 
USA 

24-4-81 Point 19 20S 5E SL 
P 1879 S 00000.000 

STREET 
FOREST 39.0481467264 -111.412208256 
SERVICE 

Point to 
NI900 E900 

324 - 25TH 
USA 

2" -llS '~ Point 
SW 19 20S 5E P 1879 S 00000.000 

STREET 
FOREST 39.0520030739 -11140906377 

SL SERVICE 

Point to 
NI950 E900 

324 - 25TH 
USA 

2:b,'i07 
Point 

SW 19 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39.0521404009 -111.409064562 
SL SERVICE 

Point to SI W2400NE 324 - 25TH 
USA 

94 ·513 
Point 19 20S 5E SL 

P 1879 S 00000.000 
STREET 

FOREST 3~0612424571 -III 400567067 
SERVICE 

Ulah DivISIon of Waler Rights I 1594 Wesl North Temple Suite 220, P.O. 80x 146300, Salt Lake CilY. Utnh 84114-6300 I 801-538-7240 
rlnll!mIR<=our.!l' I~1 ~I eli~·!!lI.fj'JJ!g£ I~~ 

APR 1 9 2018 

Div. of Oil, Ga~~; & Mining 
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Search of TOWNSHIP = '21S' and R.\.!\GE '" '~E' and BEI\I = 'SL' 

WR Dinrsion "'ell Location Status Priori!) {lscs CFS ACFT Address Owner Name Latitude Longitude 
"umber Type Log 

Point to 
N660 E660 32425TH USA FOREST 

61-27 10 
Point 

SVi 21 21S P 1873 OS 00150000 
STREET SERVICE 

38.9637785255 -111 476556858 

4E SL 

Point to 
N660 W660 32425111 USA FOREST 

(>H1!l Point 
SE 21 21S P 1873 as 0.015 0.000 

STREET SERVICE 
38963735561 -I 1146265 1144 

4E SL 

Point to 
S660 W660 32425TH USA FOREST 

63-2772 Point 
NE 18 21S P 1873 as 00150000 

STREET SERVICE 
389888191353 -II 14998918 

4ESL 

Point to 
N660 E660 32425111 USA FOREST 

~-2880 Point 
S4 31 21S P 1893 as 00150.000 

STREET SERVICE 
389349115495 -III 50·H 18229 

4E SL 

Point to 
SI980 £660 32425TH USA FOREST 

63-2881 
Point 

N4 16 21S . P 1893 as 0015 a 000 
STREET SERVICE 

389852029283 -111.467312915 

4E SL 

Point to 
S660 WI980 32425TH USA FOREST 

63-2882 
Point 

E4 16 21S P 1893 as 0015 0.000 
STREET SERVICE 

389816195086 -111.467297103 

4E S1. 

Point to 
N660 £660 32425TH USA FOREST 

63-2883 
Point 

S4 10 21S P 1893 as 00150000 
STREET SERVICE 

389925 I 85004 -I I 1 448682483 

4E SL 

Point to 
S660 W660 32425TH USA FOREST 

63-2884 
Point 

N4 27 21S P 1893 OS 00150.000 
STREET SERVICE 

389601059692 -I I 1.453370347 

4E SL 

Point to 
N660 W660 32425TH USA FOREST 

63-2885 
Point 

E4 27 21S P 1893 OS 00150.000 
STREET SERVICE 

38.956476981 -111444142442 

4ESL 

Point to 
N660 W660 32425TH USA FOREST 

63-3361 
Point 

SE 17 21S P 1873 OS 0.015 a 000 
STREET SERVICE 

389781052062 -111481263056 

4E SI. 

Point to 
S660 W660 32425'111 USA FOREST 

63-3362 
Point 

N4 16 21S P 1873 OS 00150000 
SIREET SERVICE 

38 9888096426 -I I I 47198245 

41: SI. 

Point to 
N660 E1980 32425TH USA FOREST 

63-3363 
Point 

W4 16 21S P 1873 OS 00150000 
STREET SERVICE 

389852846519 -111472003228 

4E SI. 

Point to 
S660 WI980 32425TH USA FOREST 

63-3364 
Point 

E4 16 21S P 1873 OS 0015 a 000 
STREET SERVICE 

38~816195086-111 46729710] 

4E SI. 

Point to 
N660 \V660 32425TH USA FOREST 

63-3365 
Point 

S4 15 21S P 1873 OS 0015 a 000 
STREET SERVICE 

38 9780234145 -111.453415184 

4E S1. 

Point to 
SI980 E660 32425TH USA FOREST 

63-3366 
Point 

N4 28 21S P 1873 OS 00150000 STREET SERVICE 
38956515599 -III 467234331 

4E SI 

Point to 
N660 W660 324 25"11l USA I OI~LS1 , 

frlli1 Point 
SF. 1621S P 1873 OS 00150000 

STREET SFIWI "\: 
4E SI. 

Point to 
N660 EI980 32425TH USA FOREST 381fo~715~ l P3 53368105 63-3368 

Point 
W4 22 21S P 1873 OS 0.015 0.000 

STREET SERVICE 
4E SL 

, D(v. of Ol/J Cia ' . Point to 
S660 WI980 32425TH 

63-3369 E4 21 21S P 1873 OS a 015 0000 USA FOREST 311 967'4648-- _ )9 
Point 

4E SL 
STREET SERVICE -:> 

63-3370 P 1873 as 0015 a DOD 38 9743979129 -II I 453392055 

http:(lmaps.waterrights.utah.gov/Py/platKMLform.py 8/2/2016 



W.K.t'LAl rage LVI 0 

Point to 5660 W660 32425TH USA FOREST 
Point N422 21S STREET SERVICE 

4ESL 

Point to 
S660 E660 

31425TH USA FOREST 
63·3371 Point 

N4 22 21S P 1873 OS 00150000 
STREET SERVICE 

38.9744159369 ·111448747306 
4E SL 

PoinlllJ 
S660 E 1980 

32425TH USA FOREST 
63·3372 Point 

W4 15 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9816746978 ·111453361448 
4E SL 

Point to 
S660 £1980 

32425TH USA FOREST 
63-3373 Point 

W4 15 21S P 1873 OS 00000200 
STREET SERVICE 

389816746978 ·111453361448 
4E SL 

Point to 
N660 E I980 

32425TH USA FORES r 
63·3374 Point 

W4 15 21S P 1873 OS 00000 100 
STREET SERVICE 

38 9853001948 -III 453384581 
4ESL 

Point to 
S660 E660 

32425TH USA FOREST 
63-3375 

Point 
NW 15 21S P 1873 OS 0.0000. 100 

STREET SERVICE 
38.98887452 ·111458018564 

4ESL 

Point to 
5660 t 660 

32425TH USA FOREST 
63·3376 Point 

NW 15 21S P 1873 OS 0.0000.200 
AVENUE SERVICE 

38.98887452 ·11 1458018564 
4ESL 

Point to 
N660 W660 

32425TH USA FOREST 
63·3377 Point 

SE 09 21S P 1873 OS 0.0000.100 
STREET SERVICE 

38.9924816059 ·111.462687873 
4ESL 

Point to 
N660 W660 

32425TH USA FOREST 
63-3318 

Point 
SE 16 21S P 1873 OS 0. 1000000 

STREET SERVICE 
38.9780455472 . III 462663134 

4E SL 

Point to 
N660 E1980 

32425TH USA FOREST 
63·3379 

Point 
W41 G2 1S I' 1873 OS 00000 100 

STREET SERVICE 
38.9852846519 ·111A 72003228 

4E SL 

Point to 
S660 E660 

32425TH USA FOREST 
63·3380 Point 

W4 15 21S P 1873 OS 0015 0 000 
STREET SERVICE 

38.9816564862 ·111 45800667 
4E SL 

Point to 
S660 E660 

32425TH USA FOREST 
63·3381 Point 

N4 16 21S I' 1873 OS 0015 0000 
STREET SERVIC E 

38.9888284143 ·111.467336766 
4E SL 

Point to 
S660 E6GO 

32425TH USA FOREST 
(i3·3382 

Point 
NWI521S p 1873 OS 0.0150.000 

STREET SERVICE 
38.98887452 ·111458018564 

4ESL 

Point to 
N660 E660 

32425TH USA FOREST 
63·3383 Point 

SW 10 21S P 1873 OS 0.0150,000 
STREET SERVICE 

38.9925000096 ·111.458041942 
4E SL 

Point to 
N660 W660 

32425TH USA FOREST 
63·3385 Point 

S4 30 21S I' 1873 OS 0.0000200 
STREET SERVICE 

38.9493458122 ·111.508707844 
4ESL 

Point to 
S660 E1980 

32425TH USA FOREST 
63·3386 

Point 
W43221S P 1873 OS 00000200 

STREET SERVICE 
38.9385897439 -111490397861 

4ESL 

Point to 
5660 W660 

32425TH USA FOREST 3 ~.Ptl8;M f4i(9 -lJt~t.?\y59!52t4) 63·3387 N4 17 21S P 1873 OS O.ot5 0.000 
Point 

4ESL 
STREET SERVICE • I ;, •••• .-i 

Point to 
S660 E660 

32425TII USA FOREST 
(i~-318g NW2821S P 1873 OS 0.0150.000 38 9601~~R5 tlgt ~n~82556 Point 

4ESL 
STREET SERVICE 

Point to 
N660 E660 

32425TH U. A FORES'I D~\ ' 2 Ik {:" I' 63-3389 
Point 

W42921S p 1873 OS 0.0000.200 
STREET SERVICF 

, S035 ~ f tlln 
4E SL ~ 

Point to 
N660 E660 

32425TH USA FOREST 
63-3390 Point 

W43221S P 1873 OS 0.0000 100 
STREET SERVICE 

38.9421955803 ·111 495065463 
4E SL 

Point to 
N660 W660 

32425TH USA FOREST 
63·3391 Point 

S4 29 21S P 1873 OS 0.0000200 
STREET SERVICE 

38 9493387444 ·111A90421853 
4E SL 

Point to 
S660 E660 

32425TH USA FOREST 
63 ·~392 Point 

NW 28 21S P 1873 OS 0.0000.200 
STREET SERVICE 

38.9601530295 ·111 476532556 
4E SL 
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63·3393 Point to S660 E 1980 P 1873 OS 00150000 32425IH USA FOREST 38.9385897439 -111490397861 

Point W432215 STREET SERVICE 

4E SL 

Poinl to 
N660 E660 32423TH USA FOREST 

63·3394 Point 
540921S P 1873 OS o OJ5 0000 

STREET SERVICE 
389924538981 -III 467360622 

4E SL 

Point to 
S660 E660 32425TH USA FOREST 

63·3395 Point 
N4 16215 P 1873 OS 0.0150.000 

STREET SERVICE 
38 988828-H43 -11 I 467336766 

4£ SL 

Point to 
5660 W660 32425TH USA FOREST 

63·3396 Point 
N4 16 21S P 1873 OS 00150000 

STREET SERVICE 
38 988809642 6 -Ill 47198245 

4ESL 

Point to 
N660 E660 32425TH USA FOREST 

63·3397 Point 
540921S P 1873 OS 0.0150.000 

STREET SERVICE 
389924538981 -111467360622 

4E SL 

Point to 
N660 W660 32-125TH USA FOREST 

63·3398 Point 
SE 09 21S P 1873 OS 00150000 

STREET SERVICE 
389924816059 -111462687873 

4E SL 

Point 10 
5660 W6 60 32425TH USA FOREST 

63·3399 Point 
NE 16 21S P 1873 OS 00150000 

STREET SERVICE 
38 .9888561192 -111462664257 

4E SL 

Point to 
N660 EI980 32425TH USA FOREST 

63-3400 Point 
W4 31 21S P 1873 OS 00000200 

STREET SERVICE 
389421016905 -111508-175016 

4E SL 

Point to 
S660 \\'660 3242511f USA FOREST 

63·3403 Point 
NE 07 21S P 1873 OS 0.0150.000 

STREET SERVICE 
390032767833 -111 499989214 

4E SL 

Point to 
N660 EI980 32425TI! USA FOREST 

63·3404 Point 
\\'41621S P 1873 OS 0_0150.000 

STREET SERVICE 
38 9S52g~6519 -III 472003228 

4E SL 

I'oint to 
S660 W660 3?425TH USA FOREST 

63·3405 NE 17 21S P Ill73 OS 00150000 38 .9887624221 -111.481300623 
Point 4E SL 

STREET SERVICE 

Point to 
S660 \\1660 32425TH USA FOREST 

63·3406 I'oinl 
NE 20 21S P 1873 OS 00150000 

STREET SERVICE 
38974-1797223 -11148123&5 

4E SL 

Point to 
S660 E660 32-125TH USA FOREST 

63-3407 Point 
W4 16 21S P 1873 OS 0.0000200 

STREET SERVICE 
38981640214 -11147662435 

4E Sl 

Point to 
56601'660 32425111 USA FOREST 

63-3408 Point 
W4 16 21S P Ill73 OS 00150000 

STREET SERVICE 
3 8 9816~0214 -111.47662435 

4E SI. 

Point to 
N660 E1980 32425TH USA FOREST 

63-3409 Point 
W4 16 215 P 1873 OS 00150000 

STREI:T SERVICE 
3898528-16519 -III 472003228 

4E SI. 

Point to 
S660 E660 32425Il! USA FOREST 

63·3410 Point 
NW 1621S P 1873 OS 00150000 

STREET SERVICE 
389887815647 -111.476654949 

4E SI. 

Point to 
N660 E660 32425TH USA FOREST 

63-3507 Point 
W407215 P 1873 OS () 000 0 100 

STREET SERVICE 
38 9997788355 -III 513087333 

41' SI.. 

N660 W660 32425fH USA FUREST 
~ .. ;: '.' , .. . 

63-3510 
Point to S4 07 21S P 1873 OS 00150.000 38 992- 1 il3i5 5 ' ~ l l (L5ti~~~i~fuD 
Point 4E SI. 

STRE!:"I SERVICE 

Point to 
5660 \1,'660 32~ 25 [II USA FORFST APR ~ ~ 6AtJi 

63·351 I Point 
N4 18 21S I' 1873 OS 00150000 

STREF I SERVICE 
389888928597 - I 5 -118 

4E 5L D;v. of Ol/ ~. & . 
Point to 

N660 [660 324 25T11 USA r' ORE51 
63·3513 \\'41821 5 P 1873 OS 0015 () 000 .)S 98537 17333 - 11 1 513 & U 11 

Point 4E SI.. 
STRE!'! SERVICE 

Point to 
S 1980 1'660 32425TH USA FOREST 

63·3514 Point 
N4 18 21S P 1873 OS 0015 (} 000 

STREET SERVICE 
389852876477 -111504187136 

4E S1. 

Point to 
N660E660 32425TH USA FOREST 

/ 63·3515 Point 
SW 08 21S P 1873 OS 0015 () 000 

STREET SERVICE 
38 992464-1836 -III A95 27 14n 

4E SL 
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63-3516 Point to N660 W660 P 1873 OS 0.0150.000 32436TH USA FOREST 38.9924445978 -11 1.499917325 
Point SE 07 21S STREET SERVICE 

4E SL 

Point to 
N660 E660 

32425TH USA FOREST 
63-3517 Point 

SW 18 21S P 1873 OS 0.0150000 
STREET SERVICE 

38.978131505 -111513043333 
4E SL 

Point to 
N660 EI980 

32425TH USA FOREST 
63-3519 

Point 
W4 07 21S P 1873 OS 0.0150.000 

STREET SERVICE 
38.9997992607 -11 1.508441081 

4E SL 

Point to 
N660 W660 

32425TH USA FOREST 
fi3-3520 Point 

SE0721S P 1873 OS 00150000 
STREET SERVICE 

38.9924445978 -11 1.499917325 
4E SL 

Point to 
S660 \V660 

32425TH USA FOREST 
63-3521 Point 

N41721S p 1873 OS 00150000 
STREET SERVICE 

389887911489 -111490596212 
4E SL 

Point to 
N660 E660 

32425TlI USA FOREST 
63-3522 Point 

S4 17 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9781584172 -11 1.485802628 
4E SL 

Point to 
;";660 E660 

32425TH USA FOREST 
63-3523 

Point 
W4 20 21S P 1873 OS 0.0150000 

STREET SERVICE 
38.9709871533 -111495000477 

4E SL 

Point to 
S660 E660 

32425TH USA FOREST 
63-3524 

Point 
NW 17 21S P 1873 OS 0.0150.000 

STREET SERVICE 
38.988839018 -111.495246135 

4E SL 

Point to 
S660 WI980 

32425TH USA FOREST 
~.:3525 Point 

E4 17 21S P 1873 OS 0.0150000 
STREET SERVICE 

3898160[7543 -111485914755 
4E SL 

Point to 
S660 W660 

3242YrIi USA FOREST (,3·352() 
Point 

E4 18 21S P 1873 OS O.OIS 0.000 
STREET SERVICE 

38.9816827883 -111499749204 
4E SL 

Point to 
S2450 EIOO 

324 - 25TH USA FOREST 
94-113 1 Point 

NW 34 21S P 1879 OS 0.0000000 
STRHT SERVICE 

38.9406958709 -111459931768 
4E SL 

Point to 
S2450 E800 

324 - 25TH USA FOREST 
9'1·1133 Point 

NW 34 21S P 1879 S OODO 0 000 
STREET SERVICE 

389407055805-111457469818 
4E SL 

Point to 
S200 E liDO 

324 - 25Tl1 USA FOREST 
94-1392 Point 

NW 142IS P 1879 OS 0.0000000 
STREET SERVICE 

38.9901800165 -11 1.437759808 
4E SL 

N1750 

9,1·13911 
Point to E2100 SW 

P 1879 OS 0.0000.000 
324·25TH USA FOREST 

38.9955136518 ·111.452992743 
Point 1021S4E STREET SERVICE 

SL 

Point to 
S2450 E800 

324·25TH SA FORE \il 
' T·O 

2±ll Point 
NW 34 21S P 19410124 D 0.0060.000 

STREET SERVICE 
J8.9-107055805 · 1 I I 457'1691$ 11!! 

4E SL 

Point to 
S550E2100 

324 - 25TH USA FOREST 3fb~~6818~78 ?mS
434240768 24-476 Point 

W4 02 21S P 1879 S 00000000 
STREET SERVICE 

4E SL 

NIOO W800 t of Oil , r ' 
~ hAil li 9 

SA r OI 
A 

2·I-4R6 
Point to 

SE 05 21S P 1879 S 00000000 
324 25T! I .., 

39.0053556172 ·1 1148 194996 1 
Point 

4E SL 
STREET SERV ICE 

Point to 
SI700E450 

324 - 25TH USA FOREST 
9·i-496 NW 05 21S P 1879 S 0.0000000 39.0128992631 -III' 496089814 

Point 
4E SL 

STREET SERVICE 

Point to 
N660 W660 

32425TH USA FOREST 
§1:llil Point 

SE 31 21S P 1873 OS O.OIS 0.000 
STREET SERVICE 

38.934971024 -11 1.499732461 
4E SL 

Point to 
S660 W1980 

32425TH USA FOREST 
63-3394 Point 

E4 32 21S P 1873 OS 0.0150000 
STREEt SERVICE 

389385596433·111485758942 
4E SL 

Point to 
N660 E660 

32425TH USA FOREST 
m..:1ill Point 

SW 15 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9780639421 -II 1458018151 
4E SL 

63·3396 Point to P 1873 OS 0.0150000 32425TH USA FOREST 3&9673016492-111 453j44984 
Point STREET SERVICE 
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S660 EI980 
W4 22 215 
4E SL 

Point to 
S660 W660 32-1 25TH USA FOREST 

63-3404 
Point 

N4 21 21S P 1873 OS 00150.000 STREET SERVICE 
38.9744502574 -II L471939015 

4E SL 

Point to 
N660 W660 32425TH USA FOREST 

63-3405 
Point 

E4 28 21S P 1873 OS 00150000 
STREET SERVICE 

38.9564813874 -III 462655712 

4E SL 

Point to 
S660 E660 32425TH USA FOREST 

(i3-3520 
Point 

W41821S P 1873 OS 00150000 
STREET SERVICE 

389817462762 -111513098306 

4E SL 

Point to 
S660 WI980 32425TH USA FOREST 

63·3532 Point 
E4 19 21S P 1873 OS 0.0150000 

STREET SERVICE 
389673217639 -111504263641 

4E SL 

Point to 
N660 E660 32425TH USA FOREST 

63-3536 Point 
SW 28 21S P 1873 OS 0015 a 000 

STREET SERVICE 
38949315-1386 -III 476516946 

4E SL 

Point to 
NI W510SE 324 - 25TI-I USA FOREST 

94·113l Point 
3321S4E p 1879 OS 0.0000000 

STREET SERVICE 
389328664803 -Ill 461968713 

SL 

Point to 
S2450 EIOO 324 - 25TH USA FOREST 

9=1 .. 1133 
Point 

NW 3421S P 1879 S 0.000 0.000 
STREET SERVICE 

38 9406958709 - III 459931768 

4E SL 

S2200 

94·1392 
Point to WI050NE 

P 1879 OS 0.0000000 
324 - 25TH USA fOREST 389847836717-111406093357 

Point 1321S4E STREET SERVICE 

SL 

NI150 

94·1396 
Point to W2280 SE 

P 1879 OS 0000 a 000 
324 - 25TH USA FOREST 389650259162 -111412778391 

Point 24 21S 4E STREET SERVICE 

SL 

N320 E150 324 - 25TH USA FOREST 
21-11Q Spring SW 1121S P 1879 OS 00150000 

STREET SERVICE 
389915955993 -111441112238 

4E SL 

S200 EI080 324 - 25TH USA FOREST 
94-111 Spring NE 1421S P 1879 OS 00150.000 STREET SERVICE 

38.9902300898 -111419297048 

4E SL 

N2400 

94- 112 Spring 
E2250 SW P 1879 OS 00150000 

324 - 25TH USA FOREST 389685444236-111433926902 
2321S4E STREET SERVICE 

SL 

S2250 W130 324 - 25TH USA FOREST 
94·113 Spring NE 23 21S P 11179 OS 00150000 

STREET SERVICE 
389700301833 -111423678221 

4E SL 

S1750 E800 324 - 25TH USA FOREST 
24-1130 Spring NW 34 215 P 1879 OS 0.0150.000 

STREET SERVICE 
38.9426282052 -J 11 457481179 

4E SL II"'" .-', '-, -
S1900 E900 

... 
324 .. 25TH USA FOREST ' i - -n 

94·1132 Spring NW 34 21S P 1879 OS 00150000 
STREET SERVICE 

389422175971 -1\ 1.457'12 8 

4E SL 

S465 ""1277 324 - 25TH USA FOREST 38 9606 1!~~ )1 ~4:6fJl(b 1 9 94·114 Spring N4 26 21S P 1879 OS 00150000 
STRJ:ET SERV llT 

4E SL OJV. ot if G... . 
S533 [1074 324 - 25TH U~A H >lU-'>1 

I ~..:o & M. · 
9:\-11 5 Surface N4 25 215 P 1879 OS 0001) a 000 

SnU-El SLR VICJ: 
38 960·14837Ul · 111 .1I 0:UO"\71Jng 

4E SL 

N48 [2268 

94-117 Spring W42621S p 1879 
324 - 25"1 Ii USA FOREST 

OS 00000.000 
STREET SERVICE 

389548349449 -111433831887 

4E S1. 

5 1570W43 324 - 251 H U.SA FOREST 
94-118 Spring N4 26 215 P 1879 OS 0015 a 000 

STREET SERVICE 
389575997925-111432664447 

4E SL 

) 24-12Q 
S157 W589 324 - 25TH USA H)REST 

Surface E43521S p 1879 OS 0000 0 000 389396506242-111425359967 

4E sL 
STREET SERVICE 
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94·121 Spring S798 E 1099 P 1879 OS 00150000 324 - 25TH USA FOREST 389452470216 -111447192255 
No.1 34 21S STREET SERVICE 
4E SL 

NI060 
324 - 25TH USA FOREST 

~).I-122 Spring W961 S435 P 1879 OS 00000000 
STREET SERVICE 

38.9357630228 -III 43594485 I 
21S4ESL 

N782 

24·123 SurfJce 
WI124 SE 

P 1879 OS 0,0000000 
324 - 25TH USA FOREST 

389349549803 -111.427288267 
3521S4E STREET SERVICE 
SL 

N346 EI078 
324 - 25TH USA FOREST 

1)'1-124 Spring S4 36 21S P 1879 OS 00150000 
STREET SERVI CE 

38.9337780947 -III 410289363 
4E SL 

S332 WI891 
324 - 25TH USA FOREST 

94-1::>& Spring £427 21S P 1879 OS 00150000 
STREET SERVICE 

38.9537357226 -III 448-155752 
4E SL 

S3400 W400 
324 - 25TH USA FOREST 

94-1386 Surface NEI321S P 1879 OS 0.0000.000 
STREET SERVICE 

38.9814957126 -1114037871 
4E SI 

S1250 

94-13117 Spring 
WI050NE 

P 1879 OS 00150000 
324 - 25TH USA FOREST 

38,958454800 I -III 426949754 
26 21S 4E STREET SERVICE 
SL 

S850 WI150 
324 - 25TII USA FOREST 

I) ]· ]38S Spring NE 26 21S P 1879 OS 00150000 
STREET SERVICE 

38.9595521524 -111.42730815 
4E SL 

S2400 

91· 1389 Spring 
EI600NW p 1879 OS 0,0150.000 

324 - 25TII USA FOREST 
38 9..j08527409 -111.43614804 

35 21S 4E STREET SERVICE 
SL 

N80 WI490 
324 - 25HI USA FOREST 

9.1-1390 Spring SE 23 21S P 1879 OS 0015 0.000 
STREET SERVICE 

38.9621020973 -111.428519666 
4E SL 

NI200 

9·1-1301 Spring 
[1700 SW p 1879 OS 00150"000 

32..j - 25TII USA FOREST 
38.9364895357 -111.49144313 

32 21S 4E STREET SERVICE 
SL 

51900 

2 ,1-1393 Spring 
E2400NW p 1879 OS 0.0150.000 

324 - 25TH USA FOREST 
38 985527951 I -111.433155939 

1421S4E STREET SERVICE 
SL 

SI750 W50 
324 - 25TH USA FOREST 

91 - 139~ Surface NE 24 21S P 1879 OS 0.0000,000 
STREET SERVICE 

38.97 13802328 -111 404933961 
4E SL 

SI300 

94· 1395 Spring 
WI500NE P 1879 OS 0.0150000 

324 - 25TH USA FOREST 
38.9438326 109 - I I 1.447069988 

34 21S 4E STREET SERVI 'E 
SL i ~\ \ l' : 

S2150 WIOO 
324 - 25TI-I USA FOREST 

94·1397 Spring NE 14 21S P 1879 OS O,OIS 0.000 
STREET SERVICE 38 . 9848~1 ~ 9 ,I ~ ~M~205 

4E SL 

S600 W2100 
324 - 25TH USA f( REST 

9,\·)399 Spring NE 35 21S P 1879 OS 00150,000 38.9·1568·'l' 7 1 !' ~lf1 063;s.Q~ ing 
4E SL 

STREET SERVICE Div. O'i 

NI850 

94·1400 Spring 
E2100 SW 

P 1879 as 00150.000 
324 - 25TH USA FOREST 

38.9957883101 -III 452994495 
10 21S 4E STREET SERVICE 
SL 

S200 W2300 
32..j - 25TH USA FOREST 

9'\·1401 Surface NE3521S P 1879 OS 0.0000000 
STREET SERVICE 

389467781762 -111431346111 
4E SL 

N2350 

94·1403 Surface 
W2350 SE 

P 1879 OS 0.0000,000 
324 - 25TH USA FOREST 

389826194105 -111450143626-
1521S4E STREET SERVICE 
SL 

94·1404 Surface P 1879 OS 00000.000 389903026703 -111451023716 
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S 150 E2650 324 - 25TH USA FOREST 

NW 15 21S STREET SERVICE 

4E SL 

N200 

94-1405 Surface 
W2300 SE 

P 1879 OS 00150000 
324 - 25TH USA FOREST 389912329554 -111449733187 

10 21S 4E STREET SERVICE 

SL 

NI050 

94-1406 Surface 
""1900 SE P 1879 OS 00000000 

324 - 25TH USA FOREST 389935729941 -III 448340087 
10 21S 4E STREET SERVICE 

5L 

Point to 
N660 W660 32425TH USA FOREST 

63·3527 Point 
E4 18 21S P 1873 OS 0.0150.000 

STREET SERVICE 
389853082555 -111 499774715 

4E SL 

Point to 
S660 WI980 32425TH USA FOREST 

63·3528 Point 
E4 18 21S P 1873 OS 0.0150000 

STREET SERVICE 
389816617233 -11150.:1394302 

4ESL 

Point to 
S660 \\"1980 31425TH USA FOREST 

63·3529 Point 
E4 18 21S P 1873 OS 00150000 STREET SERVICE 

389816627233 -111504394302 

4E SL 

Point to 
N660 £1980 32425n1 USA FOREST 

~3-3531 Point 
\\'41721S I' 1873 OS 00000200 

STREET SERVICE 
389853478227 -111490483841 

4E SL 

Point to 
5660 E660 32425TH USA FOREST 

2.3-3532 Point 
NW 17215 P 1873 OS 00150000 

STREET SERVICE 
38988839018 -111495246 135 

4E 5L 

Point to 
S660 F660 32425TH USA FORES"f 

§Bill. Point 
W42121S P 1873 OS 00150.000 

STREET SERVICE 
38.9673259465 -III 476563153 

4E SL 

Point to 
S660 E660 32425TH USA FOREST 

63·3534 Point 
NW 28 215 P 1873 OS 0.0150000 STREEl SERVICE 

389601530295 -111.476532556 

4~SL 

Point to 
N660 E660 32.:1 25TH USA FOREST 

63-3535 
Point 

W4 28 21S P 1873 OS 0.0150000 
STREET SERVICE 

38.9565469866 -111476536896 

4E SL 

Point to 
S660E660 32425TH USA FOREST 

63-3536 
Point 

W4 21 21S P 1873 OS 00150000 
STREET SERVICE 

38.9673259465 -III 476563153 

4E 5l. 

Point to 
N660 W660 32425TH USA FORES'I 

63-3537 
Point 

E4 20 21S l' IS73 as 00150000 
STREET SERVICE 

389709323079 -111481231966 

4E SI. 

Point to 
N660 E660 32425TII USA FOREST 

63-3538 
Point 

W4 21215 P 1873 OS 00150000 
STREET SERVICE 

38.9709514379 -111476587463 

4E SI. 

Point to 
5660 \V660 32425TH USA FOREST 

63·3539 
Point 

NE 17215 P 1873 OS 00150.000 
STREET SERVICE 

38.9887624121 -III 481300623 

4E 5L 

Point to 
S660 E660 32425TlI USA FOREST 

63-3540 
Point 

N4 17 21S P 1873 OS 00150000 
STREET SERVICE 

3 8 .9~~I066 16 ·1114859505-12 

4E SL 

S1150 

63-2771 Surface 
EI790NW 

P 1873 OS 00060000 
115 EAST 900 USA FOREST 

38 973237~J'1R 1,199O~76444 
2021S4E NORTH SERVICE 

5L 
1:.018 

N840 225 NORTII 
CANYON Div or )i/ r::-, - , ' . 

WI140 SE FUEl. 
t41643 Smfacc 1521541: 

A 2016050·10 0000 6 000 5TH STREET 
COMPANY, 

38 97848S.J C,g1 -r11 445 ;;>$.mrllng 
SL 

SUITE 900 LLC 

NI480 CANYON 

t41643 Surface 
WI050SW 

A 201605040 00006000 
:25 NOR·I.!!. FUEL 

389659530479-111426994766 
2421S4E 

::l TH S,TRUo r COMPANY 

Sl. 
S UIU. 900 L L C . 

NI280 225 NORTH. 
CANYON 

- FUEL 
t41643 Surface W950 SE II A 201605040 00006000 5TH STREFI 

COMPANY. 
38 9942690478 -111426466131 

21S4ESl. SUITE 900 LLe 
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141643 Surface S1170 A 201605040 0.0006 .000 225 NORTH CANYON 38.9848627444 -11 1. 407044036 
WI310 NE 5TH STREET FUEL 
13 21S 4E SUITE 900 COMPANY, 
SL L.L.C. 

NIIOO 

91\-1407 Surface 
EI950 SW P 1879 OS 0.0000,000 

324 - 25TH USA FOREST 
389937263133 -III 453509313 

10 21S 4E STREET SERVICE 
SL 

N550 E2250 
324 - 25TH USA FOREST 

94-1408 Surface SW 1021S P 1879 OS 00000.000 
STREET SERVICE 

38 9922198078 -111.4524-13778 
4E SL 

NIOO EI950 
324 - 25TH USA FOREST 

9 ,1-1409 Surt'<lce S\V 10 21S P 1879 OS 00000000 
STREET SERVICE 

38 9909797289 -I II 453491777 
4E SL 

NI700 

94-1410 Spring 
W1700 Sf p 1879 OS 0.0150000 

324 - 25TH USA FOREST 
38.9665488777 -111.419285335 

2321S4E STREET SERVICE 
SL 

St 600 

94-1111 1 Spring 
E2300 NW 

P 1879 OS 0.0150.000 
324 - 25TH USA FOREST 

389718325697 -111.433713313 
2321S4E STREET SERVICE 
SL 

NI850 E900 
324 - 25TII USA FOREST CJ/I-1412 Spring SW 14 21S P 1879 OS 0.0150.000 
STREET SERVICE 

389812898492 -111.438697871 
4ESL 

N2050 E350 
324 - 25TH USA FOREST 

2.!.:!1H Spring SWI421S P 1879 OS 0.0150.000 
STREET SERVICE 

38,9818318459 -111.440636781 
4E SL 

S2000 

9,1- 14 JIl Spring 
W2000 NE p 1879 OS o () 15 0.000 

324 - 25TH USA FOREST 
389851945421 -III 448639151 

15 21S 4E STREET SERVICE 
SL 

SI200 

21- 4 15 Spring 
W2000 NE p 1879 OS o () 15 0.000 

324 - 25TH USA FOREST 
38,9873918137 -I I 1448653026 

1-21 S 4F STREET SERVICE 
SL 

NIOl3 
324 - 25TH USA FOREST 

9'1-2111 Spring W838 S4 10 P 1879 OS 0,0150 ,000 
STREET SERVICE 

38 .9934675642 -111 45396111 
21S 4E SL 

SIIOO 

2i=17 Spring 
WI950NE P 1879 S 00 II 0000 

324 - 25TH USA FOREST 
39.0020810762 -111.409338352 

12 21S 4E STREET SERVICE 
SL 

SI50 WI900 
324 - 25TH USA FOREST 9,)-4110 Spring NE 12 21S P 1879 S 00110,000 
STREET SERVICE 

39,0046909311 -111.409177375 
4ESL 

S2480 W20 
324 - 25TH USA FOREST 

24·834 Surface NE3321S P 1879 OS 00000.000 
STREET SERVICE 

38.940611803 -111.460353284 
4ESL !(F:r: : /': n-; 0 , 
N667 W212 

324 - 25TH USA FOREST 94-835 Suri'<lce SE3321S P 1879 OS 0,0000000 
STREET SERVICE 

38 ,9346998807 -1 i 1.460932593 
4E SL APR 1 9 2018 
S2540 E820 

324 - 25TH USA FOREST 24-836 Sur race NW 34 21S P 1879 OS 00150.000 389404586625 -11 1. 457397888 
4E SL 

STREET SERVICE Div. of Oil, ('las c~ Mininhl 
S2000 

036193 Spring 
W2000 NE 

A 201001140S 0.0150000 
324 - 25TH USA FOREST 

389851945421 -III 448639151 
1521S4E STREET SERVICE 
SL 

Ulah Division of Waler Rights I 1594 Wesl North Temple Suile 220, POBox 146300, Salt Lake City, Ulah 84114·6300 I 801-538-7240 
tL,1urnI RQMI!/ .... I COII1:!!!!1 !li .... :tim"" I Pr!!QCV Policy I Acal5l:ilJiffl'! Policy 
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c. ... • 

\ Search of TOWNSHIP = '2IS' and RA"GE = '5E' and BEM = 'SL' 

WR Dinrsion Well Location Status Priorit~ lIses CFS ACFT Address Ollner l\"ame Latitude Longitude 
Number Type Log 

Poinl to 
NI E2220 324 - 25TH USA FOREST 

94-440 Point 
SWI121SP 1879 S 0.0000,000 

STREET SERVICE 
33 9970521304 -III 327429583 

5E SL 

S850 

94-44 1 
Point 10 W2580 I'IE P 1879 S 0.0000000 

324 - 25TH USA FOREST 389946658398 -III 34B 13899 
Point 1521S5E STREET SERVICE 

SL 

S1850 

94-442 
Point to El3S0NW, 1879 S 00000000 

324 - 25TH USA FOREST 38.9919682456 -III 349002645 
Point 1521S5E P STREET SERVICE 

SL 

Point to 
SI900EI 324 - 25TH USA FOREST 

94-443 Point 
NWI5 P 1879 S 00000.000 

STREET SERVICE 
38.9918165408 -111353749988 

21S5ESl 

SIOOO 

94-462 
Point to E880 NW P 1879 S 00000.000 

324 - 25TH USA FORE..'lT 39.0150516039 -111.369378278 
Poinl 04 21S 5E STREET SERVICE 

SL 

Point to 
NI \\'300 324 - 25TH USA FOREST 

94-463 
Point 

SE 05 21S P 1879 S 0.000 0.000 STREET SERVICE 
39.0114844695 -III 373409832 

5£ SL 

S2800 

94-474 
Point to EJ450 N\\' 1879 S 0.0000000 

324 - 25TH USA FOREST 39.0036865642 -111.38579 J 178 
Point 08 21S 5E P STREET SERVICE 

SL 

S2600 

94-475 
Point to WIOOONE 

1879 S 0.0000000 
324 - 25TH USA FOREST -111.394418798 

Point 07 21S 5E P STREET SERVICE 
39004206904 

SI. 

S465 

94-116 Surface 
EI379 \\,4 

P 1879 OS 0.0000000 
324 - 25T!1 USA FOREST 389594230649-111399890659 

3021S5E STREET SERVICE 

SL 

SI233 

94-119 Surface 
E475 W4 

P 1879 OS 0.0000 OO{) 
324 - 25TII USA FOREST 38 ,9429204494 -III 403058346 

31 21S 5E STREET SERVICE 

SI. 

NI197 

94- 1593 Spring 
W1041 E4 

P 1879 OS 00150.000 
324 - 25T! { USA FOREST 389495609418 -111394568082 

31 21S 5£ STREET SERVICE 

SL 

N500 
W2050 SE P 324 - 25TII USA FOREST J , 

94-428 Spring 23 21S 5E 
1879 S 0.0110000 STR.!: ET SERVICE 

38 969407636 -111 '32 ' .t.4b I 

SL 

38 968~~~'i7'_1~ 1 ?~t~0989 NI80 E680 32~ - 25TH USA FOREST 
94-429 Spring SW2321SP 1879 S 0011 0000 

STREET SERVICE 
5E S1. Div. of Oil Ga;~ 8: Mining S2000 

j 

WIGOO NE P 324 - 25TH USA FOREST 
94-430 Surfac~ 2721S5E 

1879 S 00000 {)OO 
STREE1 SERVICE 

38 962545815 -1113408 [4521 

SL 

SIlO 

)2:l:ill Surface 
W950 NE P 1879 S 00000000 

324 - 251 H USA FOREST 38 9822414698 -111.357118096 
21 21S Sf-: STREET SERVICE 

SI. 

http://maps.waterrights .utah.govlPy/platKMLfor~1 . py 8/212019 



WKt'LAl rage L. UI '+ 

94-432 Surf~ce NIOOO P 1879 S 00000.000 324 - 25TH USA FOREST 38.9852560005 -111.341557875 
W1800 SE STREET SERVICE 
15 21S 5E 
SL 

N1850 

24-43~ Surface 
W700 SE p 1879 S 00000000 

324 - 25TH USA FOREST 
389876019689 -111.337697685 

1521S5E STREET SERVICE 
SL 

N500 

Q!I-tl34 Surface 
W2200 SE 

P _ .. 1879 S _0.0000.000 
324 - 25TH USA FOREST 

389839032993 -111361525585 
1621S5E STREET SERVICE 
SL 

SI200 

94--435 Surface 
W2050 NE 

1879 S 0000 0 000 
32,( - 25TH USA FOREST 

38 9937169545 -I I I 360978564 1621S5E P STREET SERVICE 
SL 

N187 

2.HlQ Surface 
WI910 SE 

P 1879 S 0.000 0.000 
324 - 25TH USA FOREST 

389975280552 -111.360505114 
09 21S 5E STREET SERVICE 
SL 

S350 

2Hl1 Surfuce 
W490NE 

P 1879 S 0.000 0.000 
324 - 25TH USA FOREST 

39.0105040514-111318429466 
II 21S 5E STREET SERVICE 
SL 

S 1150 

21:ill Sur race W2100 NE p 1879 S 0.000 0.000 
324 - 25TH USA FOREST 

390082910968 -111324087605 
II 21S 5E STREET SERVICE 
SL 

S4100 

24-439 Surrace E2l50NW I' 1879 S 0.0000.000 
324 - 25TII USA FOREST 

39.0002499739 -111346141609 
1021S5E STREET SERVICE 
SL 

SI650 

2,I.iJllil Surface 
E620NW P 1879 S 0 .000 0 000 

324 - 2STII USA FOREST 
39 0069628875 -1 II 351560624 

10 21S 51:: STREET SERVICE 
SL 

S650 

2..I.:11i Spring 
W720 NE P 1879 S 0.0110000 

324 - 25TH USA FOREST 
39.0096950729 -III 356291748 

09 21S 5E STREET SERVICE 
SL 

SI500 

94-45~ Surface EI700NW P 1879 S 0.0000000 
324 - 25TH USA FOREST 

39.0135522569 -111.384961684 
05 21S 5E STREET SERVICE 
SL 

S2100 

94-456 Spring 
E220 NW P 1879 S 001 1 0000 

324 - 25TH USA FOREST 
39 0055946941 -111 .390 I 3 1625 

08 21S 5E STREET SERVICE 
SL ~ (\ ~ , 

,",. I \ I l~T~ 
S3350 

, ,',,1 t·: • 

9'1-4.58 Spring 
E550 NW p 1879 S 0 .01 1 0000 

324 - 25TH USA FOREST 
39.0022903045 -111.370369308 

09 21S SE STREET SERVICE APR • n 2018 SL I~ 

N450 

91-159 Spring 
E2950 SW p 1879 S 00 II 0000 

324 - 25TH USA FOREST DiY8 . ~8iia~96GHl ~Jv'{{I)()iln g 
08 21S 5f STREET SERVICE 
SL 

NI600 

94·5&3 Surface EI200 SW P 1879 S 00000000 
324 - 25TH USA FOREST 

38957998638 -1113495-1813 
27 21S 5E STREET SERVICE 
SL 

NI650 

94-584 Surrace WI900 SE p 1879 S 0.000 0 .000 
324 - 25TH USA FOREST 

38.9581026372 -II 1.360454546 
28 21S 5E STREET SERVICE 
SL 

S650 E250 
324 - 25TH USA FOREST 

2.1:.ill. Surface NW28 P 1879 S 0.0000,000 
STREET SERVICE 

389662500158 -III 371446826 
21S SE SL 
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24-586 Surface N500 E400 P 1879 S 00000000 324 - 25TH USA FOREST 38969~103291 -Ill 37093553~ 

SW 21215 STREET SERVICE 

5£ SL 

NIOOO 

94-581 Surface 
EI650SW P 1879 S 00000000 

32~ - 25TH USA FOREST 389707103989 -111385141624 
2021S5E STREET SERVICE 

SL 

S700 

94-588 Surface 
E3000 NV/ 1879 S 00000.000 

32~ - 25TH USA FOREST 389805560174-111380397906 
2021S5E P STREET SERVICE 

SI. 

N600 

94-589 Surface 
W2000 SE P 1879 S 0.0000000 

324 - 25TH USA FOREST 38 9696718112 -1I1360818~74 
2121S5E STREET SERVICE 

SL 

S660 125 
PRICE FIELD 

94-940 
Point to W660N~ 

P 1879 S 00000000 SOUTH 
OFFICE USA 389517361541 -II 1318240767 

Point 35 21S SE BUREAU OF LAND 

SI. 
600 \VEST 

MANAGElvfENT 

S900 

94-440 
Point to WI880NE P 1879 S 00000000 

324 - 25TH USA FOREST 390153291211 -I 11341976794 
Point 03 2IS 5E STREET SERVICE 

SL 

S I 150 

94-441 
Point to EIOOONW 1879 S 00000000 

324 - 25TH USA FOREST 389938871746 -111350243996 
Point 1521S5E P STREET SERVICE 

SL 

SIIOO 

94-443 
Point to E900N\\' 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 38.9940234433 -I I I 350596649 

Point 15 21S 5E STREET SERVICE 

SL 

Point to 
S500 WI 324 - 25TH USA FOREST 

94-460 
Point 

l'.TE 01 21S P 1879 5 00000.000 
STREET SERVICE 

39.0164702066 -III 29810~569 

5E SL 

Point to 
N800 E500 324 - 251H USA FOREST 

!M-474 Point 
5W0521S P 1879 S 0.0000000 

STREET SERVICE 
390135630357-111389189577 

5ESL 

N300 

94-475 
Point to W350SE 

P 1879 S 00000.000 
324 - 25TI-I USA FOREST 39.0121796876 -111392174608 

Point 06 21S 5E STREET SERVICE 

SI. 

S660 125 
PRICE FIELD 

Point to \V660 E4 OFfICE USA 
94-940 

Point 35 21S 5E 
P 1879 S 00000000 ~~OU~'~ST BURleAU Of I.Af'..'O 

389445708596 -[ II 318964123 

SL . MANAGEMENT 

Point to 
N660 E660 32425TH USAfORES·[ 

a25549 
Point 

W4 [5215 A 20061103 S o aoo 0 000 
STREET SERVICE 

38991614313 -111351463971 

5E SL 

S3520 
EI35 NW 32425fH USA !-'ORES'I I 

815549 Surface 10 21S 5E 
A 2006 1103 S 00000000 STREET SERV ICF 39 00 182 16 111 --1 - 1 1 1 13~Ni~~ 

SL 

N2260 
225 APR t 9 2018 NORTH 

t41643 Surface 
EI170 SW 20[605040 00006000 5TH C:AN;UN ~ 111:1 ' 9 P 1 7688-~9l)9 -I I I '1 26 168 1 
QI21S5E A STRI:ET ( OMI J\N'l I 1 (; IV. 0 ( )il G I 

S1. SUnE 900 ' .. , I..'( Mining 
225 

N785 NORTH 

t41775 Surface 
E1804 W4 

A 20160615 X 0000 15 870 5TH 
CANYON FUEL 390064147276 -J I I 32893 7564 

II 21S SE CO!'v1PANY. L L C 
STREET 

51. .. 
SUITE 900 

S1650 .. .. 
94-590 Surface 

E700NW p 1879 S () 000 () 000 
324 - 25TH USA FOREST 389780078034 -III 369843837 

21 21S 5E STREET SERVICE 

SL 

94 .. 591 Spring P [879 S 00110.000 38 9729908375 -[ II 31911057 
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WKPLAI 

211-592 Surface 

n38625 Spring 

NI800 
\V700 SE 
23 21S 5E 
SL 

S400 El50 
NW09 P 
21S5ESL 

S61'5 
W2075 SE A 
0321S5E 
SL 

Utah DIvision of Water RIghts I 

324 - 25TH USA FOREST 
STREET SERVICE 

1879 S 00000.000 324 - 25TH USA FOREST 
STREET SERVICE 

20121214 S 0.0502 810 324 - 25TH USA FOREST 
STREET SERVICE 

http://maps.waterrights.utah.gov/Py/platKMLform.py 

.t'age If. OI q 

39.0103881793 -111.371819784 

39.0097433671 -111.342609739 

I 801-538-7240 

INCORPORf: TED 

APR 19 2018 

Div. of Oil, Ga.s & Mining 

812/2016 



.&. ~e- ..I.. v.&. v 

I !~~a~~hl ,."P . 

-!~. 

Search of TOWNSHIP = '22S' and R.\l\GE = '-IE' and BEM = 'SL' 

WR DiHrsion Well 
Location Status Priority (lses CFS ACFT Address 0\\ ner l'iame Latitude Lo ngitude 

Number Type Log 

N660 
~1NTCH &. 

2.l.1199 Point to E660 S-I p 1879 S 0011 0 000 466 SOUTH MAIN COMPANY 38 848-1233408 -111 .466445018 
Pomt 3322S 

LIMITED 
4E SL 

S660 
WTNTCH &. 

24.1200 Point to E660 W4 
3322S P 1879 S 0.0110.000 466 SOUTH MAIN COMPANY 388518018748 -111475917422 

Pomt 
LIMITED 

4E SL 

N660 
W[NTCH & 

2 '1. 120 1 Point to W660£4 
33225 P 1879 S 0.0110.000 466 SOUTH MAIN COMPANY 388559074-199 -111.46191 6·l3 

POint 
LIMITED 

4E SL 

S660 

94-1202 Po~nt to 
W660 W[NTCH& 
NE 33 P 1879 S 0.0000000 466 SOUTH MAIN COMPANY 388595084397 -III 462066524 

Pomt 
22S 4E LllvllTED 
SL 

S660 

2,1-1203 Point to 
\V660 WINTCH &. 
NE33 P 1879 S 00000000 466 SOUTH MAIN COMPANY 38.8595084397 -111462066524 

Pomt 
22S 4E LIMITED 
SL 

S660 

94-1204 Point to 
WI980 WINTCH & 
E428 P 1879 S 00000000 466 SOUTH IvlAIN COMPANY 38.8666896191 -III 466837295 

--- Pomt 
2254E LIMITED 
SL 

N660 
WINTCH& 

91-1205 Point to W660E4 P 1879 S 00000000 466 SOUTH MAIN COMPANY 38.8703336836 -111 462223094 
Pomt 2822S 

LIMITED 
4ESL 

5660 

94-1206 Point to 
W660 WINTel!& 
NE2S P 1879 5 00110.000 466 SOUTH MAIN COMPANY 38.87390779 -111.462332718 

-- Pomt 
2254E LIMITED 
SL 

N660 

94.1207 Point to 
£1980 WINTCH& 
W421 P 1879 S 00000000 466 SOUTH MAIN COMPANY 38884-1837729 -111471825159 

POlllt 
2254E LIMITED 
SL 

N660 , " I'"' >'"'> ,-. • 
• ~.J\.:; ';1 ~ti;,") '\ TED 

94-1208 Point to 
EI980 WINTCH& ._!I !~}. :: 

W421 P 1879 S 001 I 0,000 466 SOUTH MAIN COMPANY 38.88-14837729 -111471825[59 
Pomt 

22S4E LIMITED APR 
SL r 9 2018 
N660 

\\' INTCI I & Di~ 
94-1209 Point to Eb60 S4 

P 1879 S 00110000 466 SOUl H MAI:--': CO, II 'AN'· ~ 
Pomt 16225 

I.lMI J rD 
4E SI. 

S660 
WINrCH &. 

2,1- 1219 Point tll E660N4 P 1879 S (J 01 I 0000 466 SOLTTH MAIN COMPANY 38 8879559933 -III 48574-6454 
. Pomt 2022S 

LIMITED 
4E SI. 

N400 

Point to 
E2600 

324 - 25TH STREET ~i:~~~EST 94-135 
Point 

SW II P 1879 OS 00000000 389060219087 -111432811484-
2254E 
SL 

94-136 P 1879 05 00000000 324 - 25TH STREET 389030672862 -III 444253406 

http://maps.waterrights.ut~h.gov/Py/platKMLform.py 8/2/2016 



WRPLAT t'age L or b 

Point to S660 USA FOREST 
Point W660 SERVICE 

NE 15 
22S 4E 
SL 

S660 

24-1576 Point to 
WI980 

_ USA FOREST 
E422 P 1879 OS 0_0000.000 324 - 2)T[[ STREET SERVICE 38.8813229792 -111448843168 

Pomt 
22S 4E 
SL 

S660 

9.1-157& Point to 
W660 

374 7 -TI r STREET USA FOREST NE lS P 1879 OS 00150000 38 903067286~ -III 444253-106 
Pomt 

22S 4E 
- -.) _. SERVICE 

SL 

S660 

24.1579 Point to 
W660 

324 - 25TH STREET ~~:~~~EST N427 P 1879 OS 00150000 388740786556 -III 453255204 
Pomt 

22S 4E 
5L 
S660 

9,1.15:10 Point to 
EI980 

324 - 2m I STREET ~~[~ ~~~ST W413 P 1879 OS 00000.000 38 8958979978 -111.416408772 
Pomt 

22S 4E 
SL 

S660 

9,1.1581 PO~llt 10 
E660 

324 - 25TH STREET ~i: :r~~ST NW34 P 1879 OS 00150000 38_8595267469 -111,457429299 
--- Pomt 

22S 4E 
SL 

S660 

94-1582 Po~nt to 
-- Pomt 

£660 N4 P 
3422S 

1879 OS 0,0150 .000 324 - 25T[ I STREET ~~: :r~~EST 388595389416 -111448502451 

4E SL 

Nion 

24.1586 Po~nt to 
WI03 

324 - 25T[1 STREET ~~:~~~EST SE 24 P IR79 OS 0.0000000 38.878859876 -III 405228~03 -- Pomt 
22S 4E 
SL 

S619 

94-1 594 PO~llt to 
-- Pomt 

W586 E4 P 
0122S 

1879 OS 0.0000.000 324 - 25TH STREET ~~:~~~ST 38.9244079637 -111,406880395 

4E SL 

N1320 C/O ACORD HANSEN 

94-296 Point to W660 S4 P 1900 S 0.0150.000 
LAKES MTN LAND AND 

389080003755 -111 4719079 
Point 09 22S RETREA T,255 W LIVESTOCK 

4ESL 800 S, SLC 8410 I COMPANY 

N660 ACORD 
Point to E660W4 P C/O: JOHN LAKE ' I ~ 94·297 1900 S 0.0110.000 BUSHNELL 2028 E 1I$.~9S?0 1 26-15 - 11 1.4764624 S Point 1622S 7000 S SLC'84121 MOUNTA IN 

4E SL ' RETREAT 

N522 

38 9&~~7317~ 11~~:~635984 94-159-' Point to E423 S4 
P 1879 OS 00000000 324 - 25TII STREET {J~~J~O~ST 

Pomt 1222S 
4ESL [ . 1 eli! ('(as 8~ r,Jiining 
S266 JIV. 0 J. l - -

94-1595 Point to EI7 NE 
P 1879 OS 00000_000 324 - 25TH STREET ~~: ~~~ST 388606000283-111459695157 

Pomt 3322S 
4E SL 

S350 ACORD 

94·101 Rediversion E300 N4 P 19730126 OS 0015 a 000 
ATTN JOHN LAKES 

38 903427158~ -Ill 468502908 
1622S BUSHNELL MOUNTAIN 
4E SL RETREAT 

SI500 ACORD 

2HQ! Surface E450 N4 P 19730126 OS 0.0150000 
ATTN: JOHN LAKES 

38.900270666 -111.46795488 
1622S BUSHNELL MOUNTAIN 
4ESL RETREAT 

94-125 Spring NIS50 P 1879 OS 0.0150.000 324 - 25TH STREET USA FOREST 38.9236,760758 -111406438371 
W450 SERVICE 
SE 01 
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..I. -6- _~ V.l. V 

22S 4E 
SL 

S908 

()!l-127 Surface 
W35N-I p 1879 OS 0,0000000 32-1 _ 25TH STREET ~J~~~~~EST 389303698361 -Ill 432655407 
0222S 
4E SL 

51498 

94-128 Surface 
E859 N4 P 1879 OS 0.0000000 32-1- 25TH STREET ~i~~~~EST 389287899-107 -111448100135 
03 22S 
4E SL 

S961 
E1316 

314 - 25TH STREET ~i~~~~ST 94-122 Surface W403 p 1879 OS 0,0000000 38 9235031164 -111.455885182 

22S 4E 
SL 

NI189 

9 4-130 Surface 
W708 S-I 
0322S P 

1879 OS 00000000 '''4 _ 2 -n1 STREET USA FOREST 
~.) SERVICE 38 .922649 1805 -II 1.453767763 

4ESL 

S2530 
E400 

324 - 25TH STREET ~i~~~~EST 9,1-134 Surface NW 10 P 1879 OS 0.0000000 38.9124269019 -111459086628 

22S 4E 
SL 

S1742 
WI75 

3"4 _ 2 -TH STREET USA FOREST 
2~1-137 Surface N414 p 1879 OS 0.0000.000 

-) J SERVICE 38900114351 -III 433240607 

22S 4E 
5L 

S890 

2H1!! Spring 
W563 E4 P 1879 OS 0.0150.000 324 - 25TH STREET ~i~ ~~~EST 38 895196179 -Ill 443897993 
15225 
4E 5L 

NI25 
ES52 

324 - 25TH STREET ~i~ ~~~EST 24-139 Surface SW 15 P 1879 OS 0.0000.000 38.8907457118 -III 457254889 

2254£ 
SL 

N344 

9·'- J4Q Surface 
W826 S4 P 1879 OS 00000000 324 _ 25TH STREET ~I~~~~~EST 38 8768340081 -111.453856039 
22225 
4E SL 

N800 
WI490 

3J4 _ 2 -nl STRFFT USA FOREST 
94-1402 Spring SI: 11 P 1879 OS 0.0150.000 - ) . _ . SERVICE 38.9070910643 -111428615436 

2254E 
SL 

NI735 

94-141 Surface 
E85854 

P 1879 OS 00000000 '24 2 -TH 51 REEl USA FOREST 38 8806775068 -III 447962611 
22 22S " -) . -: SER VICE 

4E SL 

5698 

911-142 Spring 
E929 W4 P 1879 OS 00150000 324 - 25TII STREET ~i:~;~~EST 388667310411-111438611294 
2622S 
4E 5L 

5380 

24-]43 Spring 
E90NW p 1879 OS 00150000 324 - 25TH STREET ~f~~:I~~EST 38 8 1/1.8790..114 · 11 "-459:06689 
34 225 0 
4E SI. 

S484 
WIOOO 

324 _ 2~TH S'I RFFT USA FORES1 38 874574~~~1111l5mli8 94· 144 Spring NE27 p 1879 OS 00150000 - - - SERVICE 
2254£ 
5L Div. of Oil Gc;~~ & Mining , 
N430 
£317 

324 - 25TH STREET ~i~~ ~~~ST 94-]45 Surfa,c SW25 p 1879 OS 0.0000000 388625722767 -III 422299146 

22S 4£ 
SL 

~ Spring p 1879 OS 00150000 324 - 25TH STREET 388622137191 -Ill 422708083 

http://m~ps.''vaterrights.utah.gov/Py/platKMLform.py 8/212016 



WKPLAl .Page 4 ot b 

N300 USA FOREST 
E200 SERVICE 
SW25 
22S4E 
SL 

NI266 
WI237 

USA FOREST 94-147 Surface S435 P 1879 OS 00000000 324 25TH STREET 
SERVICE 

38.850337307 -111436980076 
22S 4E 
SL 

SI750 
W2150 

"74 _ 2 -TIl STREET USA FOREST 9:.1- 155 Spring NE 27 P 1879 as 00000000 -'-) - SERVICE 38 8710816893 -III 449393351 
22S 4E 
SL 

N962 
E785 

324 - 25Tl1 STREEl ~~: ~~~ST russ Spring SW27 P 1879 as 00150000 38.8639835329 -111457018699 
22S 4E 
SL 

NI245 
E870 

324 - 25TH STREET ~i: ~~~EST 9:1-1584. Spring SW27 P 1879 as 0.0150.000 38 .8647620012 -111.456725046 
22S4E 
SL 

S73 
E1l3 

324 - 25TH STREET ~l~;:I~~EST Q,H5!l5 Surr~cc NW34 P 1879 as 00000,000 38.8611314668 -111459361321 
22S 4E 
SL 

S236 

9,1-15:':7 Surface E536 N4 P 
3422S 

1879 OS 0.0150000 324 - 25TII STREET ~:; ~~~EST 388607018407 -111.448945393 

4E SL 

S2038 
W429 

324 - 25TH STREET ~~~ ~~~ST I) I- ISSS Spring N435 I' 1879 OS o (lIS 0.000 388557678904 -111430.1128738 
22S 4E 
SL 

S671 
E504 

324 - 25TH STREET ~i: ~~~EST 9,1-1589 Spring NW26 P 1879 as 0.0150.000 388740809425 -III 440086462 
22S 4E 
SL 

NI275 
E972 

324 - 25TH STREE'I ~i~ ~~:iEST 9·1-1590 Spring SW27 P 1879 as 0.0150.000 38.8648458056 -III 456367211 
22S 4E 
SL 

SI193 
WI07S _ USA FOREST 

94-1591 Surface E434 P 1879 as 00000.000 324 - 2)TH STREET SERVICE 38.8508226117 -111.445644229 
22S 4E 
SL 

SI226 
W7S3 

324 - 25TH STREET ~~~~~~ST 94-}596 Spring N424 P 1879 as 0.0150.000 S, 70S3352 · 11 I 4 1,67~5 17) 
22S 4£ . 1 
SL 

N215 APR 1 9 20iB W2230 
94-1597 Spring E423 P 1879 OSPX 0 0150.000 374 2 -TH STREET U FOREST 38883738903 - Il l" 1219806 - - ) . - SERVICE 

22S4E D;v I, ('ii, - t ;j .In SL 

N2580 
ACORD 

WI25 
C/O JOHN LAKES 21::ll22 Surface SE 16 P 1900 DIS 0.0150.000 
BUSHNELL MOUNTAIN 

38.8970156172 -111.460717388 
22S 4E 

.RETREAT 
SL 

94--1599 Surface P 1900 DIS 0.0150.000 38.8965228238 -J 11460309981 
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N2400 
WIOSE 
1622S 
4£ Sl 

N570 

94-1600 Surface 
E250 S4 p 
0922S 
4E Sl 

N1557 

94-1 881 Underground 
E857 S4 

A 
0822S 
4E Sl 

N129 
W470 E4 

94-18&5 Underground 43 1950 16 22S P 

9·1-1890 Surface 

94-1893 Underground 

94-1903 Spring 

94-1903 Spring 

) 9<t-264 Spring 

94-298 Surface 

94-298 RediYer5inn 

94-299 RediI'CTsion 

1)·1-299 Surface 

94-302 Surface 

6.1-2478 Underground 

) 94-87 Surface 

4E Sl 

S200 
WIOO E4 
1622S P 
4E Sl 

N660 
EI320 
SW 08 A 
22S 4E 
SL 

NI140 
E1491 
SW 12 A 
2254E 
SL 

NI205 
£1673 
SW 12 A 
22S 4E 
S1. 

Nl105 
WI275 
S435 P 
22S 4E 
SI. 

N2100 
W930 
SE 16 P 
22S 4E 
SL 

5750 
W200 
NEI6 P 
22S 4£ 
S1. 

S350 
E300 N4 P 
1622S 
4E S1. 

51500 
E450 N4 
1622S P 
4E SL 

SI500 
WIOO 
NE 04 P 
22S 4E 
SL 

NI737 
£1166 
S406 l" 
22S 4£ 
S1. 

NI140 P 
EI491 

C/OJOHN 
BUSHNELL 

CIOACORD 

1879 S 00150000 
LAKES 
MOUNTAIN 
RETREAT 

20060824 DIS 00002000 976 N 2500 Vi 

1383 F AR}'[ERS 
20080701 D 0.0000250 

FREEWAY 

20090317 D 00150250 
244 NORTH 200 
EAST 

ACORD 
lAKES 
MOUNTAIN 
RETREAT 

HANSEN 
LAND AND 
LIVESTOCK 
COMPANY 

DANIELJ. & 
TAMMYl 
DWYER 

LANER AND 
LOREEN 
SORENSEN 

MELVIN J. 
RIDER 

LEONP AND 
VIRGINIA A 

0 " - - - -

38.9059533403 -III 468695292 

38.9085481587 -III 48-1952079 

388975282797 -III 46 1956449 

38 .8966297961 -III 460650084 

20100208 DIS 0000 I 730 PO BOX 38 CHRISTENSEN 38 9060121831 -III 492487904 
FAMILY 

20140522 X 

20140522 X 

225 NORTH 5TH 
00-11 29.970 STREET. SUITE 

900 

225 NORTH 5TH 
0.041 29970 STREET, SUITE 

900 

TRUST 

CANYON 
FUEL 38.9080630598 -1114181-1144 
COMPANY LC 

CANYON 
FUEL 38 .9082438395 -III 417502677 
COMPANY LC 

1879 OS 0 015 0 000 324 - 25TH STREET ~~~ Jr~~EST 38 8498945921 -111 437110844 

1900 

1900 

1900 

1900 

1899 

1900 

CIO JOHN AC~~D 
DS 00670000 BUSHNELL, 2028 E ~~~~TAIN 388956860023 -11146353831 

7000 S. SLC 84121 RETREAT I 

C/O J()J I. AC(~I~f) 
DS 00670000 BUSHNelL, 202~ E ~~~~lA IN 389023672097 -11146106 1765 

7000 S I 84 Ll RE'I REAl 

DS 

DS 

S 

D 

00070000 

() 007 0.000 

CIOJOHN 
BUSHNELL,2028 
EAST 7000 S. SLC 
84121 

CIOJOHN 
BUSHNELL 2028 
EAST 7000 S, SLC 
84121 

ClOJOHN 
0.0150000 BUSIINELl 

ACORD 
LAKES 
MOUNTAIN 
RETREAT 

ACORD 
LAKES 
MOUNTAIN 
RETREAT 

ACORD 
LAKES 
MOUNTAIN 
RETREAI 

APR 1 9 2018 
38900270666 -III 46795488 

rvV ·f ,. 
- . I . COli G ~." & 1\ .. ' • 

l •• c, ..... 'VI/rllng 

38 9292618006 -III 460849637 

00407310 365 COBHI.E l.ANE CAMP ESTATE 38 9234464127 -III 502 r 655 19 

19710614 X 00700000 ATTN PROPERTY CANYON 
ADMINISTRATION FUEL 

389080630598 ·11141814144 
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WKt'LAl rdgt: U Ul U 

SW 12 COMPANY 
22S 4E LLC 
SL 

N1205 
CANYON E1673 

p4·S7 Surface SW 12 P 19710614 X 00700.000 
ATTN:PROPERTY FUEL 

389082438895 ·111417502677 
ADMINISTRATION COMPANY 

22S 4E 
LLC 

SL 

S2130 
ACORD Wi200 

9·1·99 Underground NE 05 P 19730126 D 0,0230.000 A UTAH LIMITED LAKES 
389274491017 ·111483349627 

22S 4E 
PARTNERSfIIP MOUNTAIN 

SL RETREAT 

S23000 

al2263 Surface 
N407 

A 19820429 D 0.0400000 BOX213 
HOWARD 

389123406432·11150618646 
22S 4E NIELSEN 
SL 

N2 180 

a12263 Surface 
EI75 S4 

A 19820419 D 0.0400000 BOX213 
HOWARD 

3888 1139347 ·111.505909 I 97 'Q ?'J S r-r!!.L'iEr-' 
4E SL 

NI810 

1112263 Surface 
E380 S4 

A 19820429 D 0.0400.000 BOX213 
HOWARD 

38.9236349494 ·111 504930606 
0622S NIELSEN 
4ESL 

S800 
E1200 

HOWARD n12263 Surrace NW05 A 198204290 00400.000 BOX213 
NIELSEN 

38.9309804353 ·111.493036506 
22S 4E 
SL 

S1820 
W240 

HOWARDW. 
1 ~111: UndergrolTlld N418 A 198208100 0000'7.250 P.O BOX 213 38,8990300866·1 I I 50697024 

22S 4E 
NIELSEN 

SL 

S1820 
W240 

04607750037 NORTH 100 MARLIN JR m il !) Underground N418 A 198108 I 00 38,8990300866 ·111.50697024 
22S 4E 

. - EAST SORENSON 

SL 

Ulah Division of Waler Rights I 1594 West North T.mple Suile 220, P.O Box 146300, Sail Lake City, Ulah B4114-6300 I 801-538-7240 
tl,!I![iJ! B!2r":!l'tfj".r.Jr,'l 1 r.ru I~I Pr!yg<yPql!<y.lllm" ·' I ly~ 

APR 19 2mS 
, , ." \, '\1['[1 ;'lq o\v. of 0 [1, (l~;b \J'. I, , 1" .-

http://maps.waterrights.utah.gov/Py/platKMLform.py 8/212016 



Search of Tm\"I'\SHIP = '22S' and RANGE = '5E' and HEM = 'SL' 

WR Diversion 
I'\umber Type 

94.1030 Point to 
--- Pomt 

94-103 1 Point to 
--- Poml 

94. 1032 Point to 
Pomt 

94.1033 Point to 
--- 1'0101 

94.1034 Poinl to 
--- 1'01111 

94.)036 Point to 
--- POIl1I 

94.1060 Poinl to 
--- Pomt 

94.1077 Point to 
--- POI!1I 

9.1.) 078 Point to 
POl!1t 

94.1079 Poinl to 
--- Pomt 

24-1081 Point to 
1'0101 

94.1082 Point to 
Poml 

'LYell Location Status Priorit\" l'ses CFS ACFT Address 
og • 

S660 
EI980 
W409 
22S 5E 
SL 

N660 

P 

E660 W4 
202255£ P 
SL 

N660 
W660 SE 
17 22S 5E l' 
SL 
S660 
E1980 
W417 P 
22S 5E 
SL 

S)980 
E660N4 
20 22S Sf. P 
SL 

S1980 
E660 N4 
21 22S 5E P 
SL 

S660 
E660 W4 
21 22S 5E l' 
5L 

S660 
10660 W4 
15 22S 5E P 
SL 

N660 
E660 \\,4 
33 22S 5E P 
SL 
S660 
W660,E4 1) 
33 22S 5E 
SL 

51980 
E660 N4 
33225 5E P 
SL 
S660 
W660N,1 
33 22S 5£ P 
SL 

S660 
\\'6liO N4 
33 22S 51:: P 
SL 

1879 S 

1879 S 

1879 S 

1879 S 

1879 s 

1879 S 

1879 S 

1879 S 

1879 S 

1879 S 

1879 s 

1879 5 

1879 S 

00000000 

00000000 

00000000 

0.000 0 000 

00000000 

125 
SOUTH 
600 
WEST 

125 
SOUl H 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
\-VEST 

125 
SOUTH 
600 
WEST 

125 

0 .0000000 SOUTH 
600 

00000000 

0.0000000 

00000000 

0.0000000 

00000.000 

0.0000000 

00000000 

WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WESl 

125 
SOUTH 
600 
WEST 
125 
SOUTH 
600 
WES'I 

125 
SOUlH 
600 
WESl 

125 
SOU1H 
600 
\VEST 

125 
SOUTH 
600 
WEST 

- -0- ..... '-'.L V 

L-. ___ --JI ~ Se.3l cll j 

·:t 

Ollner Jliamc Latitude Longitude 

PRICE FIELD 

~~i;~~i LAND 389156183592 -111365884731 

MANAGEMENT 

PRICE FIELD 

~fJ::i;~~~ LAND 38 8901358103 -111 389518177 

)l"tANAGEtv1ENT 

PRICE FIELD 

~~i;~~~ LAND 388974824918 -111 375382745 

MANAGEtv1ENT 

PRICE FIELD 

~~~I~;~~~ LAl\1f) 389011170238 -I 11384603082 

MANAGEMENT 

PRICE FIELD 

OFFICE USA 388907 2962'6 III 38001)'2 
BUREAU OF LAl'm - -,. --" 

MANAGEMENT 

PRICE FIELD 

OFFICE USA 38890167199' .111 361439704 
BUREAU OF LAND " 
MANAGEMENT 

PRICE FIELD 
OFFICE USA -
BUREAU OF LAND 3888662)8903 -111370916944 

MANAGEMENT 

PRICE FIELD 

OFFICE USA 3890097(4)" -111352181718 
BUREAU OF LAND· . -) 

MANAGEMENT 

PRICE FIELD 

OFFICE USA 388607748779 -111370880814 
BUREAU OF LAND l -

MANAGEMENT 

PRICE FIELD 

OFFICE USA '88-702-98)1 1113"6970867 
BUREAU OF LAND" ) ) -- - ) 

MANAGEMENl 

PRICE FIELD 

OFFICE USA ~886 1 0l4' 1 0'" 111 6 16311 81.-0 
BUREAU OF LA1\'1) ) -" -
MANAGEI\1ENT 

PRICE FIELD APR 1 9 2018 
OFFICE USA 38 8{1161 - '')H 111 """>"8 1(:(j 
BUREAU OF LAND d" -) -' I""''') , 
MANAGEMENT IV. ( iI. G~ S & Minin 
PRICE FIELD 9 
~rJ~i~~~~ LAND 38.8646253283 -111366288166 

MANAGEMENT 

, 94· 1083 Poinl to 
--- Poini 

S6liO l' 1879 S 0.000 a 000 125 PRICE FIELD 388716437484 -111333880369 

E660 W4 SOUTH OFFICE USA 

http://maps.waterrights.utah.govlPy/plat~MLform,py 8/2/2016 
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WKt'LAl rage L. U1 ('; 

26 22S 5E 600 BUREAU OF LAND 
SL WEST MANAGEMflNT 

S660 125 PRICE FIELD 

24-1084 Point to W1980 
1879 S 00000000 

SOUTH ~~~~~~ LAND 38.8713459578 -I 1 1.324473938 POll1l E4 26 22S P 600 
5E SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94.1085 Po~nt to W660 SE 
1879 S 00000.000 

SOUTH OFFICE USA 388681 -'6 -111.35703817 -- POll1t 28 22S 5E P 600 BUREAU OF LAND ).J 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

"4.IO:l6 Point to W660NE 
1879 S 0.0000000 

SOUTH ~[J~i~~~~ LAND 38 8791981191 -111.35724327 --- POint 28 22S 5E P 600 
SL WEST r .. IANAGEMENT 

N660 125 PRICE FIELD 

24.1087 Po~nl to E660 W4 P 1879 S 00000000 
SOUTII ~G;~~~~~ LAND 38.9046020299 -I 1 1.352199615 POll1t 15 22S 5E 600 

SL WEST MANAGEMENT 

S660 i25 PRiCE FIELD 

94.IOflS Point to W660 E4 
1879 S 0.0000000 

SOUTH OFFICE USA 1 

'-- POll1t 15 22S 5E P 600 BUREAU OF LAND 38.9008601011 -111.338_4764 

SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

9:1.1090 Point to E660 S4 
1879 S 0.0000 .000 

SOUTH ~~~~~~~ LAND 38.8829221149 -1 1 1.361875571 POint 21 22S 5E P 600 
SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-1102 Point to W660 SE P 1879 S 00000.000 
SOUTII OfnCE USA 

-- POlllt 12 22S 5F 600 BUREAU OF LAND 389115951304 -111 .30082822 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94. 1 J 16 Poinl to W660 N4 
1879 S 0000 0000 

SOUTH ~0~~~~~ LAND 38.8934522243 -I I I 328964374 POInt 23 22S 510 P 600 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

911-1117 Po~nt to W660N4 ) 
1879 S 00000.000 

SOUTH ~0~~tY~~ LAND 38.8933680942 -111 .310305543 - _. POint 24 22S 5E I 600 
SL WEST MANAGEMENT 

225 
N660 NORTH 

24-1185 Point to E660 S4 
1879 S 0.0000_000 

5TH CANYON FUEL 
38.8972447409 -111342949243 

-- POint 15 22S 5E P STREET, COMPANY, L LC. 
SL SUITE 

900 

225 
N660 NORTII 

24~1186 Point to W660 SE 
1879 S 0000 0.000 

5TH CANYON FUEL 
38~ a917 1 3G625 1 - 11 1.33.8328364 POint 15 22S 5E P STREET, COMPANY, LLC. 

SL SUITE 
900 

225 A.?R . .... 2mB S660 NORTH f ~ 

94-tt87 Point to E660 N4 
1879 S 00000000 

5TH CANYON FUEL t 8893.16-"?h I9- II I. :N 248-9 
-- Po1l11 23 22S 5E P STREET, COMPANY, LL CD V or], ( r · M' . 

SL SUITE . ....... lin Ing 

900 

225 
S660 NORTH 

94.tt88 Point to E660 N4 
1879 S 00000.000 

5TH CANYON FUEL 
38.8934652619 -I 11324324859 

-- POint 23 22S 5E P STREET, COMPANY, L L C 
SL SUITE 

900 

24·1189 Point to N660 P 1879 S 00000.000 225 CANYON fUEL 3888971 19004 -11 I 310604779 
Point EI980 NORTH COMPANY, L L C 

W424 5TH 
22S 5E STREET, 
SL 

http://maps.waterrights.utah.gov/Py/platKMLform.py 8/2/2016 



.... "'4.b - -J v.&. U 

SUITE 
900 

225 

N660 NORTH 

94-1218 Point to W660 SE 1879 S 00000000 
5TH CANYON FUEL 388971366251 -111.338328364 

--- Pomt 15 22S 5E P STREET. COMPANY. L.L.C 

SL SUITE 
900 

S660 
675 EAST UTAH SCHOOL 

94-1289 Point to W660N4 
500 AND 

1622S5E
P 1879 S 0.0000000 SOUTH. INSTITUTIONAL 38 9082961379 -III 366004855 

-- Pomt 5TH TRUST LANDS 
SL FLOOR ADMIN 

N660 
675 EAST UTAH SCHOOL 

94-1290 Point to E660 SW 
500 A}m 

16 22S 5E P 
1879 S 00000.000 SOUTH, INSTITUTIONAL 38.8974973754 -111370742988 

-- Pomt 5TH TRUST LANDS 
SL FLOOR ADMIN 

N660 
675 EAST UTAH SCHOOL 

94-1291 Point til £660 SW 
500 AND 

16 22S 5E P 
1879 S 00000000 SOUTH. INSTITUTIONAL 388974973754 -I II 370742988 

--- POint 5TH TRUST LANDS 
SL FLOOR ADMIN 

N660 
675 EAST UTAH SCHOOL 

24-1292 Point to W660S4 
500 AND 

1622S5E
P 1879 S 0.0000000 SOUTH, INSTITUTIONAL 38.8974038956 -III 366 I 16189 

Pomt 5TH TRUST LANDS 
SI. FLOOR ADMIN_ 

N243 324 -
94-1595 Po~nt to W72E4 1879 OS 0.0000000 25TH 

USA FOREST 38 8890818066 -III 392084574 
-- Pomt 19 22S 5E P STREET 

SERVICE 

SL 

N660 125 PRICE FIELD 

24-1030 Point to W660 S4 
1879 S 00000.000 

SOUTH ~~~~lY~~ LAND 389119217311 -Ill 366023464 
POint 09 22S 5E P 600 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1031 Point to E660 N4 
1879 S 00000000 

SOUTH ~~~~XlY;~ LAND 388938552207 -111380041632 
-- POUlt 20 22S 5E P 600 

5L \VEST MANAGE!v1ENT 

N660 125 PRICE FIELD 

94-1032 Point to W660 SE 1879 5 00000000 
SOUTH OFFICE USA. 3889748')4918 III 375~8n4-

--- POint 17 22S 5E P 600 BUREAU OF LAND - - .) - ) 

SL WEST t-.IANAGEt-.1ENT 

S660 125 rR I C L~ FIEl. ]) I 
I 

I 

94-1033 Point to WI980 1879 S 0.0000000 
SOUTII ~~i~0J~~ LAND 38 90lP96367S - I ll 3i99_f) 

Pomt E4 17 22S P 600 

5E SL WEST MANAGEMENT APR 
N660 I 9 2018 125 PRICE FIELD 

94-1034 Point to 
EI980 SOUTH OFFICE lJSA 
W420 P 1879 S 00000000 BUREAIJ OF LANP~ .8e9f. I -11( 111 'wnS9()2 

-- POJllt 
22S 5E 

600 , a... Mining 
S1. 

WEST MANAGEMENl 

S660 125 PRICE FIELD 

24-1035 Point to W660N4 1879 S 00000000 
SOUTH ~rJii~0J~~ LAND 388937782933 -111366097586 

Pomt 21 22S 5E P 600 

5L WEST MANAGEMENT 

S660 125 PR1CE FIELD 

94-1036 Point to E660NW 1879 S 0.0000000 
SOUTH OFFICE USA 

-- Pomt 21 22S 5E P 600 BUREAU OF LAND 38 8938717756 -} II 370724149 

5L WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-1060 Point to ~660 S4 P 1879 S 00000000 
SOUTH ~~~~!\Y~~ LAND 388972309618 -111347588997 

-- Pomt b 22S 5E 600 

SL WESl MANAGEMENT 

94-1081 Point to SI980 P 1879 S 0.0000000 125 PRICE FIELD 388898396363 -III 324308392 

Point E660 N4 SOUTH OFFICE USA 

h!tp:llmaps.waterrights.utah.gov/Py/platKMLform.py 8/212016 



WKPLAI rctgc'"tUIO 

23 22S SE 600 BUREAU OF LAND 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1082 Point to W660NE 
1879 S 0.0000000 

SOUTH ~~;:~~~ LAND 38.8645279746 -111.357020049 --- Pomt 33 22S 5E P 600 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94.10113 Point to W660 E4 P 1879 S 0.0000000 
SOUTH ~~;:~~~ LAND 388567739709 -III 319678586 ~Pomt 35 22S 5E 600 

SL WEST MANAGEMENT 

N660 
125 PRICE FIELD 

94-1084 Point to 
EI980 

SOUTlI OFFICE USA 38 sr009-984 III 310-r4(i'J W425 p 1879 S 00000000 
600 BUREAU OF LAND )) - . )) L --- Po lilt 

22S 5E 
SL 

WEST MANAGEMENT 

S660 125 PRICE FIELD 

9'I. l0S5 Point to W660 NE 
S 0.000 0.000 

SOUTH OFFICE USA _ 
2222S5E

P 1879 
600 BUREAU OF LAND 38.893) 110086 -11 1.33831118 POint 

SL '.'.rEST !'.1.'\~J/\GE~.1E!'!T 

N660 
125 PRICE FIELD 

94.1086 Point to 
EI980 

SOUTH ~~i:J1~~ LAND 38.8901012739 -111347776982 W422 P 1879 S 0.000 0.000 
600 --- POint 

22S 5E 
SL 

WEST MANAGEMENT 

N660 125 PRICE FIELD 

91-1087 Point to W660 S4 
1879 S 0.000 0.000 

SOUTH ~~i;:~~'i LAND 38.8972309618 -111.347588997 - - - Pomt 1522S5E
P 

600 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1088 Po!ntto W660 E4 ) 1879 S 0.000 0000 
SOUTH OFFICE USA ) 

-- Pomt 1522S5[1 600 BUREAU OF LAND 38.9008601011 -III 338_4764 

SL WEST MANAGEMENT 

SI980 125 PRICE FIELD 

9,1-1090 Pointto E660 N4 p 1879 S 0.0000000 
SOUTH OFFICE USA 

- - - Pomt 21 22S 5E 600 BUREAU OF LAND 38.8901671993 -111.361439704 

SI. WES'I MANAGEMENT 

N660 125 PRICE FIELD 

94-1102 Po!nt to W660 SE P 1879 S 0.000 0 000 
SOUT1I ~~:;:~~~ LAf'.TD 38.9115951304 -III 30082822 -- Pomt 12 22S 5E 600 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1116 Point to W660 N4 
1879 S 0,0000000 

SOUTH OFFICE USA 3889'4-')))4' -1113)8964'74 
-- Pomt 23 22S 5E P 600 BUREAU OF LAND j )--- j - j 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94.1117 Point to W660 N4 
1879 S 0.0000.000 

SOUTH ~~;:~~~ LAND 38.8933680942 -111.31030554~ -- Pomt 24 22S 5E P 600 
SL WEST MANAGEMENT 1 

, 
N660 125 PRICE FIELD 

94·730 
Point to W660 SE 

1879 S 0.000 0.000 
SOUTH OFFICE USA 38 8828)ty~ II Q35'J~mrll 

Point 21 22S 5E P 600 BUREAU OF LAND . .,',\ -1 oJ ~ '.' 

SL WEST MANAGEMENT 

S660 125 PRICEFIELD . ) • ~ t " , 
94·733 

Point to W660 E4 
1879 S 0.0000000 

SOUTH OFFICE USA I ! " " _It ( . _ L ' . >/ .'llng 
Point 28 22S 5E P 600 BUREAUOFLAND 8 7 186jO) 17- 111.3 7 1 1M 

SL "VEST MANAGEMENT 

S660 125 PRICE FIEl.D 

94-931\ 
Point to W660 NE 

1879 S 00000000 
SOUTH ~~~i;:J1~~ LAND 389372758861 -III 300451181 Point 01 22S 5E P 600 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-935 Point to W660 N4 
1879 S 00000000 

SOUTH ~~~;:~~~ LAND 389373551837 -111309711872 Point 01 22S 5E P 600 
SL WEST MANAG.EMENT 

94-936 Point to S660 P 1879 S 0.0000.000 125 . PRICE FIELD 38.9372758861 -111.300451181 
Point W660 NE SOUTH OFFICE USA 

http://map-s.waterrights.utah.gov/Py/platKML form. py 8/2/2016 



Point to 
Point 

Point to 
94-938 Point 

Point to 
Point 

Point to 
Point 

Point to 
94-942 Point 

Point to 
94-943 Point 

Point to 
Point 

Point to 
94-945 Point 

Point to 
94-946 Point 

Point to 
Point 

Point to 
Point 

Point to 
94-949 Point 

Point to 
Point 

24-1185 Point to 
Pomt 

24-1186 Point to 
POlllt 

012255E 
5L 

N660 
EI980 
W412 
22S 5E 
5L 

P 

5660 
W660NE 
14225 5E P 
SL 

5660 
W660 N4 P 
13 225 5E 
5L 

5660 
E660NW 
01 22S 5E P 
SL 

S660 
£660 W4 
01 22S 5f P 
5L 

5660 
W660N4 
11225 5E P 
51. 
N660 
W660 E4 
10 22S 5F P 
SL 

S660 
W1980 
E41022S

P 

5E 5L 

N660 
£6605W 
102255[P 

SL 

N660 
W660 E4 P 
09 22S 5£ 
SL 

S660 
E660 N4 
032255E

P 

SL 

5660 
W660N4 
04225 5E P 
SI. 

S660 
W660NE 
01225 5f P 
SL 

N660 
\\'660 S4 
142255E

P 

5L 

N660 
W6605E 
1522S5[P 
SL 

1879 s 0000 0 000 

1879 s 0000 0.000 

1879 5 00000.000 

1879 S 00000000 

1879 S 00000000 

1879 S 0.0000000 

1879 S 00000000 

1879 s 00000000 

1879 S 00000000 

1879 5 00000000 

1879 5 0.0000.000 

1879 S (l.OOO 0 000 

1879 S 00000000 

1879 s () 0000000 

1879 S 00000.000 

http://maps.waterrights.utah.gov/Py/platKMLform.py 

600 BUREAU OF LAl.'ID 
WEST M.t\.NAGEMENT 

125 
SOUTH 
600 
ViEST 

125 
SOUTH 
600 
\VEST 

125 
SOUTH 
600 
\VEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
\\1, ST 

125 
SOUTH 
600 
\VEST 

125 
SOUTfI 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

225 
NORTH 
5TH 
STREET, 
SUITE 
900 

225 
NORTH 

PRICE FIELD 

~~!tY~~ LAND 389191490874 -111310231235 

fvlANAGEMENT 

PRICE FIELD 
OFFICE USA - 'J 
BUREAU OF LAND 38 9081086717 -111.3193681-6 

I\lANAGEMENT 

PRICE FIELD 

~i-I~i!J-l~~ U\ND 389080394651 -Ill 310190529 

l\1ANAGEMENT 

PRICE FIELD 

~~i:tY~~ LAND 389374-164057 -11131433018 

MANAGEMENT 

PRICE FIEl.D 

OFFICE USA '89'0173"169111'14--7712 BUREAU OF LAND J J 3 - ,,)-

MANAGEMENT 

PRICE FIELD 

OFFI CE USA '891287 -36'1 III '7878')4 I B UREAU OF LAl'.m J - ;) ,,- - ,,- _ .. 

MANAGEMENT 

PRICE fIELD 
OFfICE USA 
BUREAU OF LAND 38.91916121-1 -111338178337 

MANAGEMENT 

PRICE FIELD 

OFFICE USA 38915-22014' 111'418011 
BUREAlJ OF LAND . ) J - ,,--

MANAGEMENT 

PRICE FIELD 
OFFICE USA 
BUREAU OF LAND 389118653397 -11135218934 

MANAGEtvlENT 

PRICE FIELD 

~~~!tY~~ LAND 38919155283-1-111356739703 

MANAGEMENT 

PRICE FIELD 

OFFICE USA 3893743-'014 111' ·1217~' 
BUREAU OF LAND . )" - ,,'t J" 
MANAGEMENT 

PRICE FIELD 

~;~~~1JJ~~ LAND 38.9374007012 -111 36537529 

MANAGEMENT I ,,\,t ~r " .... , _ " _ 

PRICE FIELD . . , . i; \.'! 11>' '/'-L--::D 
OFFICE USA ,- . '- . 
BUREAU OF LAND ,,8.93727)8861 -III 300,b1181 

MANAGEMENT APR 1 9 2018 

Div of U·/ 
CANYON FUEL . /. _ G; , ru)· · 
COMPANY, L 1. C 38 H97tJ778 :> I - I)'; Jxns lfJ»ng 

5TH CANYON FUEL 38 8971366251 -J II 338328364 
STREET, COMPANY, I. L C 
SlJITE 
900 

8/2/2016 



WKt'LAI 1- ab~ U Ui U 

21=!J1l7 Point to S660 P 1879 S 0.0000 .000 225 CANYON FU EL 38.893405358 -111314978062 
Point E660NW NORTH COMPANY, L L.C. 

24 22S 5E 5TH 
SL STREET, 

SUITE 
900 

225 
S660 NOR1H 

2.1.:!JSR Point to E660 N4 
1879 S 00000000 

5TH CANYON FUEL 
388934652619-111324324859 

- POll1l 23 22S 5E P STREET, COMPANY, L.L.C. 
SL SUITE 

900 

225 
S660 NORTII 

c).1-11&9 Point to W660 E4 
1879 S 0000 0000 

5TH CANYON FUEL 
38 8860380609 -III 30 I 083635 

--- P01l1t 24 22S 5E I' STREET, COMPANY, L L.c. 
SL SUITE 

900 

225 
N660 NORTH 

94-]2111 Po!nt to W660 SE 
1879 S 0.0000.000 

5TH CANYON FUEL 
38.8971366251 -111.338328364 -- Pomt 1522S5E

P 
STRE ET, COMPANY, 1.L C 

SL SUITE 
900 

N660 
675 EAST UTAH SCHOOL 

94-1289 Point to W660 SE 
500 AND 

1622S5E
P 1879 S 00000000 SOUTH, INST[TUT[ONAL 388973245638 -III 356849649 

-- P01l1t 
5TH TRUST LANDS 

SI. 
FLOOR ADMIN. 

S660 
675 EAST UTAH SCHOOL 

94.1290 Point to W660 E4 I' 
500 AND 

1879 S 00000.000 SOUTH, INSTlTUT[QNAL 38.9009622773 ·11 I .356821711 
--- POll1t 16 22S 5E 

5TIl TRUST LANDS 
SL 

FLOOR ADMIN. 

N660 
675 EAST UTAH SCI [OOL 

91-1291 Point 10 E660 SW 
500 AND 

1622S5E
P 1879 S 0.0000.000 SOUTH, INSTITUTIONAL 38 8974973754 -III 370742988 -- P01l1t 

5TH TRUST LANDS 
SL 

FLOOR ADMIN. 

N660 
675 EAST UTAH SCHOOL 

9, . 22a. Point to W660 S4 
500 AND 

1622S5E
P 1879 S 00000000 SOUTH, INSTITUTIONAL 38.8974038956 ·111.366116189 

- P01l1! 
5TH TRUST LANDS 

SL 
FLOOR ADMIN 

N2050 
324 -

Poillllu WI SE 18 P USA FOREST 1),1-135 
Point 22S 5E 

1879 OS 0.0000.000 25TH 
SER VICE 

38.9012735634 ·11 1391723257 

SL 
STREET 

SI050 

94-1178 Surfilce 
W85E4 

1883 IS 1.7500000 
P.O. BOX SHA YNA 

388849720669-111299058357 24 22S 5E I' 421 HOUSEKEEPER 
SL , . . , '''"iTT) 
SI050 Il\L'/ ,'j ..... ; ':"l'!.' .... , 

94-1179 Surface 
W85 E4 

1884 IS 52500000 
P.O. BOX SIIA YNA 

388849720669-111299058357 24 22S 5E P 421 HOUSEKEEPER 
SL APR 1 9 2018 

225 
N550 NORTH . ~ II r - . t I 11.1i 19 

94·1183 Surface 
W1150 

1882 IS 3.0000000 
H II 'A YON FU E. ~S9!i9 3 657 ·1 11 .34930985 5415225 P STR 'cT, COMPA Y, U . 

5E SL SUITE 
900 

225 
N550 NORTH 

94-1184 Surface 
WI150 

1883 IS 1.0000.000 
5TH CANYON FUEL 

38 8969236657 ·111.34930985 54 15225 P STREET, COMPANY, L.L C. 
5E 5L SUITE 

900 

http://maps.waterrights.utah.gov/Py/platKML form. py 8/2/2016 



94-11 90 Surfac~ SI050 P 1883 IS I 7500000 P. O BOX WILLIAM B 38 .88~9720669-111 299058357 
W85 E4 533 STANSFIELD, JR, 
24 22S 5£ VICKIE 
SL STANSFIELD AND 

SHAYNA 
STANSFIELD 

WILLIAM 8 
S1050 ST ANSFI£ LD, JR., 

94-1191 Surface 
W85E4 

1884 IS 5 2500000 
P. O. BOX VICKIE 

38.88~9720669-111.299058357 24 22S 5£ P 533 ST ANSFIELD AND 
SL SHAYNA 

STANSFIELD , 
N2781 
WI568 324 -

USA FOREST 
94-131 Surfa~e m ' os P 1879 OS 0.0000.000 25TH 

SERVICE 
38.9322381927 -111396988853 

22S 5£ STREET 
SL 

S500 
EI850 324 -

USA FOREST 
94-132 Spring NW07 P 1879 OS 0.0150000 25TH 

SERVICE 
389232460074 -111398325354 

22S 5£ STREET 
SL 

SI700 
£1730 324 -

USA FOREST 21- 33 Spring NW07 P 1879 OS 0.0150.000 25TH 
SERVICE 

38.9199~859o I -II 1398728858 
22S 5E STREET 
SL 

N2150 
324 -

94-1391l Spring 
W350 Sf P 1879 OS () 0150000 25TH 

USA FOREST 
38 916071395 -111.392720184 

07 22S 5E 
STREET 

SERVICE 
SL 

N400 

N-190 1 Und~rground 
W530 S4 

201302200 0,0004730 
C/OARK CANYON FUEL 

38,85243468 -111310058927 36 22S 5E A LAND COMPANY, LLC 
S1. 

) 225 
N400 NORTH 

94-1904 Underground 
W530 S4 

201405220 
5TlI CANYON FUEL 

38.85243468 -111310058927 36 22S 5£ A 0000170000 STREET, COMPANYLLC 
SL SUITE 

900 

5660 125 PRICE FIELD 

94-935 
Point to W660 NE P 1879 S 00000000 

SOUTH OFFICE USA '89'261474'6 111300631401 
Point 1122S 5E 600 BUREAU OF LAND .) - - - - ) -

SL WEST MANAGEMENT 

S660 125 PRICE FIElD 

94-936 
Point to \\'660 NE 

1879 5 00000000 
smrm OFFICE USA 38927614)4'6 111 300u 12401 

Point 12 22S SE P 600 BUREAU OF LAND - - - - l. 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-937 
Point to W660 E4 P 1879 S 00000000 

SOUTH ~0~~l~J~~ LAND 389152918786 -111300722679 Point 12 22S Sf 600 
SL WEST MANAGEMENT ,,\!;' -, " c', c', 

N660 125 p'RICE FIELD ,'1., •• ". i, I"; i,I[\TED 
' I ~,. ~ '~f .J!! -.... 

94-938 
Point to E660 S4 P 1879 S 0000 a 000 

SOUTH OFFICE USA 388970060"r III '0-681-4 
Point 13 22S Sf 600 BUREAU Of LAND ' - ) - J) ) 

SL WESI MANAGEMENT APR 1 9 2018 
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\Yc present a new conceptual model of 
groundwater flow that describes active and 
inactive groundwater flow regimes. The 
model is based on an anal)'sis of interactions 
belween surfncc water and shallow and deep 
groundwater in the 2~0-km-long Wasatch 
RlInge and Book Cliffs. "['tah, rSA. Active 
zone groundwater flow puths are continu
ous, responsive to annual recharge and cli
matic variability, and have groundwlIter 
resident times "ages" that become progres
sively older from recharge to discharge area. 
Actin zone groundwater systems discharge 
at thousands of springs that issue from the 
700+-m-thick. gently dipping. clastic bed
rock fOl'mations. Springs waters contnin ap
preciable ·'II and anthropogenic "c. 

In cllntrnst. innctivc zone ground\\ ater 
Ims extremely limited or no communication 

with [lnnual recharge and bas groundwater 
mean residence times that do not progres
sil'l~ly lengthen along the flow path. 
Groundwater in the inactive zone may be 
partitioned, occllr as discrete bodies, and 
may occur in hydrnulically isolated regions 
tbat do not I!:lH hydraulic communication 
with each other. Inactive zone groundwater 
is encountered in-mines (coal-mines 300-
700 m below ground surface) where 
groundwnter discharge rates decline rap
idly and the waters haw ll'H and 0'·0 com
positions that are distinguishable from nClIr 
surfnce groundwnter. In geDeral, deep wn
ters have no ·'H and have mean "C resi
dence times of 500 to 20,000 F (45.9 til 4.9 
pmcl. Chemical evolution modeling, poros
ity-permenbility core plug anal~sis. nnd in
mine h) drographs :liso indicate hydrnulic 
partitioning. 

isotope chemistry. groundwater age, solute 
chemistry, sedimentary rocks, mountains. 

I~TRODUCTIO'" 

Patterns and mechanisms of groundmlter 

circulation in stratifieu mountainoll s terrain 
are generally not well understoou. either con

ceptually or at the field scale. This occurs 

becaUSe access to deep groundwater is gener
ally' limited. the details of subsurface strati

graphic and stnlcnlral complexities are often 

poorly defined . and groundwater Ao\\ is often 
fracture-contrulled (Committee on Fmcture 

Char:lctcrizations of Fluid Flon. i 996'1 
Hubbert ( 19401 and Toth (1962. 19fi3 i pro

I ided insight into the potenti:ll eff~c[s of to

pograplJy and basin geometr~ on ground" ater 

nO'.I and described the u,eTui conce pt of local. 
intermediate. amI regional ,:'stems. Freeze and 

\\'itr.ersp"ol1 11966. 1967 i dem onstrntCli the-
) iT ti':J.i t~fr~cr ..; of r;~ nl1e;J"[l[::\ .=;~r.(rast in ilU-

Ke~"~'f)rds: gl"ound',\atrr. conceptual i110deJ. jac.:nt !~l~,ered ~t:·Jta . Jamieson :lnd Frcez2 

I; 
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Figure 1. Location of coal mines nnd coal 
mine lease areas in "Vasatch Plateau and 
Book Cliffs, Utah. Named mines provided 
data and underground access for this in .. 
vestigation. Su"FCO-Southern Utah Fuel 

Company. 

Figure 2. Generalized cross sections 
through the Wasatch Plateau. 
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MAYO et al. 

Age Name 

Explanation 

t:D Limestone 

~ Limestone wi interbedded soale 
Nmh Horn Formalion 

(152·915 m) @ Conglomerate 

OJ 

D Coarse sandstone 

co C Fill8 La medium sandsLone :;:: 

If1 o SJedstcne wi shole part'cg' 

::J EJ Siltstone 0 Price River Formation 
W 

(0·366 m) ~ Shale I Mudstone U 
~ 
I- 1-1 Coal !..!..! 
CL c: ![II Highly fractured U .~ 

W "-'V Disconformity 
I-
~ ~ Meandering to anastomosing 
--.I 

~ Braided 

Figure 3. Stratigraphic column of bedrock formations in Wasatch Plateau and Book Cliffs. 

TABLE 1 SU~II"IIARY OF AVERAGE DISCHARGE RATES AND SOLUTE COMPOSITIONS OF SPRING 
AND I~I'I\IINE GROUI'IDWATERS IN THE WASATCH PLATEAU AND BOOK CLIFFS, UTAH 

Formation 0 0 Solute ('C) Cond pH mg I" meq 1-' 
(i s 'I us/cm TDS 

Ca' Mg" Na' K HCO,- SO,' CI-

Flagstaff i 030 68 426 7,6 2654 430 105 024 005 4,79 063 0.16 
sid 028 2. 1 59 04 41.2 1.15 036 0.27 009 0.59 108 017 

North Horn 60 090 73 7.2 593 7.7 343.5 3.27 2.47 121 0.04 5_64 0_83 0.44 
std . 3.69 3.6 186 0.5 114.9 1.18 0.93 1.46 0.05 1.08 1.13 0.59 

Price River 1,1 062 1)0 6.6 700 7.6 399.5 432 2.78 1.03 0.05 6_60 125 0.26 
std 089 4 7 151 0.4 87.4 1.41 0.85 0,52 007 1,02 1.23 0.13 

Castlegate 7 5H 16 110 460 76 2404 242 162 0.36 o Oil 355 057 026 
std 11 35 103 462 06 72.6 0.97 102 0.22 002 163 036 019 

Blackhawk 31 120 35 67 450 7.3 254.8 3.13 1,45 0.31 003 405 060 022 
std 2 8L~ 32 238 08 99.6 102 122 0.44 004 144 061 030 

In-mine 50 115 796 77 d5 J 4 3.20 290 2.80 017 7 01 1 47 037 
std. 2.9 333 05 193.8 1 78 1.41 3,50 0,15 2_58 1.61 034 

Star POint 3.-r:::. IT,D 933 74 5463 502 375 1 07 006 645 246 086 
stu. : :~.d3 3 . ~ 188 0.6 150.4 1 39 1.27 0.67 0_0'+ 0.56 1 24 0.68 

Nor2: std-stLl,'jU<'I, j :~i21.:I.::l\10,1 

(1983) and Forster and Smith (1983) evalu

ated theoretical relationships ill well-defined 

mOLmtainous aquifers that are not cO[lstrainecl 
by stratigraphic and structural barriers. Al

though instructive, these studies have limited 

applicability to groundwater flow in stratified 

mountainous ten-ain, because many are based 

on the limitations of cOlllputer silllubtions. 011 

data collected only at or Ilear the land sLlrface, 
and on patterns of deep plll'catie Row that are 

largely infelTed. 
Most stratified mOllntainous systems consist 

of numerous stratigmphic and structur'al ['C;I

tures that locally and regionally affect grounu

water flllW patterns (Allen and Micl1d, 1998: 
Janes. 1993; Huntoon, 1981: Mayo et al.. 

1985: Mayer and Sharp. 1998 J. In this inves
tigation. we have used geological. physical. 
cl1ell1iC~11, ami isotopiC data to el'uluate intel

actions between near-surface and 300-700-1ll

deep groundwater systems in gently dipping 

stratified bedrock that underlies a 6500 km' 
mountainous region in Utah, USA (Fig. IJ . 
Because economic coal deposits are mined 
near the base of the 700+-11l-thick section of 

six bedrock formations, the stratigrapllY and 
structure of the subsurface are relatively well 

defined. Mine operators have identified tholl
sands of springs and system::ttically collected 
discharge and solute data from hunurells of 

springs. Mine operators have also provided 
underground access to the geology and deep 
groundwatet' systems as much as 13 km lat

erally into the 240-km-long mountain front. 

METHODS OF INVESTIGATION 

Solute, isotopic, and hydtographic data 
were obtained for springs and in-mine dis
charges from the published litet'atme, quaner

Iy hydrologic reports, and permi t appl ications 

prepared by various coal mines and unpub
lished sources. 

Major ion chemistry (Ca' . Mg'-, Na -. K . 
HCO,-, SO/-, and CI-) for more than 3000 
sampling evetlts was checked for cation/an illn 

balances. Approximately 1930 d~na sets from 
164 springs and 50 in-mine sampling loca
tions had acceptable ermr balances ot' :5 5c i: . 
These c1ata were tabulated acco rding to the 

t'onnations fnlm which they uischarge, Diller
cnces in solute compositions of groundlVatet' 

issuing from each fo rmation and in-mine 
SOlllCe lVere e\ alttated by normaliLing the lotal 

dissolved solids data. and by discriminate and 
z-test,1 analysis . NETP.'\TH iPlunlmer ct al .. 

1991) Ivas used ID mode! plausible geochem
ical i'eacTloll path\\ f.l) s. 

Isntopic clala t"'Onl 'lirface allli in-mine 10-
(~l[iOI1S induJe c~llbun-!-+ (lie) and lriLiulll 
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Figure ~. l\Ie::ln Illonthly precipitation and spring discharge rates: (.\) tot'll prccipitntion. 

(B) snmrfnll ::md sl1owpack, ICi dischnrge rates of low-flOII springs. and ID) discharge 

rates of high-HoI' springs. i'iumbcrs in p::lrcntheses are nUlllber of precipitation stations 

(A :md B\ or numh~r of springs (e ::Inc! DI. 

CH ) analyses obtained from l32 sampling lo

cations and 392 8'H and 8" 0 an alyses from 

329 sampling locations . Mean I·:C residence 

times were calculated by isotopic mixing 

(Pearsoll et 0.1. , 1972) and isoto pic mixing

exchange (Fontes and Gamier. (979) model s. 

These models were selected because collec

tively they accommodate both open and 

closed systems conditions with abundant car

bonate mineral. Calc ium c~Lrbonare is the pre

vailing ceme nt in clastic rocks of the WQsatch 

Plateau and Book Cliffs. ani: sample" "'itll 
HCO~ - 8 ' ,'C > - 7Yer \\ ere modeled. Some 

sample:; had i) :'C values as great as -:- 5c;r d ue 

to the inAuence of methane gas. In addition to 

the measured '"C and 8 '·' C of the samples. oth

er input par:llneters \\ ere a:;signed th~ 1'0110'.1'

ing values: S'T soil gas -IS to - 2~Sc, i) 'C 
mineral cGrbonate OC:Cc . ICC soil g as 11)0 pcr
cent modern carbon (pmcl. and '"C lllincr::tI 

carbonate 0 pme . Results of the t\\ 0 methods. 

including the range of assigned 8 ;,'C so il gas 

val lies. were generally \vithin 10'ic 01' less of 

each other for each sample. 

Precipitation data were obtained ['rolll se\'cn 

low-elevation (1800-2100 01,1 anu 5i:, high

elevation (2100-2500 01) \\ eather stations 

CWestern Region Climate Center. 200 II. Lo,,\

e le"ation stations are located nca r th e base of 
the Wasatch Plateau and Book Cliffs and high

elelation s tations are located at elevations be-. 

tween one-half and two-thirds the ma.,imum 

elevation of the mountains, 

Stratigraphic sections were measured in the 

Castlegate and Star Point Sandstones to iden

ti fy sedimentary facie s and bound i ng surfaces 

between facies. More than [30 core plugs 

were collected, including multipl e cores from 

bounding surfaces, Porosity and pcrmcabilitv 

of the cores were analyzed using a TelTa Tek 

8-+00 dual porosimeter and permcameter, Phl)

tomosaics of key outcrops were compi led u,,

ing .\dob~ Pbotosbop 6.0 and c\cinbe lIiuslra

tor 9.0. BOllnding surfaces \, ere annotated on 

tbe pholomosaics in an effort to Ci alual" the 

lat~ral ex tent and number or boundin;; 

surfaces. 

SETTI:\G 

Gcologic Setting 

The 2-+00- 2701J-m-l1ig b \\'-:" " tc l1 PlatecHI 

and Book C liffs form a 2-+0-km-Iol1)!. l 6--+0-

km-\"" ide. nrc-:..;haped lip !~nd til ~lt rj s~ ~ aion:; 
imposing .; rC) s iol1~li 2~ C arpm~!lts in th~ !1(lr~h 

~"n (,llmaclo Plaleau. C rah . The \\ a:<H:h r"[a-
~ c ~llI ;~ a r:o n~lc~:s t- t r~ r. diw! mC l!Ij( ~:ii1 r ::n g'~ 

that i.-i ·,>[r':' it i~ r.:.! pi1 ica i h '.tnti <.;l ructlll .:.!i l> cn n 

l.i:.!uuu-.; I,. ith lh~ e ~ ~ :..:t - ·.vc:~l--lr~~.~~!l~. g Bnn~ 
• i i! 7' .' '.'1" ] " ,.,1 .•. . "-,, 
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j-igure 5, Climate and spring discharge rates for 1978-1987: (A) mean Palmer Hydrologic 
Drought Index (PHDI) for Utah Regions 4, 5, and 6; (B) low flow-rate springs; and (c) 
high How·rate springs, Springs are organized by bedrock formation, Numbers in pnren· 
theses are number of springs averaged, 

Cli[ls The prominent ka[ures of the eastern 
:1l1d sOLlthe rn t'rollts of the \Vasalch Plateau 
and BllUk Cliffs, I'espectively, are '+60-915-111-
high. slair-sleppeu cliff faces . Ancillary can
YUIlS allli reentrants, through which streams 
lhain the inlerior uplunus. CUl the cliff faces . 

The beumck. which dips 2-5' eaSL is bl"O
ken by high-clngle normal ['clUlls ,hat parallel 
lhe length ell the piatectu IFig. 21. SUllle of the 
fauiLing ha~ rt:~llltcd in narrow ell)nga[~ g~'a

bens imel"llal [Q the plateau (Witkind ami 

Weiss. 1')91): elsewhere. 110rmal faulting docs 
not have a pronounced topographic expres
sion. A large fault-block basin bounds the Wa
satch Plateall to the west. The Book Cli fIs 
mark [he southern edge of the uplifted Uinta 
Basin. Beci mck thal crops out in the cliff faces 
dip beneaLll youngel' Uinta Basin sediments tll 
the 110rth. 

Six UIJper Cretaceous th rough [.lmel Ter
tiar) \vcHcr-bearing fO l" lllations. wi [11 an ~l.g: gre

gate [hickness as much as 23 I I 111, occur in 

the region (Fig, 3). The formations include the 
Flagstaff Limestone, North Horn Formation, 
and four formations (Price River Formation, 
Castlegate Sandstone, Blackhawk Formation, 
and Star Point Sandstone) of the Mesa Verde 
Group, The rocks wet'e deposited along the 
edges of the western shoreline of the Creta
ceous Interior Seaway on top of marine mud 
of the Mancos Shale (Johnson, 1978: Stanky 
and Colinson, 1979; Knowles, [')83; Hintze, 
1988: Chan and Phaff, [99 [; FrancA and Pit
man, [991: Van Wagoner et aI., [990). The 
highlands were the result of the Sevier Orog
eny forelnnd thrust belt. Sediment t"r'OI11 the 
highlands wns shed eastwnrd through n variety 
of depositional systems, including ulluvial 
plains containing a variety of fluvial types, 
coastnl to delta !J lains. and deltaic tn Inat'ine 
shoreface deposits . Through time, the depo
sitional systel11s prograded eastwllld, creating 
an overall upward-coarsening successioll of 
Upper Cretaceous rocks. 

In the latest Cretaceous (Upper Maastrich
tian) and Paleocene, an intermountain basin 
developed in the region (Fwnczk and Pittman, 
199[). The basin filled with [ow-gradient me
andering stream and over-bank flood-plain de
posits of the North Horn Formation. These de~ 
posits give way upward to lacustrine 
carbonates of the Flagstaff Limestone (Fig, 3: 
Garner and MOITis, [996). Because of the 
stair-step erosional smface of the Wasatch Pla
teau and Books Cliffs, the cap lOck ranges 
from the highly fractured Flagstaff Limestone 
to the Blackhawk Formation , 

Economic coal seams occur in the lowel 
[Jortion ot' the Blackhawk Formalion. As much 
as J 860 m of nOl1\vater-benrillg marine Man
cos Shale interfingers with and underlies the 
Star Point Sandstone nnd Blackhawk Fmma
tion in the study area. 

Climate 

i'v[ean annual precipitation \ aries between 
25 and 90 cm. depending on eievatiGIl ("Vest
ern Region Climate Center. 200 I: Utah State 
Universily Climate Center. 200 I I, Most low
elevation precipitation falls as rain during [he 
summer, "hereas ~-50'1< of the high-elevation 
precipitation falls as sno\\" during the winter 
(Fig . .:[., A and B). In January allel febwat") , 
the mean snowpack d~pth at high-elevation 
weather stations is -() ,75 111 allLl uepths as 
great as 1.5 111 are common in the higher up
lanu areas of the Wasatch Plateau I> 2S0ll 111) 
where wealhel' staliellls do not exist, 

The ll1e~Ln all" [cmpe[*atUle is De!l)'.V fll'ezing 

bet\Veen 0,O\c111Lkl' and \brcll. "-lean night
time minillluill tempel 'cuu res arc below frecz

[J ,\\ 

APR f 9 2018 
Div. :'r il, . "'IS 

{ 



ACTIVE A;\D ~ACTIVE GROUNDWATER FLOW SYSTEMS 

Figure 6. Bedding discharge in ;'\orth Horn Formation. Discharge is fracture-controlled 
and occurs in discrete locations along bedding surfaces. 

ing between October and May. The snowpuck 
begins melting at the lower elevations in 
",larch. :md melting is usually complete by the 
end of Nlay. 

r,;Iean Palmer Hydrologic Drollght Index for 
Utah regions 4, 5. and 6 (National Climatic 
Data Center. 2001a, b) and precipitation data 

from nearby weather stations for the years 
1978-1997 indicate that the amount of mois
ture available for potential groundwater re
charge is cyclical (Fig. 5 , A and B). The years 
1979-1986 were relati\ely v.et. 1987-1992 
were relatively dry. and both wet and dry 
years have occurred since then. 
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GROt;",-nW.-I.TER DISCH.-I.RGE 

Spring Discharges 

Based on a field examination of the geology 
of more than 50 springs. we found five in
stances of shallow groundwater discharge: 
along bedding surfaces. along fracture anel 
bedding surfaces, regolith-soil unel~rflow, 

slump-block flow. and fault-zone discharge. 
Most perennial springs discharge along beel
ding surfaces (Fig. 6): however. the regolith
soil underflow t) pe is the dominant ephemeral 
spring. Although fault-related springs ,lre un
cornman, damage zone discharge is responsi
ble for some notable springs ill the Star Point 
Sandstone. Fault-related springs often have a 
muted response to seasonal recharge. 

Discharge rate data for 123 spri ngs for 
which long-term records are ayaiIable h,1\ e 
been analyzed for seasonal and climatic re
charge effects. These springs ha\'e been orga
nized according to bedrock lithology (Table I ). 
About 809i- of the springs are classified as low-

UG-5E 

Months 

UG-ME 

Momhs 
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discharge rate (mean disch,u'ge < 0.65 I S- I), and 
-209" are classifkd as high-di scharge rate 
(Fig. 4, C and D: and Fig. 5, B and C). In 
Table I. the large standard deviations in dis
charge rate result from seasonal and cl imatic 
variability. 

All sllring types except for high-discharge 
springs in the Star Point Sandstone have sim
ilar bimodal di scharge characteristics and are 
inlluenced by seasonal recharge (Fig. 4, C and 
·W). Mean discharge rates in the spri ng and 
ea ll) summer are generally two to four times 
as great as ar'e discharge rates in the late sum
Iller and fall (Fig. 40). The elevated discharge 
r'at~s reflect snowme lt-induced recharge and 
late spring and early summer rain , There is a 
one- to two-month lag between the end of 
sllowmelt and the peak of sprin,£ dischar!:!e 
r ales (Fig. 4, B and C). We interpret this lag 
to travel times between recharge and dis
charge areas (i.e" delayed drainage), There is 
also a lag between the beginning of increased 
~ ul\1mer precillitalion and summer discharge 
I·ates. Sllrings generally exhibit a decrease in 
di sc harge in the late fall and early winter as 
the precipitation turn s to snow. Birch Spr'ing 
in the Star Point Sandstone is the only sllring 
nOI afleeted by seasonal precipitation (Fig. 
40). 

Dischar'ge r'ates of both low- and high
discharge springs are also affected by multi
year climate variations . Flagstaff, Northhorn, 
PI'icc Ri\er. and Castlegate Formation springs 
generally exhibit rapid response to wet and 
dry per'iods , whereas Blackhawk and Star 
ppint Formation springs have a more nlllted 
response. 

In-Mine Groundwater Discharges 

The network of nearly horiwntal lIncier
gr ound mine openings provides an opportu
nity to examine and monitor groundwater re
'p,)nses in deep groundwater sy,tems. These 
interconneL'leu tunnels and longwall-mineu ar
eas may be thought of as large-diameter hor
il.()ntal wclb, Although openings are as much 
,IS 70n m bd[)1V groum.l surface. most open
ings encmrnter little water and dry regions 
L'[)tl1mllnly llccur. Dust suppression is J'equircu 
in 11),[[1} mille npen ings, Most gl'Oundwater' in
t'il1\\,S arc [l'Om tile mine rooi'. emanating [rom 
roof-ilnlt holes anu small fractures. [ll some 
milles. water 11laY locally discharge [rom the 
llline th'"L OL:c~lsi()nally. substan tia l inH,'\vs 
issue [['Om I'aull-related damage lone fractut'es 
::- [a\ u and Kunrz, 2()()O) Roof illl'lcllV s ar~ 

usu ally from sands[(lne ~hannds in the Black
!Jail k \-Ollrtnatiull and Ho,l!' inflows are u ~ uall y 

1'l'Om the Star P" ill[ Sandst')!ll!. 
. " 
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Figure S. Relationships between (A) in·mine groumhHlter dischat'ge rate, (Bl coal pro
duction, and (C) nrea of exposed mine roof. 

Mille inflows clo not exhibit seasonal or cli
matic responses. Mos t roof drips are only re
por ted anecdotally, as tlley dry up within a 
few day s to a few weeks. The typical response 
of longer-teml mine inflolVs is an initial rnpid 
dcdine followed by a slower decline and ul
tiniate extinction (Fig 7l. 

The overall responses of in-mine ground
IVater inll0IVs at'e ccltlsis tent with h!drogrnllhs 
ut' inui': iJuul mol' drips. GrounuIVater inl10ws 
into til e S k ~. line and Southem Utah Fuel Cll rn· 
P,111Y ISCFCO) Zl-li"es illustrate this relatioll
ship IFig. ~ l . Discharge into the SUFCO Mille 
was re lati l'ei> constant hetween 1984 and 

1997 (Fig. SA), The major decrease in mid-
1994 folioweLi by the increase in 1995 was the 
r'esult of mine storage of groLlildwater fol
lowed by mine pumping. The Liischarge rate 
ill the Skyline Mine has been gwerall) kss 
than in the SUFCO mine, but it has gradually 
incleased ()ver time Average monlhly coal 
llroduction from each mine was - 240,000 
metric tons between 1984 and 1997. Cumu
[ative production is Sh,)1\o[1 in Figure ~B . The 
steacly decline in grou!ldl\ ater illilol~ rates per 
unit nt' mined r('lof area ( Fi~ . SCI indicates tbat 
ground\vater ilillow is not steady state. Be
cause mine 'V1'r l~i\lg s , '\.re es~e LH,iallyll ~!' i T<)~lt,! I .. l 

f"'. ..'- . ', \ " .. 
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ACTiVE Al\iO I:-i.-\CTlVE GROU1\OW,-HER FLOW SYSTEMS 

and are parallel to bedding. the decline in in
flo" is attributed to rapid de\\ 'atering of o ld 
"l ine \\orkings. 

The simil arity of the SUFCO alld Skyline 
,.lines dewatering trends (Fig. SCI indicates 
that groundwater systems that drain into the 
mines ha\e similar properties. This is partic
ularly significant in that the mines are located 
more than 50 km from each other and the 
surfaces abo\e the mines have different cli
mates. Sl'FCO and Skyline 1I[incs hale mean 
annual precip itation of 38. 1 and 607 cm!yr. 
respectivel: . 

HYDROG£OCHE\lIST RY 

Solute Compositions 

Mean solute compositions of sp ring and in
mine grollndw:Jter are listed in Table l. ·and 
mean total di ssoh ed sol id contents are shown 
in Figure 9. 1I[ost groundwaters are of the 
Cu> -Mg'--HCO,- type; however, North Horn 
and in-mine waters ha\'(~ appreciable l\a~ con
tents due to ion exclwnge. and Star Point wa
ters hm'e :1pprec iable SO/~ and CI- contents 
due to contact with primary e\'aporite miner
als in the underlying and interfingering ~bn

co s Shale. 
Two statistical procedureS. z-test and dis

criminant analysis (Ostle and Malone . .1 988). 
\\ ere llsed to determine if grOllildwater chem
istries from each str:1tigraphic un it and in-

· .1e W:1ters are chemically distinguishable 
" each o ther. Z-tests \sere performed on 

the regional data set to compare the l11ean total 
dissoh'ed so lids and major ion chemistry of 
groundwater samples from adj acent forma
tions at the 95'7c confidence interval (Table :2). 
.-\ z-score of = I A. for example. represen ts 
only an 80(- prob:Jbilit) that the means at' the 
two popUla tions are the same and a z-score or 
= 6.5 represents only it 4.64e-; 'c:r probabilitj 
that the means of the two populations are tile 
.inmc. The z-rest ('CSlrlts indicate that the 
I11e :lnS of:111 groul1cll,ater so lute compositions 
of adjacent t'ol1llations nre slatistic:1l1) c1iffer
~nt ~'rom EJ.ch other. 

Di:,criminant al1aly:.; .:s were performed on 
the cllli re regiCll1~ll J ~Lta set Jnd on data Sr;ts 
(roill specific minin~ Jrc.1s. C:-; ing the entire 
regional data Si! t. B.lackh~l'.\ k Formatien 
groun ci\'. ater hG; th~ lUll es t probnb ilit} Df be
ing ~orre cti: ideilliiicd as Blackha\\ k Fonna
tion ground\\,ate r i 31 . -;3(;; I. \\'he rea~ FIag.:;ta rT 
LilTl cs t\)ne ilfUl.1nlh ~ltCt' h~..: lhe high2St pr'J i"

abilit" : -9_ fl ~·,lf"·; J 'If b~ i ;lg ~uir~c d:, jll .. ~n(;ricl! 

L T :>.b i...! : •. The lot.'. pT b~i l' i ji[:. i ) [' Bbc!,-h ~i':~ :, 
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Figure 9 . .'.lean total dissolved solid \'alues of nil measurement eYents for springs from 
and in-mine sources grouped according to bedrock lithology. Error hal'S represent 1 stan
dard devintion. 

TABLE 2 TWO SAfVIPLE MEA,'\IS Z-TEST STATISTICS FOR COMPOSTIONS OF SPRI~JG A,'JO I~I·~.II,\JE 

GROUNDWATERS 

Parameter Flagstaff- North Horn· Price River- Castlegate- Blackhawk- B!ackhawk in-mine-
~Iorth Horn Price River Castlegate Blackhawk Star Point BlackhalNk spring 

TDS - 11.33 -5.60 12.05 - 1.31 -16.54 2706 
Ca 6.48 -6.70 977 -5.13 -11 ,47 0.55 
Mg - 24.18 -338 7.13 1 14 -15.02 15. 69 
~Ia -14.48 2.41 11 13 149 -966 15.69 
HeO' -10,00 - 8.54 12.48 - 216 -26 90 27.75 
SO' -1 .68 -2 92 511 - 044 -1294 9.97 

Note: Conditions of statisticai analysis. H,: (J. ; x. Ha:,l = X. c< ; 0.05 . Z-tests are based on th e entire data 
set and are not location specific . 

TABLE 3_ SUMMARY OF DISCRIMINANT A~IAL YSIS. INCLUDI~JG PROBABILITY COEFFICIENTS FOR THE 
ENTIRE DATA SET. REGARDLESS OF LOCATION 

Flagstaff ~Iorth Horn Price River Castlegate Blackhawk Star Point In-mine Total 
("c) 

Flagstaii' 51 2 2 6 0 0 64 
79.69' 3.13 313 156 125 0 0 100 

~Jorth Horn 61 341 67 45 61 59 39 673 
906 50.67 9.96 6 .69 9.06 877 5.79 lOG 

P rice RillE r 14 6 61 2 3 6 6 98 
14,29 6 ,12 62.24 204 3_06 6.12 6.12 100 

Cas(legate 1 14 4 32 3 0 G 5--l-
1.65 2593 741 59.26 5 .56 0 0 100 

Blackhawk 123 82 45 145 154 9 13 6 11 
2013 13.42 7.36 23.73 ' 31 .75 1.47 2.13 100 

Star Point <) 6 25 0 0 42 1 78 
5.13 7.69 3205 0 0 53 .85 1.22 100 

In-mine " 26 70 33 8 24 lH 279 
L43 9.32 2509 11 .83 237 85 40.86 100 

Tetai 258 477 274 258 277 PO 173 1857 
Percent 13.89 2539 14.75 13.89 1492 7.5"':- 9 32 iCO 
Errc( R2.te 06025 0407;1 0.2031 0,4923 037,0 0.4615 G.59'.! 04595 
Priors 0.1429 0 1429 01429 01429 01429 01429 0.1429 

'Toi:19 .. ho·:Ang ~1" rssul:" ~f m"iol''11 dis~!i,"rranl an~I:rsI". Tn!) 11rst SCI r)f numbers;n OgCh "'." i~ U1C numbsr 
~f sample ~;Jte;;ories ha'il~g lila ~/;amlslf'1 (II tte formul;o!: Illite<! In lil!> column, Th!! soc::r.d sat of numbers is 
Il'te ;m;!;atifil1 :l1at a sampll! will b'1 :ieslgnataO ·'15 belor;~;n'l :0 't:a forma!;c" iis!eCi in Ihe colu"n. GroUr.<I':laters 
m;! inj~i1y 1Ssumed to ce 15S1rJrr9U to U' If c:t'l'Ect form:iUor. ann prcbat:lllt-! cctlWo!lnts 3rt! ore 1€!iGrn1!:ri 
lJl1d~]r ~'l1 =ts~umGUcn. ,~" 9OCJ lion t,'! )or-';1:"lltl!d :';:scr-::il'qO;Jett r'n-:"',Jr!-t;n '~;rtj a,,~ ~~m~,9 ~ .::~ua ~U4'='/aJcaE9d 
:.::- ~Ci1 lGl!atiC:1.. Tr:s .tlrrc;:rG ,'~~r,: 5 'hr.r :a~~~r"!;:':~ 'l~ ' r.P. .;- ul~n 'naf jflt'i::, 'r.,,: ·;lg'·.r:.H Ja!c ... 
!J~~sm:!Qes ~f .iarr.cllf'c ~'..'£l"tS '::J"rr;-:t;'/ :a!t-c;cr.::~ri :tr:) 'r-:=~ ~.t::u':::.rtf;.-c fer .nch '~m"1t .;n. r'7"':oor.;lill l?S fc~ 
;:cm~Gt :::l"tGr;:or:z::!tioll 6:'1 : !E: i 3.~ ~iGC2Gi iii i 8:; fe r :r.c::rre-: : cs~s':Jmizat!on 3. re (:is;:iap?d f~ r ea·-:h rcrmarion 

F~.::baci ,: it! thz: i ~ ':IGU r rJaS ic;r.2tE:C as r=i i3q~ t2~f ":/iil be ~"l~l!jor·..i:OO 3S F)a~ ... 
~~")c~cii! ~y ::h<:i.t ? ·.<J2 ts r rj r.:;s igr,3te r::i as 2i"ckr.2. ':JK ':iii! t tl (utst;t:lri:!ed as C,l;' [ , -;,." J 'r: L) 
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indil idual spring discharges are often not sta
tistically distincl frol11 those in other forma
tions, Tile remainder of the formation ground
water has only a 50-60lk probability of being 
correctly categorized, and the overall proba
bility of any sampling event of being correctly 
categorized is 45,9%, This means that with the 
exception of the Flagstaff Limestone. ground
wat~rs issuing from these formations are only 
somewhat chemically uistinct when viewed 
regionally, HOII'e ver, it is significant that in
Illine Blackhawk groundwater has only a 2,9 
and S.I'i'ic probability of being iuentified as 
Bluckhawk or Star Point spring water, 
respectively, 

On a mine-bY- llline basis, most formation 
grounuwater had a 70-90% probability of be
in~ correctly categorized, and many had prob
~Ibilities ot' 90- 100%. The general low prob
abilities ot' the regional analysis and the high 
pmb'lbilities of mine-by-mine analyses are at
tributed to the spatial variability of the chem
istr! and mineralogy of the bedrock forma
Liuns . Groundvvater residence times are not 
c'(ln,idcred to be a factor in the spatial vari
ability. because most of the samples are from 
bcdl'Ock sources, many of which were sampled 
dUI'ing times of low discharge, Thus, total dis
~ohcd sulids and chemistry callnot categorize 
springs on a regional basis, However, solute 
chemistry is a good indication of bedrock type 
ill ~ach mine area. 

To evaluate the potential for vertical 
groundwater migration between formations. 
the computer code NETPATH (Plummer et 
al. . 199 I) was used to evaluate plausible 
dlt:mical evolutionary pathways at each min
ing area. Two chemical evolution scenarios 
were evaluateu for each mining area: recharge 
to rDrll1ation alld formation to formation. Each 
modcl was based on the water chemistry of 
cadI mining area. Recbarge to formation mod
e ls assume: (11 grounuwater issuing from 
springs is recharged from precipitation at the 
Ilutcrop of the fDrmation, Precipitation was as
signed the mean composition of Wasatch 
Range snow lunpublisbed uata) , and (21 1'01'

matiun water was assigned the mean compo
.,ition of spt'ing water issuing from the for
Inatiun at eaell mine area, FOl'nlation to 
rllrlnation mouels aSSlllne: ( I) groullLlwatcr in 
lh~ owrlying formati on has the mean COLll
p()~ition of springs issuing from the fOfnl:ition, 
(2) the groundwater in the overlying formation 
is chemically full y evo lved. antI (3) the 
gloulldwater thllvs thmugh the underlying for-
1l1aLillil befure disL'llurg ing:. FO]'matiun to for
Lll~llioll moLie!s used the l11e,lll compositions of 
' pecitic formation ~rOLl nU I\aters in ea..:h mine 
~Ir~a~ 

i +6+ 
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TABLE 4, RESULTS OF NETPATH MODELING OF GEOCHEMICAL EVOLUTION FROM PRECIPITATION 
TO MEAN COMPOSITION OF GROU~IDWATER IN EACH FORMATION AT EACH MI~IE SITE 

Initial water Precip. Precip Precip_ Precip, Precip. Precip 
Final water Flagstaff North Horn Price River Cast/egate Blackhawk Star Point 

Co·O~ Mine 
Calcite 0,65 
CO, 2.08 2,5 1 2.02 
Dolomite 0.90 0.97 1,09 
Exchange -0.35 - 0.38 -052 
Gypsum 0,03 005 0,05 
K·mica 0.02 0.05 0.03 
Plagioclase AN33 086 0,14 
East Mountain Mine 
Calcite 1.32 -1 .50 
CO, 1.75 2.60 333 1.94 
Dolomite 0.48 1.11 1.42 179 
Exchange 0.02 019 
Gypsum 0.30 038 0.66 0.78 
K·mica 0.04 0.04 0.05 0.07 
Ptagioctase AN38 0.11 0,75 0,74 084 
Genwalt Mine 
Calcite - 0,86 -0.60 -346 
CO~ 1.55 1.18 4.89 222 
U VI U IIIIlC u _ ...... "T ' "" , cc :3 72 
Exchange -0.30 -0.02 
Gypsum 0.14 026 038 0,74 
K-mica 0,02 011 0.03 0.14 
Plagioclase AN38 0.80 0.42 046 
SUFCO Mine 
Calcite 018 0_07 -0.51 
CO, 4.31 3,70 0,58 1.57 309 
Dolomite 1.33 149 0.44 1,00 1.92 
Exchange 1.19 126 0.24 0.39 014 
Gypsum 1.00 1 28 022 0.47 132 
K-mica 0,07 008 0.03 0.04 0,07 
Plagioctase AN38 160 1.08 0.16 0,05 
Trail Mountain Mine 
Calcite -156 1.40 074 -0.74 
CO, 3.53 188 251 2.41 
Dolomite 1.60 0.73 1,11 1.69 
ExchangE! 
Gypsum 0.49 0,04 0.28 062 
K-mica 0.04 0,02 0.02 003 
Plagioclase AN38 103 011 028 0.41 
US Fuel Mine 
Calcite 0,81 - 0.89 -0,46 
CO, 140 1,76 2,39 
Dolomite 0,75 1.82 1.80 
Exchange 0.02 0.05 0,14 
Gypsum 0.09 1.00 0,56 
K-mica 0.01 0.04 0.03 
Plagioclase AN38 0.29 
Willow Creek Mine 
Calcite 0.91 0.84 0,16 0,79 
CO2 0,61 1.13 127 2.44 
Dolomite 0,4 0.43 1.15 0.77 
Exchange 
Gypsum 0.26 0.10 0,29 0.33 
K·mica 001 0.00 0-00 0 02 
Plagioclase A~1 38 0_09 0.11 016 012 

Note: Results in mmoles/L. Empty cell = no data from formation water or model result did not include the 
mineral phase. Positive results indicate mineral dissolution or gas consumption Negative values indicate mineral 
precipitation or gas production. 

A series of pmgressi\ ely complex model 
rUIlS was performed. The Ill'st models includeLl 
calcite, dololllite. carbonic acid. gypsum. clay· 
ion exchange. and zeolite-ion achange. Pla
gioclase (AN38) and potassiulll miea were 
adueLl to subsequent model lUllS, ,\][ of the 
miller,,1 phases except zelllite OCClll' in all bed
mck fclrln~tiolls Zeolite is lestl icted to the 
Blackhawk Forl11atillll, T;lbles + and 5 shol\' 
lhe NETP:l, TH results for rech,u ge-forlnation 

~ll1d forl11ation-t'Ol'matioll reactions , respective
ly. Similar results were obtained for the model 
runs without si licate mineral phases, In the ta
bks. a positi ve va lue inuicates dissolution and 
a negative I'alue indicates preci[litation 

In all cases. plausible I'eaction s were mod
ekd for recharge-r'o l'mation grDunJwatcl tlow 
paths for each mine ~llea [Table +) , Attempts 
to mouel formation-formation chemical reac
tions '.\-e re less sllccc,s(ul ITable :; 1 .. -\ssuming 

". ; ~ , 
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ACTIVE AND INACT[VE GROCNDWATER FLOW SYSTEiv[S 

TABLE 5. RESULTS OF NETPATH MODELING OF GEOCHEMICAL EVOLUTION OF ~IEAN COtvlPOSITION 
OF FORMATION GROUNDWATER TO MEAN COMPOSITlml OF UNDERLYING FORMATION 

GROUNDWATER AT EACH MINE SITE 

i'ial water ,,1 water 
Flagslaff 

North Horn 
North Horn 
Price River 

Price River 
Castlegate 

CasU<>gate 
Blac~ha'llk 

Blackhawk 
Star Point 

co-Op Mine 
Calcite 
CO2 

Dolomite 
Exchange 
Gypsum 
K-mica 
Plagioclase AN38 
East Mountain ~line 
Calcite 
CO, 
Dolomite 
Exchange 
Gypsum 
K-mica 
Plagioclase AN38 
Genwall Mine 
Calcite 
CO2 

Dolomite 
Exchange 
Gypsum 
K-mica 
Plagioclase AN38 
SUFCO Mine 
Calcite 
CO 2 

Dolomite 
Exchange 
Gypsum 
K-mica 
Plagioclase AN38 
Trail Mountain Mine 
Calcite 
CO2 

Dolomite 
Exchange 
Gypsum 
K-mica 
I;'lagioclase AN38 

)
. ,Fuel Mine 
';ite 

~cJ2 
Dolomite 
Exchange 
Gypsum 
K-mlca 
Plagioclase AN38 
Willow Creek Mine 
Calcite 
CO2 

Dolomite 
Exchange 
Gypsum 
K-mica 
Plagioclase AN38 

nm 
nm 
nm 
nm 
nm 
nm 
nm 

-0.88 
0.88 
0.64 
0,22 
008 
CI 

-0,01 
0.74 
0.31 
0.17 
0,28 
0.01 

nm 
nm 
nm 
nm 
nm 
nm 
nm 

nm nm 
nm nm 
nm nm 
nm nm 
nm nm 
om nm 
om om 

om -5.54 
om 053 
nm 0.39 
nm ci 
nm ci 
nm 0.00 
om 

nm 
nm 
nm 
nm 
nm 
nm 
nm 

nm 
nm 
nm 
nm 
om 
om 
nm 

nm 
om 
nm 
nm 
om 
nm 
om 

-0.67 
0.13 
0.72 

0.19 

0.05 

nm 
nm 
nm 
nm 
nm 
nm 
nm 

0,45 
1.83 
0.91 

0.85 
0.03 
039 

nm 
nm 
nm 
om 
nm 
om 
nm 

tJote: Resuit in mmoles/L. ci-models returned oniy by ignoring one or more constraints-reaction notplausibJe: 
nm-no models ratumed: empty ce:J-no data or model result did not include mineral phase. Flow paths based 
on the mean chemicCi.1 ecmpcsilJorr ot tormat1on· grcuJ1(jwatGr at each mine. Positive results indicate mineral 
dissoluticn or gas consun,p-Hc.n s! 9~ch rntflO . Positr""Q reslm.s !r.dicate minerai dissclution or gas consumption 
Negative l/alti8S indicate mineral p-recipftauar., 

the c)\'crlying forrmtioll grounch<, ater is fully 
evohcu. "iETP,\TH result, suggest that the 

shown. "vere also unsllccesst'uL \\'e attriblite 
the t'ailure of these models to the oxidation of 

vertical mo\ ement Df groundlliater be[wcen py rite and fugiti\~e long\1 all-mining machine 
formations is limited anu llla~ not 'lccllr ill emulsion fluid that ",ere nnt included in the 
man' ~ocaticns. Of the 15 moc1el runs. 1 n 
"i,cre :'::Drnpiet~j: un~ucc~ssfui :.lnJ tbr~e '..\"cre 

:-:ucccssful b', i£::i1nr~n g one or mort: cnn

""'traints. Blac~\.jla'.\k Ill-mine mollels. not 

models. bccau::.e neccssar:. is 'c Qnd 8-~":S d:l[~ 

arc 1101 :lI,JilabJc. Such re~lctions ha',e been 
5liccc~srllIl y modeled elsc1,1, here in the \\-"J

,atch Plateau (Mayo N al.. :2000 I 

Isotopic Compositions 

The stable isotopic compositions of 82H and 
8"0 were analyzed on a regional and mine
by-mine basis (T:!ble 6). Isotopic composi
tions of waters in the more arid Book Cliffs 
tend to be heavier than the isotopic composi
tions of waters in the more humid Wasatch 
Plateau (Fig. 10). All of the waters plot near 
the meteoric water line, suggesting a meteoric 
origin. 

At most mine locations, the ayerage isoto

pic compositions of stream and spring waters 
are simil:!r. suggesting similar histories (Fig 
I Ii. Except for the Willow Creek and Energ~ 
"Vest Mines. the mean compositions of in
mine groundwaters are 0.8·-1.2%c lighter in 
8"0 and 6.0 to 8.9%c lighter in o'H than their 
corresponding surface water cou ntcrparts . 
Willow Creek in-mine waters were collected 
from roof drips located near the mi ne en
trance. Isotopic differences between spring 
and in-mine groundwaters indicate th:!t near
surface groundwater does not hm e rapid h)
draulic communication with deep in-mine wa
ter. The isotopic depletion of in-mine waters 
is likely the result of paleo-rech~rge during 
cooler climate conditions. 

Radiogenic isotopic compositions indicate 
that spring and in-mine ground\\ aters have 
fundamentally different trayel times. In-mine 
groundwater and fault-related springs typical
ly have zero or near zero 'H contents and 
mean "C residence times ("ages") of 500 to 
20.000 yr (Fig. 12). Almost all springs contain 
anthropogenic '"C (i.e .. 2: = 50 pmc) and 
have 'H contents of 5-30 tritium unit (TV). A 
few samples contain components of both old 
groundwater and modern water (i.e .. they have 
'"C and Q"C contents that permit the calcLl
lation of a '"C-age and contain measurable 
'H). These samples include three Blackhawk 
Formation springs. most of the wells. and a 
fe\\ in-mine fault and other in-mine samples. 

GROUNDWA TER FLo\Y 
MECHANIS?lIS 

Spring and in-mine dischal'gc data. solute 
and isotopic compositions. and groundwater 
ages provide evidence that deep ground" ater 
is chemically and isotopically different than 
near-surface groundwater. These differences 
suggest restric[ed hydraulic communication 
between shallow and deep groundwater ,Y5-
tems and beg the question: Wh~ does this re
.:;rriLtioll occur. ~nu ho,,\- dC"lcs deep grounu

\\J.lef lllo':e '.vithin the intel-jar of the piatc:lu': 

To address this question Il.::qmil!l..'\l lh~ , lr.l-
tigraphy "f theiedimenl~r:. IIl-" ~~HH. -1 \.lll ic. TE 0 
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the two most laterally extensi ve reservoir
quality sandstone deposits in the region. and 
examined in-mine and surface-fault related 
groundwater inflows. 

The sedimentary succession includes a het
erogeneous combination aquifer-quality (i -e .. 
water-bearing) sandstone and fractured lime
stone as well as nonwnter-belli-ing shale, mud
stone, siltstone, and nonfractured limestone 
(Chan and Pfaff, 1991 ; Kamola and Huntoon. 
1995; NlialL 1993; Morris and Mayo, ~OOO), 
Above the Star Puint Sandstone. most of the 
water-bearing rocks are clwnnel-fill depusit; 
and marine shoreface sandstone (Fig. 13) 
Within the aqui fer-quality rocks. internal 

boumling surfaces (e.g" fluvial channel scours 
and mud drapes of multi-lateral accretion sets) 
~~d f~c~~s Ch:!!"!,gt::'5 C' !",:,~Ht3 (lr1rlitinn:111Hwi7nnt;11 

and vertical barriers ancl baffles to fluid flml . 
-8 Hence. lithologic heterogeneity at severet! 

scales restricts the potential for vertical and 

horizontal movement of wutee 

Fignre 10. Scatter plot of stable isotopic compositions of all surface water and groundwatel' 
ill Wasatch Plateau and Book Cliffs, Utah. 

The North Horn Formation illustrates the 
potential for fine-grained sediments to limil 
vertical groundwater movement wllere later

ally continuolls mudstone beds are abundant 
Aquifer-quality fractured limestone of the 
ol'erlying Flagstaff Limestone and exposed 
reservoir-quality sandstones within the NO['tll 
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Figure 12. Scatter plot of "C mean residence times ("age") versus JH contents of surrace 
water and groundwater. 

Horn Formation provide vertical avenues for 
\vater movement. \Vhere vertically fl owing 
water encounters the lower permeability beds, 
vertical mm'ement is impeded. This water be
comes perched and flows latcwlly to surface 
outcrops to discharge as seeps or springs (Fig. 
6). Such Im\"-permeability horizons act as a 
"roof" to II nderlying fo rmations. 

Both low-permeabi lity regiorIs and unsatu
rated aguifer-qttality sandstones occur in the 
coal-bearing Blackhawk Formation. Lines 

(1985) found hydraulic conductivities as low 
as 0.02 to 0.2 millidarcy Cmd) in cores of shale 
and siltstone and found one Blackhawk For
mation Shale sample to be effectively imper
meable under a hydraulic press ure of 5000 psi. 
Aquifer-quality rocks in the Blackhawk For
mation occ Llr in complex anastomosing to 
braided fluvial sandstorIe channels that are 
separated by abundant mudstones (Mial!. 
1993). Snch channels are responsible for most 
mine inflows. These channel systems have 

been well mapped in the Ellen!:\' West Mine 
(Fig. 14). In that mine, we installed a series 
of 4.S- to 7.S-m-Iong vertical wells into the 
recently exposed sandstone roof. Maximum 
v.ater deptb in the wells \\as -1.5 m. dem
onstrating that the sandstone channel was nOI 
fully saturated and contained a perched, un
confined groundwater system. Extensive ex
ploratory drilling by mining companies indi
cates tbat channel complexes are common. 
bOlh vertically and horizontally. throughout 
the Bbckhawk Formation. 

Analysis of 134 core from the Castlegate 
Sandstone. a braided flul"ial s) stem. and from 
the Star Point Sandstone. a marine shoreface 
system, indicate that the sandstones have am
ple matrix porosity (10 to 2Y7e) and intrinsic 
permeability (100-10,000 millidarcy (md)) to 
store and transmit groundwater (Fig. 151. 
However, low permeability of fifth-order 
bounding surfaces. which are common, great
ly limits groundwater movement (B lack. 
2000). Fifth-order bounding surfaces define 
major channel bodies, the geometry of which 
can range from ribbon to shee t like. Such bod
ies may be la terally continuous for thousands 
of meters (Mial\. 1988). Many of these bound
ing surfaces have horizontal permeability < I 
md. and all have vertical permeability < 10 
md. All vertical permeability measurements 
'were made on sand-dominated samples. At
tempts to core mud-dominated fifth-order 

Depositional System 2D Relations Formations 

Open/MarginaJ Lacustrine 

Geomet1yaf 
fntsms/ Channel FiI 

tk¥; : HiM Flagstaff 

North Hom, 
upper-middle 
Blackhawk 

Marine Shoreface and Foreshore 

lower 
Blackhawk, 
Star Point 
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figure J3. DepositiomJi cnlirnnments and internal 'itrllclllre of bet/roc!, rormations in Book ClifTs and W:Jsa tch Plateau. Ctall (modified 
t'nHll G:llio\l"y and Hobday. )1)83 1. 
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TABLE 6 AVERAGE o' H AND 0" 0 COMPOSITIONS OF SURFACE AND GROUNDWATERS IN THE BOOK 
CLIFFS AND WASATCH PLATEAU, UTAH 

All samples Streams Springs In-mine 

n \')2H 51"0 iFH 6"0 n 6'H 6"0 5'H 5"0 
(~oo) (~.) (~'o) (0.,) (%0) (%0) (~'o) 1%0) 

Book Clills 
West Ridge Mine 26 - 112.3 -14.8 9 - 112.7 - 14.8 17 - 112.1 - 14.7 

std. 58 08 4,6 0.5 65 09 
So ldier Creek Mine 15 - 1116 - 15.6 4 - 107,3 - 14,3 3 -106.7 -15.1 e -11 5.6 -16. 1 

std. 5,7 0.7 1.0 0.22 5_0 0.6 4.20 0047 
Willow Creek Mine 30 - 115 .2 - 15,2 13 - 115.6 - 14.9 8 -117.7 - 15.4 9 -112.3 - 15.3 

std . 4. 6 0.5 5 .3 0.7 2.8 0,4 3.5 0.4 
Wesatch Plateau 
Skyline Mines 111 -126,9 - 17,0 27 - 1242 - 15.6 69 -126,6 -16.9 15 -1341 -18.1 

std ~ ,7 0,6 3.4 04 3.3 0.3 5.4 05 
Co-Op Mne 60 - 122.3 -16.2 9 - 1176 - 154 40 - 122.6 -- 16.2 11 -1255 - 170 

stcl 5.5 0,8 4 .0 06 5.4 0.7 42 02 
Genwall ~/1ine 84 -125.5 - 165 20 -123.1 - 16, 1 26 '-125.7 - 16.6 15 -132.1 -17.6 

std . 4. 1 0.6 2.4 0.3 2.7 0.4 2.4 0.4 
Energy INest Mines 21 - 126.9 -167 11 - 127.2 -16.6 10 -1259 - 16.6 

std_ 304 05 38 0.6 3.0 O~ 

SUFCO Mine 75 - 1192 - 160 24 - 116.1 - 15.5 36 -1188 -15.9 16 - 124.8 - 168 
std 0 , ", 09 7 . ~ 1,0 4 I 0.6 4.0 06 

Note: std-s{;:\ndard de'/ lahon 

Figure 14. Map of lower Blackhawk For
mation sandstone channel complex imme
diately above coal seams in Energy West 
Mine. 

~ 

bounding surfaces vertically were unsuccess
ful due to core splitting. We ass ume that mud
dominated surfaces would have even lower 
permeability than sand-dominated sUl'faces . 

The Star Point S,1t1dstnne is fundamentally 
different than the other sandstone bodies 
(Maill, 19S5, 1993) in thaL it is a succession 
of laterally and vertically stacked parasequ
ences (Fig. 16; Holman, 200 I) , Facies shifts 
create permeability baffles that restrict tlow 
between beds and bed sets both vertically 'll1d 
laterally. Large-scale facies shift; crea[e per
meability baiTiers (marine shale = 0.1 mel) be
tween reservoir quality facies of juxtaposed 
parasequences (Fig. 16). Hori zon Lal perme
abilities also vary greatly by faci es. Average 
horizontal permeabilities are 220 md (fore
shore), 93 md (upper shoreface) , 52 md (mid
dk shoreface), and only 4 md (lower shore
face) . Backshore facies, which underlie coal 
beds, have an average horizontal permeability 
of 63 md, The large permeability differences 
explaill aquifer partitioning cOllllllonly ob
served ill in-mine monitoring wells. 

Matrix-flow seepage velocities "ere calcu
lated for the Castlegate and Stnr Point Sand
stones based on core-plug permeability and 
the measured density of (ifth-older buunding 
surfaces, On average. two to fOllr Ii nh-order 
bounding surfaces occur horiwlltally ever) 
100 m in fluvial sandstones of the Castlegate 
Sandstone. Assuming two fifth-order bound
ing surfaces per 100 m, with n pameability 
of I md and a width of 7.6 cm (based on core 
plug lengths), then 1.5 m of low-penneability 
rock exists for every 1000 m of aquifer. Con
servati ve seepage calculations for the Castle
gate Sandstone, assuming a unit gradient and 
a 5% specitic retention, predict il wo uld I'e
quire 106 yr for groundwater to trarcl through 
lOOO III of aquifer: 56 yr to cross [he [Heh
order bounding surfaces and an ndllitional 50 
yr to travel the remaining 9985 tn. Similar 
calculations imlicate that it wOllld take - 284 
and 506 yr fot, WG ter to tr31'el I kill in the best 

-reservoir quality Star Point Sandstone facies 
l foreshore and uppe r shoreface. re,pecti vely .1. 

A singJe surface ot' extremely low permeabil
ity would signi Ilcantly increase travel times . 
Because Jllany horizontal travel dist3l1ces are 
mon: than i kill ,1nd tile reser vo ir-'!ualit)' sand
sLon..:s :m; nllt la[erall : continuous. th..:se caJ
culated 10llg travel times for optimal aquife,: 
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Permeability vs Porosity 
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Figure 15. Scatter plots of permcnbility versus porosity from 120 cores of Castlegnte Sand
stone: A) nIl data, and B) fifth-order bounding surfnccs only; md-miIIidarcy. 

~onditions are consistent \\ ith mean I'C 

grnulld\\ akr residence times of 500-20.000 yr. 
Slow tra\'el tim~s in the Star Point Sand

stone are connrmecl by the "C ages of water 

in t\VO 1\ ells completed at the Energy West 

'\line. The up-gradient ancl dOlIn-gradient 

\\ elis h'l':e mean 1 'C a~es of 1000 and 6000 
y r. respecti\ ely. BeC::lllse geologic e\ idence 

Sl..lggC:-;tS the t\I,O \yclis intercept gl'OllncJ\\at~r 
along the same [low line. pi'iton-Aow travel 

times can be calcubted using the method ue

scribed b;! '\Iook 119S0 I; 

of up-gradient sample. a '," is "C activity of 

down-gradient sample. 

Assuming a tra', el time of 5300 yr and a 

distance between the wells of 6.5 km. it takes 

~96(] )f to travel !OOO m. 

Fallit-rclateu grolll1lhater. \\ ith initial in

rlo\~, S :15 grcJt as 325 1 s-;. ha \'e been encoun

tered in the Soldia Creek. Skyline. Gen,-vall. 

Energy West. ami SliFCO ",lincs and are rc

sponsibk for several ' notable springs in the 

Star Point Sandstor.e . These grounLk",aters is

sue frorn danlage lone..:; associated \\ i111 the 
;.:xkn:,i\(' netvcork of high-angle n()[m~ll faL;lts 

faces and graben structures. Grouncl\\ ater ages 

range from modern. containing measurable tri

tium. to 12.000 "C yr (Fig_ 12). Young falllt

rdated grounLhvater only occurs along fault 

reaches where the stress tleld associiltecl with 

the outward expansion of cliff faces creates 

aperture in the dilmage zone that can com

municate with the surface. Eiselvhere along 

the damage zone. the fault water does not con

tain tritium and hilS older "C ages. Damage

zone grounl!\vatef is compartmentalized and 

does not reaelil;: recharge adjaCent aquifer

qualit) rock. Fm example. in the GenwC111 

~\line. water issuing from a fr2CCUTeL1 s~lnd

stone channel in the mine roof. located 100 ITl 

from the Joes Valley fault (Fig. 21. cont~lir1ed 

0.95 TU. indicating hydraulic commuilicatioil 

with sliliace water. Elsewhere. \vater in the 

roof channel sandstone, located ncar the t·ulllt. 

had 0 TC anu older "C ages . "Yater isslling 

from the mining face. located ~60 m from the 

fault, also contained 0 TC ~llld had a ;"C age 

of 2500 yr. ,\duitiomlly, modern \\ ater in the 

damage zone did not impact the deeper Star 

Point Sandstone where il sample from a well. 

located ~60 m from the fault. contained 0 TU 

and had a "C age of 5000 yr . 

Sky line Mine fault-related inflows that are 

located away from iln outvvmd e~panding ciiff 

face or major damage zone lack h) draulic 
communication with modern sll1'face water. 
In-mine inflows of ~ 325 I S-I persisted for 

more than six months from the extensive dam

age zone. In-mine samples had essentially 0 
TU and "C ages of 6000 to 12.00() yr. Water 

from a surface well drilled into th~ fault zone 

hild 0. 17 TU (ne~r the cletection limit) and a 

"C age of 4600 (Fig. 12). 

Two significant St~r Point Sanclstone 

springs (Big Bear and Birch. Figs. 40 ilncl jD) 

discharge water from parallel faults. which 

bound the Co-Op ~[ine . In Figure 40. Big 

Bear is one of the three St~lr Point springs . 

Although the faults ilrc onl) --900 ill npnn 
and extend for ,ever'll km. th~: do not lla'·:~ 

h ~/dra111jc commllnication ,\~ ith c~lch other. 
Based on sc\ era] sanlplirrg events at dltTerent 

sampling locations, Big Bear Spring discharge 
contJins ~illthro[Jogcllic :;C ~md h~l~ 1-+'-1"7 

TU. Birch Spring disci1aige~ a miXt:lrc of olcJ 
WJ[cr (! lC 8.ge of (J no to 36no y r I and n1('lci

ern Ivater ({)_33 to 1.13 Tl'; Fig. 12). The 

grollnch': ate,· agC'l and :-;c~lSOlllll (1]1(.1 climatic 

responsc~ indicate tha[ Big Bear Sprill~ dis
charges moucrn rech~lr~~ \\:at2r. Bir-..:h Spring 
mostl;; Jlschar:!c\ Dicier '), aler ~:nd does rJ()t 

,I ,Fig 2\ lri-illinc dischJ.rg2 ['ates dcc!inc i~l[J- hLl\C :·,e~lsl-ill~li l··~-.:r-.on,"'2;. jitht~l~~h iL ~lIJPc~lr:.; 

[eli ) ' Jrre-;- !li!tial ~ncoun[cr. and mail :, con'l- lL) l'~SpOIlLi [0 ir.E~-~~iTn :.:!im~lti-: :~(·(ccL:-: . \y~![C~' 

. ." hcr2: p1ct~l~, cc~l:-;c. GrGuriJ\·, atel' ~~gr:::-) lJr in-iliinc rr 'l11 nnt! !il-min;,; -wr :J ~, ~ Sa~ ~ ln~ · ',',,' tfl 
~T j" t;-a\ ~l time 'in' ,..>;.lr:-;!. ~! c.iir..;char1e..; Jre rciateJ '-0 Ji.~t;:~nce frnm ·jirl hat;. a ' ~ l-~ ,I' .:rlno .. ~ i-ut ":.}:TI~\ill~ {t::·· ·~ED 
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Figure 16. Schematic diagram of parasequences in Star Point Sandstone showing average horizontal permeability of Star Point sandstone 
facies. Diagram is not to scale; md-millidarcy. 
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Figure 17. Conceptual model of hydrogeologic pathways. Active groundwater zone is exposed to meteoric water. Inactive grounch\ater 
zone is charllcterized by isolated reservoir quality sandstone disconnected from near-surface waters. 

and therefore could have an affinity with Birch 

Spring. However, another nearby in-mine Star 

Point Sandstone well has a '"C age uf 900 yr 

and () TU, 

DISCUSSION AND CONCLUSIONS 

Two tumlamentally different types llt 

grDunliwacc l' systellls occur til the 1110lllltai ll-

uus teITain uf the Wasatch Plateau :md Buok 

Cliffs: shallol' ami deep. Shallow-ci rculating 

groundwater is enl isioned in the traditiull<ll 

sense uf groundwater flow. Recharge water 

becomes progressively older as it llllll es in the 

subsllrface along satlll ated now paths lIntil it 

ultimately discharges as springs and seeps. 

Shallmv circlilating. shllrt Illlw-path systems 

l'espund rapidly tu se'lsollal and climatic \ar-

iability , Locally, bedrock litholugy controls 

solute compositiuns uf the waters, but beurock 

type dues not control overall AolV patterns , 

Deep-circulating systems are encountered 

in mine openings as Illuch as 700 111 below 
groUIlU surface, Most in-mine gfllun([water 

discharges frolll sandstone channels in Illille 
roots, alLhough uccasionallv LLpwelling I'rolll 

the Llllderly ing Star Puillt Sandstone OCCUI·S. 

l·lIO Gelliog ical Slleiet) oJ "Ille riea Bulletin. December 20m 
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ACTIVE ~,D INACTIVE GRO L')" DW.\TER FLOW SYSTE:\/S 

Tn-mine hydrographs. 8'H an d 8"0 isotopic 
compos itions. and I'C groundwate r "ages" 
.le monstrate thOot deeply circulating ground-

er s" stems hal e poor hyd r:1uli c commu
. . _.1 tion II ith near-surface ground water. These 

deep gro undwater systems dell a ter fairly rap

idly II hen encountered. GeochemicOoI evolu

tio n model ing indica te s tllat the potential fo r 

I'e rt ico l migration of groundwater between the 
surface and bedroc k fOl" mations and between 

bedrock formations is limited. Thi s limi ted 

I'e l"ti ca l migrat ion suggests that apprec iable re
c harge II ater tends to mOl e late ran) and dO',l n 

dip \I it hi n the fOml<lti o ll . 

T he tli 0 t: pes of groundvl ate r sys tems can 

be desc ribed by a simple con ceptual model in

I o lvi ng borh ac ti ve an d inacti ve flow regim es 
(Fig. 17) The acti l e regi me includes all near

surfJcc exposures. regard less of lithology. The 

ne"-r surface extends 75- 150 m bela,," ground 

surface ~1l1 d 150-300 m into cli ff faces . i'vlany 
mine e ntries al'e we t near the surface and all 

are dr: at di stances gre ater [ha n - 150 111 fro m 
the mine ope ning. Tn the actil c regio n. frac

tures with aperture. weathered rock. and ma

trix fl oll in fluvial sands contro l groundl\ater 
f1 mv. Fault zo nes occasionall y exte nd the ac
tive zone f!'O m tbe surface to deeper regions . 

The acti ve zone is in di rect hydraulic com
munication with seasonal recharge. Most open 

voids . including matrix and fractures. that are 
l oc~lted below the vadose regio n are sa turated. 

The inactive zone inc ludes most of the in
. ')r region s of the \Vasatch Plateau and 

C liffs, including mos t mine workings. 
L.,pioration drilling and in-mine test holes in 

di c~lted that much of the vo id space. inc luding 
ma trix amI fractures, is not water-saturated . 

en-mine ground l\ a te r occurs in both ve rticatty 
and horizontal I} iso lated fluvial channel sand s 

tha t havc limited h ~ dra ulic communication 

lIith the surface . .\[ost gro undllater intlo \\' is 

restric ted to aquik r-q ualit" sandstones So me 
ch anncls arc full" saturatecl ancl o the rs are 

0 111 :. ,~lturateu in t!leir 1000\'er pan ions. When 
en countered in min e I\ orkings . thc' c ,aml

s to ne channels usuall ) dra in quickly. The coa l 

se'lI1b. clays. and silts ,Ire barriers to I crticcli 
fll) l,\ ". Thi" sLlgg:~~ t s frac tu re n p \ \ i n J. $) stt!ITI 

nfp ,-j!) l": COnJieLLcd r.-nc turcs or rclati'. c ! ~. iso

lated re~io ll s of Ill ;]tr i '>~ no\\ . Permc ~l l'iJ it) and 
pGrosi l~ clata .; ugg(!st th Jt grolind \\ ::lt~ r ages 
in th e Stclr P(ll n: and Castkgate Sancls tu nes 

arc cOllsi>lent '.1 itll mat ri:, Il l.' \\'. li mite d b)' 

fi fth- orde r bo u !~ ding ~lI r fa c~:,- and faci eS 
bOU ll di ii :! " ... Ui t'ac~ :-: . T l-:~ r~l~~ [i lln."':[l;r betl.t,' ''; :: !l 

·ract l.;r~ '.In'.: : :-:~H;'i ~~ 1 \ ,'..'. i:-- ':U t ; ~ ;1t l ~. 'h~ i r: '::: 

· :1 \e::ti2 :: l~J . 

r~uil t- :.2 !~ :[ .: d :!!""; ·und ' '. ~H~ r il, \'\..; l) 1.' :..·u~· i i1 

, ~LU j i \.b m~~le /t; n ~ ..; . ~i Cl: !n l) t:( , k ~c i :~L1 \t·i 'cbk: ; 

flow does not have rapi d hydraulic commu

nication lIith the surface. Ra pid communica
tion between the ac ti\'e zone and deep fault 

related fl ow, as e l' idenced by -' H in the inac
til'e zo ne. only exists \\'il ere th~ stress field is 

such that fault-related fracture apertures can 

extend to surface as the re sult of outward ex

panding cli ff faces or in complex fault damage 

zones. 
Pa tte rns of inacti \'c zone ground wate r fl olV 

do not occur in the tradi tional sense and are 

difllcul t to dd ine . The " C ages of 20.000 " r 
or le :) s sugges t th ~lt grolllld\\ J ters eXlst in 
slOl\ 1)- A 011 ing sys tems I i.e . grou ndl\ ater has 

nnite ages), Yet. other data sllggest that in

ac til e zo ne ground" a ter occurs in discre te 
bodies that hal'e extremel y limited or no com

municat ion with annual recharge. Gro und \\a

ler reside nce ti mes hal'e not bee n obse rl'ed to 

progress i\'ely leng the n along pla us ible floll 
paths or become progress ively o lder or youn

ger as bodies o f groundwater drain into mi ne 

openings. In the Wasatch Plate~l U and Book 
C liffs. we suggest that recharge occurs during 

very lI'e t climati c epi sodes and/or s lowly 
along lln saturated frac ture fl ow paths. Becau se 

innctil e zone groundwater does not hav'c a n 
infinite age. it must di scharge to the surface. 

Deep seepage is nOI plaus ible becau se of t h ~ 

thousa nds of feet o f the vcry impe rmeable un
de rl} ing Mancos Shale . Discharge loc3tions 

and mechanism re main problematic . Only a 
few isolated springs, often fau lt-rel ated and 

so metimes thermal. di scharge old 
ground l\ ate r. 

Beneath the c031 horizons. the shoreface 

sandstones o f the Star Po int Sandstone are 
la rgely in the inactive zo ne and suppo rt 

grollntlwater AC)I\ . Generally, ther~ is limi ted 
hydraulic co mmunicatio n be twee n san d 

sheels. As with younger strata. acti le zone 

groUnd \l aler Ilow in the S tar Point Sandstone 

is largel" lim ited to fracture rl ow and the mos t 
signifi cant AolI's are fault- zo ne related. 
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Evaluation of the Factors contributing to the TDS in SUFCO's 

Mine Discharge Wat er 

BACKGROUND AND PURPOSE 

tuta l u ~ ~~u l v~u ~ol~ds ('IDSj of the discharge water from the 

SUFCO Mine(PT003) has been increasing since early-1990 (Figure 

1). Between January 1990 (month 121) and July 1993 (month 162), 

the mean TDS increased from about 650 mg/l to about 850 mg/l. 

Since mid-1991 the discharge has exceeded SUFCO's Utah Pollution 

Discharge Elimination System (UPDES) TDS limit of 800 mg/l. 

The purpose of this investigation is to determine the factors 

responsible for the elevated TDS. 

METHODS OF INVESTIGATION 

Historical mine water quality and discharge data were obtained 

from SUFCO. Res~lts of an early 1993 water quality , sampling 

program performed by SUFCO personnel were evaluated. Ap-

proximately 50 roof drips and floor waters were sampled as part 

of this initial investigation. Because most of the water quality 

data had large cation-anion balance errors, this dqt~ set W~s . n9~ , 
" ; ~ ~ , ~ : ~ -~,: . ; ", L ; 
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Figure 1 TDS hydrograph of SUFCO mine discharge from discharge 
point PT003. 
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useful for quantitative evaluation. The source of the cation- ( 

anion balance errors was subsequently investigated by Mayo and 

Associates and the problem has been resolved (Appendix A) . 

A preliminary analysis of the existing data suggested that the 

elevated TDS of the mine discharge water was due to elevated TDS, 
..., 

particularly S04 ' of the roof drip wat er in the new portion of 

the mine. This new mining area is located east of the surface 

feature Quitchupah Creek. Based on preliminary analysis of the 

existing data a plan of investigation was designed and imple-

mented. The plan consisted of the following elements: 

1 . The collection of water quality samples from roof drips 

and floor waters at selected locations in the mine and 

at the mine discharge point PT003. Samples were col-

lected on April 12 and 13, 1993. Samples were analyzed 

in the field for pH and temperature. Major ions and 

TDS concentrations were determined by Mountain States 

Analytical Laboratory in Salt Lake city, utah. Stable 

isotopic analysis for 02H, 018 0, 013 c , and 034 S were 

performed by Geochron Laboratories in Cambridge, Mas-

sachusetts. A few roof samples were also analyzed for 

the unstable isotopes 3 H and 14C by Geochron 

Laboratories. 

APR 1 9 2018 
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Water samples were collected and analyzed following 

U.S.E.P.A. (1981) procedures. Solute data were plotted 

on a trilinear (Piper, 1944) diagram for visual inspec-

tion. Saturation indices were calculated with the com-

puter code WATEQF (Plummer and others, 1976). Isotopic 

sampl.es for O'2H, 0'18 0 , and 3H were collected and 

preserved in sealed glass bottles. Isotopic samples 

for O'13 C , O'34 S , and 14C were precipitated with BaCI 2 . 

2. A floor-water budget for the sampling period was 

developed by SUFCO personnel. 

3. The geochemical and other data were analyzed by graphi-

) cal, statistical and computer methods to: 

a. characterize mine hydrogeology, 

b. determine mass contributions of TDS of each poten-

tial source, and 

c. evaluate the potential for TDS changes in future 

mine discharge waters. 

APR 1 9 2018 
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OVERVIEW OF MINE OPERATIONS 

Prior to 1985 mining operations only used continuous mining 

machines. These machines created the traditional room and pillar 

mine openings. The continuous mining machine makes openings 

similar to tunnels I called rooms I and the pillars are walls 

~~Pdrdt ing the rooms. Longwall mining requires prior development 

by continuous mining machines parallel to the direction of 

longwall mining along the entire length of the area to be 

longwall mined. In October 1985 SUFCO added a longwall mining 

machine to the existing inventory of continuous mining machines. 

Longwall mining has b~en conducted in three separate regio,ns of 

the mine, herein designated as Longwal l Areas 1, 2 and 3 (Figure 

2). A brief history of each area follows: 

Area 1 - mined from October 1985 to December 1989, 

Area 2 - mined from January 1990 to January 1992, and 

Area 3 - mined from February 1992; mining continues to 

date. Initial development for longwall mining 

began in December 1990. 

Although the average height of the coal seam is 13.5 feet, the 

average height of mine openings is 9 feet. Coal is left in the 

floor and ceiling of mine openings to increase roof stability and 

ensure that foreign material does not mix with the mined coal. 

5 
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Figure 2 Map showing the location of mine workings relative to 
the SUFCO lease area. Longwall Areas 1, 2, and 3, and 
Area A are described in the text. 
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The gentle regional dip of the bedrock results in mine tunnels 

and longwa ll op enings that a re nearly horizontal. 

Coal is removed from the mine by means of a conveyer belt. Some 

mine water is used to suppress coal dust on the conveyer belt and 

in the truck loading area located outside the mine. 

continuous miners and the longwall miner create openings with fun-

damentally different structural properties. continuous miners 

bore tunnels averaging 9 feet tall and 18 feet wide. Blocks of 

unmined coal (pillars) are left between individual tunnels. with 

appropriate sho~ing of weak sections these tunnels pan remain 

open indefinitely. Old mined areas are either used as transporta-

tion and ventilation routes or are sealed where they connect with 
( 

open tunnels used in mining operations. 

Longwall mining creates openings 7 to 13 feet tall and up to 750 

feet wide. The roof of the longwall mined area is unstable and 

collapses within hours to days after being mined. The net effect 

of longwall mining is to create a large rubble zone. 

Until June 1993, all exposed mine floor, wall, and roof areas 

were dusted with gypsum rock dust (CaS04 ·xH20) to retard fire and 

prevent exp los ions. In July 1993 magnesium limestone 

MgxCaX (C03 )2 was substituted for gypsum. Dusting is a continuous 
" .... 

I • I l 
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process in the open mine area. New areas are immediately dusted, 

and previously dusted areas are redusted as needed to decrease 

the bulk combustible content and replace dust lost to flowing 

mine waters. 

The movement of water in the mine is managed by a system of col-

lecting (sumps) and pumping stations, pipes, and free flow along 

the mine floor. The system is periodically modified as new min-

ing proceeds. 

The longwall mining machine uses hydraulically operated longwall 

shields to support the roof during mining. Longwall shields are 

powered by emulsion fluid consisting of 95% water and 5% soluble 

) oil. until a fugitive emulsion collection systems was install in 

June 1992 and became fully operational in August 1992, some emul-

sion fluid discharged into Longwall areas 1 and 2. The exact 

amount of fugitive fluid is hard to determine because it depends 

on the number of valves by-passing and the frequency of changes 

in mining heights. Only minimal amounts of emulsion currently 

leak from the longwall mining machine. 

The emulsion is organic-based containing substantial amounts of 

sulfate (SO~-), sodium (Na+) , and other inorganic ions. The ex-

act composition of the emulsion used in Longwall Areas 1 and 2 is 
I,~,I:_ : ;,,; ':. -,~ U\"!ED 
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unknown. The inorganic content of currently used emulsion is 

listed in Appendix B. 

Mining operations sometimes result in local low spots in the 

floor of the mine. In areas where water flows on the mine floor, 

these low spots become small ponds. Crushed carbonate rock is 

used to till the ponded areas. 

GEOLOGIC AND HYDROGEOLOGIC SETTING 

Geology 

The SUFCO mine is located approximately 30 miles east of Salina, 

utah, in the High Plateaus section of the Colorado Plateau 

Physiographic Province. The mine property encompasses ap-

proximately 17,000 acres. The surface topography consists of a 

rolling upland plateau that is deeply dissected by two maj or 

tributaries of Quitchupah Creek. The northwest trending North 

Fork of Quitchupah Creek bisects the mine property in half, and 

the west trending Convulsion Canyon forms the southern boundary 

of the mine property (Figure 3). The confluence of the two 

tributaries lies south of the mine property. Surface elevation 

of the plateau ranges from about 8,400 to 8,500 feet. Duncan 

Mountain and Big Ridge rise to about 9,200 feet along the western 

9 
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Table 1 

Sample # Location 
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R1 
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Chemical and isotopic analyses 
discharge water taken during 
period. 

of roof drip, floor water, and the mine 
the April 12 and 13, 1993 sampling 

pH 
TDS· 

mg/l 
TDS 

meq/l 
---------- - ----- - _._ - meq/l --------- - ----- - --- - --------- 0/00 ----------

Ca Mg Na K HC03 s04 Cl 180 2H 13C 34s 

Roof Drips Longwall Area 3 

-122 -10.1 19.3 

TU 
3H 

pmc 
14C 

J 

. 7.95 

11.5 7.60 
7.40 

11. 0 7.25 · 

7.65 
7.95 

460 16.96 
700 25.77 
570 20.00 
500 17.40 

3.50 
6.B5 
5.00 

4.40 

4.20 
5.41 
4.30 
3.60 

0.72 
0.62 
0.60 
0.60 
0.71 
0.52 

0.11 
0.10 
0.10 
0.10 
0.06 
0.05 

5.46 
8.17 
6.20 
5.50 

2.46 
3.9B 

3.30 
2.80 

0.51 -16. 4 
0.64 -16.4 
0.50 -16.5 
0.40 -16.6 
0.46 -17.3 
1.10 -17.2 

-123 -5.6 8.9 
10.7 

<3.0 7.2 • 1.2 

11.3 7.63 

14.0 
13.0 

13.5 

10.0 

10.0 

0.26 

7.65 
7.60 
7.55 

7.6 
0. 0 

7.65 
7.25 
B.05 
7.90 

7.7 
0.3 

4BO 17.64 4.42 3.57 
570 21.62 5.23 4.97 

5.86 2.56 
6.61 3.14 

-127 -7.5 
-12B -7.7 
-128 -12.1 
-129 -6.6 

547 19.90 4.90 4.34 0.63 0.09 6.30 3.04 0.60 -16.7 -126 -8.3 
BO 3.09 1.03 0.67 0.07 0.02 0.93 0.51 0.23 0.4 3 2.2 

Roof Drips Longwall Area 2 

290 10.40 2.70 
290 10.40 2.70 
330 10.80 3.10 

1.90 
1.80 
2.00 

303 10.53 2.83 1.90 
19 0.19 0.19 O:OB 

0.50 0.00 4.3G 0.70 
0.50 0.00 4.40 0.70 
0.30 0.00 4.40 0.70 

0.43 0.00 
0.09 0.00 

4.37 0 .70 
0.05 0.00 

Roof Drips Longwall Area 1 

370 14.60 
3BO 14.59 
400 15.23 
430 17.42 

395 15.46 
23 1.16 

4.40 
4.20 
4.36 
3.45 

4.10 
0.38 

2.50 
2.71 
2.84 
4.71 

3.19 
0.B9 

0.30 
0.38 
0.32 
0.37 

0.34 
0.03 

0.00 
0.04 
0.03 
O.OB 

0.04 
0.03 

6.00 
5.62 
6.02 
6.37 

6.00 
0.27 

1.10 
1.33 
1.33 
1.37 

1.28 
0.11 

0.30 -17.5 
0.30 
0.30 -17.4 

-130 

-132 

0.30 -17.5 -131.0 
0.00 

0.30 

-9.9 

-9.6 

-9.8 

0.31 -17.5 -127 -10 . 1 
0.33 -17.2 -125 -7 . 7 
1.07 -16.9 - 123 -11 . 2 

0.50 -17.2 -125.0 -9.7 
0.33 0.2 1.6 1. 5 

11.6 
13.6 1.1 • 2.4 
8.0 

12.0 
3.7 

12.7 

15.9 

14.3 

B.2 

1.1 • 2.4 

11.4 3.3· 2.4 
9.3 

9.6 
1.3 

r-J ~ 
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Table 1 

Sample # Location 

mean 

F1 
F2 

F3 

F4 

F5 

F6 

F7 

F8 

F9 
FlO 
F11 
F12 

mean 
std 

01 

01 

mean 
std 

4Efp 
8l4eface 
nmface 
NM4smpwp 
NM4smpmw 
UJBAirpm 
nm3sump 
6nsump 
3wsump 
lLNMseal 
6eseals 
1L6ENS 

PT003s 
PT003e 

o 
::.:;: 

C'l 

can't 

T pH 

5.75 7.66 

11.0 
11.0 

12.0 

7.60 
7.65 
7.25 
8.00 
7.50 
8.10 

TDS* 
mg/l 

TDS --- - - - --------------- meq/l ------------------- ---------- 0/00 ----------

meq/l Ca Mg Na K HC03' S04 Cl 180 2H 13C 34S 

Roof Drips Longwall Areas 1 and 2 

349 13_00 3.47 2.55 0.39 0.02 5.18 0.99 0.40 -12.27 -90.54 '6.88 8.38 

2620 74.40 24.20 
1120 34.31 6.78 
2380 69.38 14.20 
710 19.60 5.00 
850 26.60 5.20 
880 27.20 4.90 

Floor IJaters 

6.70 
5.82 
5.81 
3.80 
5.20 
5.40 

5.20 
3.98 

14.60 
0.90 
2.90 
3.10 

0.10 
0.17 
0.27 
0.10 
0.10 
0.10 

3.00 34.50 
6.45 10.50 
3.46 26.70 
5.20 4.20 
5.00 7.70 
5.20 8.00 

0.70 -15.0 
0.61 -16.9 
4.34 -15.9 
0.40 
0.50 -16.7 
0.50 

-107 
-126 
-125 

-126 

-4.3 
-7.6 
-6.9 

-9.3 

16.0 
13.8 
16.3 

8.3 

12.0 7.80 1400 42.62 9.80 7.50 3.49 0.12 4.94 16.00 0.77 -16.4 -122 -5.4 12.2 
15.0 8.10 
14.0 7.75 
15.0 7.15 

7.15 
15.0 7.05 

13.1 7.59 
0.36 

12.0 7. 15 
12.0 7.25 

12.0 7.20 
0.0....".. 0.05 

770 22.60 
630 22.94 

4.02 
4.15 

3.99 
3.85 

790 25.80 5.20 4.40 
1170 37.39 7.85 8.15 
1890 60.60 10.90 12.80 

3.15 
3.30 
3.10 
2.48 
5.70 

0.10 
0.09 

0.10 
0.14 

6.65 
7.13 
8.20 
8.99 

4.33 
4.08 

4.20 
9.35 

0.20 10.10 20.40 

1268 38.62 8.52 6.12 4.33 0.13 6.19 12.50 
647 18.37 5.60 2.42 3.31 0.05 2.06 9.54 

Mine Discharge 

0.36 -17.2 
0.34 
0.60 -17.3 
0.43 -17.2 
0.50 -17.3 

0.84 -12.5 
1.06 7.2 

-124 -9.1 

-132 - 11.7 
-122 -8.2 
-125 -8.1 

-92 
54 

-5.9 
3.8 

850 27.41 5.27 4.97 3.24 0.12 5.58 7.74 0.49 -17.0 -130 -6.1 

840 25.71 5.02 4.78 3.14 0.11 5.50 6.66 0.50 -16.9 -128 -8.2 

845 26.56 5.15 4.88 3.19 0.11 5.54 7.20 
5 0.85 0.13 0.10 0.05 0.00 0.04 0.54 

0.50 -17.0 
0.00 0.0 

-129 -7.1 
1.1 

11.4 

10.6 
9.3 
6.8 

8.7 
5.7 

9.9 
9.9 

9.9 

~ > 
* TDS of sa~le R~as been assigned a content of 700 mg/l; laboratory value was 1340 mg/l; see text for discussion 
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Figure 3 Map showing the major drainages and general topography 
of the SUFCO mine lease area. 
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and northern edges of the mine property, respectively. The in-

cised portion of the North Fork begins in the northwest p ort ion 

of the mine property and cuts as much as 1,000 feet below the 

elevation of the plateau in the southeast portion of the mine 

property. 

Gi::..: bcd.:r-ock uTiits a r e exposed on Lhe ffiJ.. ne property from the top 

of Duncan Mountain and Big Ridge to the bottom of the Quitchupah 

and Convulsion Canyons (Figures 4 and 5). From top to bottom the 

rock units are (Doelling, 1972): 

(Tertiary-cretaceous) 

North Horn Formation - Variegated shales with subordinate 

sandstone, conglomerate and freshwater limestone; slope 

former; approximately 450 feet thick. 

(Cretaceous) 

Price River Formation, Upper Member - Gray to white gritty 

sandstone int~rbedded with subordinate shale and con-

glomerate; ledge and slope former; 400 to 600 feet 

thick. 1'';1 j 

Ii 
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Figure 4 Generalized geologic map of the SUFCO mine lease area. 
Line A-A' shows the location of cross section shown in 
Figure 5. 
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Figure 5 Northeast trending cross section across the SUFCO mine 
lease area. See Figure 4 for location. 
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Price River Formation, Castlegate Sandstone Member - White 

to gray, coarse-grained conglomeratic sandstone; cliff 

former; approximately 100 feet thick. 

(Unconformity) 

Blackhawk Formation, Upper Member - Yellow to gray, fine- to 

medium-grained sandstone, interbedded with subordinate 

gray and carbonaceous shale, thick coal seams; ap-

proximately 800 feet thick. 

Blackhawk Formation, Star Point Sandstone Member - Yellow-

gray, massive cliff-forming sandstone, often in several 

tongues separated by Masuk Shale; approximately 80 feet 

thick. 

Mancos Shale, Masuk Shale Member - Yellow to blue-gray 

' shale, slope former; thickness exceeds 300 feet. 

All bedrock units dip about 1.5 0 to 20 to the northwest (Figure 

4). The Castlegate Sandstone forms the ri~ of the Canyons. The 

mine entrance is located along the north cliff face of Convulsion 

Canyon. The mine entrance is at an elevation of about 7,400 feet 

and is portalled into the Upper Hiawatha coal sea ' of the . upp~f ' 

Member of the Blackhawk Formation. 
APR 1 9 2018 
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f 
The Upper Member of the Blackhawk Formation was deposited in a 

I 
\ delta environment located landward of a barrier-lagoon complex. 

The Upper Member consists of interbedded sandstone, siltstone, 

shale, coal and rare limestone. Sandstone comprises ap-

proximately 65 percent, siltstone and shale 30 percent, and coal 

and limestone 5 percent of the thickness of the Upper Member. 
r 

The sandstones are fine to medium-grained and tabular to lens-

shaped with thickness from 2 to 50 feet and widths from 25 to 

3,000 feet. The siltstones and shales are commonly interbedded 

and vary from 1 to 28 feet thick. siltstones and shales 

generally bound the sandstones both vertically and horizontally 

(Marley and others, 1979). 

The upper Hiawatha coal seam is located near the bottom of the 

Upper member of the Blackhawk Formation. The coal seam has an 

average thickness of 12 feet. 

APR 1 9 2018 

Hydrology and Hydrogeology 

The hydrology and hydrogeology of the coal producing region of 

the southern Wasatch Plateau has been investigated by Danielson 

and Sylla (1983), Danielson and others (1981), Lines (1985), 

Lines and Morrissey (1983), Price and Plantz (1987), and Seiler 

and Baskin (1988). A reconnaissance hydrogeologic investigation 
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of the Quitchupah Creek region has been performed by Thiros and 

Cordy (1991). 

Two major tributaries of Quitchupah Creek dominate the surface 

drainage of the mine property and adj acent areas (Figure 3). 

Both the North Fork of Quitchupah Creek and the flow in Convul-

sion Canyon are perennial. stream flows and water quality are 

monitored by SUFCO. Mine discharge waters issuing from PT003 are 

discharged into the North Fork of Quitchupah Creek. 

Ground-water systems overlying the Hiawatha coal seam are poorly 

understood. Hydrostratigraphic units have not been defined; 

however, Thiros and Cordy (1991) have, in general terms, 

described the water-bearing characteristics of the overlying 

North Horn Formation, and Castlegate Sandstone and the Blackhawk 

Formation. A brief summary of their findings follows: 

North Horn Formation - The North Horn Formation supports a 

significant ground-water system in the Ferron Mountain-

Flagstaff Peak area, located about 4 miles north of the 

mine area. In this region ~bout 90 percent of the in-

ventoried springs and seeps discharge from the North 

Horn Formation. Only 1 spring discharges from the 

North Horn Formation near the SUFCO mine. Neither 

Thiros and Cordy (1991) nor Danielson and Sylla (1983) 
I. ~ " 
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were able to determine if ground water in the North 

Horn Formation supports one or more hydraulically con-

tinuous aquifers or if the ground water is locally 

perched. 

Thiros and Cordy (1991) concluded that much of the 

recharge to tll e NurLh Horn Formation occurs west of the 

mine area in the upper portions of the Wasatch Plateau. 

Price River Formation - Numerous springs issue from both the 

Upper and Castlegate Sandstone Members of the Pr ice 

River Formation. Most of the springs issue fro~ the 

base of the Castlegate Sandstone. Some of t h e ground 

waters issuing from the Castlegate Sandstone were iden-

tified as discharging from perched ground-water sys-

terns. A ground-water sample collected from East spring 

(Castlegate Sandstone ) had a 3H content of 28.5 TU in-

dicating ground- water recharge af t er 1953. Hydrographs 

of spring discharges show both seasonal and annual 

responses to precipitation. 

Ground-water flow in the Castlegate Sandstone appears 

to be predominantly bedding controlled. Horizontally 

continuous water-bearing units have not been iden-

tified. 
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Blackhawk Formation - Thiros and Cordy (1991) found that the 

Blackhawk Formation is " ... usually saturated everywhere 

within the study area (mine area) except at outcrops at 

the edge of the plateau, in canyons incised into the 

plateau, and near the SUFCO mine where dewatering is 

occurring." They also suggest that impermeable layers 

within the Blackhawk Formation may create localized 

perched zones above a saturated zone. They do not, 

however, provide evidence for a continuous saturated 

zone or define the stratigraphic location or geometry 

of such a zone. They further suggest that the Black-

hawk Formation is the principal source of water enter-

ing the SUFCO mine. 

) 

Because surface exposures of the Blackhawk Formation 

are limited, Thiros and Cordy (1991) suggest that the 

formation is largely recharged from vertical leakage 

through fractures in overlying rock units. They do not 

provide quantitative estimates of annual recharge or 

evidence supporting the idea of recharge from vertical 

leakage. 

INCORPORATED 
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VARIATIONS IN MINE DISCHARGE RATES AND TDS ( 

r 
Ground-water gradients in the mine are downward. Ground water is 

routinely encountered in the mine roof during mining. Most of 

this water issues from roof fractures, although some ground water 

issues from roof bolt holes drilled through the roof coal into 

the overlying rock un; ts. ~rn11Tln w~te!" is not encC:".lYltered irl t.he 

mine floor. 

Because roof drip water is moved rapidly through the mine to the 

surface discharge location (PT003), the long-term record of the 

mine discharge rate and discharge TDS, combined with observa-

tional data regarding changes in roof drip rates, provides valu-

able insights into the hydrogeology of the Blackhawk Formation 

above the upper Hiawatha Coal seam. 

variations in Roof Drip and Mine Discharge Rates 

The discharge rate of roof drips from recently mined areas tends 

to,decline rapidly. Observations of ind~vidual fractures and the 

lO-year mine discharge hydrograph suggest that roof drip rates 

from recently mined areas decline rapidly. Although measurements 

of individual roof drip rates have not been routinely made, mine 

personnel report rapid declines in drip rates. Estimated changes 
.: ~, 

. . ' 1) 
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in roof drip rates from the following two fractures are believed 

to be typical of the larger discharges (Kravi ts, Personal 

communication) : 

site (8L4E E3 C63) 
6/6/93 40 gpm 
7/7/93 15 gpm 
8/9/93 10 gpm 

site R2 (Rebuild station) 
10/11/92 50 gpm 
2/12/93 30 gpm 
4/17/93 15 gpm 
5/19/93 5 gpm 
7/7/93 5 gpm 
8/9/93 5 gpm 

The 10-year mine discharge hydrograph has been plotted with 

monthly and 6-month running average data (Figure 6). The 6-month 

running average method helps smooth out monthly irregularities 

that result from: 1) changes in the mine floor water management 

system and, 2) the randomness inherent in taking discharge rate 

measurements only twice a month. Four conclusions may be drawn 

from the hydrographs: 

1. The significant ·, decline in discharge rate between 

months 95 and 116 (11/87 to 8/98) are the result of a 

change in the weir setting. It has subsequently been 

determined by SUFCO personnel that the weir readings 
-rr.:0 

APR 19 2018 
22 



r . 

[ 

L 
r " 
t 

Figure 6 One month and six month running average discharge and 
TDS hydrographs of mine discharge water issuing from 
PT003. 

----'-... 
en 
E 
'-' 

(f) 

0 
t-

~ 

----E 
0... 
en .........,. 

<Ll 
en 
L 

0 
.r:. 
u 
UJ 

0 

(f) 

o 
I-

~ 

E 
0.. 
cn 

<Ll 
cn 
I.... 

o 
.r:. 
u 
UJ 

o 

Month Average 

1200 j 1 1 

, ' 

1000 r 

800 

, , 1,1 " ... '" \ , 
I, "'l I' " , ,,-, " 

: \ \ ~' I I ' t , I V : \ ~ ' ~,~ r' 
I ", I ': " 'I' 

TDS Limit ''' I " ,: ~:~,~:, 
' . ~ : " " I ' . / !i " \ u I 

~ I ~ , " u ~ 

600 r 

400 r 
····· .. ·1 

1 1 

Discharge 
TDS 

-

-

2 a a L_t-L--L---'------''---'-----'---'------''---'-----'--LI - '---'-----'-----1.I-'---'-----'------'' 1'----'-------'--'-_ '---'-_-'-1 -'---' 

25 37 49 61 7 3 85 97 109 12 1 1331451 57169 

Month (1 = Jan 1980) 

6 Month Running Average 

1200 I 1 1 1 

1000 r 
TDS Limit 

. 
I, 
I I 

I I 
, I 

800 

600 r 

400 r 

200 

1/82 
j 

/' 

25 37 

(TDS,SP5) 

1/84 
1 

49 

I ' 
, . 1' 

, ' , ' . ' 

I 

61 

: . 

1 1 

,~ \ 

, '" , , - , , 

~ -' 

" 
..... 

1/86 
I 

1 1 

I 
I 
I 

, , 
\.. ... J 

1/88 

, 
I 

1 1 1 

, Mining 
: Longwoll 

Area 2 
" ." , 

" 
\ , 
I, 

I , 
I 
I 

I 

, .... ... .. ~,.:# I 
:~ .... , .. .... -

1 I 

Mining 
Longwall 
Area 3 
I, , "", '\ , . " 

I , 
" /, '. 

Discharge 
TOS 

1/90 1/92 1/93 
I 1 I I 1 1 1 

73 109 1 21 

Month (1 = Jan 1980) 

85 97 133 145 157 1 69 

APR 1 9 2018 

23 

-

-

-

( 



greatly underestimated discharge during this period 

(Kravits, Personal Communication). Therefore, the dis-

charge data of this time period must be disregarded for 

quantitative analytical purposes. 

2. The long-term maximum discharge rate from the mine is 

about 1,000 to 1,100 gpm. Seasonal variations are not 

evident in the hydrograph. Isotopic data are presented 

below which demonstrate that ground-water systems en-

countered by the mine are not quantitativelY influenced 

by modern recharge and that discharge from the mine is 

not seasonally dependent. 

3. Two cycles of hydrograph recession have occurred since 

9/89 (month 117). Cycle 1 (9/89 to 3/92; months 117 to 

147) corresponds to mining in Longwall Area 2. Cycle 

2 (4/92 to present; months 148 to present) corresponds 

to mining in Longwall Area 3. The recession of Cycle 2 

is best seen in the 6-month running average. 

The cyclical" character of hydrograph recession:::; is 

likely the result of the areally and vertically local-

ized draining of ground water in hydraulic connection 

with the mining areas. Hydrograph recessions suggest 

that ground waters in hydraulic connectibn with ea~;trD 
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mining area are not part .of a large horizontally con- ( 

tinuous ground-water system. Instead, ground waters 

appear to occur in small regions that have limited 

horizontal hydraulic connection. Water chemistry data 

discussed in this report support this idea. 

The quasi-steady state maXlmum discharge rate, the 

cyclical hydrograph recessions, and the fact that the 

mined area continuously increases suggest: a) the maxi-

mum discharge rate of the mine is approximately 1,100 

gpm, b) in time, drainage from older mining areas will 

approach zero, and c) the mine d~scharge rate will 

decline substantially after the cessation of mining ac-

tivities. These conclusions are predicated on coal 

production rates remaining relatively constant and the 

hydrogeology of new mining areas is similar to the 

hydrogeology of existing mining areas. The future in-

terception of a major fracture or fractures which are 

hydraulically connected with aquifers located above the 

Upper Member of the Blackhawk Formation could change 

the hydrology of the mine. 

. fTT) 
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variations in Mine Discharge TDS 

TDS levels of mine discharge waters at PT003 are also plotted on 

the I-month and 6-month running average hydrographs (Figure 6). 

TDS levels have been steadily increasing from about 550 mgjl in 

month 66 (July 1985) to about 850 mgjl in month 161 (June 1993). 

This trend is most easily observed in the 6-month running 

averages. 

Although the overall trend of the TDS increase has been rela-

tively steady, there are distinct variations in discharge TDS 

that correspond to drainage from Longwall Areas 2 and 3. The 

TDS declined substantially about the time mining in Longwall Area 

2 began and then rapidly increased. There also appears to be an 

increase in TDS corresponding to the initial development of 

Longwall Area 3. 

DATA COLLECTED DURING APRIL 1993 SAMPLING 

The water quality sampling plan was designed to evaluate the con-• • 
tribution of each mining area on the total TDS of the mine dis-

charge. Water quality sampling locations were selected to be rep-

resentative of the spatial distribution of water quality entering 

26 
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the mine and water moving through the mine. Some desired sam-

pIing locations were either dry or phys i cally inaccessible. 

Explanation of Reporting units and Terms 

Water quality reportinq units are: milliequiv~lpnt rlpr lit-oY' 
.1..- - - -- ---

solutes; milligrams per liter (mg 1-1 ) for 

laboratory TDS; and per mil (0/ 00 ) for stable isotopes. Copies 

of laboratory analytical reports are included in Appendixes Band 

C for solutes and isotopes , respectively. Stable isotopic 

reference standards are: Standard Mean Oceanic Water (SMOW) for 

02H and 0180; Pee Dee Formation Belemnite (PDB) for 013 C; and the 

Canyon Diablo meteorite (CD) for 034 S . The radioactive isotope 

14C is reported relative to percent modern carbon (pmc), and the 

radioactive isotope 3H is reported in tritium units (TU). One TU 

is equivalent to 3.2 pCi 1-1 (pico-Curies per liter). 

Laboratory solute data have been converted to meq 1-1 for 

analysis and reporting purposes (Tables 1 and 2). The meq 1-1 

unit allows direct compari,son of reacting concentrations of cat-

ions and anions. For example, 1 meq 1-1 of Ca 2+ is the reacting 

equivalent of 1 meq 1-1 of Mg2+ and S04 2-; in mg 1-1 their equiv-

alent concentrations are 20.0, 12.2, and 48.0, respectively. TDS 

, l' t d b th 1-1 and meq 1-1 . 1S 1S e as 0 mg The mg 1-;., is the r .e:ppi:;t,'ed 
Iii ~ 
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Table 2 

Area T 

Summary of mean solute and isotopic analysis of roof 
drip, floor water, and mine discharge water taken 
during the April 12 and 13, 1993 sampling period. 

TDS TDS -- - - - -.- .. . • - - - . --- -- meq/l -----------_ ... _---- --_ .......... -- .. 0/00 ---------

pH mg/l meq/l Ca Mg Na K HC03 S04 Cl 180 2H 13C 34S 
-- ----- _ ... -- ------- .. _- _ . ..... -- _. _--- --_ ... _- -------- ... _-- -- ---- --- --_ ... --- --- ----- -- --- --- --- ---- --- -------- ---- --. ----

ROOF DRIPS 
Longwa II Area 3 
mean 11.3 7.63 547 19.90 4.90 4.34 0.63 0.09 6.30 3.04 0.60 -16.7 -126 -8.3 12.0 
std 0.26 80 3.09 1.03 0.67 0.07 0.02 0.93 0.51 0.23 0.4 3 2.2 3.7 

Longwa II Area 2 
mean 13.5 7.6 303 10.53 2.83 1.90 0.43 0.00 4.37 0.70 0.30 -17.5 -131.0 -9.8 14.3 
std 0.0 19 0.19 0.19 0.08 0.09 0.00 0.05 0.00 0.00 

Longwall Area 1 
mean 10.0 7.7 395 15.46 4.10 3.19 0.34 0.04 6.00 1.28 0.50 -17. 2 -125.0 -9.7 9.6 
std 0.3 23 1.16 0.38 0.89 0.03 0.03 0.27 0.11 0.33 0.2 1.6 1.5 1.3 

Longwall Areas & 2 
mean 5.75 7.66 349 13.00 3.47 2.55 0.39 0.02 5.18 0.99 0.40 -12.27 '90.54 -6.88 8.38 

FLOOR WATERS 

mean 13.1 7.59 1268 38.62 8.52 6.12 4.33 0.13 6.19 12.50 0.84 -12.5 -92 -5.9 8.7 
std 0.36 647 18.37 5.60 2.42 3.31 0.05 2.06 9.54 1.06 7.2 54 3.8 5.7 

MINE DISCHARGE 

mean 12.0 7.20 845 26.56 5.15 4.88 3.19 0.11 5.54 7.20 0.50 -17.0 -129 -7.1 9.9 
std 0.0 0.05 5 0.85 0.13 0.10 0.05 0.00 0.04 0.54 0.00 0.0 1 1.1 
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laboratory content, and the meq 1-1 is the sum of the cations and 

anions. 

saturation index (SI) is a calculated value based on the solute 

content and temperature of a water sample. It is a measure of 

the thermodynami c tendency of water either to dissolve or to 

~Le~~p~Late a particular mineral and i s often useful for evaluat-

ing the mineralogy of aquifers through which a ground water has 

traveled. SI is defined as: 

lAP 
SI = (1) 

where lAP = the ion activity product and Keq = the equilibrium 

constant of a specified mineral. saturation is defined as log SI 

= 0.0 ± 0.1. Log SI < -0.1 means the water is undersaturated and 

the water has a thermodynamic tendency to dissolve the mineral. 

Log SI > +0.1 means the water is supersaturated and has a ther-

modynamic tendency to precipitate the mineral. The saturation 

index is normally calculated for the discharge temperature of the 

water. Discharge temperatures fo r many roof drips were not col-
~ i 

lectedi a value of 11.5 °c has been used for SI calculations for 

these samples. 

29 

,~ \ 

p' 

APR f 9 2018 

f ~··;'I. 1') ~ c.'; t ' . r,' :'; .... ,' "'.~; .. ' r /1. , ,,,lnJnq 



The notations used for SI commonly include a subscript to denote 

the mineral phase. Notations used in this investigation are SIa 

(aragoni te: CaC03), SIc (calcite: CaC03), SId (dolomite: 

CaMg(C03)2) , SIg (gypsum: caS04 ·xH20), SIan (anhydrite: CaS04 ) 

and SIh (halite: NaCI). Log PC02 is the partial pressure of 

CO2 (g) and Ca/Mg is the ca2+/Mg2+ molar ratio. The PC02 content 

is listed in the tables as log PC02 using the units atmospheres. 

saturation indices and other parameters have been calculated 

using the computer code WATEQF (Plummer and others, 1976). 

The stable isotopic composition of a sample is reported as the 

per mil (0/00) difference of the sample relative to the isotopic 

composition of a standard using the delta (0) notation: 

(Rsample - Rstandard) 

0 =----------------------- (2 ) 

Rstandard 

The 0 notation 

is rep?rted in terms of the heavy isotope ~n the ratio R (i.e., 

013 C for 13 C/12 C). 

other isotopic terms and reference information are discussed as 

needed. I L 
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overview of Mine Water Geochemistry 

Water quality and isotopic samples were collected from 13 roof 

drips , 12 floor waters, and the mi n e discharge. Because these 

data were collected during two consecutive days, they provide a 

clear picture of the contribution of each region of the mine to 

mine discharge TDS. 

Sample collection locations are shown on Figure 7, and the 

geochemical data are listed in Table 1 and are summarized in 

Table 2. WATEQF calculated s a turation indices and other 

parameters are listed in Table 3. Roof drips, floor waters, and 

mine d ischa r ge wat e r a r e designated Rl through R13, Fl through 

F12, and Dl, respectively. Sample DIs was collected at the start 

of the sampling period (4/12/93), and sample DIe was collected at 

the end of the sampling period (4/13/93). 

The roof drips are from the water-bearing horizons in the overly

ing Blackhawk Formation. Their chemistries are representative of 

location specific mine waters prior to undergoing chemical reac

tions in the ~ine. The chemistries of the floor wa~ers are repre

sentative of chemical changes to roof drip water that have oc

curred at various locations in the mine. The chemistry of the 

mine disCharge water is representative of the weighted average 

chemistry of all the mine floor water. 'i' ) \ : L .) 
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Figure 7 Roof drip (R), floor water (F), and mine discharge (D) 
sampling locations. 
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Four distinct waters have been identified in the mine on the 

basis of their chemical compositions. The characteristics of 

these groups are described below. The four groups are: 

1. Longwall Area 3 r oof drips, 

2 . Longwall Area 2 roof drips, 

., T ____ . _, , "'" ---- 1 i -u u [ UL.LpS, and ...J • ..LJV~J'::I vv c...L.J.. .t"1.J.. t::Cl 

4 . floor waters 

Roof Drip water 

solute Chemistry 

Roof drip waters entering the mine issue from three distinct 

hydrogeochemical units. The hydrogeochemical units have been 

identified on the basis of TDS and overall solute composition. 

The TDS (meq 1-1 ) vs. laboratory measured TDS (mg 1-1 ) plot 

(Figure 8) suggest that the laboratory reported TDS for site R2 

(Rebuild station) is an error. Figure 8 suggests the laboratory 

reported ~ TDS (1340 mg 1-1 ) is about 2 times a~ great as the ac

tual value. A sample collected in 3/93 had a TDS of 740 mg 1-1 . 

Assuming the TDS of site R2 is about 700 mg 1-1 , the mean TDS of 

roof drips in Longwall Area 3 is about 546 mg 1-1 rather than the 

calculated 653 mg 1-1 . A value of 700 mg 1-1 is therefore 

; , . . } '; ', , t .:;) 
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Figure 8 Scatter plot of laboratory reported TDS vs. calculated 
TDS. Calculated TDS is the sum of the laboratory 
reported cations and anions in meg 1-1 . The arrow 
shows the plotting location of sample R2 after being 
adjusted for the error in the l aboratory reported TDS 
(mg 1-1). 
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reported in Table 1, and a mean value of 546 mg 1-1 is used for 

analytical purposes in this report. 

Although the spatial distribution of roof water collection points 

does not permit contouring roof water TDS or other chemical 

parameters, plots of some of the data do exhibit spatial trends. 

The TDS ~nd ~c~- concentrations or ~uu£ drip waters are shown on 

Figure 9. concentrations are lowest in the western portion of 

the mine area (Longwall Area 2), increase toward the southeast 

(Longwall Area 1), and are greatest in the northeast (Longwall 

Area 3). The mean TDS of the roof drip waters in each mining 

area are statistically distinguishable from each other at the 95 

percent confidence interval using a standard T test. 

TDS and SO~- of roof drips in each mining area follow: 

Longwall Area 3: 

Longwall Area 2 : 

Longwall Area 1: 

----- TDS ----

meg 1-1 mg 1-1 

19.90 546 

10.53 303 

17.42 430 

SO~

meg 1-1 

3.04 

0.70 

1. 28 

The mean 

The overall chemical differences between the Longwall Area roof 

drips are apparent on the trilinear diagram (Figure 10). The 

elevated TDS of Longwall Areas 3 and 1 roof drips rebI~tive; ,1:<> ; th~LD 
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Figure 9 Map showing the TDS and SO~- (meq 1-1 ) of roof drip 
waters collected on April 12 and 13, 1993. 
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Figure 10 Trilinear diagram of roof drips and mine discharge 
water collected on April 12 and 13, 1993. 
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TDS of Longwall Area 2 are due to the increased concentrations of 

most major cations and anions. Increased mean concentrations and 

percentage increases of Longwall Areas 3 and 1 roof drips rela-

tive to mean concentrations of Longwall Area 2 roof drips are: 

Longwall Area 3 Longwall Area 1 

constituent absolute percentage absolute percentage 

increase increase increase increase 

(meg 1-1) (meg 1-1) 

S02-4 2.34 334 0.58 83 

Mg2+ 2.44 128 1. 29 68 

Ca2+ 2.07 73 1. 27 45 

HCO; 1. 83 41 1. 63 37 

The mean Ca/Mg ratios of nearly all roof drip waters fall between 

1 and 2 (Table 3), suggesting that dolomite is the major source 

of the elevated Mg2+ content. The Ca/Mg ratio in pure dolomite 

is 1, and the ratio in pure limestone often approaches 20. 

However, the mean SO~; content of Longwall Area 3 drip waters 

suggests an additional Mg 2+ source or the occurrence of other 

chemical reactions. The mean SO~- content of 3.04 meg 1-1 would 

have a corresponding Ca2+ content and would only leave 1.86 meq 

1-1 of Ca 2+ to be contributed from dolomite dissoluti¢>)ir; , Th~ ',c;~f,\If:'n 
, - '~. ;-~ 
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Table 3 Log 8I and other WATEQF calculated parameters for 
water samples collected during the April 12 and 
13, 1993 sampling period. 

------------------------------------ log -----------------------------------

( 

Sample SIa SIc SId SIg SIan SIh PC02 Ca/Mg 

Rl 
R2 
R3 
R4 

R6 

mean 
std 

R7 
R8 
R9 
Rl0 
Rll 
R12 
R13 

mean 
std 

Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
FlO 
Fll 
F12 

mean 
std 

Dls 
Ole 

mean 
std 

0.55 

0.48 

0.19 

-0.18 

0.77 

0.37 
0.30 

0.02 
-0.03 
0.08 
0.27 

-0.02 
0.80 
0.57 

0.24 
0.30 

0.47 
0.48 

-0.14 
0.56 
0.15 

0.60 
0.43 
0.72 
0.41 

-0.02 
0.19 
0.10 

0.33 
0.26 

-0.27 
-0.18 

-0.22 
0.04 

0.70 
0.64 
0.34 

-0.03 

0.92 

0.52 
0.30 

Roof Drips' Longwall Area 3 
1.55 - 1.59 
1.12 -1.17 
0.70 -1.35 

-0.20 

1.89 

1.02 

0.67 

-1.41 

-1.38 

-1.40 

0.13 

-1.87 

-1.55 
-1.63 

-1.80 . ~, 
I.'''''' 

-1.65 

-1.71 
0.11 

Roof Drips (all other areas) 
0.17 0.17 -2.12 -2.46 
0.12 0.03 -2.11 -2.47 
0.23 
0.43 

0.13 
0.95 

0.72 

0.39 
0.30 

0.62 
0.63 

0.01 
0.72 
0.30 
0.76 

0.59 

0.87 
0.56 

0.13 
0.34 
0.25 

0.48 

0.26 

-0.11 
-0.02 

-0.07 
0.04 

0.33 

0.52 
0.14 
1.79 
1.64 

0.66 
0.68 

0.78 
1.28 

-0.39 
1.26 

0.69 
1.53 

0.95 
1.75 

1.09 

0.19 

0.78 
0.60 

0.87 

0.56 

-0.28 
-0.11 

-0.20 

0.09 

-2.09 
-1. 77 

-1.74 

-1. 74 
-1.85 

-1.92 

0.17 

Floor IJaters 
-0.07 

-0.87 
-0.31 

-1.22 

-1.05 

-1.03 
-0.56 

-1.33 
-1.33 
-.1.26 

-0.88 
-0.53 

-0.87 
0.40 

Mine Discharge 
-1.01 
-1.08 

-1.05 

0.03 

39 

-2.36 
-2.17 
-2.02 
-2.01 
-2.12 

-2.23 
0.18 

-0.34 
-1.14 

-0.70 
-1.61 

-1.32 
-1.41 
-0.99 
-1.66 

-1.68 
-1.59 

-1.15 
-0.86 

-1.20 

0.41 

-1.39 

-1.45 

-1.42 

0.03 

-8.10 
-8.07 
-8.20 
-8.27 
-~. io 
-7.92 

-8.12 
0.11 

-8.46 

-8.46 
-8.70 
-8.68 
-8.59 
-8.64 
-8.07 

-8.51 

0.20 

-7.19 
-7.32 

-5.92 
-8.10 
-7.53 
-7.48 

-7.26 
-7.61 
-7.62 
-7.40 

-7.68 
-7.27 

-7.36 
0.50 

-7.47 
-7.47 

-7.47 
0.00 

-2.49 
-2.02 
-1.89 
-1.83 
OZ. i6 

-2.42 

-2.13 
0.25 

-2.31 
-2.26 
-2.17 
-2.20 

-1.77 

-2.55 
-2.38 

-2.23 

0.22 

-2.45 

-2.13 

-2.07 
-2.62 

-2.09 
-2.72 
-2.48 
-2.59 

-2.21 
-1.54 
-1.49 

-1.38 

-2.15 

0.44 

-1.73 

-1.83 

-1.78 
0.05 

0.83 
1.27 
1.16 
1.22 

i. 24 

1.05 

1.13 
0.15 

1.42 

1.50 

1.55 

1. 76 
1.55 
1.54 

0.73 

1.44 
0.30 

3.61 
1.17 
2.45 

1.32 
1.00 

0.91 

1.31 
1.01 
1.08 
1. 18 
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responding Ca/Mg ratio (1.86/4.34) is 0.42, which .is considerably 

less than the ratio of dolomite (i.e., there is too much Mg2+). 

The source of the elevated Mg2+ in Longwall Area 3 roof drips 

remains problematic. 

All roof drip waters are supersaturated with respect to carbonate 

minerals (aragonite, calcite and dolomite). This means the water 

would like to precipitate calcium carbonate. Many ground waters 

attain saturation in the recharge zone, and supersaturated ground 

waters are not uncommon. The condition of supersaturation can 

persist in an aquifer because mineral precipitation is often 

kinetically impaired. 

The extent of carbonate mineral supersaturation, particularly 

dolomi te, in these waters is unusual and suggests the ground 

waters have chemically evolved since they recharged. Ground 

water can easily become carbonate mineral supersaturated if the 

aquifer temperature is substantially greater than the temperature 

of the recharge water. However, such maj or temperature dif-

ferences do not occur in the mine waters. The mean temperature 

of roof drip watefs is about II. SoC, whereas the mean t~mperature 

of recharge waters is likely 2 to 5 °C. 

A more likely cause of the carbonate mineral supersaturation is 
r, ' '" I 

recharge water at or near carbonate mineral saturation encounter-
INC 0 .'~l ;-:J 0 n '~.rL:: D 
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ing gypsum in the aquifer. Dissolution of gypsum would cause car- ( 

bonate mineral supersaturation because of the common ion effect 

of ca2+. Gypsum is more soluble than carbonate minerals and 

would therefore contribute Ca2+ ions that would in turn cause car-

bonate mineral supersaturation. 

stable Isotopic Chemistry 

Samples of roof drip waters were collected in an attempt to h~lp 

characterize the ground-water flow regime of the Blackhawk Forma-

tion above the Hiawatha Coal seam. s~mples were collected for 

0180 and 02H to help evaluate the recharge history of the water, 

for 013 C and 034 S to help evaluate the evolution of the solute 

chemistry of the waters, and for the radioactive isotopes 3H and 

14C to help determine the age of the water. 

oxygen-19 (0 180) and Hydrogen-2 (02 H) 

Worldwide, the 02H and t0180 of precipitation (rain and snow) 

generally follow the empirical relationship: 

APR 1 9 2018 (3) 
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where s is the slope and d is the deuterium excess (Merlivant and 

Jouzel, 1983). Craig (1961) and Dansgaard (1964) have shown 

that, on the global scale, s approximates 8 and d approximates 10 

for coastal meteoric water. The Meteoric Water Line (MWL) is 

therefore defined as: 

(4) 

The 0 180 and 02H composition of roof drips fall in the narrow 

range of -16.4 to -17.5 0/ 00 and from -122 to -132 0/00, respec-

tively (Table 1; Figure 11). All of the data cluster about the 

MWL, and the data do not exhibit thermal isotopic shift in 0180 

or evaporative shifts in both 0 180 and 02H. This means the water 

recharges from the infiltration of rain or snow. The waters have 

not upwelled along deep seated faults and are not residual con-

nate water from marine or backwater evaporative sedimentary en-

vironments. 

The mean isotopic composition of data from Longwall Area 3 is 

slightly more positive than is the mean isotopic composition from 

the other mining areas. 
-j 

More positive compositi~ns are usually 

correlated to warmer recharge temperatures. However, the tight 

cluster of the data and the results of statistical T-tests 

preclude a definitive analysis. The means of the recharge waters 

do not vary at the 95% percent confidence interval. 

APR f 9 2018 
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[ Figure 11 Plot of 0180 and 02H data relative to the meteoric 
water line (MWL). 
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Roof drip waters have log PC0 2 (g) values (Tables 1 and 2) that 

are consistent with the dissolution of carbonate minerals in the 

presence of soil zone CO 2 (g) . Most ground water acquires 50 per-

cent of its carbon from soil zone water and 50 percent of its car-

bon from the dissolution of carbonate minerals in the soil zone 

or aquifer skeleton. Because the 0'13 C of marine carbonate 

minerals is about 0 0/ 00 (Muller and Mayo, 1986), most ground 

waters have a 013 C of ~ -10 to -13 0/00. The 013 C of many roof 

drip waters is less than anticipated and may reflect carbonate 

mineral precipitation and dissolution reactions in the upper mem-

ber of the Blackhawk Formation. 

We had hoped the 013 C data would help distinguish regions of roof 

drip water from each other, but the scatter of the data was too 

great to do so. 

Sulfur-34 (0'34 S ) 

The 034 S data indicate that all roof drip water sulfate is 

derived from the dissolution of gypsum and/or anhydrite. The an

ticipated range of 0' 34 s values in Mesozoic early Tertiary gypsum 

and anhydrite is +10 to +20 0/00 (Holser and Kaplan ti,; i!.966). , ';~ " _' 
r ~, r I' ,1 '. .' }, ; ~~, 
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non-thermal aquifer temperatures, isotopic fractionation accom-

panying gypsum dissolution may be represented as: 

34 S enrichment 

Cas04 (s) -- - --------------t ( 5 ) 

where the value 034 S ~ +15 %0 has been arbitrarily selected. 

The typical 034 s value of magmatic pyrite is about 0 0100 (Faure, 

1986) . A 034 S of -2.2 %0 has been reported for pyrite in the 

Park city District (Thode and others, 1961) and Mayo and Klauk 

(1991) found a mean 034 s of ~1.3 0/00 in ground water from non-

carbonate (crystalline rock) aquifers in north central utah. 

In addition to identifying the source of the roof drip SO~, we 

had hoped to use th~ 034 S data to help distinguish regions of 

roof drip water from each other, but the scatter of the data were 

too great to do so. However, the large scatter of data do 

provide insight into the ground-water systems in the overlying 

Blackhawk Formation. The wide range of 034 S isotopic composi-

tions suggests.that roof drip waters issue from numerous discrete 

ground-water systems that are not hydraulically connected. If 

roof drips issue from a single ground-water system, the 034 S com-

positions of roof dip waters would have been similar or would 

have exhibited a spatial trend. 

APR 1 9 2018 
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Age of Roof Drip Ground Water 

The radioactive isotopes tritium (3 H) and carbon-14 ( 14 C) were 

collected at site R2 to estimate the age of roof drip water, and 

3H was collected at 3 other locations. Tritium (3 H), the radioac-

tive isotope of hydrogen, has been used in ground-water investiga-

tions to differentiate between ground waters which recharged 

prior to or after the advent of atmospheric thermonuclear weapons 

testing. Tritium, whose half life is 12.26 years, forms 

naturally in the upper stratosphere by the interaction of 14N 

) with cosmic ray neutrons according to the reaction: 

(6) 

Tritium is rapidly incorporated into water molecules and is 

removed from the atmosphere by precipitation. 

Prior to the advent,of atmospheric thermonuclear weapons ,testing 

in 1952, tritium activity in precipitation ranged from 4 to 25 

tritium units (TU). One TU equals one 3H atom per 10 18 hydrogen 

atoms. In mountainous areas, larger natural concentrations have 

been observed (Fontes, 1983). During the peak o~ , ,at.lno~pheric 
~ ,', ', ... " ' ·,,Ti]) 

46 APR 1 9 2018 



[ 

[ 

[ 

[ 
r 
i 
I 

t 

weapons testing, tritium levels in precipitation rose to more ( 

than 2200 TU in some northern hemisphere locations (Fontes, 

1983) . As of 1987, the 3H concentrations in rain water varied 

from 25 to 50 TU. Unpublished data of 1991 and 1992 snow samples 

collected in the central Wasatch Range have TU concentrations 

greater than 20 TU. 

The 3H content of roof dip waters indicate that ground water en-

tering the mine recharged prior to 1952. The 3H contents of 

samples are: R2 < 3 TU (which is the detection limit for the 

analysis of that sample); R8 and R12 is 1.1 ± 2.4 and, sample R5 

is 3.3 ± 2.4 (Table 1). The TU content of a sample collecteq in 

the mine by Thiros and Cordy (1991) was < 1 TU, which was the 

detection limit for that analysis. 

Carbon-14 (14C) 

Carbon-14, the radioactive isotope of carbon, has a half-life of 

5730 ± 30 years (Godwin, 1962). Carbon-14 is produced in the up-

per atmosphere by a variety . of reactions that involve the colli- · 

sion of cosmic radiation (neutrons) with stable isotopes of 

nitrogen, oxygen, and carbon. The most important of these reac-

tions is between neutrons and 14N according to the reaction: 

, f . 
I 1 .. '--
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n + 14N .... 14C + P (7) 

where n is a neutron and p is a proton (Libby, 1955). Carbon-14 

is incorporated into CO 2 (g) and rapidly mixes throughout the at

mosphere and hydrosphere where steady state equilibrium between 

14C production and 14C decay is attained (Faure, 1986). 

The pre-industrial revolution atmospheric 14C content has been 

assigned the steady state value of 100 percent modern carbon 

(pmc). The burning of fossil fuels and the advent of atmospheric 

thermonuclear weapons testing greatly altered the 14C activity in 

the post-industrial revolution atmosphere. Burning of fossil 

fuels, whose 14C had pr,evi6usly completely decayed away, 

decreased the 14C content in the troposphere in the northern hemi-

sphere by about 3% (Houtermans and others, 1967). Atmospheric 

weapons testing greatly increased the atmospheric 14c activity by 

the mid 1960's (Ferronsky and Polyakov, 1982). 

The post-industrial revolution atmospheric 14C perturbations and 

laboratory measurement error in measuring the 14c content of 

ground water ~ake the reliable lower limit for 14c . dating about 

450 years. The upper limit of 14C dating, using conventional 

laboratory analytical methods, is about 35,000 years. 

'NConpnr~ "orE 
L, .10

\ :.:0 
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Estimating the age of dead wood or other organic carbon is rela- ( 

tively simple . The 14C activity of pre-industrial revolution or-

ganic material is assumed to be 100 pmc . The radiocarbon date is 

then cerrected for systematic variations i n atmospheric 14C that 

have been established by comparing tree ring dates of the wood of 

s equoia a nd bristlecone pines with their corresponding radiocar-

bon ages (LaMarche and Harlan: 97 ;:\nr'l R::llf 1Q7'" 
-- - - -.. _ . - - - I - - • - I • 

Estimating the rad i ocarbon age of ground waters is not as 

straightforward as estimating the age of dead organic matter. 

Ground water acquires carbon from numerous sources, many of which 

had an initial 14c activities of less than 100 pmc. The 14C con-

tent of ground water is affected by four factors: 

1) the addition of "live" carbon (i.e., 1 4C ;:; 100 pmc) 

from the biogenic production of CO 2 (g) in the soil 

zone, 

2) the addition of "dead" carbon from weather ing of 

minerals in the soil zone and the dissolution of car-

bonate minerals in the soil zone or aquifer (i.e., 14C 

;:; 0 pmc ) , 

3) the addition of "dead" carbon from the soil or aquifer 

during isotopic exchange reactions, and 

4) the addition of both "live" and "dead" carbon by other 

processes. 
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The crux of dating ground water is estimating the initial 14C ac-

tivity CAo) of the water at the time of recharge. This may be 

accomplished by using the solute and isotopic chemistries of the 

ground water and by applying correction procedures. Correction 

procedures for estimating Ao are in the form of mathematical equa

tions that attempt to account for the contribution of "dead" car

bon and 14C from various sources, and for the effects of the 

isotopic exchange and fractionation processes. 

The 14C activity of the Rebuild station roof drip sample (R2) is 

7.2 ± 1.2 pmc, and the S13 C of the sample was -8.5 0/00. Mean 

ground-water residence time of the sample (its age) was calcu-

lated using a proprietary computer code. The code incorporates 6 

different mathematical models as described by Fontes and Garnier 

(1979). Based on modeling results, the calculated age of sample 

R2 is 15,500 to 16,500 years. This means the water in the Black-

hawk Formation overlying the mine has been isolated from surface 

recharge since then. 

Measured and estimated data used in the ground-water age calcula

tion include: S13 C of the sample = -8.5 0/00 (measured); S13 C of 

the carbonate minerals in the recharge zone = 0 0/ 00 (estimated); 

S13 C of the CO2 (g) in the soil zone = -20 0/00 (estimated); 14C 

of the sample = 7.2 pmc (measured) i 14C of aquifer minerals = 0 

pmc (estimated) i acti vi ty of HCO~-

50 
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f 
(calculated) . Estimate values are consistent with values found 

[ in the mountainous terrains of Utah and elsewhere. 

r 
Floor water 

A schematic of the floor wa~er management system during the sam-

r pIing period (April 12 and 13) is shown on Figure 12. Most of 

l the floor water is conveyed in pipes. Water moves along the 

floor in Longwall Areas 1, 2 and 3, and across the floor of an 

old room and pillar mined area before discharge at PT003. Floor 

water from Longwall Areas 1 and 2 discharges into open tunnels 

from seals that are used to close the longwall areas. 

A summary of the floor water management scheme during the April 

1993 sampling follows: 

Longwall Area 1 

Water discharges from this closed section of the mine 

at site F12 (lL6E North Seal). This water flows first 

along the floor and then is piped to the collection 

sump at F8 (6 North Sump). From sump (F8) it is piped 

to closed Room and Pillar area A, where it flows along 

floor of the area and ultimately discharges at PT003. 

51 
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Figure 12 Diagram of the floor water management system on April 
12 and 13, 1993. Sumps F3 and F4 are the collection 
locations for Longwall Area 3, sump F9 is the collec
tion location for Longwall Area 2, and sump F12 is the 
collection location for Longwall Area 1. Location D1 
is the mine discharge point (PT003). 
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Water discharging from Fll (6East Seals) flows along 

the mine floor to the mine process water sumps and thus 

does not go directly to Area A where it would be dis-

charged. 

Longwall Area 2 

Water discharges from this closed section of the mine 

at site FlO (lL North Main Seal) and flows over the 

mine floor to F9 (3 West Sump). This water is piped 

from F9 to the collection sump at F8 where it mixes 

with water from F12. 

Longwall Area 3 

Water from the active mining area is collected at two 

locations. Floor water in the northern portion of the 

area is collected and piped to site F4 (North Mains #4 

sump) where it mixes with water from F3 (North Mains 

face pump). Floor water from the southern portion of 

the area is piped to site F7 (North Mains #3 sump) and 

mixes with water from Fl (4 East face pump). Water 

from both North Mains #3 and North Mains #4 sumps are 

then piped separately to closed room and pillar Area 

A, where they mix with water from the sump at F8. All 
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of the floor waters mix in a large sump in the north 

part of Area A and ultimately discharge at D1 (mine dis-

charge PT003) . 

The TDS of floor waters are highly variable, ranging from about 

20 to 75 meq 1-1 (Table 1; Figures 8 and 13). The chemistry of 

the floor water at various locations reflect: 

1) chemical reactions between incoming roof drip water 

with gypsum rock dust, longwall emulsion, dolomite 

crushed rocks, and other materials introduced into the 

mine, and 

2) the mixing of floor waters from other locations in the 

mine. 

The TDS of individual floor waters is not particularly enlighten-

ing when examined in the absence of flow rate data, because the 

TDS of the mine discharge water is the integrated mean of the 

flow of floor waters weighted for TDS at critical locations in 

the mine. Water quality samples and flow rate measurements were 

made at four (4) critical locations during the April 1993 sam-

pling. Floor water quality samples .were also collected at sites 

where flow measurements were not made. 

Water discharge and water quality budgets have been calculated 

for mine floor waters during the April 1993 samplin<1r'.f~abletA ) ~ ,_ 
. .-' \ 1,, 1 CD 

,. l....... ... 
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Figure 13 Map showing the TDS and SO~- (meg 1-1 ) of floor waters 
collected on April 12 and 13, 1993. 
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The contribution to the total mine discharge from the three min-

ing areas was accounted for by f low measurements and water 

quality samples collected at the 4 critical locations. The criti-

cal sampling locations are: 

Longwall Area 3 - sites F4 and F7 

Longwall Area 2 - site F9 

Longwall Area 1 - site F12 

In Table 4 the %Q and %TDS columns list the percentage of the to-

tal mine discharge and TDS, respectively, which are contributed 

from each location to the total mine discharge rate and discharge 

TDS. The TDS, solute, and 013 C and 34 S contents of each of floor 

waters are also listed. The TDS contribution from each location 

was calculated by multiplying the percentage of the total dis-

charge attributed to the sample location by the solute or 

isotopic content of the water sample at the site. The calculated 

water quality of the mine discharge is the sum of the calculated 

contributions from each sampling location. The calculated TDS of 

the mine discharge was within about 3 percent of the measured TDS 

of discharge water from the min~. 

The excellent agreement between calculated and measured TDS means 

that the data collected at the four critical sampling locations: 

1) are representative of the 3 mining areas, 2) can be ~u?ed to 
k\ 
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Table 4 comparisons of calculated mass and isotopic compositions of mine discharge 
water with floor waters representative of the 3 long wall mining areas. 

TDS % Ca Mg Wa K HC03 S04 Cl 
% TDS Contrib TDS Ca Contrib Mg Contrib Na Contrib K Cont r ib HC03 C~ntrib S04 Contrib Cl Cont rib 

Source Q meq/l meq/l Contrib meq/l meq/l meq/l meq/l meq/l meq/l meq/l meq/l meq/l neq/ l meq/ l meq/l meq/l meq/l 
-_ ... _._ -... _ --_._------ -- --- -- -- - --- - - - ------_._ -- --- -- --- - - - - ~ - - -- - ---- ------------ --- ----- - - ----- - ------- - - - --- - -- -- -- - - - ------- - ------ - --

Longwall area 3 

F4 44 

F7 17 

Longwall area 2 
F9 32 

Longwall area 1 
F12 7 

Calculated discharge 
Measured discharge 
Difference 
% difference 

Source 

Longwall area 3 
F4 
F7 

L~gwall area 2 
.:~ 

Eongwall area 
f12 

% 

Q 

44 
17 

32 

7 

~~lculated discharge 
_Measured discharge 
;,0:, fference 

! G di fference 

19.60 

42.62 

22.90 

60.60 

8.62 
7.25 

7.33 

4. 24 

27.44 
26.56 
0.88 
3 .31 

13C 

(0/00) 

-9.30 
-5.40 

-11. 70 

-8.10 

31.4 

26.4 

26.7 

15.5 

5.00 2.20 3.80 
9.90 1.68 7.50 

4.15 1.33 3.85 

10.90 0.76 12.80 

5.97 
5.15 
0.82 

16.00 

13c 34s 
Contrib 34s Contri b 
(0/00) (0/00) (0/00) 

--- ---- ----- ---- --- --

-4.09 8.30 
- 0.92 12.20 

-3.74 10.60 

-0.57 6.80 

-9.32 
-7.10 

-2.22 
31.28 

3.65 
2. 07 

3.39 

0.48 

9.59 
9.90 

-0.31 
-3.09 

1.67 0.90 0.40 
1.28 3.49 0.59 

1.23 3.30 1.06 

0.90 5.70 0.40 

5.08 2.44 
4.88 3.19 
0. 20 -0.75 
4 . 00 -23.38 

0. 10 

0. 12 

0.09 

0.20 

0.04 
0.02 

0.03 

0.01 

0.11 
0.11 
0.00 
0.00 

5.20 

4.94 

7.13 

10.10 

2.29 
0.84 

2.28 

0.71 

6.12 
5.54 
0.58 

10.40 

4.20 

16.00 

4.08 

20.40 

1.85 

2.72 

1. 31 

1.43 

7.30 
7.20 
0.10 
1.41 

0.40 

0.77 

0.34 

0.50 

0.18 

0.13 

0.11 

0.04 

0.45 
0.50 

-0.05 
-9.86 

'--' 
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evaluate chemical reactions occurring in each region of the mine 

and, 3) can be used to calculate the mass contribution from each 

region of the mine to the overall TDS of the mine discharge 

water. 

A plot of the percent TDS contribution versus the percent dis-

charge contribution from the three longwall areas is shown on 

Figure 14. The diagonal line indicates plotting locations where 

percent TDS and percent discharge contributions are equal. The 

diagonal line may be thought of as representing a TDS of about 

850 mg 1-1 or about 27 meg 1-1 , because the mine discharge water 

contains 100% of both the discharge and TDS (i.e., PT003 would 

plot at 100% on both axes). Points which plot below the line 

have a TDS which is less than 850 mg -1, and points that plot 

above the line have a TDS which is greater than 850 mg 1-1. 

Floor water issuing from Longwall Areas 2 and 3 have TDS contents 

slightly less than that of the mine discharge, and water issuing 

from Longwall Area 1 has a TDS content considerably greater than 

that of the mine discharge. 

GEOCHEMICAL EVOLUTION OF MINE WATER 

Ground : ~ater ~ritering the mine undergoes major chemical changes 

as it moves through the active and old mining areas. Changes in 

58 APR 1 9 2018 

0;1/, of Clil, Cas B~ Mining 



r 
l 

[ 

r 
I 

., 

Figure 14 Plot of % TDS vs. % discharge contribution from each of 
the longwall mining areas relative to the total TDS and 
discharge of the mine discharge water. Data are repre
sentative of the April 1993 sampling period. 
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r 
the solute chemistry of roof drip waters due to chemical reac-

tions in the longwall areas are tabulated on Table 5. Because 

Longwall Areas 1 and 2 are now inaccessible, the chemical composi-

tions of roof dip waters in these areas are somewhat uncertain. 

The chemical compositions of roof dips in the older mining areas 

have been assigned the mean values of the roof drips in the ad-

jacent open mine areas. The following discussion is predicated 

on the idea that the assigned roof drip waters reasonably repre-

sent the chemistry of the roof drip water in each mining area. 

Significant changes in ca 2+, Mg2+, 2-
RC0 3 ' and SO~- con-

centrations and in the saturation indices (SI) of calcite, 

dolomite, and gypsum are observed in the floor waters of all min-

ing areas relative to the mean compositions of the roof drips in 

their respective areas (Table 5; Figure 15). In the table and 

figure a positive change for a particular ion means that the 

floor water has a greater concentration of that ion than the in-

corning ground water. A positive change in SI means that the 

water has become more saturated with respect to the particular 

mineral. The mean SI's of roof drip waters may differ slightly 

from those listed in Table 3, because the SI's in Table 5 were 

calculated using the mean water chemistry of the roof drip water, 

whereas the mean values in Table 3 are the calculated mean of the 

individual SI's. 
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Table 5 Comparisons of mining area roof drip and floor water 
solute compositions. 

( 

r 
l --------_ ... --- ----- -- ------- - Longwall Area 3 ----------------------.----

Mean 

r Mean F4 F7 Floor Water 
1 Parameter Roof Drip F4 x 72.1% F7 x 29.7"1. CF4 + F7) Change 
t 

Temp (C) 11.00 11.00 7.93 7.50 2.09 10.02 
pH 7.63 8.00 5.77 7.80 2.18 7.94 0.31 
Ca (meq/l) 4.90 5.00 3.61 9.80 2.73 6.34 1.44 
Mg (meq/l) 4.34 3.80 2.74 7.50 2.09 4.83 0.49 

r Na (meqll) 0.63 0.90 0.65 3.49 0.97 1.62 0.99 I 
K (meq/L) 0.09 0.10 0.07 0.12 0.03 0.11 0.02 
HC03 (meq/l) 6.30 5.20 3.75 4.94 1.38 5.13 -1.17 

r S04 (meq/t> 3.04 4.20 3.03 16.00 4.46 7.49 4.45 

I Cl (meq/l) 0.60 0.40 0.29 0.77 0.21 0.50 -0.10 
I. SIc 0.42 0.68 0.26 

SId 0.72 1.18 0.46 
r SIg '1.36 -0.94 0.42 i 

.... -.- Longwall Area 2 ._.-.-- . __ .. _. Longwall Area 1 

Mean Mean 
Mean Floor Water Mean Floor Water 

Parameter Roof Drip F9 Change Roof Drip F12 Change ( 
Temp (C) 13.50 14.00 10.00 15.00 
pH 7.60 7.75 0.15 7.70 7.05 -0.65 
Ca (meq/l) 2.83 4.15 1.32 4.10 10.90 6.80 
Mg (meq/l) 1.90 3.85 1.95 3.19 12.80 9.61 
Na (meq/l) 0.43 3.30 2.87 0.34 5.70 5.36 
K (meq/l) 0.00 0.09 0.09 0.04 0.20 0.16 
HC03 (meq/l) 4.37 7.13 2.76 6.00 10.10 4.10 
S04 (meq/l) 0.70 4.08 3.38 1.28 20.40 19.12 
Cl (meq/l) 0.30 0.34 0.04 0.50 0.50 0.00 
SIc 0.12 0.56 0.44 0.42 0.25 -0.17 
SId 0.04 1.09 1.05 0.65 0.60 -0.05 
SIg -2.10 -1.33 0.77 -1.74 -0.53 1.21 

1 

INCOhf {, ~" . - D 
" ~ ... 
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Figure 15 Plots of mean solute compositions and selected SIts of 
roof drip and floor waters, and changes in these 
parameters due to chemical reactions in the mine. Data 
are representative of the April 1993 sampling period. 
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The chemical evolutionary pathways of floor waters in each mining 

area differ somewhat, with Longwall Area 1 experiencing the 

greatest change. Except for a decrease in the HCO~- content in 

Longwall Area 3, all significant concentration changes are posi-

tive. 

Four factors appear to contribute to the observed changes: 

1) precipi tation of carbonate minerals from the super-

saturated roof drip waters, 

2) bacterial oxidation of the organic content of the 

leaked emulsion used as hydraulic fluid in the longwall 

mining operation, 

3) dissolution of carbonate rocks used to fill low spots 

it the mine, and 

4) dissolution of gypsum rock dust that covers exposed 

mine surfaces. 

The computer code Balance (Parkhurst and others, 1982) was used 

to calculate the mass transfer of potential chemical reactions in 

each of the longwall areas (Table 6). positive numbers indicate 

dissolution, and negative numbers indicate precipitation or out

gassing. units are millimoles per liter (mmole 1-1 ). Mass trans-

fer was calculated for two conditions. Condition 1 assumed that 

the emulsion leaked from the longwall mining operation does not 

contribute to the overall chemistry of the floor w'q,i;:eri ,VlhETrEffi1::'D 
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Table 6 Calculated precipitation and dissolution of cal-
cite, dolomite, gypsum and C02(g~ in mine floor 
waters due to chemical reactions tween roof drip 
waters and substances in the mine. 

---------- Phase Change ----------
(nunolejl) 

Calcite Dolomite CO2 Gas Gypsum 
Area 3 

Wjo Emulsion -1.750 0.245 0.090 2.225 
Wj Emulsion -1. 380 0.177 -0.651 1. 836 

Area 2 

Wjo Emulsion -2.005 0.975 2.815 1.690 
Wj Emulsion -0.974 0.780 1. 448 0.642 

Area 1 

Wjo Emulsion -10.965 4.905 8.445 9.560 
WI Emulsion -9.863 4.441 5.369 8.361 

negative phase change = precipitation 
positive phase change = dissolution 

APR 19 2018 
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condition 2 assumed it did. Calculations of emulsion contribu-

tions were based on the idea that all excess Na+ in the floor 

water was contributed from the emulsion. Appropriate percentage 

contributions of other ions from the emulsion were then calcu-

lated on the basis of the excess Na+ in each mining area. Dif-

ferent percentage contributions were assigned to each longwall 

area, because the excess Na + content varied from one area to 

another. 

Results of the mass transfer calculations are not consistent with 

purely inorganic reactions. The calculations indicate that dis-

solution of gypsum dust results in calcite precipitation and 

dolomite dissolution. Such reactions are thermodynamically 

plausible, considering the gypsum dust and the dolomite used in 

the mine. However, calculations of saturation indices indicate 

that floor waters in Longwall Areas 3 and 2 become more calcite 

supersaturated than the incoming roof drip waters. The condition 

of supersaturation is not unusual and is the result of kinetic 

factors. Mineral precipitation is often kinetically impaired; 

the energy required to initiate nucleation is greater that the 

ther~odynamic energy needed to continue nu~leation. 

The calculations and the elevated HCO~- content (Table 5) indi-

cate that the floor waters in Longwall Areas 2 and 1 have ac-

• • il'\; ' :: .- . ,'". 
quired appreciable quantities of addl tlonal CO 2 (g) . Plausll::q.~ fL:i.) 
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inorganic reactions in the mine, such as the decompostion of wood 

used as mine supports, are not capable of supplying extra cO2 (g) 

at the necessary rate, and an external source is needed. Addi-

tional cO2 (g) is needed to drive the dolomite dissolution reac-

tion in Longwall Area 1. Sulfate reduction can liberate cO2 (g)' 

but the mine is an oxidizing environment, and no HS (g) has been 

noted. Bacterial oxidization of organic matter in the p-mll1!::: i0!! 

leaked from the longwall mining machine is the likely source of 

the extra cO2 (g) . The likely chemical reactions that contribute 

to the increase in the solute content of the floor waters are 

described below: 

Gypsum dissolution 

Dolomite Dissolution 

Calcite Dissolution and Precipitation 

Acquisition of cO2 (g) 

Oxidation of organic Matter 

COOH + H20 = CO 2 (g) + H20 + H+ 
(organic matter) 

67 
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Formation and Dissociation of Carbonic Acid 

CO2 (g) + H20 = H2C03 

H2C03 + H+ + HCO; 

(12) 

(13) 

The two key reactions are the dissolution of gypsum and the oxida-

tion of residual emulsion in the older longwall areas. The dis

solution of gypsum, which does not require free H+ ions, in

creases the TDS by liberating both ca2+ and SO~-. Gypsum is very 

soluble and can greatly elevate the TDS. Elevated TDS's can 

cause the activity coefficients of all ionic species to decrease, 

thus permitting potential dissolution of additional carbonate 

minerals. Because ca2+ is an ion cornmon to gypsum and calcite, 

the dissolution of the more soluble gypsum causes precipitation 

of the less soluble calcite. The common ion effect does not in-

fluence dolomite in the same way because gypsum does not contain 

Increases in Ca2 + and Mg2+ from the dissolution of carbonate 

minerals requires the introduction of free H+ ions. In the mine, 

the dissociation of carbonic acid (H2C03 ) formed from CO2 (g) that 

has been liberated by the oxidation of the residual emulsion 
i i 

provides ample H+ ions. This series of reactions, combined with 

the dissolution of residual gypsum, appears to be most active in 

Longwall Area 1, where the increase in solute content of all 

major ions is the greatest. 
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CONCLUSIONS 

1. Nature of the Ground-Water System in the Upper Blackhawk For-

mation 

Ground-water systems in the Upper Blackhawk Formation over l y-

tally and vertically. Variations in roof drip chemistry, 

the steady declines in roof drip rates after cessation of 

mining, and the variation in .0 34 8 in roof drip waters 

demonstrates that there are limited horizontal hydraulic con-

nections between the various regions of the Upper Blackhawk 

Formation. 

( 

The age of the ground water, the perched water zones iden-

tified by the U.S. Geological Survey in the overlying 

aquifers, and the rapid decline in roof drip rates suggest 

that the Upper Blackhawk Formation has a poor hydraulic con-

nection with potential recharge areas, the land surface, and 

overlying aquifers. 

The horizontal and vertical compartmentalization of the 

ground-water systems above the Hiawatha Coal seam suggest 

that mining will rapidly dewater the ground-water system 10-

I l 
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cated just above the coal seam but will have a limited ef-

fect on ground-water systems above and beyond that layer. 

2. Causes of Mine Discharge Elevated TDS 

The chemistry of the roof water leaking into the mine varies 

greatly between longwall areas. The TDS increases toward 

the eastern and northeastern portions of the mine and is 

greatest in the current mining area. However, the elevated 

TDS from roof drips in the current mining area is not the 

sale cause of the excessive TDS in the mine discharge water. 

The IO-year hydrograph of mine water TDS indicates that the 

TDS has been steadily increasing during this time. This 

long-term increase is the result of three factors: 

a. dissolution of gypsum rock dust used as a fire and ex-

plosion retardant, 

b. bacterial oxidation of leaked longwall mining operation 

emulsion in the older longwall areas, and 
• 

c. dissolution of carbonate crushed rock used to fill low 

tegions in the mine floor. 

I 
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Dissolution of gypsum dust is the principal factor in the ( 

current longwall area, whereas oxidation of leaked longwall 

emulsion is a very important factor in the older longwall 

areas. Although the discharge from the oldest longwall area 

is relatively small, this area contributes a dispropor-

tionate share of TDS. 

3. possible Future Trends in Mine TDS and Discharge Rates 

Assuming that mining proceeds at a nearly constant rate and 

that unusual hydrogeologic con~itions are not encountered in 

the mine, the maximum discharge rate from the mine will be 

about 1,000 to 1,100 gpm. The discharge rate will decline 

as the active mining area is mined out and will increase as 

new mining areas are developed. 

Sealed mining areas will continue to contribute TDS to the 

mine discharge water. The TDS content of floor waters from 

sealed mining areas will not decline, but the mass contribu-

tion of TDS will decline because o~ reduced discharge rates. 

The effects of gypsum rock dust and leaked emulsion will not 

be appreciably lessened in the closed areas, because the col-

lapse of gypsum rock dusted roof and wall areas will con-

tinue to bring gypsum into contact with mine .floo.!wa"t~ r ·' 
. : ;: .'. ! , : ., I i ) 
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The recent sUbstitution of calcite/dolomite rock dust for 

gypsum dust will reduce the TDS of mine discharge water. 

This reduction will result from the dilution of higher TDS 

floor water from the gypsum rock dusted portions of the mine 

with lower TDS floor water from calcite/dolomite rock dusted 

portions of the mine. 

INCORPORATED 
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Completion of Task 1 - Resolution of catip.R ;....,a~ion . ,b<?-l<;\n~e 
~: '.' .. . .... ~; .. ; _ ,/ 

RE: 

problem 
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This report contains a
1
summary of the activities that Mayo fand 

Associates undertook between March and April 1993 to resolve the 

cation-anion balance error problem in the water quality analysis 

performed by Mountain states Analytical. 

In late 1992 SUFCO personnel collected approximately 50 water and 

oth~r fluid samples from the mine. The samples were collected in 

an attempt to understand the causes of elevated TDS in the mine 

discharge water. The samples were analyzed by Mountain states 

Analytical Laboratory in Salt Lake city, utah. Most cation-anion 

( 
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balance errors reported by Mountain states Analytical Laboratory 

exceeded the commonly accepted 5% error criteria, and balance er

rors as great 37.22% were reported. Balance errors do not af

fect TDS determinations. Balance errors are calculated as fol

lows: 

~ cations - ~ anions 

error % = x 100 

~ cations + anions 

Because it is not possible to perform accurate quanti tati ve 

analysis of water quality data having such large balance errors, 

it was necessary to resolve the cation-anion balance error 

problem before we could begin to answer the larger questions: 1) 

what has been responsible for the increased TDS levels in the dis

charge water? and 2) what is the best way to resolve the TDS 

problem? 

Analysis of the Problem and Conclusion 

possible causes of the cation-anion imbalance included problems 

in sampling, sample preservation, sample holding, laboratory 

analytical methods, or some combination of these problems. After 

discussing the potential problems with personnel of SUFCO and 

Mountain states Analytical and reviewing the available data, we 

designed and undertook a test field sampling and laboratory 

analytical program. The sampling plan was executed on February 

2, 1993. The sampling and analytical plan was as follows: 

1. Samples were collected from 3 different locations in 

the mine. Sampling locations were selected to repre

sent the anticipated range of water chemistries occur

ring in the mine. The locations chosen we~~ ! Rebqil~ 
.. . "I ' j .; 

Station, #4 Sump, and 3 West C 44. 
, , 

.. t. ,.) 
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2. At each site four sets of samples were collected 

for cation and anion analysis. Two sample sets were 

preserved using the standard SUFCO-Mountain states 

Analytical procedures. These standard procedures in

cluded 1} field acidification of cation samples without 

field filtration (i.e., 0.45 micron), and 2} laboratory 

titration for bicarbonate. The other two sample sets 

were preserved by field filtration of cation samples 

prior to acidification and field titration of bicar

bonate. All samples were nreservec'l hv r1rlr.prl in 

coolers and immediately delivered to the laboratories 

for analysis. 

Two sample sets, one utilizing each of the two field 

preservation techniques, were analyzed by Mountain 

states Analytical; and two identical sample sets were 

analyzed by Mayo and Associates. Results were compared 

between preservation techniques and between 

laboratories. 

A third set of identical samples was sent to Ford Laboratory in 

order to obtain an independent check of the other laboratory 

results. Ford Laboratory was dropped from latter sampling rounds 

because they had similar high balance errors (5 to 8%) and their 

turn around time was too slow. 

Laboratory results were disappointing. The field filtered cation 

results gave a slightly better cation-anion balance; however, all 

laboratory results had balance errors of less than 5%. Based on 
1 i 

these laboratory results, which were completed on February 10, 

1993, we concluded that the Mountain states Analytical had a' " ),I 

laboratory problem that had subsequently been corrected. APR 1 9 2018 

On March 3, 1993, Mountain states Analytical r~pbrt:'~d;, 1 'ater <,. 

quality results for a routine sampling of mine discharge water. 

A balance error of 14.38 % was reported. Obviously the balance 

error problem had not been resolved by Mountain states Analyti

cal. 



Because the test program strongly suggested that field sampling 

and preservation techniques were not the problem, we focused our 

attention on the analytical procedures used by Mountain states 

Analytical. Mountain states Analytical uses an ICP for metal 

analysis. Their results were generally consistent with the AA 

results of Mayo and Associates and were considered a less likely 

source of error than the anion analysis. Mountain states Analyti

cal uses wet chemical methods (titration) for bicarbonate and 

chloride, and a turbidimetric meter for sulfate. Chloride was 

ruled out as the probable cause because chloride concentrations 

are low in most samples and because Mountain states Analytical 

obtained results similar to those of Mayo and Associates, which 

uses a "state of the art" IC. 

The two major anions in SUFCO waters are bicarbonate and sulfate. 

Mountain states Analytical routinely reported bicarbonate con

centrations about 20% less than results of Mayo and Associates 

using similar titration methods. Mayo and Associates checked 

Mountain states' titration acid and standard solution against 

their own acid and standard solution and obtained similar 

results. It was found that Mountain states Analytical had been 

reporting total alkalinity (CaCo3 ) as bicarbonate. The 20% error 

was due to Mountain states Analytical reporting CaCo 3 as RCO;. 

This failure to report alkalinity properly did not ultimately af-

"iect t.he ccttion-anion balance error, because MGuntain states 

Analytical did do the conversion before calculating the balance 

error. 

After bicarbonate was ruled out, sulfate remained the likely can

didate for the cation-anion imbalance. Turbidity meters are a 

very old technology and often have diff icul ty wi tn,! eleva,te? 

levels of sulfate and in those cases where other interference's i, i} 

occur. APR 1 9 2018 
I '(t " I 

It is our opinion that most of the balance error pr~ble~s ' werer.;f inq 

due to sulfate analysis using the turbidity meter. We believe 

that with very careful work using appropriate dilutions, Mountain 
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states Analytical can achieve acceptable balance errors. In mid

April 1993, Mayo and Associates and SUFCO personnel executed an 

extensive water quality sampling program. Mountain states 

Analytical performed the laboratory analysis of the samples and 

had acceptable balance errors. 

Sincerely, 

Alan L. Mayo 

APR 1 9 2018 
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APPENDIX A 

REPORT ON CATION-ANION BALANCES 

PREPARED BY MAYO AND ASSOCIATES 

May 17, 1993 

APR 1 9 2018 
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May 17, 1993 

Mr. Chris Kravits 

MAYO AND ASSOCIATES 

CONSULTANTS IN HYDROGEOLOGY 

P.O. Box 1960 

Orem, UT 84059 

Tel # 

Fax # 
(801) 224-7402 

(801) 224-9882 

Southern Utah Fuel Company 

397 S 800 W 

Salina, UT 84654 

RE: Completion of Task 1 - Resolution of cation-anion balance 

problem i 1::1) 

APR 1 9 2018 
Background 

This report contains a summary of the activities that Mayo and 

Associates undertook between March and April 1993 to resolve the 

cation-anion balance error problem in the water quality analysis 

performed by Mountain states Analytical. 

In late 1992 SUFCO personnel collected approximately 50 water and 

other fluid samples from the mine. The samples were collected in 

an attempt to understand the causes of elevated TDS in the mine 

discharge water. The samples were analyzed by Mountain States 

Analytical Laboratory in Salt Lake City, utah. Most cation-anion 

( 
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balance errors reported by Mountain states Analytical Laboratory 

exceeded the commonly accepted 5% error criteria, and balance er

rors as great 37.22% were reported. Balance errors do not af-

fect TDS determinations. 

lows: 

Balance errors are calculated as fol-

L cations - L anions 

error % = x 100 

L cations + anions 

Because it is not possible to perform accurate quantitative 

analysis of water quality data having such large balance errors, 

it was necessary to resolve the cation-anion balance error 

problem before we could begin to answer the larger questions: 1) 

what has been responsible for the increased TDS levels in the dis

charge water? and 2) what is the best way to resolve the TDS 

problem? 

Analysis of the Problem and Conclusion 

possible causes of the cation-anion imbalance included problems 

in sampling, sample preservation, sample holding, laboratory 

analytical methods, or some combination of these problems. After 

discussing the potential problems with personnel of SUFCO and 

Mountain states Analytical and reviewing the available data, we 

designed and undertook a test field sampling and laboratory 

analytical program. The sampling plan was executed on February 

2, 1993. The sampling and analytical plan was as follows: 

1. Samples were collected from 3 different locations in 

the mine. Sampling locations were selected to repre

sent the anticipated range of water chemistries occur

ring in the mine. The locations chosen ~ere ~ebuild 
Station, #4 Sump, and 3 Wes t C 44. V , , ,:: ::,- ii' ,i\"{ CO 

APR 1 9 2018 
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2 • At each site four sets of samples were collected 

for cation and anion analysis. 

preserved using the standard 

Two sample sets were 

SUFCO-Mountain states 

Analytical procedures. These standard procedures in

cluded 1) field acidification of cation samples without 

field filtration (i.e., 0.45 micron), and 2) laboratory 

titration for bicarbonate. The other two sample sets 

were preserved by field filtration of cation samples 

prior to acidification and field titration of bicar

bonate. All samples were preserved by placRci ; n 

coolers and immediately delivered to the laboratories 

for analysis. 

Two sample sets, one utilizing each of the two field 

preservation techniques, were analyzed by Mountain 

states Analytical; and-two identical sample sets were 

analyzed by Mayo an~ Associates. Results were compared 

between preservation techniques and between 

laboratories. 

A third set of identical samples was sent to Ford Laboratory in 

order to obtain an independent check of the other laboratory 

results. Ford Laboratory was dropped from latter sampling rounds 

because they had similar high balance errors (5 to 8%) and their 

turn around time was too slow. 

Laboratory results were disappointing. The field filtered cation 

results gave a slightly better cation-anion balance; however, all 

laboratory results had balance errors of less . than 5%. ~ " Based on 

these laboratory results, which were completed on Febfuar;:' lO; ; -:.) 

1993, we concluded that the Mountain states Analytical Alpftd1 f 2018 
laboratory problem that had subsequently been corrected. 

iJiv. ()~ C'q:; !..::j .... <., (.~;. r;,'~:~ ,ilf(l 

On March 3, 1993, Mountain states Analytical reported water 

quality results for a routine sampling of mine discharge water. 

A balance error of 14.38 % was reported. Obviously the balance 

error problem had not been resolved by Mountain states Analyti

cal. 
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Because the test program strongly suggested that field sampling 

and preservation techniques were not the problem, we focused our 

attention on the analytical procedures used by Mountain states 

Analytical. Mountain states Analytical uses an ICP for metal 

analysis. Their results were generally consistent with the AA 

results of Mayo and Associates and were considered a less likely 

source of error than the anion analysis. Mountain states Analyti

cal uses wet chemical methods (titration) for bicarbonate and 

chloride, and a turbidimetric meter for sulfate. Chloride was 

ruled out as the probable cause because chloride concentrations 

are low in most samples and because Mountain states Analytical 

obtained results similar to those of Mayo and Associates, which 

uses a "state of the art" IC. 

The two major anions in SUFCO waters are bicarbonate and sulfate. 

Mountain states Analytical routinely reported bicarbonate con

centrations about 20% less than results of Mayo and Associates 

using similar titration methods. Mayo and Associates checked 

Mountain states' titration acid and standard solution against 

their own acid and standard solution and obtained similar 

results. It was found that Mountain states Analytical had been 

reporting total alkalinity (caC03) as bicarbonate. The 20% error 

was due to Mountain states Analytical reporting CaC03 as HCOJ . 
This failure to report alkalinity properly did not ultimately af

fect the cation-anion balance error, because Mountain states 

Analytical did do the conversion before calculating the balance 

error. 

After bicarbonate was ruled out, sulfate remained the likely can

didate for the cation-anion imbalance. Turbidity meters are a 

very old technology and often have difficulty with elevated 

levels of sulfate and in those cases where other intelJ\:terences , .. . 
- . " :~ : ~. j ~ ,/\'1 L:.'[) 

occur. 

APR 19 2018 
It is our opinion that most of the balance error pr0,l:?l7Ijl~, YJ..e::e, 

.... " , J" " "'" 

due to sulfate analysis using the turbidity meter. We bei{ev'~' : 1\ ';, li t'i f ! 

that with very careful work using appropriate dilutions, Mountain 
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states Analytical can achieve acceptable balance errors. In mid

April 1993, Mayo and Associates and SUFCO personnel executed an 

extensive water quality sampling program. Mountain states 

Analytical performed the laboratory analysis of the samples and 

had acceptable balance errors. 

Sincerely, 

Alan L. Mayo 

IN""'onpn . ,..', -:D 
tJ H. ' ... do' ~, ", ... ~ 

APR 1 9 2018 
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APPENDIX B 

SOLUTE ANALYTICAL REPORTS 

PREPARED BY MOUNTAIN STATES ANALYTICAL 

I 
lED 

APR 1 9 2018 
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• e. '.' ••• " " ••• Mountain 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: Chris Kravits 
CI'Ujc(;l; Wasle Waler 
Case Number: 
Purchase Order: SA6135 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Analysis 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TOS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

14 Analyses for Sample Number 0001715 

States Analytical 

Catalog 
Number 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

01125 

The Ouality Solution 

Method 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std. Methods 17th Ed. 
2320B 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Sample Number: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

0001715 

000343S 

16 DEC 1992 
. 3 DEC 1992 

18 JAN 1993 

( 

Customer Number: Head of 3 West Pump 
Dail: SitJupil:u; 
Matrix: 
Containers: 

.i DEC 1992 
Water/Waste Water 
3 

Dry Reporting 
Result Result Units 

212 mg/l 
1.21 mg/l 
140 mg/) 

6.96 mg/l 
120 mg/l 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

500 

21.5 
0.4 

0.12 
7.7 

1850 

996 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mg/) CaC03 

mg/l 
mg/) 
mg/l 

mg/) 

mg/) 

Manager, Inorganics Department 

APR 1 9 2018 
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~J~------------------------------------------~~. 
1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 Page 3 
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.•. \ ' ..• '. 't .... Mountain States Analytical 

Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

meg/l 

Project: SUFCO 
Sample #: 0001715 
Analyst: RA/GS -

Date: 01/07/93 

Anions mg/l 

07-Jan-93 

meg/l 
-------------------_ ... _ .... - ... - ---------------------- .. -_ ...... _--

Calcium 212.00 10.57880 
Magnesium 140.00 11.51640 

Iron 1.21 0.06500 
Sodium 120.00 5.22000 

Potassium 6.96 0.17797 
----------

Cation Total = 27.558168 

Percentage Error = 

~-

1 . Chloride 
2 
3 
4 
5 

Bicarbonate 
Sulfate 

Fluoride 
Nitrate 

Anion 

,' ". p.' 
:2 ~'" : ~--. ; 
'-', ", -I' 

rr _ ,. 

• 
,':l _~J I :/-:- -

I ..... L_ ... ,'" 

---- .''-:-
=:"/ -~' I'-- ,~ 

'A~v. 
\\~"Al :J: ~.~. Member: American Council of Ir.ce=endenl Laboralones. Inc. 

21. 50 0.60652 
500.00 8.19500 ~ -III 

996.00 20.73672 
0.40 0.02106 
0.12 0.00194 

- -- --------
Total = 29.5612266 

"2 :; . '': .. ~(;. 

I !\II--' ~ ! '\~. .. ~ '~, .... ~--. ,- .. " .. 
. '~. : ,",fED 

APR 19 2018 
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:. \ ':.\ 't •••• Mountain States Analytical 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: 
Project: 
Case Number: 
Purchase Order: 

Chris Kravits 
Water Samples 
11118/92 
SA613S 

Analysis 
Cation! Anion Balance 

1 Analysis for Jnorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waren 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
FJuoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

The Qualify Solution 

Catalog 
Number Method 

00009 ASTM 0-596-83 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

01125 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std. Methods 17th Ed. 
2320B 
EPA 600 Series 325.3 
EPA 600 Series 340 .. 2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW -846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Sample Number: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

0001240 
000255S 
8 DEC 1992 
19 NOV 1992 
4 JA.~ 1993 

Customer Number: FlOClr (If Q1Jlt'"h Port 
16 NOV 1992 
Wastewater 

Date Sampled: 
Matrix: 
Containers: 3 

Dry 
Result Result 

See Attached 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inorganics Department 

< 
110 

0.05 
72.7 
4.58 
76.9 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgll 
mgll 
mgll 
mgll 
mgll 

Manager, Inorganics Department 

190 mgll CaC03 

21.9 mgll 
0.5 mgll 

44.9 mgll 
7.95 

950 mgll 

464 mgll 

Reviewed and approved by 
Glenn Sorensen, B.S. . .. 
Manager, Inorg¥llc.s Departmebt 

APR 1 9 2018 
l~~ __________ 1_5_An __ a_~_ses __ fu_r_s_n_m_p_le_N_u_m_b_tt __ O_O_Ol_2_40 __________________________ -.~~~~~~~~--~~----~----

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973·0050 F.tb: Wo )' ;2.6278 . 'ljage 2 
11{~~·. 
' \ _. n • )'1 . 
· ·~ fi· 
':::~:.'!": ~: . Member: American CounCil of Independenl Laboralones. Inc 
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• 10 't ... , •• Mounta"ln •• 10 ••• , •• States Analytical 

Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meq/l Anions 

SUFCO 
1240 

RA/GS 
12/03/92 

mg/l 

03-Dec-92 

meq/l 
---------- ----- ----_ .. ------- -- ------------- ----------------

Calcium 110.00 5.48900 1 Chloride 21.90 
Magnesium 72.70 5.98030 2 Bicarbonate 190.00 

Iron 0.00 0.00000 3 Sulfate 464.00 
Sodium 76.90 3.34515 4 Fluoride 0.50 

Potassium 4.58 0.11711 5 Nitrate 44.90 
----------

Cation Total = 14.931562 Anion Total = 

Percentage Error = 5.42% 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 

lA', 
\~~t ~ .~ ~- Member: American Council of Independenl Laboratories, Inc 

0.61780 
3.11410 
9.66048 
0.02632 
0.72424 

- - - -- - - - - --
14.142936 

APR 19 2018 
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:.\ ':.\ " •••• Mountain States Analytical 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

The Quality Solution 

Sample Number: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

( 

0001241 
000255S 
8 DEC 1992 
19 NOV 1992 
4 JAN 1993 

3 uJes.r c. '6 --... 
Attention: Chris Kravits Customer Number: Floor at #1 Entry - " 
Project: Water Samples 
Case Number: 11118/92 
Purchase Order: SA6135 

Analysis 

Cation! Anion Balance 

1 Analysis for Inorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for MetJlls 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

15 Analyses Cor Sample Number 0001241 

Catalog 
Number 

00009 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

01125 

Method 

ASTM 0-596-83 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

Date Sampled: 16 NOV 1992 
Matrix: Wastewater 
Containers: 3 

Dry Reporting 
Result Result Units 

See Attached 

Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

196 mgll 
< 0.05 mgll 

154 mgll 
6.7 mgll 
120 mgll 

EPA SW-846 3005 Complete 
EPA SW-846 3005 Complete 

Std. Methods 17th Ed. 
2320B 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW -846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

362 mgll CaC03 

24.3 mgll 
0.4 mgfl 

44.6 mgll 
7.77 

1800 mgfl 

960 mgll 

Reviewed and approved by 
Glenn Sorensen, B.S. " . . 
Manager: fuorganicsDeparitilent 

APR 1 9 2018 

I I Y ()i r,. 'r ' 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 Page 3 
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:.\ ':.\ " •••• Mountain States Analytical 
The Quality Solution 

Cation Anion Balance 03-Dec-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
- ---- ------------------- --- -

Calcium 196.00 9.78040 1 
Magnesium 154.00 12.66804 2 

Iron 0.00 0.00000 3 
Sodium 120.00 5.22000 4 

Potassium 6.70 0.17132 5 
- - - - - - - -- -

Cation Total = 27.839759 

Percentage Error = 1. 79% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1241 

RA/GS 
12/03/92 

mg/! meg/! 
- -- - - --- - - - - - - -- - - - - - - - - - - - - - - -

Chloride 24.30 0.68550 
Bicarbonate 362.00 5.93318 

Sulfate 960.00 19.98720 
Fluoride 0.40 0.02106 
Nitrate 44.60 0.71940 

-----------
Anion Total = 27.346337 

APR 19 2018 
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1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 

~~-. .f. 
~".:....):j~ ~le,.,.,ber: Amencan Council of Indepeodenl Laboralones, Inc 



r ; 
I I '- -,) 

: } 
I I _.J 

tJ 

lJ 

[J 

i 1 
t I 

1-,) 

f , 
, i 
, 1 
<l..J 

• • •• •• , .. , .. 
" ,., t •• 

· " ,. · , •• Mounta"ln .. , ... , .. 
Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: 
Project: 
Case Number: 
Purchase Order: 

Chris Kravits 
Water Samples 
llilS/92 
SA6135 

Analysis 

Cation! Anion Balance 

1 Analysis for Inorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (1nc1udes Alkalinity) 

Chloride, Titrimetric 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

States Analytical 
The Quality Solution 

Catalog 
Number Method 

00009 ASTM D-S96-83 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

01125 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std. Methods 17th Ed. 
2320B 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW -846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Sample Number: 
Sample Set: 

0001239 
000255S 

Date Reported: 
Date Received: 
Disposal Date: 

8 DEC 1992 
19 NOV 1992 
4 JAN 1993 

Customer Number: 7IAE E3 C62 Roof 
Date Sampled: 16 NOV 1992 
Matrix: Wastewater 
Containers: 3 

Result 

See Attached 

Dry 
Result 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inorganics Department 

< 
75.8 
0.05 
43.5 
3.28 
70.3 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgfl 
mgfl 
mgfl 
mgfl 
rngfl 

Manager, Inorganics Department 

250 mgfl CaC03 

13.4 mgfl 
0.3 mgfl 

9.55 mgfl 
7.49 

420 mgfl 

110 mgfl 

Reviewed and approved by 
Glenn Sorensen, B.S. ..., ", '''!'' 
Manager, Inorganics Department " , I i.. , ) 

APR 19 2018 

( 

I 1, 15 Analyses for Sample Number 0001239 Dill, r> !. ~,!. I~" ,. I ' 
,,; ~,,; .. ; ,.~; .' 1I,jf> ~ 

~~----------------------'6-4-s-w-e-SI-2-2-00--S0-u-th-,-sa-lt-L-a-ke-C-j-tY-,U-t-ah-a-4-'-'9--(8-0-')-9-7-3.-00-S-0-F-AX--(8-0-,-)g-7-2-.6-27-8--------~'1P~a~g~e~1-----
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• • •••• " .. " .. "" .. 't .. . ... \ ' ... \ \ •••• Mountain States Analytical 
The Quality Solution 

Cation Anion Balance 14-Dec-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
----- - ---- - -- - --- - ----------

Calcium 50.30 2.50997 
Magnesium 21.10 1.73569 

Iron 0.26 0.01397 
Sodium 12.50 0.54375- . 

Potassium 1. 50 0.03836 
- ---------

Cation Total = 4.8417282 

Percentage Error = 6.47% 

1 
2 
3 
4 
5 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1607 

RA/GS 
12/14/92 

mg/l meg/l 
---- - ---- - ---------------------

Chloride 9.70 0.27364 
Bicarbonate 215.00 3.52385 

Sulfate 35.00 0.72870 
Fluoride 0.20 0.01053 
Nitrate 0.11 0.00177 

--------- - -
Anion Total 4.5384893 

APR t 9 2018 

1 u~----------------------------------------~--~~~~==----------------
1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 

ift~~~~\ 
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... \ ' ... \ " •••• Mountain 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (80l) 534-3296 

Attention: Chris Kravits 
1', ujtXi; v-iater Sampjes 
Case Nwnber: 
Purchase Order: SA 6135 

Analysis 

Cation! Anion Balance 

1 Analysis for Inorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

15 Analyses for Sample Number 0001606 

States Analytical 
The Quality Solution 

Catalog 
Number Method 

00009 ASTM 0-596-83 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
003'68 
00200 

00212 

01125 

EPA 600 Series 215 .1 
EPA 600 Series 236 .1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std. Methods 17th Ed. 
2320B 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Sample Nwnber: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

0001606 
OOO316S 
18 DEC 1992 
30 NOV 1992 
151AN 1993 

( 

Customer Nwnber: 6lAE Bldr RD 89-20-2 
Vate Sampled: 24 NOV 1992 
Matrix: Wastewater 
Containers: 3 

Result 

See Attached 

Dry 
Result 

Reviewed and Ilpproved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

~anager, Inorganics Department 

104 
0.Q78 

50 
3.38 
11.9 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgn 
mgn 
mgn 
mgll 
mgll 

Manager, Inorganics Department 

289 

29.1 
0.3 

0.15 
7.6 

630 

216 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgn CaC03 

mgn 
mgll 
mgn 

mgll 

mgn 

Manager, Inor,8anics ,Depru:tm~pt , 
~ ,..\ l~ ~ .. ~-~ .L~~ 

APR 19 2018 
I : 
~~. -------------------------------------------------------------------nIm7/ -,-'rl~,TI -I~~----,· --. -'P~a~a~e~7~----
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• • •••• , .. , .. . , .. , .. 
· · , · · , •• Mounta"ln ..... . , .. States Analytical 

The Quality Solution 

Cation Anion Balance 14-Dec-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
-_ .. ------- -- ----------------

Calcium 104.00 
Magnesium 50.00 

Iron 0.08 
Sodium 11. 90 

Potassium 3.38 

Cation Total = 

Percentage Error = 

5.18960 
4.11300 
0.00430 
0.51765 
0.08643 

----------
9.9109742 

1.62%-'.:-,\ . 
' C ! 

1 
2 
3 
4 
5 

Proj ect: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1606 

RA/GS 
12/14/92 

mg/l meq/l 
---- - ----- - ---- - ------------ - - -

Chloride 29.10 0.82091 
Bicarbonate 289.00 4.73671 ;. =3 "; 

Sulfate 216.00 4.49712 
Fluoride 0.30 0.01579 
Nitrate 0.15 0.00242 

------_._ --
Anion Total = 10.0729525 

'1 ~:":<:< : 2:" 

,/\!'"' " -
", "")'!i C;:'~p'rl-",", '''0 ' " 

APR 19 2018 
Oj1/. c( (~il " 

-", 1.' 1.:; t Mii/in,g , 
~r----------------------------------------------------------------------~-------------

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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:. \ .. :. '.. " •••• Mountain 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: Chris Kravits 

Project: Water Samples 
Case Number: 
Purchase Order: SA 6135 

Analysis 

Cation! Anion Balance 

1 Analysis for Inorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses (or Metals 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimeb"ic 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

States Analytical 
The Quality Solution 

Catalog 
Number Method 

00009 ASTM 0-596-83 

00250 EPA 600 Series 215.1 
00254 EPA 600 Series 236.1 
00257 EPA 600 Series 242.1 
00262 EPA 600 Series 258.1 
00267 EPA 600 Series 273.1 

00392 EPA SW-846 3005 
00820 EPA SW-846 3005 

01454 SId. Methods 17th Ed. 
2320B 

01124 EPA 600 Series 325.3 
00263 EPA 600 Series 340.2 
00368 EPA 600 Series 353.3 
00200 EPA 600 Series 150.1 

or SW-846 9040 
00212 EPA 600 Series 160.1 

01125 EPA 600 Series 375.4 

Sample Number: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

0001605 
0003165 
18 DEC 1992 
30 NOV 1992 
15 JAN 1993 

( 

(I L 1, .,<,,1 .. \, :J)~ - . _ ) 

Customer Number: Seals-End of 3 West 
Date Sampled: 24 NOV 1992 
Matrix: Wastewater 
ContUne~: 3 

Result 

See Attached 

Dry 
Result 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inorganics Department 

93.5 mg/l 
< 0.05 mg/l 

49.8 mg/l 
4.23 mg/l 
77.4 mg/l 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

388 mgflCaC03 

12.1 mg/l 
5.7 mg/l 

< 0.05 mg/l 
7.23 

770 mg/l 

268 mgfl 

Reviewed and approved by 
Glenrf SOrensen, B.S. 
Manager, Inorganics Departmeof 

APR 1 9 2018 

Il 15 Analyses for Sample Number 0001605 0 iv. G f ij i I . 
J~--------------------------------------------------------------~~'~'~'~~~~~I;~" J~'~~~r----

1645 West 2200 South. Salt Lake City. Utah 84119 (801) 973-0050 FAX (801) 972-6278 Page 6 
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..... '. " ... " •••• Mountain States Analytical 
The Quality Solution 

Cation Anion Balance 14-Dec-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
- - - --- - -- - -- - - - - - - - - - - - -- - - -

Calcium 93.50 4.66565 1 
Magnesium 49.80 4.09655 2 

Iron 0.00 0.00000 3 
Sodium 77.40 3.36690 4 

Potassium 4.23 0.10816 5 
----------

Cation Total = 12.237259 

Percentage Error = 2.77% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1605 

RA/GS 
12/14/92 

mg/l meq/l 
---------------- - ---- - - - -------

Chloride 12.10 0.34134 
Bicarbonate 388.00 6.35932 

Sulfate 268.00 5.57976 
Fluoride 5.70 0.30005 
Nitrate 0.00 0.00000 

------- - ---
Anion Total = 12.580469 

APR t 9 2018 

! 
~~-------------------------------------------------------------------------------

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 F/JIX (801) 972-6278 
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::. ':.\ \ •••• Mountain 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (80l) 534-3296 

Attention: Chris Kravits 
Project: Water Samples 
Case Number: 
Purchase Order: SA 6135 

Analysis 

Cation! Anion Balance 

1 Analysis for Inorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

States Analytical 
The Quality Solution 

Catalog 
Number Method 

00009 ASTM 0-596-83 

00250 EPA 600 Series 215.1 
00254 EPA 600 Series 236.1 
00257 EPA 600 Series 242.1 
00262 EPA 600 Series 258.1 
00267 EPA 600 Series 273.1 

00392 EPA SW-846 3005 
00820 EPA SW-846 3005 

01454 Std. Methods 17th Ed. 
2320B 

01124 EPA 600 Series 325.3 
00263 EPA 600 Series 340.2 
00368 E'PA 600 Series 353.3 
00200 EPA 600 Series 150.1 

or SW-846 9040 
00212 EPA 600 Series 160.1 

01125 EPA 600 Series 375.4 

Sample Number: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

0001604 
0003165 
18 DEC 1992 
30 NOV 1992 
151AN 1993 

( 

Customer Number: 3 West E4 C43 RnF 
Date Sampled: 24 NOV 1992 
Matrix: Wastewater 
Containers: 3 

Result 

See Attached 

Dry 
Result 

Reviewed and approved by -
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inorganics Department 

60 mgll 
0.287 mgll 
20.6 mgfl 
1.51 mgll 
11.3 mgll 

ComPlete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

215 mgll CaCOJ 

10.9 mgll 
0.2 mgll 

< 0.05 mglI 
7.6 

290 mgll 

35 mglI 

Reviewed and approved by 
Glenn Sorensen; B.S~ ; ,. , ,' ! ' 
Manager, tnorganicSDepart'menf 

i j 

APR 1 9 2018 

I ~~ __________ 1_5_A_n_a_lY_S~ __ ~_or_s_a_m_p_le_N __ um __ be_r_o_o_01_6_0_4 _______________________________ .\ _{ ~ ____ ~"~.~,~(~'.~r~\'I~. ~I ~l l ~I ~~~ __ 

1645 West 2200 South, Salt lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 Page 5 
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... \ ' ... \ \ •••• Mountain States Analytical 
The Quality Solution 

Cation Anion Balance 

-,; 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1604 

RA/GS 
12/14/92 

mg/l 

• 

14-Dec-92 

meq/l --- - -- - ---- - - ---- ------ -- --- - .. - - - - - - -- - - - - - -- - - - - - - - - - - - - - -
Calcium 60.00 2.99400 1 Chloride 10.90 0.30749 

Magnesium 20.60 1.69456 2 Bicarbonate 215.00 3.52385 
Iron 0.29 0.01558 3 Sulfate 35.00 0.72870 

Sodium 11.30 0.49155 4 Fluoride 0.20 0.01053 Potassium 1.51 0.03861 5 NitraJ e 0.00 0.00000 --- - ----_. - ----- - --- -
Cation Total = 5.2342955 Anion Total = 4.570567 

Percentage Error = 13.54% 

,APR 19 2018 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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~ ,. ~ , .. 
· .. ,. , , •• Mounta"ln ....... , .. 
Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: [1,ns K rlIvit.c; 

Project: Water Samples 
Case Nwnber: 
Purchase Order: SA 6135 

Analysis 

Cation! Anion Balance 

1 Analysis for Inorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

States Analytical 
The Quality Solution 

Catalog 
Number Method 

00009 ASTM 0-596-83 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Sample Nwnber: 
Sample Set: 
Date Reported: 
Date Received : 
Disposal Date: 

0001603 
000316S 
18 DEC 1992 
30 NOV 1992 
15 JAN 1993 

r.~I<::tQI11I"!' NI.!..'!!b~!": 

Date Sampled: 
Matrix: 

24 NOV 1992 
Wastewater 

Containers: 3 

Dry 
Result Result 

See Attached 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inorganics Department 

143 
2.39 
62.3 
6.45 
89.9 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgll 
mgll 
mgll 
mgll 
mgll 

Manager, Inorganics Department 

Bicarbonate (Includes Alkalinity) 01454 Std. Methods 17th Ed. 259 mgll CaC03 

Chloride, Titrimetric 
Auoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

IS Analyses for Sample Number 0001603 

01124 
00263 
00368 
00200 

00212 

01125 

2320B 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

26.7 
1.6 

0.08 
7.87 

950 

453 

Reviewed and approved by 
: Glenn Sorensen: B.S. 

mgll 
mgll 
mgll 

mgll 

mgll 

Manager, Inorganics Department 

APR 1 9 2018 

1645 West 2200 South, Salt lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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Page 4 



[ 

J 
J 

lJ 
lJ 

J 
J 
'J 

il 

,., 
J 

1 
2 
3 
4 
5 

• • •• • • ....... 
~ , .... . 

..... ' ... " 't •••• Mountain States Analytical 

Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meq/l Anions 

SUFCO 
1603 

RA/GS 
12/14/92 

mg/l 

14-Dec-92 

rneq/l 
- - - - .. --- - - - - - - - - - - - - - - - - - - - - ---------_ .. _-_ .... _---------------

Calcium 143.00 7.13570 1 Chloride 26.70 0.75321 
Magnesium 62.30 5.12480 2 Bicarbonate 259.00 4.24501 

Iron 2.3g- 0.12839 3 Sulfate 453.00 9.43146 
Sodium 89.90 . 3.91065 4 Fluoride 1. 60 0.08422 

Potassium 6.45 0.16493 5 Nitrate 0.08 0.00129 
--- ------- -----------

Cation Total = 16.464465 Anion Total = 14.5151914 

Percentage Error = 12.58%' 

APR 19 2018 

1 
w~---------------------------------------------------------------------------------

1645 West 2200 South. Salt Lake City. Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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:. \ ':. \ 't •••• Mountain States Analytical 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: (1,ri~ Krnvit~ 

Project: Water Samples 
Case Number: 
Purchase Order: SA 6135 

Analysis 

Cationl Anion Balance 

, Analysis-for Ioorgaoics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
Auoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

The Quality Solution 

Catalog 
Number l\lethod 

00009 ASTM 0-596-83 

00250 EPA 600 Series 215.1 
00254 EPA 600 Series 236.1 
00257 EPA 600 Series 242.1 
00262 EPA 600 Series 258.1 
00267 EPA 600 Series 273.1 

00392 EPA SW-846 3005 
00820 EPA SW-846 3005 

01454 Std. Methods 17th Ed. 
23208 

01124 EPA 600 Series 325.3 
00263 EPA 600 Series 340.2 
00368 EPA 600 Series 353.3 
00200 EPA 600 Series 150.1 

or SW-846 9040 
00212 EPA 600 Series 160.1 

01125 EPA 600 Series 375.4 

Sample Number: 
Sample Set: 

0001602 
0003165 

Date Reported: 
Date Received: 
Disposal Date: 

18 DEC 1992 
30 NOV 1992 
15 JAN 1993 

Customer Numher: N M ]::4 ("1 ':17 ~11",n - . - - _. - -_. - -~r 

Date Sampled: 24 NOV 1992 
Matrix: Wastewater 
Containers: 3 

Dry 
Result Result 

See Attached 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inorganics DepartmC?nt 

108 mg/l 
0.086 mg/l 
54.4 mg/l 
5.75 mgll 
98.3 mg/l 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

219 mgll CaC03 

31.6 mg/l 
1.4 mg/l 

0.11 mg/l 
8.07 

1000 mgll 

509 mg/l 

Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

1 15 Analyses for Sample Number 0001602 
l . ~~--______________________________________ ~A~PR~19~2g~m~~~ __ 
.... Page 3 1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FA)q~O,l) 972-6278 
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• • •••• , .. , .. . ~ .. ,.. . 
..... '. ""., \ •••• Mountain States Analytical 

The Quality Solution 

Cation Anion Balance 14-Dec-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meg/l 
- - - - - ---- -- - - - - -- - - - - - - - - - - -

Calcium 108.00 5.38920 1 
Magnesium 54.40 4.47494 2 

Iron 0.09 0.00483 3 
Sodium 98.30 4.27605 4 

Potassium 5.75 0.14703 5 
- - - - -- - - - -

Cation Total = 14.292056 

Percentage Error = 5.85% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1602 

RA/GS 
12/14/92 

mg/l meg/l 
--- - - - -- - - - - -- - -- - - - ---- - - -- - - -

Chloride 31.60 0.89144 . 
Bicarbonate 219.00 3.58941 

Sulfate 509.00 10.59738 
Fluoride 1.40 0.07370 
Nitrate 0.11 0.00177 

-- - - - ---- --
Anion Total = 15.1536963 

APR 19 2018 

d~------------------------------------1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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• to ,. to , •• Mounta"ln .. " ... , .. 
Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: Chris Kravits 
Project: Water Samples 
Case Nwnber: 
Purchase Order: SA 6135 

Analysis 

Carionl Anion Balance 

J Analysis for Inorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metal<; 

States Analytical 
The Quality Solution 

Catalog 
Number Method 

00009 ASTM 0-596-83 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW -846 3005 

Bicarbonate (Includes Alkalinity) 01454 Std. Methods 17th Ed. 

Chloride, Titrimetric 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

01124 
00263 
00368 
00200 

00212 

01125 

2320B 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA600Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Sample Number: 
Sample Set: 

0001601 
000316S 

Date Reported: 
Date Received: 
Disposal Date: 

18 DEC 1992 
30 NOV 1992 
15 JAN 1993 

C':lIdl)m",r Nt..!.'!!b~!" : 

Date Sampled: 
Matrix: 

24 NOV 1992 
Wastewater 

Containers: 3 

Dry 
Result Result 

See Attached 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inorganics pepartment 

84.3 
0.096 

32.1 
1.45 
6.49 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgJl 
mgJl 
mgJl 
mgJl 
mgJl 

Manager, Inorganics Department 

320 mgll GaC03 

14.6 mgll 
0.3 mgJl 

< 0.05 mgJl 
8.06 

360 mgJl 

64 mgn 

Reviewed and approved by 
Glenn Sorensen, B.S_ I 

Manager, Inorganics Department 

APR 1 9 2018 

( 

II 15 Analyses £or Sample Number 0001601 , • o;. ; ,! 
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· ~ ,. • , •• Mounta"ln .. ~ ... , .. States Analytical 

The Quality Solution 

Cation Anion Balance 14-Dec-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
---- - -- - --- -------- -- - ------

Calcium 84.30 4.20657 1 
Magnesium 32.10 2.64055 2 

Iron 0.10 0.00537 3 
Sodium 6.49 0.28232 4 

Potassium 1.45 0.03708 5 
... ... - -- -----

Cation Total = 7.1718795 

Percentage Error = 2.34% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1601 

RA/GS 
12/14/92 

mg/l meq/l 
- --- ----- - ------- ---------- - ---

Chloride 14.60 0.41187 
Bicarbonate 320.00 5.24480 

Sulfate 64.00 1. 33248 
Fluoride 0.30 0.01579 
Nitrate 0.05 0.00081 

-------- ---
Anion Total = 7.0057445 

It'iC\(){, f '"'''", 
.. , " I, , ~ Il.T'r'"D 

; " .. \ .. " 
~,.... ...J 

APR 19 2018 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 

t:~
~-:-::,;;.~; 

( .,' 
i ... J; 
~~::;:: Member: American Council 01 Independenl Laboratories , Inc, 



r 

fl t.J 

! 1 
L J 

11 
l --I 

r ., 
l. J 

LJ 
fl 
lj 

IJ 
[J 

I 1 
C..J 

r J l . 

lJ 
tJ 
[J 

lJ 

• • •• •• , .. , .. 
t. , •• ,.. I 

... \ '. "." 't •••• Mountain States Analytical 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: Chris Kravits 
J).,.,n:OAf. ",_ .. __ r'\ ____ , __ 

... • V'J ........ 'u "'u.~, ""a.l...U}Jlc:J 

Case Nwnber: 
Purchase Order: SA 6135 

Analysis 

Cation! Anion Balance 

1 Analysis (or Ioorgnoics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
Auoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

The Quality Solution 

Catalog 
Number Method 

00009 ASTM 0-596-83 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

01125 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std. Methods 17th Ed. 
2320B 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series j53.3 
EPA 600 Series 150.1 
or SW -846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

,;z-t~' ~i '''; " . 'f: ~. - -J LJ. 
~~~. Me"'oer: American Council of Independent LaboratOries, Inc 

Sample Number: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

0001600 
0003165 
18 DEC 1992 
30 NOV 1992 
15 JAN 1993 

Customer Number: N Mains E4 C128 Smp 
Daie Sampiea: 24 NOV 1992 
Matrix: Wastewater 
Conuune~: 3 

Result 
See Attached 

Dry 
Result 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Uoits 

Manager, ~orgarucs Department 

231 
0.077 

96.9 
3 .24 
59.6 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgll 
mgll 
mg/l 
mg/l 
mgll 

Manager, Inorgarucs Department 

179 

168 
0.9 

0.05 
7.95 

1510 

702 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mg/l CaC03 

mg/l 
mg/l 
mg/l 

mg/l 

mg/l 

Manager, Inors.arucs_ Department 
,f < i .. •. .. .... , f-; 

t ; .: . ! : ~: I 

( 
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• • •••• ... , .. . .. , ... . 
... \ ' ..... ., •••• Mountain States Analytical 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Cations mg/l meg/l 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1600 

RA/GS 
12/14/92 

mg/l 

14-Dec-92 

meg/l 
- - - - - - --- ---- - - - - - - - --- - - - -- ----------- - - - --------- -- - - - -- -

Calcium 231.00 11.52690 1 - Chloride 168.00 4.73928 
Magnesium 96 . 90 7.97099 2 Bicarbonate 179.00 2.93381 

Iron 0.08 0.00430 3 Sulfate 702.00 14.61564 
Sodium 59.60 2.59260 4 Fluoride 0.90 0.04738 

Potassium 3.24 0.08285 5 Nitrate 0.05 0.00081 
- - - - - - - - - - - - - - - - -- -- -

Cation Total = 22.177638 Anion Total = 22.3369125 

Percentage Error = 0.72% 

d~· -------------------------------------------------
1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637~880 
Facsimile: (801) 534-3296 

Attention: Chris Kravits 
Prni.,..t· -- -"'--_. 
Case Number: 
Purchase Order: SA6135 

Calcium 
Iron 
Magnesium 
Potassium 
Sodiul1l 

Analysis 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TOS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

14 Analyses for Sample Number 0001716 

States Analytical ( 

Catalog 
Number 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

01125 

The Quality Solution 

Method 

EPA 600 Series 21S.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 300S 
EPA SW-846 300S 

Std. Methods 17th Ed. 
2320B 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 3S3.3 
EPA 600 Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Sample Nmnber: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

0001716 
000343S 
16 DEC 1992 
3 DEC 1992 
18 JAN 1993 

Customer Number: lL6E N Seal Bleeder 

Matrix: 
Containers: 

i DEC 1992 
WaterlWaste Water 
3 

Dry Reporting 
Result Result Units 

193 mgll 
0.084 mgll 

134 mgll 
6.56 mgll 
124 mgll 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

484 

19.9 
0.4 

< 0.05 
7.09 

2240 

988 

. Reviewed and approved by 
Glenn Sorensen, B.S. 

mgll CaCm 

mgll 
mgll 
mgll 

mgll 

mgll 

Manager, Inorganics Department 

APR 19 2018 
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•••••• , .. ~ .. . , ... , .. 
· · , ... , •• Mounta'in ........ , .. States Analytical 

Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

meq/l 

Project: SUFCO 
Sample #: 0001716 
Analyst: RA/GS 

Date: 01/07/93 

Anions mg/l 

07-Jan-93 

meq/l 
--------------------------_. ---------- ------- ---- - - - - -- ----

Calcium 193.00 9.63070 1 Chloride 19.90 0.56138 
Magnesium 134.00 11.02284 2 Bicarbonate 484.00 7.93276 

Iron 0.08 0.00451 3 Sulfate 988.00 20.57016 
Sodium 124.00 5.39400 4 Fluoride 0.40 0.02106 

Potassium 6.56 0.16774 5 Nitrate 0.00 0.00000 
---------- -----------

Cation Total = 26.219791 Anion Total = 29.085355 

Percentage Error 10.36% 

APR 1 9 2018 

1 
~r-----------------------------------------------------------------------------------------
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Southern Utah Fuel Company 
397 Soutb 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: Chris Kravits 
Project: Waste Water 
Case Nwnber: 
Purchase Order: SA6135 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Analysis 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes Alk.alinity) 

Chloride, Titrimetric 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

14 Analyses for Sample Number 0001714 

States Analytical 

Catalog 
Number 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

01125 

The Quality Solution 

Method 
EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std. Methods 17th Ed. 
23208 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Sample Number: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

0001714 
000343S 
16 DEC 1992 
3 DEC 1992 
18 JAN 1993 

Cl1.<;tomp.r Nllmhpr~ 

Date Sampled: 
Matrix: 
Containers: 

1 DEC 1992 
WaterlWaste Water 
3 

Dry 
Result Result 

149 
0.28 
96.6 
5.95 
60.7 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

mgll 
mgll 
mgll 
mgll 
mgll 

Manager, Inorganics Department 

458 mgflCaC03 

18.2 
0.6 

0.17 
7.37 

1270 

543 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgll 
mgfl 
mgll 

mglI 

mgll 

Manager, Inorganics Department 

APR 1 9 2018 

) 
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· , ,. , , •• Mounta"ln .. , .. , , .. States Analytical 

Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

meq/l 

Project: SUFCO 
Sample #: 0001714 
Analyst: RA/GS 

Date: 01/07/93 

Anions mg/l 

07-Jan-93 

meq/l 
----_ ...... _------ -- ----------- -------------------------------

Calcium 149.00 7.43510 1 Chloride 18.20 0.51342 
Magnesium 96.60 7.94632 2 Bicarbonate 458.00 7.50662 

Iron 0.28 0.01504 3 Sulfate 543.00 11. 30526 
Sodium 60.70 2.64045 4 Fluoride 0.60 0.03158 

Potassium 5.95 0.15214 5 Nitrate 0.17 0.00274 
- --- ... _---- ---- .. _-----

Cation Total = 18.189049 Anion Total = 19.3596281 

Percentage Error 6.23% 

APR 19 2018 
Div. of Oil r" . 

• J I 3 \·'1 d S' }~ i~ ,r,' : ,_ • 
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Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimiie: (801) 534-3296 

Attention: Chris Kravits 
Project: Waste Water 
Case Nwnber: 
Purchase Order: SA6l35 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Analysis 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Mealis 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

14 Analyses for Sample Num~er 0001713 

States Analytical 

Catalog 
Number 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

01125 

The Quality Solution 

Method 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std. Methods 17th Ed. 
2320B 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Sample Nwnber: 
Sample Set: 

0001713 
000343S 

Date Reported: 
Date Received: 
Disposal Date: 

16 DEC 1m 
3 DEC 1992 
18 JAN 1993 

Customer Nwnber: N Mains C120 Pump 
Date Sampled: 1 DEC 1992 
Matrix: WaterlWaste Water 
Containers: 3 

Dry 
Result Result 

208 
0.294 
74.1 
4.14 
71.2 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B. S. 

Reporting 
Units 

mgJI 
mgJI 
mgll 
mgJI 
mgll 

Manager, Inorganics Department 

320 

20.3 
0.4 

0.61 
7.85 

1190 

579 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgll Cacm 

mgJI 
mgll 
mgJI 

mgJI 

mgll 

Manager, Inorganics Department 

. 
,I ~_ f _ , ~' . . - l; ! "' • 

. I.t! 

APR 1 9 2018 
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The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Cations mg/l meg/l 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1713 

RA/GS 
01/07/93 

mg/l 

07-Jan-93 

meg/l 
- -- - - - - -- - - -- - - - - - - - - -- - - - - - :- . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Calcium 208.00 10.37920 1 Chloride 20.30 0.57266 
Magnesium 74.10 6.09547 2 Bicarbonate 320.00 5.24480 

Iron 0.29 0.01558 3 Sulfate 579.00 12.05478 
Sodium 71. 20 3.09720 4 Fluoride 0.40 0.02106 

Potassium 4.14 0,10586 5 Nitrate 0.60 0.00968 
--- .. _----- --- -- ----- . 

Cation Total = 19.693304 Anion Total = 17.902977 

Percentage Error 9.52% 

) 

·o~--------------~------------------
1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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· · ... · , •• Mounta"ln •• to ••• , •• States Analytical 

Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

meg/l 

Project: SUFCO 
Sample #: 36426 

2',,,,,,1.,,,,1-. 07\/~C!. -----J.......... . ........ , """" ...... 
Date: 11/09/92 

Anions mg/l 

09 -Nov-92 

meg/l 
----------_ .... ---_ ...... ---- ... ---- --- --- - ... _---- -- ------- --- - -- - --

Calcium 928.00 46.30720 1 Chloride 4780.00 134.84380 
Magnesium 1734.00 142.63884 2 Bicarbonate 200.00 3.27800 

Iron 0.05 0.00269 3 Sulfate 3300.00 68.70600 
Sodium 260.00 11.31000 4 Fluoride 0.40 0.02106 

potassium 18.40 0.47049 5 Nitrate 0.11 0.00177 
- - - - ... - - - -- -----------

Cation Total = 200.72921 Arlion Total = 206.850630 

Percentage Error = 3.00% 

APR 19 2018 
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:.\ ':. \ " •••• Mountain States Analytical 

The Quality Solution 

Cation Anion Balance 09 -Nov- 92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
-- - - - - - - - - - - - - - - - - - - --- --- - -

Calcium 684.00 34.13160 1 
Magnesium 69.30 5.70062 2 

Iron 0.05 0.00269 3 
Sodium 30.80 1.33980 4 

Potassium 3.85 0.0984<T 5 
- - - - - - - - - ~ 

Cation Total 41.273148 

Percentage Error = 37.22% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
36427 

RA/GS 
11/09/92 

mg/l meq/l 
- - - - - - - - - - - - - - - --- -- - - - - - - - - - --

Chloride 16.00 0.45136 
Bicarbonate 236.00 3.86804 

Sulfate 1150.00 23.94300 
Fluoride 0.30 0.01579 
Nitrate 2.71 0.04371 

- - - - - - - - -- -
~.nion Total =T 28.3219043 

, ",", /',1' .. l) 

APR 19 2018 
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( 

The Quality Solution 

Cation Anion Balance 09-Nov-92 

Cation Anion Balance Spre~dsheet 

Cations mg/l meq/l 
-------- - -------_ ... - --------

Calcium 122.00 6.08780 1 
Magnesium 63.70 5.23996 2 

Iron 0.05 0.00269 3 
Sodium 13.30 0.57855 4 

Potassiun1 4.18 0.10688 5 
--- - - - - - - -

Cation Total = 12.015880 

Percentage Error = 22.72% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
36428 

RA/GS 
11/09/92 

mg/l meq/l 
---------------------- --- --- - --

Chloride 24.30 0.68550 
Bicarbonate 354.00 5.80206 

Sulfate 147.00 3.06054 
Fluoride 0.30 0.01579 
Nitrate 0.00 0.00000 

- - - - - - - - - - -
Anion Total = 9.563895 

APR 1 9 2018 
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l .... ... . · , .. · , .... Mounta·,n ..... , ... . States Analytical 

The Quality Solution 

Cation Anion Balance 09 -Nov-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
- - - - - --- - - - - - - - - -- - - - - - -- - - -

Calcium 631.00 31.48690 1 
Magnesium 95.20 7.83115 2 

Iron 0.75 0.04029 3 
Sodium 105.00 4.56750 4 

Potassium 5.24 0.13399 5 
- - --- - - - - -

Cation Total = 44.059828 

Percentage Error = 12.40% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
36429 

RA/GS 
11/09/92 

mg/l meq/l 
- ------------------------------

Chloride 65.60 1. 85058 
Bicarbonate 226.00 3.70414 

Sulfate 1600.00 33.31200 
- Fluoride 0.40 0.02106 

Nitrate 1.59 0.02565 
--- --------

Anion Total = 38.9134187 

f{'I(;'. ', :,;; "( 1; ,;1\ TED 

APR 19 2018 
t', . 
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Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

meq/l 

Project: SUFCO 

Analyst: RA/GS 
Date: 11/09/92 

Anions mg/l 

09-Nov-92 

meq/l 
---------------------------- -------------------------------

Calcium 867.00 
Magnesium 371. 00 

Iron 0.05 
Sodium 208.00 

Potassium 10.10 

Cation Total = 

Percentage Error = 

/~" {~i '-''\y 
.. (' ... n . Ii: 

43.26330 
30.51846 

0.00269 
9.04900 
0.25826 

... - ... - -... ... - - -
83.090703 

17.48% 

• • \ "'U, " 

' :". " ."'(::' Member American Council 01 Independenl Laboralorles. Inc 

1 Chloride 874.00 24.65554 
2 Bicarbonate 119.00 1.95041 
3 Sulfate 2070.00 43.09740 
4 Fluoride 0.50 0.02632 
5 Nitrate 0.08 0.00129 

-----------
Anion Total = 69.7309604 

APR 1 9 2018 
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CLIENT: 

Phone: 
ATTN: 
Project: 

Sout...~e=:1 Utah Fuel Co. 
397 So~=~ 800 West 
Salin~, UT 84654-
801 - 62~-4880 801 - 534 - 3296 (FAX) 
Hr. Cr~is Kravits 

LAB SNIPLE S3..~'P SNIPLE DESCRIPTION 
NO. DATE 

36419 10/22/92 C Norc.h Hain #3 Sump 

36420 10/22192 ~ North '-lain #4 Sump 

36421 10/22/92 13 North Main: .Face Pump 

APR 19 

The Quality Solution 

Date Samples Rec'd: 10/27/92 
I-!S.;I Group No.: 9177 
Sa~ple Hatrix: Aqueous 
Report Date: 11/09/92 
P.O. Number: SA6135 

l-Jl.;LYSES PEPJ'OPJ.IED 

Calcium, F~~ w/ww 
Cation/.~ion Balance 
Iron, FAA w/ww 
Hagnesium, F.~~ w/ww 
Hetals Digestion w/ww 
Hetals Pre? FAA 
Potassium, F~; w/ww 
Sodium, F?-} .. \'I/'rlW 

Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE 'rl/ww 
NitratelNitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

Calcium, FF-wn. 'rl/WW 

Cation/Anion Balance 
Iron, FAA W/'rlW 

Magnesium, FAA w/ww 
Hetals Digestion W/WVl 

Hetals Prep. FAA 
Potassium, FAA w/ww 
Sodium, Fl'.A 'rl/'rlW 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE 'rT/'rlW 

Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

Calcium, FAA w/ww 
. iCatlon/Anion Balance 

Iron, FAA w/ww 
2018Magnesium, FAA w/ww 

Hetals Digestion w/ww 
.\~ .. He tals Prep. FAA 

i' 'Pbt:a~sium, FAA w/ww 

RESULT 

447 mgll 
See Attach 

1.43 mgll 
148 mg/l 

Complete 
Gomplete 

5.19 mg/l 
78.5 mgll 
273 mgll CaC03 
129 mgll 
0.4 mg/l 

0.56 mgll N 
7.67 

2,130 mgll 
943 mgll 

143 mgll 
See Attach 

0.22 mgll 
77.6 mgll 

Complete 
Complete 

6.23 mgll 
54.5 mg/l 

234 mgll CaC03 
18.9 mg/l 
0.5 mg/1 

0.27 mg/l N 
7.97 ---
900 mgll 
454 mg/l 

107 mg/l 
See Attach 

0.07 mg/l 
57.0 mg/l 

Complete --
Complete ---

5.00 mg/l 

. ~fii.45 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972·6278 

-;-~~ 

J~~\~. : ~~ ~.:_ "Ii: 
"'~-1~ ' 
~~..g. ' Member: A~""can Council 0' Incepe~denl LaboratOries. Inc 
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:. \ ':. \ " •••• Mountain States Analytical 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: 

Case Number: 

Chris Kravits 
Waier Sam pies 

Purchase Order: SA 6135 

Analysis 

Cation! Anion Balance 

1 Analysis for Inorg:mics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrimetric 
fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved TDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

The Quality Solution 

Catalog 
Number Method -

00009 ASTM D-596-83 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

01125 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std. Methods 17th Ed. 
23208 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

EPA 600 Series 375.4 

Sample Number: 
Sample Set: 

0001607 
000316S 

Date Reported: 
Date Received: 
Disposal Date: 

18 DEC 1992 
30 NOV 1992 
15 JAN 1993 

Customer Number: 3 West E4 C44 RD 
Date Sampled: 24 NOV 1992 
Matrix: Wastewater 
Containers: 3 

Dry 
Result Result 

See Attaohed 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inqrganics Department 

50.3 mgll 
0.256 mgll 

21.1 mgll 
1.5 rogll 

12.5 mgll 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

215 

9.7 
.0.2 
0.11 
7.92 

300 

35 

Reviewed and approved by 
Glenn Sorensen\ B.S. 

mgll CaC03 

mgll 
mgll 
mgll 

mgll 

mgll 

Manager, Inorganics Department 

APR 1 9 2018 

IS Analyses for Sample Number 0001607 
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( 

' 1 
~~---------------------------------------------------------------------------------'P~a~~~e~grr----
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:.\ ':.\ \ •••• Mountain States Analytical 
The Ouality Solution 

Cation Anion Balance 03-Dec-92 

Cation Anion Balance Spreadsheet 

Cations rng/l meq/l 
- - - - - - . - --- - .. - - - - - - - - - - - - - - -

Calcium 75.80 3.78242 1 
Magnesium 43.50 3.57831 2 

Iron 0.00 0.00000 3 
Sodium 12.70 0.55245 4 

potassium 3.28 0.08387 5 
----------

Cation Total = 7.9970496 

Percentage Error = 14.22% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1239 

RA/GS 
12/03/92 

mg/l rneq/l 
------_ ... _------------- .. ---- - ---

Chloride 13.40 0.37801 
Bicarbonate 250.00 4.09750 

Sulfate 110.00 2.29020 
Fluoride 0.30 0.01579 
Nitrate 9.55 0.15404 

- - - - - - - - - - -
Anion Total = 6.9355475 

APR 19 2018 
[ '\ . 
.. .' i \! ("": (")' I 

, J J .i ,I I ,--: 
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:.\ ':.\ " •••• Mountain States Analytical 

The Quality Solution 

Cation Anion Balance 09 -Nov- 92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
--- ---_ .. _--------------- - ---

Calcium 801.00 39.96990 1 
Magnesiu.rn 78.70 6.47386 2 

Iron 0.31 0.01665 3 
Sodium 225.00 9.78750 4 

Potassium 7.61 0.19459 5 
----------

Cation Total = 56.442502 

Percentage Error 21. 26% 

Project: 
Sample # ~ 
Analyst: 

Date: 

Anions 

SUFCO 
~h431 

RA/GS 
11/09/92 

mg/l meq/l 
--- -- ... _---------------- - ---- ---

Chloride 79.60 2.24552 
Bicarbonate 535.00 8.76865 

Sulfate 1660.00 34.56120 
Fluoride 0.40 0.02106 
Nitrate 0.05 0.00081 

------- ----
Anion Total = 45.5972285 

. ! . . ;/, i ;J) 

APR 1 9 2018 

( 1~ __________________________ __ 
w 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-<lOSO FAX (801) 972-6278 
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The Quality Solution 

Cation Anion Balance 09 -Nov- 92 

Cation Anion Balance Spreadsh~et 

Cations mg/l meq/l 
-------------------_ .. _------

Calcium 70.50 3.51795 1 
Magnesium 38.10 3.13411 2 

Iron 0.05 0.00269 3 
Sodium 11. 20 0.48720 4 

Potassium 2.72 0.06955 5 
- - - - - - - - - -

Cation Total = 7.2114924 

Percentage Error = 18.34% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
36432 

RA/GS 
11/09/92 

mg/l meq/l 
-------------------------------

Chloride 9.70 0.27364 
Bicarbonate 248.00 4.06472 

Sulfate 79.00 1.64478 
Fluoride 0.30 - 0.01579 
Nitrate 0.05 .0.00081 

-----------
Anion Total = 5.9997355 

APR 19 2018 

l~ __ --------____ --------__ --------------------------------------------------
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:.\ ':.\ 't •••• Mountain States Analytical 
The Quality Solution 

( 

Cation Anion Balance 09 -Nov- 92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
- - -- .. _------------------ - ---

Calcium 203.00 10.12970 
Magnesium 62.50 5.14125 

Iron 0.05 0.00269 
Sodium 41.00 1.78350 

Potassium 3.68 0.09410 
.... -- - -- -- -

Cation Total = 17.151233 

Percentage Error = 8.11% 

1 
2 
3 
4 
5 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
36433 

RA/GS 
11/09/92 

mg/l meq/l 
-- - --- _ .. _-- - ---------------- - -

Chlo~ide 21.40 0.60369 
Bicarbonate 180.00 2.95020 

Sulf_ate 588.00 12.24216 
Fluoride 0.30 0.01579 
Nitrate 0.12 0.00194 

- ---- - - - - - -
Anion Total = 15.8137816 

APR 1 9 2018 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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Cations mg/l 

States Analytical 
The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meq/l Anions 

SUFCO 
36434 

RA/GS 
11/09/92 

mg/l 

09 -Nov- 92 

meq/l 
---------------------------- --_._--------------------------

Calcium 114.00 5.68860 1 Chloride 21.40 
Magnesium 60.40 4.96850 2 Bicarbonate 334.00 

Iron 0.05 0.00269 3 Sulfate 159.00 
Sodium 15.70 0.68295 4 Fluoride 0.50 

Potassium 4.45 0.11379 5 Nitrate 0.81 
- - - - - - - - - .' 

Cation Total = 11. 456526 Anion Total = 

Percentage Error = 19.43% 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972·6278 

-~., 

#/~l'~ 
:\~~. ~:.: 

" ... ;::::~ ' Member American CounCil 01 Independent Laboratories, Inc 

0.60369 
5.47426 
3.31038 
0.02632 
0.01307 

--- - ... - - - - - -
9.4277193 
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Cations mg/l 

States Analytical 
The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meq/l Anions 

SUFCO 
36435 

RA/GS 
11/09/92 

mg/l 

09-Nov-92 

meq/l 
- - -- -~---- - - -- - ------ -- --- - - -- - - -- - --- -- - ----- --- ---- - - - -- --

Calcium 108.00 5.38920 1 Chloride 36.40 1. 02684 
Magnesium 97.20 7.99567 2 Bicarbonate 343.00 5.62177 

Iron 1. 51 0.08112 3 Sulfate 480.00 9.99360 
Sodium 103.00 4.48050 4 Fluoride 0.30 0.01579 

Potassium 4.62 0.11813 5· Nitrate 0.05 0.00081 
- - --. - - - -- ----- - - ----

Cation Total = 18.064622 Anion Total = 16.6588125 

Percentage Err o r = 8.10% 

APR 1 9 2018 
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Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meg/l Anions 

SUFCO 
36436 

RA/GS 
11/09/92 

mg/l 

09 -Nov- 92 

meg/l 
- - - - .. - - - - - ... -- ... . - - ... - - ... - - ---- - - ---------------------------- ... _-

Calcium 118.00 5.88820 1 Chloride 15.50 0.43726 
M~gnesium 70.70 5.81578 2 Bicarbonate 212.00 3.47468 

Iron 0.05 0.00269 3 Sulfate 407.00 8.47374 
Sodium 48.00 2.08800 4 Fluoride 0.50 0.02632 

Potassium 5.75 0.14703 5 Nitrate 0.42 0:00677 
- - - ... - ... --- ... -----------

Cation Total = 13.941695 Anion Total = 12.4187696 

Percentage Error = 11.55% 

APR 1 9 2018 

Dill nf (';iI r .. "" p I,r' , 
'" .... ~.' I r. . • (~ .,~ t'l i r' I I ""J 
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Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
S<=lmnlp H· .' - - ... 

Analyst: 
Date: 

meq/l Anions 

SUFCO 
36437 

RA/GS 
11/09/92 

mg/l 

09 -Nov- 92 

meq/l 
.----------------------._---- - -- ---- - -- - - ---- -- - --- --- ---- --

Calcium 150.00 7.48500 1 Chloride 340.00 9.59140 
Magnesium 67.60 5.56078 2 Bicarbonate 72.00 1.18008 

Iron 4.32 0.23207 3 Sulfate 2250.00 46.84500 
Sodium 796.00 34.62600 4 Fluoride 0.40 0.02106 

Potassium 5.43 0.13885 5 Nitrate 0.00 0.00000 
- ... ... ... ... - ... - ... - -- --- - ---- -

Cation Total = 48.042691 Anion Total = 57.637536 

Percentage Error = 18.16% 

, -"l""""'-

I·:U 
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:.\ ':.\ \ •••• Mountain States Analytical 

The Quality Solution 

Cation Anion Balance 09 -Nov- 92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
- - - - - - - --- - - ---- - - - - - -- - - -- -

Calcium 448.00 22.35520 1 
Magnesium 204.00 16.78104 2 

Iron 64.20 3.44882 3 
Sodium 144.00 6.26400 4 

Potassium 8.48 0.21683 5 
- --- - - - - - -

Cation Total = 49.065897 

Percentage Error = 21.12% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
36438 

RA/GS 
11/09/92 

mg/l meq/l 
-------- -- --- --- ---------------

Chloride 60.70 1. 71235 
Bicarbonate 0.00 0.00000 

Sulfate 2820.00 58.71240 
Fluoride 0.70 0.03685 
Nitrate 11.90 0.19195 

- - - - - - - - - - -
Anion Total = 60.653542 

/"' ""--,t'i t--C) 
,-" ... 4 

APR, 9 2D18 
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The Quality Solution 
cation Anion Balance 16-Nov-92 

cation Anion Balance Spreadsheet 

cations mg/l meq/l 
-------- -- -- ----------------

Calcium 47.60 2.37524 1 
Magnesium 44.50 3.66057 2 

Iron 0.17 0.00913 3 
Sodium 120.00 5.22000 4 

Potassium 3.56 0.09103 5 
----------

cation Total = 11. 355971 

Percentage Error = 1. 71% 

project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
565 

RAjGS 
11/16/92 

mg/l meg/l 
----- --- ---- - - --- ------ --------

Chloride 10.70 0.30185 
Bicarbonate 257.00 4.21223 

Sulfate 318.00 6.62076 
Fluoride 0.50 0.02632 
Nitrate 0.16 O. 00-258 

-------- -- -
Anion Total = 11.163,7378 

APR 1 9 2018 

Ci\,!. of (';i/ ;'.'" -. Ii ,.,. . 
~." I -.. I :" ~J !\-i;nlrln 
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cations rng/l 

The Quality Solution 
cation Anion Balance 

cation Anion Balance Spreadsheet 

Project: 
Sample I: 
Analyst: 

Date: 

meq/l Anions 

SUFCO 
568 

RA/GS 
11/16/92 

mg/l 

16-Nov-92 

meq/l 
------------- - -------------- -------------------------------

Calcium 80.00 
Magnesium 51.10 

Iron 0.10 
Sodium 64.00 

Potassium 3.68 

cation Total = 

Percentage Error = 

3.99200 
4.20349 
0.00537 
2.78400 
0.09410 

----------
11. 078955 

19.57% 

1 Chloride 27.20 
2 Bicarbonate 196.00 
3 Sulfate - 455.00 
4 Fluoride 0.50 
5 Nitrate 0.20 

0.76731 
3.21244 
9.47310 
0.02632 
0.00323 

Anion Total = 13.482398 

APR t 9 2018 
Div. 01" (",}':/ ''"'' I 1-"" .. 

'; - I.:,;: d: i~7inhg 
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.e. 'a '.e.\ " •••• Mountain States Analytical 
( 

The Ouality Solution 
cation Anion Balance 16- Nov-92 

cation Anion Balance Spreadsheet 

cations mg/l meq/l 
----------------------------

Calcium 140.00 6.98600 
Magnesium 65.30 5.37158 

Iron 0.68 0.03653 
Sodium 148.00 6.43800 

Potassium 4.73 0.12095 
----- - - ---

cation Total = 1.8.953053 

Percentage Error = 14.22% 

1 
2 
3 
4 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
569 

RAjGS 
ll/1h/G? , .. - , - -

mgjl meqjl 
-------------------------------

Chloride 47.60 1.34280 
Bicarbonate 178.00 2.91742 

Sulfate 843.00 17.55126 
Fluoride 0.80 0.04211 

5 - Nitrate 0.06 0.00097 
-----------

Anion Total = 2.1.8545558 

APR 1 9 2018 
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The Quality Solution 
cation Anion Balance 

cation Anion Balance Spreadsheet 

cations mg/l meg/l 

Project: 
Sample I: 
Analyst: 

Date: 

Anions 

SUFCO 
563 

RA/GS 
11/16/92 

mg/l 

16-Nov-92 

meg/l 
---------------------------- -------------------------------

Calcium 142.00 7.08580 1 Chloride 14.60 0.41187 
Magnesium 47.70 3.92380 2 Bicarbonate 329.00 5.39231 

Iron 0.38 -0.02041 3 Sulfate 262.00 5.45484 
Sodium 65.40 2.84490 4 Fluoride 0.50 0.02632 

Potassium 3.40 _0.08694 5 Nitrate 0.28 0.00452 
---------- -----------

cation Total = 13~961853 Anion Total = 11. 2898524 

Percentage Error = 21.16% 

APR t 9 2018 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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The Quality Solution 
cation Anion Balance 16-NoV- 92 

cation Anion Balance Spreadsheet 

cations mg/l meg/l 
----------------------------

Calcium 101.00 5.03990 1 
Magnesium 23.30 1. 91666 2 

Iron 0.61 0.03277 3 
Sodium 50.30 2.18805 4 

Potass.:i,um 2.39 0.06111 5 
----------

cation Total = 9.2384895 

Percentage Error = 27.88% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
564 

RA/GS 
11/16/92 

mg/l meg/l 
-------------------------------

Chloride 10.70 0.30185 
Bicarbonate 196.00 3.21244 

Sulfate 165.00 3.43530 
Fluoride 0.40 0.02106 
Nitrate 0.44 0.00710 

-----------
Anion Total = 6.9777402 

APR 1 9 2018 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973·0050 FAX (801) 972·6278 
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The Quality Solution 
cation Anion Balance 16-Nov-92 

cation Anion Balance Spreadsheet 

cations mg/l meg/l 
----------------------------

Calcium 61. 50 3.06885 1 
Magnesium 54.70 4.49962 2 

Iron 0.05 0.00269 3 
Sodium 67.20 2.92320 4 

Potassium 3.40 0.08694 5 
----------

cation Total = 10.581296 

Percentage Error = 7.73% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
566 

RA/GS 
11/16/92 

mg/l meg/l 
-------------------------------

Chloride 12.60 0.35545 
Bicarbonate 317.00 5.19563 

Sulfate 281. 00 5.85042 
Fluoride 0.50 0.02632 
Nitrate 0.25 0.00403 

-----------
Anion Total = 11. 4318485 

',',; i,'D 

APR 19 2018 

J~-------------------------------------
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cations mg/l 

The Qualify Solution 
cation Anion Balance 

cation Anion Balance Spreadsheet 

meq/l 

Project: SUFCO 
Sample #: 567 
Analyst: RA/GS 

Date: lli16i92. 

Anions mg/l 

/' 
I 

16-Nov-92 

meq/l 
---------------------------- -------------------------------

Calcium 77.20 3.85228 1 Chloride 15.50 0.43726 
Magnesium 90.20 7.41985 2 Bicarbonate 248.00 4.06472 

Iron 0.15 0.00806 3 Sulfate 620.00 12.90840 
Sodium 78.70 3.42345 4 Fluoride 0.30 0.01579 

Potassium 3.92 0.10023 5 Nitrate 0.08 0.00129 
---------- -----------

cation Total = 14.803874 Anion Total = 17.4274574 

Percentage Error = 16.28% 

r 

. APR 1 9 2018 

lJ~----------------------------
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• to , • to , •• Mounta"ln ..... ... , .. States Analytical 
The Quality Solution 

CLIENT : Southern Utah Fuel Company Date Samples Rec'd: 29-0ct-92 
397 South 800 West MSAI Group No.: 000112S 
Salina, OT 84654 Sample Matrix: Aqueous 

Phone: 801-637-4880 Fax: 801-534-3296 Report Date: 16-Nov-92 
ATTN: Chris Kravi ts P.O. Number: SA6135 
Job No. : 

LAB SAMPLE SAMP SAMPLE DESCRIPTION ANALYSES PERFORMED 
NO. DATE TIME 

0000565 28-0ct-92 

0000566 28-0ct-92 

o 3 West C37 

- 0 6 North Sump 

. , .~ , 

APR 1 9 2018 

Bicarbonate (inc. Alkalinity), 
Calcium, FAA, w/~v 

Cation/Anion Balance 
Chloride, Titrimentric, w/ww 
Fluoride, Sie, w/ww 
Iron, FAA, w/ww 
Magnesium, FAA, w/ww 
Metals Prep. FAA, w/ww 

. Metals Preparation, w/ww 
Nitrate Nitrogen, W/ww 
pH, Aqueous, w/ww 
Potassium, FAA, w/ww 
Sodium, FAA, w/ww 
Solids, Dissolved TOS 

(Filterable), w/ww 
Sulfate, Turbidimetric, w/ww 

Bicarbonate (inc. Alkalinity), 
Calcium, FAA, w/ww 
Cation/Anion Balance 
Chloride, Titrimentric, w/ww 
Fluoride, Sie, w/ww 
Iron, FAA, 'iI/ViI 

Magnesium, FAA, w/ww 
Metals Prep. FAA, w/ww 
Metals Preparation, w/ww 
Nitrate Nitrogen, W/ww 
pH, Aqueous, w/ww 
Potassium, FAA, w/ww 
Sodium, FAA, w/ww 
Solids, Dissolved TOS 

Oi\.l, cf Oil, ()d;~-, l':, H:::::IC! (Filterru;l:), w(ww 
- '-'Sulfate, Turb~d1metr1c, w/ww 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 

r::::::: -. 
~~~: ·'fl'~ ;\', -I,! 'l -n I ' . 

-~~::- Member American Councii of Independent Laboratories, Inc 

RESULT 

257 mg/l 
47.6 mg/l 

See Attach---
10.7 mg/l 
{l.5 mg/l 

0.17 mg/l 
44.5 mg/l 

Complete 
Complete 

0.16 mg/l 
8.14 mg/l 
3.56 mg/l 

120 mg/l 

810 mg/l 
318 mg/l 

317 mg/l 
61. 5 mg/l 

See Attach---
12.6 mg/l 
0.5 mg/l 

<0.05 mg/l 
54.7 mg/l 

Complete 
Complete ---

0.25 mg/l 
8.14 mg/l 
3.4 mg/l 

67.2 mg/l 

750 mg/l 
281 mg/l 
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~' · ·'t ···M · S A ... \ ' ... \ "... Quntaln tates nalytical 
The Ouality Solution 

CLIENT: 

Phone: 
AITN: 
Job No.: 

Southern Utah Fuel Company 
397 South 800 West 
Salina, UT 84654 
801-637-4880 Fax: 801-534-3296 
Chris Kravits 

LAB SAMPLE 
NO. DATE 

SAMP SAMPLE DESCRIPTION 
TIME 

0000567 28-0ct-92 o 3 West C22 

0000568 28 -0ct - 92 o N. Mains #2 Sump 

. , I ,,' ~) 

APR 1 9 2018 

Date Samples Rec'd: 
MSAI Group No.: 
Sample Matrix : 
Report Date: 
P.O. Number: 

29-0ct - 92 
0001125 
Aqueous 

16-Nov-92 
SA6135 

ANALYSES PERFORMED 

Bicarbonate (inc. Alkalinity), 
Calcium, FAA, w/ww 
Cation/Anion Balance 
Chloride, Titrimentric, w1ww 
Fluoride, Sie, w/ww 
Iron, FAA, w/ww 
Magnesium, FAA, w/ww 
Metals P~ep. FAA, w/ww 
Metals Preparation, w/ww 
Nitrate Nitrogen, W/ww 
pH, Aqueous, w/ww 
Potassium, FAA , w/ww 
Sodium, FAA, w/ww 
Solids, Dissolved TOS 

(Filterable), w/ww 
Sulfate, TUrbidimetric, w/ww 

Bicarbonate (inc. Alkalinity), 
Calcium, FAA, w/ww 
Cation/Anion Balance 
Chloride, Titrimentric, w/ww 
Fluoride, Sie, w/ww 
Iron, FAA, w/ww 
Magnesium, FAA, w/ww 
Metals Prep. FAA, w/ww 
Metals 'Preparation, w/ww 
Nitrate Nitrogen, W/ww 
pH, Aqueous, w/ww 
Potassium, FAA, w/ww 
Sodium,' FAA, w/ww 
Solids, Dissolved TOS 

(Filterable), w/ww 
Sulfate, TUrbidimetric, w/ww 

RESULT 

248 mg/l 
77.2 mg/l 

See Attach---
15.5 mg/l 

0.3 mg/l 
0.15 mg/l 
90 . 2 mg/l 

Complete 
Complete 

0.08 m~ 
8.10 ~ 

" 

3.92 n.::> ( '1 
78.7 mg/l 

1,120 mg/l 
620 mg/l 

196 mg/l 
80 mg/l 

See Attach---
27 . 2 mg/l 
0.5 mg/l 
0.1 mg/l 

51.1 mg/l 
Complete 
Complete 

0.20 mg/l 
8.07 mg/l 
3.68 mg/l 

64 mg/l 

910 mg/l 
455 mg/l 

[1 ______ ---------------------------------------
I 

1 ..... a;;: j 

1645 West 2200 South, Salt lake City, Utah 84119 (801) 973-0050 FAX (801) 972·6278 

.~~~ 
~f~:? 
;f{f.": . .n -~. 
".~: ' Member: American Council 01 Independenl Laboralories. Inc 
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..... ' ... \ 't •••• Mountain States Analytical 
The Quality Solution 

CLIENT : 

Phone: 
AITN: 
Job No . : 

Southern Utah Fuel Company 
397 South 800 West 
Salina, ITT 84654 
801-637-4880 Fax: 801-534-3296 
Chris Kravits 

LAB SAMPLE 
NO. DATE 

SAMP SAMPLE DESCRIPTION 
TIME 

0000569 28-0ct-92 o Lake SUFCO 

Date Samples Rec'd: 
MSAI Group No.: 
Sample Matrix: 
Report Date: 
P.O. Number: 

ANALYSES PERFORMED 

29-0ct-92 
000112S 
Aqueous 

16-Nov-92 
SA6135 

Bicarbonate (inc. Alkalinity), 
Calcium, FAA, w/ww 
Cation/Anion Balance 
Chloride, Titrimentric, w/ww 
Fluoride, Sie, w/ww 
Iron, FAA, w/ww 
Magnesium, FAA, w/ww 
Metals Prep. FAA, w/ww 
Metals Preparation, w/~~ 
Nitrate Nitrogen, W/ww 
pH, Aqueous, w/ww 
Sodium, FAA, w/ww 
Potassium, FAA, w/ww 
Solids, Dissolved TDS 

(Filterable), w/ww 
Sulfate, Turbidimetric, w/ww 

Respel u'J j;i tted, 
~ w. Later, Ph.D. 
Laboratory Direct0j!7 

~~:IJ1-- d : ~~·<.t~~ 
Glenn A. Sorensen, B.S. 
Manager, Technical Operao on$ 

RESULT 

178 mg/l 
140 mg/l 

See Attach- --
47.6 mg/l 
0.8 mg/l 

0.68 mg/l 
65.3 mg/l 

Complete 
Complete 

0.06 mg/l 
7.63 mg/l 
148 mg/l 

4.73 mg/l 
1,540 mg/l 

843 mg/l 

APR f 9 2018 

w~' ----------------------------------------------------------------------------------------------------

J 
1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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CLIENT: Southern Utah Fuel Company 
397 South 800 West 
Salina, UT 84654 

Phone: 801-637-4880 Fax: 801-534-3296 
A'I"rn : Chris Kravits 
Job No.: 

NO. DATE TIME 

0000563 28-0ct-92 

0000564 28-0ct-92 

o 3 West Sump 

o 3 West C44 

; ~ i, .'
t \ ... > 

i c::n 
I L a~ 

APR' 9 2018 

The Quality Solution 
Da t e Sampl e s Rec'd : 
MSAI Group No. : 
Sample Matrix: 
Report Date: 
P.O. Number: 

29-0ct -92 
000112S 
Aqueous 

l6-Nov-92 
SA6135 

Bicarbonate (inc. Alkalinity), 
Calcium, FAA, w/ww 
Cation/Anion Balance 
Chloride, Titrimentric, w/ww 
Fluoride, Sie, w/ww 
Iron, FAA, w/W"<I 
Magnesium, FAA, w/ww 
Metals Prep. FAA, w/ww 
Metals Preparation, w/ww 
Nitrate Nitrogen, W/ww 
pH, Aqueous, w/ww 
Sodium, FAA, w/ww 
Potassium, FAA, w/ww 
Solids, Dissolved TOS 

(Filterable), w/ww 
Sulfate, Turbidimetric, w/ww 

Bicarbonate (inc. Alkalinity), 
Calcium, FAA, w/ww 
Cation/Anion Balance 
Chloride, Titrimentric, w/ww 
Fluoride, Sie, w/ww 
Iron, FAA, w/W"<I 
Magnesium, FAA, w/ww 

. (" iI n "'. ~)'{ \VI ining Div. D\ , J ., ..... . .. . 

Metals Prep. FAA, w/ww 
Metals Preparation, w/ww 
Nitrate Nitrogen, W/ww 
pH, Aqueous, w/ww 
Sodium, FAA, w/ww 
Potassium, FAA, w/ww 
Solids, Dissolved TOS 

(Filterable), w/ww 
Sulfate, Turbidimetric, w/ww 

RESULT 

329 mg/l 
142 mg/l 

See Attach - -:-
14.6 mg!l 
0.5 mg/l 

0.38 mg/l 
47.7 mg/l 

Complete 
Complete 

0.28 r 7.70 n. --_ ... 
65.4 mg/l 
3.4 mg/l 

680 mg/l 
262 mg/l 

196 mg/l 
101 mg/l 

Se~ Attach---
10.7 mg/l 

0.4 mg/l 
0.61 mg/l 
23.3 mg/l 

Complete 
Complete 

0.44 mg/l 
8.10 mg/l 
50.3 mg/l 
2.39 mg/l 

430 mg/l 
165 mg/l 

u-----------------------------
'J 

rT.~~ 
{Il'""";'~~'. 

1645 West 2200 South. Salt lake City. Utah 84119 (801) 973·0050 FAX (801) 972-6278 

~\~j.n-) 
" ~'~~: '. Member: Amerlca~ CounCil of Independent Laboratories. Inc 
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Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meq/l Anions 

SUFCO 
36419 

RA/GS 
11/09/92 

mg/l 

09 -Nov-92 

meq/l 
------ -- ... - -------- - --- -- ---- ------_ .. _------- --- -- -- - -- - -- --

Calcium 447.00 22.30530 1 Chloride 129.00 3.63909 
Magnesium 148.00 12.17448 2 Bicarbonate 273.00 4.47447 

Iron 1.43 0.07682 3 Sulfate 943.00 19.63326 
Sodium -78.50 3.41475 4 Fluoride 0.40 0.02106 

Potassium 5.19 0.13271 5 Nitrate 0.56 0.00903 
- --------- ----- - -----

Cation Total = 38.104057 Anion Total = 27.7769088 

Percentage Error = 31.35% 

APR t 9 20;8 

J~-------------------------
j 

~.~ 
.1;~yr,~...;....., .: . 
I" .' \ 
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Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

meq/l 

Project: 
~rlmn'p H~ .- - ... 

Analyst: 
Date: 

Anions 

SUFCO 
364 2 0 

RA/GS 
11/09/92 

mg/l 

( 

09-Nov-92 

meq/l 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - --- ------- - -- - --------- -- - -

Calcium 143.00 7.13570 1 Chloride 18.90 0.53317 
1"..agnesiuIn 77.60 6.38338 2 Bicarbonate 234.00 3.83526 

Iron 0.22 0.01182 3 Sulfate 454.00 9.45228 
Sodium 54.50 2.37075 4 Fluoride 0.50 0.02632 

Potassium 6.23 0.15930 5 Nitrate 0.27 0.00436 
---------- -- - - - --- - --

Cation Total = 16.060945 Anion Total = 13.8513841 

Percentage Error = 14.77% 

~PR ,9 20\8 

l O~------------------------
o 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 

J~~' 
: 'lf~ '\ 
' '. -':;.·0 -/ 
~.:....:: ' ~, ~ ,., t:e r American Council of Independent Labora!c,;es, Inc 



FJ L 

r~ 
l. : J 

11 
[] 

1 
, . . 

J 

1 

1 
2 
3 
4 
5 

• • •••• , .. , .. 
~ ,.~ ,.. . 

.'. \ '.'. '. " •••• Mountain States Analytical 
The Quality Solution 

Cation Anion Balance 09-Nov-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
- - - - - - - - - - - . - - - - - . --- - - - ... - - -

Calcium 107.00 5.33930 1 
lw'Jagnes i um 57.00 4.68882 2 

Iron 0.07 0.00376 3 
Sodium 38.70 1. 68345 4 

Potassium 5.00 0.12785 5 
-- - - - - - - - -

Cation Total = 11.843180 

Percentage Error = 19.84% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
36421 

RA/GS 
11/09/92 

rng/l meq/l 
---------------- ----- -- ------ --

Chloride 35.90 1.01274 
Bicarbonate 224.00 3.67136 

Sulfate 240.00 4.99680 
Fluoride 0.40 0.02106 
Nitrate 0.24 0.00387 

,-----------

A.'1ion Total = 9.7058262 

1\1' ... 
~;. • /, ~ I' L 

. •• 1 '.;, ;/\ rCD 

APR, 19 2018 

~r_---------------------------------------------------------------------

J 
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Cations mg/l 

States Analytical 
The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meq/l Anions 

SUFCO 
36422 

RA/GS 
11/09/92 

mg/l 

09-Nov-92 

meq/l 
- ------ - --- ----- ------------ - - --- -- -----------.------------

Calcium 103.00 5.13970 1 Chloride 14.60 0.41187 
Magnesium 48.50 3.98961 2 Bicarbonate 277.00 4.54003 

Iron 0.31 0.01665 3 Sulfate 147.00 3.06054 
Sodium 14.90 0.64815 4 Fluoride 0.30 0.01579 

Potassium 3.62 0.09256 5 Nitrate 0.39 0.00629 
- - - -- - -.- - - -----------

Cation Total = 9.8866766 Anion Total = 8.0345187 

Percentage Error = 20.67% 

APR 1 9 2018 

( 

, 
( 

lj,---------------------------------
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Cations rng/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meq/l Anions 

SUFCO 
36423 

RA/GS 
11/09/92 

rng/l 

09 -Nov- 92 

meq/l 
_ _ _ _ ~ _ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ M _ _ _ ~ - - - - - ~ - - - - - - - - - --- - - - - - - - - - --- -

Calcium 223.00 11.12770 1 Chloride 54.40 -1. 53462 
Magnesium 78.50 6.45741 2 Bicarbonate 123.00 2.01597 

Iron 0.37 0.01988 3 Sulfate 597.00 12.42954 
Sodium 45.60 1.98360 4 Fluoride 0.40 0.02106 

Potassium 5.55 0.14191 5 Nitrate 0.14 0.00226 
- - - ---- - - - - - -- --- - - - -

Cation Total = 19.730499 Anion Total = 16.0034482 

Percentage Error = 20.86% 

APR 19 2018 

1645 West 2200 South, Sail Lake City. Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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... '.. ' ... '.. 't •••• Mountain States Analytical 

Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

meg/l 

Project: SUFCO 
Sample #: 36424 

l.n;:\lvc:t". 'Ol'./r!c. 
- ---- .l - _. ---,--

Date: 11/09/92 

Anions mg/l 

09 -Nov-92 

meq/l 
---- - --- --- - - - --- - ---------- - ---- -- --- - ---- -- - -- ----- - -----

Calciu.rn 258.00 12.87420 1 Chloride 32.10 0.90554 
tvIagnesium 103.00 8.47278 2 Bicarbonate 182.00 2.98298 

Iron 0.36 0.01934 3 Sulfate 951. 00 19.79982 
Sodiurn 124.00 5.39400 4 Fluoride 0.40 0.02106 

Potassiu.rn 5.07 0.12964 5 Nitrate 1. 88 0.03032 
- - - - .. -- - - - -- ~ - - - - - - - -

Cation Total = 26.889959 Anion Total = 23.7397214 

Percentage Error = 12.44% 

I ;' i r . -. 
1:' oj • 

APR 1 9 2018 

( 
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The Quality Solution 

Cation Anion Balance 09-Nov-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
- - - - -- . - - - - - - - - - - - - - - - - - - - - -

Calcium 702.00 35.02980 1 
Magnesium 604.00 49.68504 2 

Iron 0.05 0.00269 3 
Sodium 259.00 11.26650 4 

Potassium 8.88 0.22706 5 
- - - ---- - - -

Cation Total = 96.211087 

Percentage Error = 3.50% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
36425 

RA/GS 
11/09/92 

mg/l meq/l 
- - _ .. -- - - -- - - _ .. - _ .. - --- - - - _ .. --- - --

Chloride 1360.00 38.36560 
Bicarbonate 163.00 2.67157 

Sulfate 2490.00 51.84180 
Fluoride 0.40 0.02106 
Nitrate 0.28 0.00452 

----- - -----
Anion Total = 92.9045424 

J ' '-. ,_11 

APR 19 2018 

J~------------------------1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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The Quality Solution 
CLIENT: Southern Utah Fuel Co. 

397 South 800 West 
Salina, UT 84654-

Date Samples Rec ' d: 10/27/92 
~~AI Group No.: 9177 

ATTN: ~~. Chris Kravits 
Project: 

LAB SAMPLE 
NO. DATE 

36421 10122/92 

36422 10122/92 

36423 10122/92 

36424 10/22/92 

SAHP SAMPLE DESCRIPTION 
TIl-IE 

o North Hain Face Pump 

ANALYSES PERFORHED 

Sodium, FAA I-l/WH 

Alkalinity, Bicarbonate 
Chloride, Titrimetric W 
Fluoride, SIE W/ww 
Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

o North '·Iain Face Roof Drip Calcium, FAA w/ww 
Cation/Anion Balance 
Iron , FAA YI/WW 
Hagnesium, FAA YI/ww 
Hetals Digestion YlIWYI 

Metals Prep. FAA 
Potassium, FAA w/ww 
Sodium, FAA w/ww 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE w/ ww 
nitrate/Nitrite w/ww 
pH, Aqueous 

o North '·fain C 235 Pump 

, ~ , \ 

APR 1 9 2018 

'-'1."1"1 .•. ' , '1'1 t ... . ':' f',', l'I'li n q' ~ ' .)". I I:. ' ,1 ,~. ~ r I ~~ 

o 4 East C4 Pump 

Solids, Dissolved TDS 
Sulfate, Turbidimetric 

Calcium, FAA 'vI/WW 

Cation/Anion Balance 
Iron, FAA w/'vTYI 
Hagnesium, FAA w/ww 
Hetals Digestion w/ww 
Hetals Prep. FAA 
Potassium, FAA w/ww 
Sodium, FAA VI/vTW 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE w/ww 
Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

Calcium, FAA H/WW 

RESULT 

38.7 mg/l 
224 mg/l CaC03 

35.9 mg/l 
0.4 mg/l 

0.24 mg/l N 
7.92 
690 mg/l 
240 mg/l 

103 mgll 
See Attach 

0.31 mg/l 
48.5 mgll 

Complete 
Complete 

3.62 mg/l 
14.9 mg/l 
277 mg/l CaC03 

14.6 mg/l 
0.3 mgtl 

0.39 mgll N 
7.38 

550 mg/l 
147 mg/l 

223 mgll 
See Attach 

0.37 mg/l 
78.5 mg/l 

Complete 
Complete 

5.55 mg/l 
45.6 mg/l 

123 mgll CaC03 
54.4 mg/l 
0.4 mgll 

0.14 mgll N 
7.84 

1,190 mg/l 
597 mg/l 

258 mg/l ! 1 

.,----------------------------------------------------------------------------------------------------
1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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The Quality Solution 
CLIENT: Southern Utah Fuel Co. 

397 South 800 West 
Salina, UT 84654-

ATTN: Hr. Chris Kravits 
Project: 

LAB SAHPLE 
NO. DATE 

36424 10122/92 

36425 10/22/92 

SAMP SNIPLE DESCRIPTION 
TIME 

o 4 East C4 Pump 

o 4 East Cll Pump 

" ' i "~'I .. ', ~! . " • ' ~ ~ ~ ~ .J 

APR 1 9 2018 

Oiv. of C)il (.:-", t,; ,. 'I' .' 
.' ", ,,''-.,:', '.1. p,: If I/[I(~ 

,.I 

36426 10/22/92 o 4 East C16 Pump 

Date Samples Rec'd: 10/27/~2 

~~AI Group No.: 9177 

ANALYSES PEF.!'ORHED 

Cation/Anion Balance 
Iron, FAA w/;,.,; 
Hagnesium, p.~; w/ww 
Hetals Diges:ion w/vw 
Hetals Prep. FAA 
Potassium, F~; w/ww 
Sodium, FAA W/w\-l 

Alkalinity, Bicarbonate 
Chloride, Ti~rimetric w 
Fluorid~, S:~ w/ww 
Nitrate/Nit:::'~e .llwH 
pH, Aqueous 
Solids, Dissclved TDS 
Sulfate, Turtidimetric 

Calcium, rk~ ~/ww 
Cation IAn ion Balance 
Iron, FAA W/'w-fl 

Hagnesium, f.!._a" w/ww 
Hetals Digestion w/'trw 
Hetals Prep. FAA 
Potassium, F.r.~a" 1~/'t1W 

Sodium, FAA W/WVI 

Alkalinity, Eicarbonate 
Chloride, Titrimetric W 
Fluoride, SIE w/.rw 
Nitrate/Nitrite W/'t1W 

pH, Aqueous 
Solids, Diss~lved TDS 
Sulfate, Tur~idimetric 

Calcium, HJ .. YlI.1Y1 
Cation/Anion Balance 
Iron, FAA 'vI/',M 

Hagnesium, FM w/ww 
Hetals Digestion w/'tTW 
Hetals Prep. FAA 
Potassium, F!.~a" w/W't1 
Sodium, FAA w/ww 

RESULT 

See Attach 
0.36 mg/l 

103 mg/l 
Complete 
Complete 

5.07 mg/l 
124 mg/l 
182 mgll CaC03 

32.1 mg/l 
0.4 mgll 

1. 88 rng/l N 
7.74 

1,750 mg/1 
951 mg/l 

702 mg/l 
See Attach 

<0.05 mg/l 
604 mg/l 

Complete 
Complete 

8.88 mgll 
259 mgll 
163 mg/l CaC03 

1,360 mg/l 
0.4 mg/1 

0.28 mg/l N 
7.68 

5,600 mg/l 
2,490 mg/l 

928 mg/l 
See Attach 

<0.05 mgll 
1734 mgll 

Complete 
Complete 

18.4 mgll 
260 mg/l 

Alkalinity, Bicarbonate 200 mg/l CaC03 
4,780 mg/l J Chloride, Titrimetric w 

r---------------
1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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CLIENT: Southern Utah Fuel Co. 
397 South 800 West 
Salina, UT 84654-

ATTN: Hr. Chris Kravits 
Project: 

LAB SAHPLE SAHP SN-IPLE DESCRIPTION 
NO. DATE TI~~ 

36426 10/22/92 0 4 East C16 Pump 

36427 10/22/92 o 4 East Face Pump 

The Quality Solution 

Date Samples Rec'd: 10/27/9~ 

HSAI Group No.: 9177 

ANALYSES PERfORHED 

Fluoride, SIE w/\vw 

Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

Calcium, FAA wt'rlYl 

Cation/Anion Balance 
Iron, FAA W/'rlW 

Hagnesiurn, FAA w/ww 
Hetals Digestion w/w 
Hetals Prep. FAA 
Potassium, FAA w/ww 
Sodium, FAA "rl/\VW 

Alkalinity, Bicarbonate 
Chloride , Titrimetric w 
Fluoride, SIE W/W'rl 

Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

APR 1 9 2018 

RESULT 

0.4 mg/l 
0.11 mgll N 

_. 7 . 64 
11, 300 mg 11 
3,300 mg/l 

684 mgll 
See Attach 

<0.05 mgll 
69.3 mg/l 

Complete 
Complete 

3.39 mg/l 
30.8 mgll 
236 mg/l CaC03 

16 . 0 mgll 
0.3 mgll 

2.71 mgll N 
7.32 

2,100 mg/l 
1.150 mg/l 

~---------------------------------------------------------------------------------------------
1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973·0050 FAX (801) 972·6278 
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States Analytical 

CLIENT: Southern Utah Fuel Co. 
397 South 800 West 
Salina, UT 84654-

ATTN: }rr. Chris Kravits 
Project: 

L.r..B SAHPLE 
NO. DATE 

36428 10/22/92 

SAHP SMlPLE DESCRIPTION 
TlllE 

o 4 East Face Roof Drip 

The Quality Solution 

Date Samples Rec'd: 10/27/92 
1·ISAl Group No.: 9177 

ANALYSES PERFORHED 

Calcium, FAA w/ww 
Cation/Anion Balance 
Iron, FAA w/w\~ 

Magnesium, FAA w/~v 
Metals Digestion w/ww 
Hetals Prep. FAA 
Potassium, FAA w/ww 
Sodium, FAA w/w'rl 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE 'rl/HW 

Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

RESULT 

122 mg/l 
See Attach 

<0,05 mg/l 
63.7 mg/1 

Complete 
Complete 

3.61 mg/l 
13.3 mg/l 
354 mg/l CaC03 

24.3 mg/l 
0.3 mg/l 

<0.05 mg/l N 
7.47 

660 mg/l 
147 mg/l 

Respectfu lly submitted, 

~~~~~ 
~Dacrto~ 
Gl enn A. Sorensen, B.S , 
1·lanager, Technical Operations 

, " .•.. ' \ i r: [) 

APR 1 9 2018 

Jr-------------------------------------

J 
~" 
" i.~; 
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• ••••• , .. , .. , ,. , , ••• M · S :.\,:.'." ••• Quntaln tates Analytical 
The Quality Solution 

CLIENT: Southern Utah Fuel Co. 
397 South 800 West 
Salina, UT 84654-

Phone: 801-637-4880 801-534-3296 (FAX) 
ATTN: Hr. Chris Kravits 
Project: 

LAB SAMPLE 
NO. DATE 

36429 10/22/92 

SAHP SAMPLE DESCRIPTION 
TIME 

o 6L4E Belt Drive Sump 

Dat e Samples Rec'd : 10/27/92 
HSAl Group No.: 9178 
Sample Hatrix: Aqueous 
Report Date: 11/10/92 
P.O. Number: SA6135 

ANALYSES PERFORHED 

. Calcium, FAA w/ww 
Cation/Anion Balance 

~ Iron, FAA w/ww 
/-Hagnesium, E'AA wlww 
Metals Digestion w/ww 
Metals Prep. FAA 

/Potassium, FAA w/ww 
./Sodium, FAA w/ww 

Alkalinity; Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE w/ww 
Nitrate/Nitrite w/ww 
pH. Aqueous 
Solids, Dissolved TUS 
Sulfate, Turbidimetric 

RESULT 

631 mg/l 
See Attach 

0.75 mg/l 
95-;-2 mg/ l 

Complete 
Complete 

5.24 mg/l 
105 mg/l 
226 mg/l CaC03 

65.6 mg/l 
0.4 mg/l 

1. 59 mg/l N 
7.60 ---

2,690 mg/l 
1,600 mg/l 

36430 10/22/92 o 714E C28 Pump (Cr Rock) Calcium, FAA w/ww 867 mg/l 
See Attach 

<0.05 mg/l 
371 mg/l 

Complete 
Complete APR 1 9 2018 

Cation/Anion Balance 
Iron, F.\A w/W'rI 
Hagnesium, FAA w/ww 
Metal s Digestion w/ww 
Me tals Prep. FAA 
Potassium, FAA w/ww 

Dr\!. {Ii, r 'I: '. ,c· : ": l\f:i, ::1(.: Sodium, FAA w/ww 
'- Alkalini ty, Bicarbonate 

10.1 mg/l 
208 mg/l 
119 mg/l CaC03 
874 mg/l 

36431 10/22/92 o 7L4E Face Pump 

Chloride. Titrimetric w 
Fluoride i SIE w/ww 
Nitrate/Nitrite w/ww 
pH. Aqueous 
Solids. Dissolved TUS 
Sulfate. Turbidimetric 

Calcium. FAA w/ww 
Cation/Anion Balance 
Iron. FAA w/ww 
Hagnesium, FAA w/ww 
Hetals Digestion w/ww 
Metals Prep. FAA 
Potassium, FAA w/ww 

0.5 mg/l 
0.08 mg/l N 
7.53 ---

4.450 mg/l 
2.070 mg/l 

801 mg/l 
See Attach 

0.31 mg/l 
78.7 mg/l 

Complete --
Complete ---

7.61 mg/~ 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972·6278 
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States Analytical 

CLIENT: Southern Utah Fuel Co. 
397 South 800 West 
Salina, lJT 84654-

ATTN: Mr. Chris Kravits 
Project: 

LAB SAMPLE 
NO. DATE 

36431 10/22/92 

36432 10/22/92 

36433 10/22/92 

36434 10/22/92 

SAMP SAMPLE DESCRIPTION 
TIME 

0 7IAE Face Pump 

o 7L4E Face Roof Drip 
(rN'-' III 50 JP , 

~ \ \2"-C"'-h) 0- c -

o 8L4E Face Pump 

APR 1 9 2018 

o 8L4E Face Roof Drip 

The Quality Solution 

Date Samples Rec'd: 10/27/92 
HSAI Group No.: 9178 

ANALYSES PERFORMED 

Sodium, FAA wNw 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE w/ww 
Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

Calcium, FAA w/ww 
Cation/Anion Balance 
Iron, FAA w/w 
Magnesium, FAA w/ww 
Metals Digestion w/ww 
Metals Prep. FAA 
Potassium, FAA w/ww 
Sodium, FAA w/ww 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE w/ww 
Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

Calcium, FAA w/ww 
Cation/Anion Balance 
Iron, FAA w/w 
Magnesium, FAA w/ww 
Metals 'Digestion w/ww 
Metals Prep. FAA 
Potassium, FAA w/ww 
Sodium, FAA w/ww 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE wtww 
Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TOS 
Sulfate, Turbidimetric 

Calcium, FAA w/ww 

RESULT 

225 mg/l 
535 mgtl CaC03 

79.6 mgtl 
0.4 mgtl 

c:e.05 mg/l N 
7.42 ---

3,080 mgtl 
1,660 mgtl 

70.5 mgtl 
See Attach 

0.05 mg/l 
38 . 1 mg/l 

Complete --
Complete ---

2.72 mg/l 
11.2 mg/l 
248 mg/l CaC03 
9.7 mgtl 
0.3 mgtl 

<0.05 mgtl N 
7.85 ---

450 mgt! 
79 mg/l 

203 mgt! 
See Attach 

c:e.05 mg/l 
62.5 mg/l 

Complete --
Complete ---

3.68 mg/l 
41.0 mg/l 

180 mgt! CaC03 
21. 4 mg/l 
0.3 mg/! 

0.12 mgtl N 
7.66 ---

1,190 mg/l 
588 mgtl 

114 mg/l 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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~;:::~;-" Memt:er: American Council of Independent LabOratories Inc 
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: .\ '::to ........ Mountain States Analytical ( 

The Quality Solution 

CLIENT: Southern Utah Fuel Co. 
391 South 800 West 
Salina, UT 84654-

ATTN : Hr. Chris Kravits 
Project: 

LAB SAMPLE SAMP SAMPLE DESCRIPTION 
NO. DATE TIME 

36434 10/22/92 o 8L4E Face Roof Drip 

36435 10/22/92 o LW Face 

APR 1 9 2018 

36436 10/22/92 o LW Bleeders(Air Pumps) 

;:::-~ 

t~ · .I\~:l 
~":;; ~: Member: American Council of Independent Laboratones, Inc 

Date Samples Rec'd : 10/21192 
HSAl Group No .: 9178 

ANALYSES PERFORMED 

Cation/Anion Balance 
Iron, FAA w/ww 
Hagnesium, FAA w/ww 
Metals Digestion w/ww 
Metals Prep. FAA 
Potassium, FAA w/ww 
Sodium, FAA w/ww 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Flu~ride, SIE w/ww 
Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

Calcium, FAA w/ww 
Cation/Anion Balance 
Iron, FAA w/ww 
Magnesium, FAA w/ww 
Metals Di gestion w/ww 
Hetals Prep. FAA 
Potassium, FAA w/ww 
Sodium, FAA w/ww 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE w/ww 
Nitrate/Nitri te w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

RESULT 

See Attach 
<0.05 mg/l 
60.4 mg/l 

Complete 
Complete 

4.45 mg/! 
15.7 mg/l 
339 mg/l CaC03 

21. 4 mg/l 
0.5 mgt! 

0.81 mg/l N 
7.79 
660 mg/l 
159 mg/l 

108 mg/l 
See Attach 

1.51 mgt! 
97.2 mg/l 

Complete 
Complete 

4.62 mg/! 
103 mgt! 
343 mgt! CaC03 

36.4 mg/! 
0.3 mg!l 

<0.05 mg/l N 
7.70 ---

1,230 mgt! 
480 mgt! 
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. -. \ ' ... \ " •••• Mountain States Analytical 

The Quality Solution 

CLIENT: Southern Utah Fuel Co. 
397 South 800 West 
Salina. UT 84654-

ATTN: Hr. Chris Kravits 
Project: 

LAB SAMPLE 
NO. DATE 

36436 10/22/92 

36437 10/22/92 

SAMP SAMPLE DESCRIPTION 
TIME 

o LW Bleeders(Air Pumps) 

o LW Emulsion' 

Date Samples Rec'd: 10/27/92 
HSAI Group No. I 9178 

ANALYSES PERFORMED 

F ~uoride, SIE w/ww 
Nitrate/Nitrite w/ww 
pH, Aqueous 
Scrlids, Dissolved TDS 
Sulfate, Turbidimetric 

Calcium, FAA w/ww 
Cation/Anion Balance 
Iron, FAA w/ww 
Hagnesium, FAA w/ww 
Hetals Digestion w/ww 
Hetals Prep. FAA 
Potassium, FAA w/ww 
Sodiwn, FAA w/ww 
Alkalinity. Bicarbonate 
Chloride, Titrimetric w 
Fluoride. SIE w/ww 
Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TDS 
Sulfate, Turbidimetric 

RESULT 

0.5 mg/l 
.42 mg/l N 

8.00 ---
980 mg/l 
407 mg/l 

i50 mg/l 
See Attach 

4.32 mg/l 
67.6 mg/1 

Complete 
Complete 

5.43 mg/l 
796 mg/l 

1.460 mg/l CaCO: 
340 mg/l 
0.4 mg/l 

See Hemo ---
9.25 ---

7,980 mg/l 
2250 mg/l 

APR 19 2018 

Oi'" (": ""1 -." .>! ~ .. : I' .:, (," ,:~J t' '.: . , .... . '\ .', I;;; ,I ~f ;' ':' 

1645 West 2200 South, Salt Lake City! U~ah 84119 (801) 973·0050 FAX (801) 972·6278 

.,,~~ t: '::':"" ~ 1; ~ .' .Jl-'i . 
\:~' Member: American Council of Independent Laboratories. Ir.c 
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. "" '. '. "" .. " •••• Mountain States Analytical 

The Ouality Solution 

CLIENT: Southern Utah Fuel Co. 
397 South 800 West 
Salina, UT 84654-

ATTN: Hr. Chris Kravits 
Project: 

LAB SAMPLE 
NO. DATE 

36438 10/22/92 

SAMP SAMPLE DESCRIPTION 
TIME 

o Wagner Scrubber 

Date Samples Rec'd: 10/27/92 
HSAI Group No., 9178 

ANALYSES PERFORMED 

Calcium, FAA w/ww 
Cation/Anion Balance 
Iron, FAA w/ww 
Magnesium, FAA w/ww 
Hetals Digestion w/ww 
Metals Prep. FAA 
Potassium, FAA w/ww 
Sodium, FAA w/ww 
Alkalinity, Bicarbonate 
Chloride, Titrimetric w 
Fluoride, SIE w/ww 
Nitrate/Nitrite w/ww 
pH, Aqueous 
Solids, Dissolved TOS 
Sulfate, Turbidimetric 

REStIT.'l' 

448 mg/l 
See Attach 

64.2 mg/l 
_ 204 mg/l 

Complete --
Complete --

- 8.48 rngll 
. 144 mg/l 

<1 mg/l CaCO: 
60.7 mg/l 
0.7 mg/l 

11.9 mg/I l 
2.23 ---

3,250 mg/l 
2,820 mgll 

Respec~r:~ .\!;;~ , 
Douglad . L~~Op . 
~Jjatory Direct o 
/~~/Va, ~ 
Glenn A. Sor ens ,B.S. 
Hanager, Technical Operations 

~ ,:", ~.' . 
0"· ,';lfD 

APR 1 9 2018 

1645 West 2200 South. Salt Lake City. Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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~~: Memcer: American Council 01 Independent Laboratories. Inc 
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• & 1. , , •• Mounta'in .. , ... , .. 
Southern Utah Fue1 Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: 
Project: 
Case Number: 
Purchase Order: 

Chris Kravits 

Water Samples 

11/18/92 

SA6135 

Analysis 

Cation! Anion Balance 

1 Analysis for Inorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waten 
Metals Prep. 

7 Analyses for MetJJ1s 

Bicarbonate (Includes Alkalinity) 

Chloride, Titrirnetric 
Fluoride 
Nitrate-Nitrogen 
Oil & Grease, Gravimetric 
Pb, Aqueous 

Solids, Dissolved TDS (Filterable) 

Solids, Suspended TSS (Non-
fi]terable) 

States Analytical 
The Quality Solution 

Catalog 
Number Method 

00009 A~TM D~5~6:-83 
' : ~ i., .: ;.:' .~. 

APR 1 9 2018 

Sample Number: 0001238 
000254S Sample Set: 

Date Reported: 
Date Received: 
Disposal Date: 

8 DEC 1992 

19 NOV 1992 
4 JAN 1993 

Customer Number: PT003111892 

Date Sampled: 18 NOV 1992 
l\fatrix: Wastewater 
ContUn~: 5 

Result 

See AlUched 

Dry 
Result 

Reviewed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inorganics Department 

I . ( ( ; I 1\ • • 

00250 
,. ,'.11('1 

118.4 EPA 600 Series 215.1 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368' 
00231 
00200 

00212 

00206 

EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std. Methods 17th Ed. 
23208 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 413.1 
EPA 600 Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

EPA 600 Series 160.2 

< 0.05 
66.1 
4.75 
70.3 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgll 
mgll 
mgll 
mgll 
mgll 

Manager, Inorganics Department 

283 mgll CaC03 

21.9 mgll 
0.5 mgll 
307 mgll . 

< 2 mgll 
7.38 

890 mgll 

< 4 mgll 

Sulfate, Turbidimetric 01125 EPA 600 Series 375.4 374 mgll 

9 Analyses Cor Wet Chemistry Reviewed and approved by 
Glenn Sorensen, B.S. 
Manager, Inorganics Department 

1645 West 2200 South. Salt Lake City. Utah B4119 (B01) 973-0050 FAX (B01) 972-6278 

'r~~ 
/;-I·"Z:::'··~ 
'F' .: ~_ \1. 
.. ~ .ry'-'l 
"';.;;:::! ::'; Mcro1ber: Amencan Council of Independent LaboratOries. Inc 

Page 1 
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Southern Utah Fuel Company 
Customer Number: PT003111892 

Analysis 

17 Analyses for Sample Number 0001238 

States Analytical 

Catalog 
Number 

The Quality Solution 

Method 

Sample Number: 
Sample Set: 

Result 

0001238 
000254S 

Dry 
Result 

Reporting 
Units 

APR 1 9 2018 

( 

rJ j v. f~! l (."~,!, r,:: .-- ro '." 
f", fHl,lng 

y~ 
""E" " , tt.' '-:-' t·, 
~ i ,.1 ft - 'j ' 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 

~~/.'-
~-;:.:-- Member: American Council 01 Independent Laboralories, I~c 

Page 2 
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• • •••• , .. , .. , , .. , .. 
· , ,. , , •• Mounta"ln ..... , , .. Stat~s Analytical 

The Quality Solution 

Cation Anion Balance 03-Dec-92 

Cation Anion Balance Spreadsheet 

Cations mg/l meq/l 
- - - - - - - - -- --- - - - - - - - - -- - - - - -

Calcium 118.00 5.88820 1 
Magnesium 66.10 5.43739 2 

Iron 0.00 0.00000 3 
Sodium 70.30 3.05805 4 

Potassium 4.75 0.12146 5 
- - - - - - - - - -

Cation Total = 14.505093 

Percentage Error = 21. 62% 

Project: 
Sample #: 
Analyst: 

Date: 

Anions 

SUFCO 
1238 

RA/GS 
12/03/92 

mg/l meq/l -- - ~ - - - - - - -- - - - - - - - - - - - - - - - - - - -
Chloride 21.90 0.61780 

Bicarbonate 283.00 4.63837 
Sulfate 374.00 7.78668 

Fluoride 0.50 0.02632 
Nitrate 307.00 4.95191 

- - - - - - - - - - -
Anion Total = 18.021079 

I 
D 

APR 19 2018 
/" .' ,)f\l. Ii: \' 

. ". '" ' I, '. f. 
, I 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 

~k'F'~-:':"::; 
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\ ~·i.-!l'~ l: 
-::;; :~. Member American Council 01 Ince~encenl Laboralones, Inc 
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... \ ' ..... " •••• Mountain States Analytical 

Southern Utah Fuel Company 
397 South 800 West 
Salina, Utah 84654 
Telephone: (801) 637-4880 
Facsimile: (801) 534-3296 

Attention: Chris Kravits 
'PrniPrt! WQt~ ... ~"""n'a.~ 

-~ - - . . •. _ .. _ ..... -......t' .. -

Case Nwnber: 11118/92 
Purchase Order: 5A6135 

Analysis 

Cation! Anion Balance 

1 Analysis for Inorganics 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

Metals Acid Digestion, Waters 
Metals Prep. 

7 Analyses for Metals 

Bicarbonate (Includes AlkJ.linity) 

Chloride, Titrimetric 
Fluoride 
Nitrate-Nitrogen 
Ph, Aqueous 

Solids, Dissolved IDS (Filterable) 

Sulfate, Turbidimetric 

7 Analyses for Wet Chemistry 

The Quality Solution 

Catalog 
Number Method 

00009 ASTM 0-596-83 

00250 
00254 
00257 
00262 
00267 

00392 
00820 

01454 

01124 
00263 
00368 
00200 

00212 

EPA 600 Series 215.1 
EPA 600 Series 236.1 
EPA 600 Series 242.1 
EPA 600 Series 258.1 
EPA 600 Series 273.1 

EPA SW-846 3005 
EPA SW-846 3005 

Std: Methods 17th Ed. 
23208 
EPA 600 Series 325.3 
EPA 600 Series 340.2 
EPA 600 Series 353.3 
EPA 600 Series 150.1 
or SW-846 9040 
EPA 600 Series 160.1 

APR 1 9 2018 

Sample Number: 
Sample Set: 
Date Reported: 
Date Received: 
Disposal Date: 

0001242 
0002555 
8 DEC 1992 
19 NOV 1992 
4 JAN 1993 

Customer Number: PT062 'n_._ ,, ___ ,_ .... 
.L',u.~ ...,d.I.1I}"IC:U. 

Matrix: 
15 NOV 1992 
Wastewater 

Containers: 3 

Dry 
Result Result 

See Attached 

Revie~ed and approved by 
Glenn Sorensen, B.S. 

Reporting 
Units 

Manager, Inorganics Department 

95.8 
< 0.05 

33.6 
1.19 
7.45 

Complete 
Complete 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgll 
mgll 
mgll 
mgll 
mgll 

Manager, Inorganics Department 

281 

9.7 
0.1 

35.9 
7.76 

410 

63 

Reviewed and approved by 
Glenn Sorensen, B.S. 

mgll CaC03 

mgll 
mgll 
mgll 

mgll 

mgll 

Manager, Inorganics Department 

1 ___________ lS __ An __ a�_yS_~ __ fu_r_s_a_m_p_le_N_u_m_b_u __ O_OO_1_2_42 ________________________________________________ ~----~-----
1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973·0050 FAX (801) 972·6278 Page 4 
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• • •••• , .. , .. " '.6o , •• · " ,. · , •• Mounta"ln .. " .. " , .. States Analytical 

Cations mg/l 

The Quality Solution 

Cation Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meq/l Anions 

SUFCO 
1242 

RA/GS 
12/03/92 

mg/l 

03-Dec-92 

meq/l 
- - - - - - - - - - - - - - - - -- - - - - - ---- - -------------------------------

Calcium 95.80 4.78042 1 Chloride 9.70 0.27364 
Magnesi~ 33.60 2.76394 2 Bicarbonat~ 281.00 4.60559 

Iron 0.00 0.00000 3 Sulfate 63.00 1.31166 
Sodium 7.45 0.32408 4 Fluoride 0.10 0.00526 

Potassium 1.19 0.03043 5 Nitrate 35.90 0.57907 
------- -- - -----------

Cation Total = 7.8988593 Anion Total = 6.775218 

Percentage Error = 15.31%' 

APR 19 2018 

1645 West 2200 South, Salt Lake City, Utah 84119 (801) 973-0050 FAX (801) 972-6278 
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:. \ '::. " •••• Mountain States Analytical 

Cations mg/l 

The Quality Solution 

Cat i on Anion Balance 

Cation Anion Balance Spreadsheet 

Project: 
Sample #: 
Analyst: 

Date: 

meg/l Anions 

SUFCO 
36429 

RA/GS 
11/09/92 

mg/l 

09 -Nov- 92 

meg/l 
- ... _----- - - -- - -- ... - - - -- ----- -- - --- - ----- --- - ---- --- --- -- - -- - -

Calcium 631.00 31.48690 1 Chloride 65.60 
Magnesium 95.20 7.83115 2 Bicarbonate 226.00 

Iron 0.75 0.04029 3 Sulfate 1600.00 
Sodium 105.00 4.56750 4 Fluoride 0.40 

Potassium 5.24 0.13399 5 Nitrate 1.59 
- ---------

Cation Total. = 44.059828 Anion Total. = 

Percentage Error = 12.40% 

: ~ j 

APR 19 2018 

1645 West 2200 South. Salt Lake City. Utah 84119 (801) 973-0050 FAX (801) 972-6278 

~~~ 
-'It~,'\ · 4; .. : " .Ii 
1\ ... , ..r."'1I ;..~ • 
• ~::.' Member: American Council ollndependenl Laboratones. Inc. 

1.85058 
3.70414 

33.31200 
0.02106 
0.02565 

--------- - -
38.9134187 
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APPENDIX C 

ISOTOPIC LABORATORY REPORTS 

PREPARED BY GEOCHRON LABORATORIES 

IN ,Of-:. I -I I. 

APR 1 9 2018 
r;,.. " l ~I" . 
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Alan Nayo 

GEOCHRON LABORATORIES a ci";sion of 

KRUEGER ENTERPRISES, INC. 
711 CONCORD AVENUE + CAM8RIDGE, MASSACHUSeTIS 02138 + U. S . A 
TELEPHONE: '(617) 876-3691 TELEFAX; (617) 601-0148 

Date Received: 
P.O. Box 1960 
Orem, UT 84059 

Date Reported: 
08/24/93 
09/02/93 

Reference: Mayo letter 
Aug. 23, 1993. 

REPORT OF TRITIUf.I ANALYSES 

Our Lab. No Your Sample No. Tritium Unit.s 

T-4774 North Nains C128 RD 1.1 +/- 2.4 

T-4775 - 3 \'/es t C44 RD 1.1 +/- 2.4 

T-4776 Horth i'~ains Face Test RD 3.3 +/- 2.ll 

APR 19 2018 
i ! :, 

• r., ,5': r~!; 
" · .'i l, ; 

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY 

) 
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Greens Hollow Tract 
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Cirrus Surface and Groundwater Technical Report 
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SURFACE AND GROUND WATER 

TECHNICAL REPORT 
GREENS HOLLO'" COAL LEASE TRACT 

Prepared for: 
Bureau of Land Management 

Price Field Office 
125 South 600 West 
Price, Utah 84501 

Manti-La Sal National Forest 
.599 West Price River Drive 

Price, Utah 84501 

Fishlake National Forest 
115 East 900 North 

Richfield, Utah 84701 

Prepared by: 
Cirrus Ecological Solutions, LC 
965 South 100 West, Suite 200 

Logan, Utah 84321 

Norwest Applied Hydrology 
950 South Cherry Street, Suite 800 

Denver, Colorado 80248 

2014 

APR 1 9 2018 

Dill CT' C"" -'", " . n· • .. • Jil, b.'::l~ Oc 1-.. 111 ilng 



1.0 INTRODUCTION 
Thi:. report (k:cribes t h~ e~ i :-.l i llg. stlrrace !lnd gro Lind 11 .:11 "' I' r~s urces o':c lIrring in tl1 -: tlllt"! l: s i:. 
area. It a l a l' \ nlu:tt • pot ' l1lin l hydro logi i .lIes 1 I h~5e resource.; II1der e\\::ral nit 'mati\ e 
mining scenarios. including a no action a lt 'moti l e. and 1\\ 0 al:lion <J lt ernnLi..~ 

The anal) sis area for the Surface and Ground Water Technical Report includes the Greens 
flollo\\ Feclel'a l Coal Lease Tract (Green .:; Hollo\\ tract) as I\ e ll a:.; acljacent coal lease tracts that 
ma) be mined in conjunction 1\ ith the Greens Hollol\ tract. In general terms. the Greens ~Io"ol\ 
anal) sis area is iocated \\ est of I:::mer). Utah. nem the east edge of the Wasatch Plateau. in tile 
i\ludd) and North Fork Quitchupnh Creek drainnges. The exact location of the Greens Holloll 
tract. topograph). surface 1\ ater mon itol'i ng stations. drai nage basins. and neal'b) fe:.1tures is 
shlJ\\n in Figure I. in addition. the anai)sis area inclucies n 900-foot buffer to includ(' the area 
that ma) be affected b) subsidence thnt could e.,tend be) and the mined area (Figure 2). The 
entire anal) si::; nrea includes surface lands of both the i\lanti-LaSal and Fishlake Nntional Forests. 

1.1 STATEMENT OF PROJECT OBJECTIVES 

The U.S. Department of Intcrior. Bureau of Land Management (BLM) is the leasing autllOrit) on 
the federal coal estates \\ ithin the Greens 110110\\ Coal Lease Tract on National FOI'est S) stem 
land. Under the Mineral Leasing Act of 1920. as amcnded by the Fedcral C0:11 Leasing 
Amendments Act of 1975. lenses can ani) be issued by the. BU .... ·I \\ ith consent fl'Om the Forest 
Service \\ith !ease conditions determined necessar) for protection of non-mineral reso urces. As 
federal actions subject to NErA. both the BUvl leasing decisions and the Forest Sen ice consent 
ch::ci sions must be based 011 an em ironmcntal and socia-economic analysis and appl'Opriate NEPA 
dOCllll1 entation. 

Under the Surface i\'linc Control and Reclamation Act of 1977 nncl Utah Coal Rules. the Forest 
Service must consent to the mine plan prior to mine cle\'ciopillent ancl cnn impose requirel11ents 
for the protcction of non-coal resources . The Forest Ser\ ice deci sions. as federal actions. arc 
subject to the rcqllin?ments of NErA. requil'ing CI1\ irolll11ental anal) sis and appropriate NEPA 
doc lim e n t s. 

,\Iuch or thi . .; t('chnical report is bnsecl on a PIT\ ious thl'ee-) ear stucl) of the t\.ludd\ Cree),; Tract 
and a 2-l11ile bufrer surrouncling the tract (Cirrus 200-1-a. Cirrus 200-1-b) (lS \\ell as on-going lIater 
resource monitoring in the anal) s is area (DOG\l 2013a). Additional dat(l \\ cre obtained from 
gowrnment (lnt! pri\ ate entities and a revie\\ of pre\ iOlls \\ or),; completed all areas adjacent to the 
Gn~ens Holl o\\ tract. This technical repol"! \\ ill form the basis for an all a l~ sis of impach on 
~lIr lac~ ,!lei ground \\atcr ill the al1al ;. s i ~ area ill til' SlIppl.:m I1ln l Em irolll1lcl1wl Impact 
Statement (SFIS) for th(' Gree ns f 10110\\ tract on the i\l ,lIl ti -Ln (II and l"i 5h lakc f\ Hti mIl l orc,t~ . 

201-l 

APR 1 9 2018 

Surface and Ground \\ ater Technical Replll1 
Greell s llollO\I Coall.ea,e Tract 



2.0 I\1ETHODS 
2.1 CONTACTS MADE 

The field data for this report \\as compiled b) Cirrus Ecological Solutions. LC (Cirrus). 
Additional information \\as obtained from the SUFCO mine as \\ell as government agencies at 
the local. state. and federal level. Agencies and individual resource specialists are listed belo\\. 

United States Forest Service· Manti LaSal National Forest 
Calier Reed - Geologist Manti LaSal National Forest 
Dale Harber - Geologist. Manti L:aSal National Forest 
Katherine Foster - Hydrologist. Manti LaSal National Forest 
Adam Salt - H) drologist, Fish lake National Forest 
Karl Boyer - Geologist. Manti LaSal National Forest 
Pete Kilbourne - G.I.S. Coordinator. Manti LaSal National Forest 
William Broadbear- Forester. Manti LaSal National Forest 
John Heal) - Rangeland Management Specialist. Manti LaSal National Forest 
Don Riddle - Lm\ Enforcement Officer. Manti LaSal National Forest 

United States Geologi'cal SUl'\e) 
I'vlike Enright - Supervisor II) drolog) Technician. West Valle) Cit} Field Office 
Vic Heilweil-ll)drologist. West Valle) City. District Oflice 
Johnn) Wheat - Engineering Technician. Stennis Space Center. Mississippi 

Utah Di\ision of Oil. Gas and Mining 
Susan White - RDCC and NEPA Coordinator 
Mark Mesch - Progl'alll Administrator (retired) 
Dana Dean - Associate Director· Mining 
D~l\e Darb} .. ~I) drogeologist 
Ken \\') ott -- Senior Reclamation Specialist (retired) 
Jim Smith _. Senior Reclamation Il)drologist 

,~ ) ...... ,-., . 
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Utah Di\ ision of Water Rights 
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Scott Clark, Wakr Rights Specialist. 1\0l1h Region 
~!farc Stilson. Regional Engineer. Southeastern Regional Office 

5 Surface and Ground \\'ater 1 echnical Report 
Greens H()"o~\ Coal I.ease Tract 



Utah Di\ ision of Drinking \\ater 
~lark knsen. EI1\ irolllllental Scientist. Gmund Water Source Protectioll and GIS 
De\ elopl1lent 
Kate Johnson. Em ironl1lental Scielltist. Surface \\ 'ater Protection 

liniversit) of Utah 
.11111 Ehlerillger - Professol' 
Craig Cook - Laboratory ~lanagel' 

Elller} \\' ater Conservanc) District 
Ja) H ul1lpl1re) -- District i\ianager 

i\ ludd) Creek Irrigation COl1lpan) 
i\ 10rris Sorenson - Board member 
Wa} ne Stale) - Board Illember 

Canyon Fuel Company 
Mike Davies - Construction Engineer. SUFCO mine 
Chris Hanscn - EI1\ ironillentalmonitoring. Sky line mine 

Petersen H) drologic 
Erik Peterscn - Senior II ) drogeologist 

ChelllTech Forcl Laborator) (EPA-certifi~d) 
David Ga) er - LaboratOl"} Mimager 

CT &E LaboratoJ) (EPA-certified) 
Brandon Pierce - Laborator) 1vlanager 

CieoChron Laborator) (EPA-certified) 
Dick Ressillan - L.aborator) Manager. Stable Isotope 
Alex Cherkinski - Laborator) I\lanagcr. Age Dating 

Sequoia Scientific 
L) dia Sundillan - Electrollic r·:llgineel·. AquaRod Divi sion 

Additional inforillation II as obtained frolll data repositories maintained b) the Manti-LaSal 
National Forest. U.S, Gcological Sur\c) (USGS). U,S. Envil"Onlllental Protection Agency (EPA). 
Utah Di\ ision of Water Qualit). (Utah DWQ), Utilh Di\ ision or Drinking Water (I Itah DD\\'). 
Utah Di\ ision of Water Rights (Utah O\\'Ri). Utah Department or Water Resources (Utah 
DWRe), Utah Automated Geographic Reference Centel' (AGRC). and the Utah Oi\ ision of Oil. 
Ci<ls. anc! i\lining (DOGI\/) , " 

2.2 SOURCES AND DESCRIPTIONS OF EXISTING 
INFORl\1ATION 

APR 1 9 2018 
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This baseline CI aluation included a re\ iell of report" ane! data frolll Utah and Federal agencie5 
conccming \\ater rcsollrce~ of the re~ion. Can) on Fuel's SlJFCO i\/ine, has eXII'acted coal frolll 
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the le~se tract areas adjacent to the Greens Hollo\\ tract including pal'ts of the Pines Tract and the 
QuitchLipah Tract lease (Figure I). Consequeml). existing inforillation has also been obUiined 
t1'om the Pel'lll it A ppl icution Pad.age (r;-\ p) and tile H) drologic iVlonitori ng Repol1s for the 
S U FCO i\ I inc, USG S il1\ estigat ions (Th i 1'05 and COI'd) 1991), the Probahk f/) dl'Ologic 
Consequellces for the SUFCO i\line (0,la)o and Associates 1999) the h)drologic information 
devcloped for the Final EIS of the Pines Tract (USDA-FS 1999). the CUlllulati\e II) drologic 
Impact Assessment prepared b) DOG\I (2003a) for the SUFCO i\line. MIter qualit~ 1110nitOl'ing 
assessments cOlllplet<.'d in the ~Iudd) Creek drainage (Utah DWQ 200-t), the 1\.lucld) Creek \Vater 
Resources techn ical I'eport (Cirrus 200-la), ollgoing lllonitGring data collected b) SLJFCO 
([)OG\I 2013a) field gel~ll)g) SUl'\e) 5 (Anderso n 2008a), and e\aluatiolls ofe,,~~lorator: ell'ill
hol e log infOl'lllation (Anderson 2008b), 

Thil'os and Cord) (1991) described the h) dro log) and poklltial effects of nlllling in the 
Quitchupah and Pines Coal Lease Traeb. The geologic forlllations and ground \\ater beal'ing 
units in the i\ludd) Creek Tract are esse ntial I) the same a5 in the adjacent Quitchupah and Pines 
Coal Lease Trocts. although the I'\orth Horn Formation occurs O\ er a large portion of the i\ludd) 
Creek Tract and the FlagstClff Limestone is found at the tops of ridges and mOllntains on the far 
\l es t side orthe anal)sis area, 1\ ge neral ized stratigraph) of the i\ludd) Creek Tract is depicted in 
Figure 3, 

A gain loss stud) offlll\\s inl'\orth Fork Quitchupah Creek found an apparent gain in flo\\ \lhere 
the creek Cl'ossed the Castlegate Sandstone. a loss of flO\\ as it crossed the upper part of the 
Blackh,l\\k FOI'l11 ation, a slight gain in fl o\\ cross ing the lo\\er Blackha\\k formation , a 
considerabk gain in flaIl crossing Star Point Sandstone: ane! a loss in tlO\I crossing the Mancos 
Shale (Thiros and COI'ci) 1991) 

1\.1<1)0 and Associates (1999) used carbon-14 (C") radiocal'bon dating and tritiulll (\1) anal)sis of 
sjJl'ing \\ater and ground I\ater in the Pines Tract and surrounding area, including mine \Iater in 
the SLJFCO Mine. to cOllclude that the gI'OLllld-\\ater ellcountered ill the mille lIas elistillct from 
the near-surface gl'Ound-\\ ater S) s killS associated \1 ith the springs, Most o/" the near-surface 
s) stems contain abundant ' II and anthropogenic (human-caused) radiocarbon \\ hile the \Iaters in 
the l11ine h3\e a l11ean residence time or 7.000 to 20.000) ears ane! contain no 'H. The caLise of 
thi s disconnect is att ributed to shale ami mudsto ne in the Blackhml k Forl11ation that hinder the 
dO\\n\\ard l11igration of \later. This cOllclusion \Ias consistent \lith the IIn~atl,,'at ed horizons 
encoLintel'ed in e:-.:ploration ell'ill-holes at the SUFCO i\line. 

The Fillal LIS for the Pines lract (USDA-FS 1999) desCI'ibed th.: surl~lce ane! grounci \\,ltel' 
s) stelllS anci pl'Ojected mining-related hydrologic impacts in the adjacent Pines Tract Lease, 
\\ aIel' in the spl'ings that 1\ ere apparent I) discharging from the Castlcgate Sand,;tollC \\ a~ 
I'elati\el~ 10\\ in '[ DS and unciersaturated \\ith I'cs pect to cmbonate Illineral ~ . The \Iaters from 
[)rice Ri\cr Form at ion sp rings e:-.:hihited consicierabl;, higher TDS and \\CIT o\crsatul'Clted \\ith 
I'espect tn cmhonatc Illineral.;. Th.:se results sho\\ed that tile \Iatel' in the Castl.:gak Sancbwne 
spl'ings had not been in contact \\ ith the Price Ri\ er Forillati on and that the sourcc \I ater for the 
~pl'i!lg;; \\a~ dirl.'ct rl.'charge 01' the C'n .;tkgate Salldstone (lUli.Tl1P in tht.' 111 ,11eaLi al'C,F al(~llg tile 
l' el 'ill1ekl- (,f' Ihe elm:, l'i1 riill' The ~ill ' ing, (lild ~eep~ iY,lIin g frUll1 the base of thl.' Cast1egak 
Salllbtune arc apllar';?ntl~ the r,' )ult of pl.' r(h ing caused b~ shaks an,1 si lbtone ~ in the upper 
portion of the Blackh,m k FOl'l1lation (f)OG\ I 2fJ03ClJ , l he Stal' Point SancbtclIl>: underlies the 
cu,iI beal'ing 11Ul'tioil of the "m cI' [3Iac:I--l1 ai \. k I'ormation. rhe b'b<.' of thc Star I\)int Sandsto ne 
consish of thin intel'bedded sanclstone,;, si lbton es and shale." 'I he Lipper portion of the Star Point 
Samlq ollc consist;, of t!m.:.: l11a ~s i\ I.' sandstone la:. eh (]hiro~ ami COl'd~ 1991). LJllLlerl) illg the 
Star I\)illt SalH.btolle i ~ the \Ia~ lll-- :vklllber of the \hllCOS Shale (,llso kno\\ 11 as thc Bilk' (jate 
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Shale i\lel1lber of the i\lancos Shale), The i\lancos Shale is a regional aquaclude that lilllit:; 
dO\\I1\\ard tlO\\ and acts as a lo\\er boundar} for the regional ground \\ater S)stelll, 

r\ Total j\la,\illlulll Oail) Load (Ti\IDL) stud} \\as completed 011 i\ludd} Creek and tributaries ill 

.Ianuar) 2004 as part of a \\ater qualit) stud: completed b) the Utah DWQ that examined 
concentl'ations of Total Dissol\'ed Solids (rO 0) on the \\'e~l :o l~ ra I I\lailn~~Jl]eLlL nil ( tah 
[)\\'Q 2004), The stud) indicated that sc\eral \\ater bodies in the Mudd) Creek drainage \\ere 
not supporting their assigned Class 4A agricultul'al bendicialuse due to TDS concentrations that 
e,\ceeded the recollllllenckd Cl'itel'ion ot' 1.200 mg.'!. 1 hese \\ att'r bodies includt' the fo II Cl\\ illg: 

i\lucici: Cree" and its tributaries frolll I\it' Creek confluence to the Utah High\\a) 10 
bridge, 

Quitchupah Cred" frol11 the confluence \\ ith h k Creek to the Utah High\\ a) 10 
bridgt', 

I\'ie Creek anG its tributaries frolll the contluence \\ ith i\lucld\ Cree" to Utah 
High\\a} 10, 

i\ludd) Creek frolll the confluence" ith the freillont Ri\er to Quitchupah Creek 
contluence, 

llistoric 1110nitorillg Qfthese \\ater bodies indicates that TDS concentrations in the upper areas of 
the j\'!ucld) Creek \\atershed are belo\\ the 1.200 mg!1 criteriol1 and are considered to be in full 
suppoi'! of beneficial uses, Much of the upper Mudd) Creek "atel'shed is comprised of lands 
administered b) the ML]'.;F. The average TOS concentration reported in the TMDL for 
Quitchupah Cree" abO\e the MLNf boundary \\as 675 III giL , basecl on 10 samples (Utah DWQ 
200..J) collected during 1997-98, SLJFCO monitoring data near this location has a mean of 663 
during the S,ll1le tillle period (based on 6 (l\ 'ailable sal1lples) and a 20-) car mean of 682 mg!1 TDS 
during 1993-2012 (based on 53 samples) (DOGM 2013a), The mid-to-Io\\er portions of the 
\\atershed are a mixturc of urban ancl agricultural land uses, i'vleasured TDS concentrations in 
these areas consistentl) exceed the 1.200 mg.'1 criterion, Some of the knO\\n sources of TDS in 
thc Mudd) Creek \\atershcd include land areas \\here the Mancos Shale and Blac"ha\\k 
fOl'l1lation s are exposed to erosion processes ,lIld are in contact \\ith surface \\ater bodies, Other 
sources \\ere noted to inclue!e agricullLJral and urban land usc ane! some coal mining, Instream 
TDS concentrations \\ere absence! to be highest during period~ of 10\\ flo\\ \\hen gl'Ound \Iater 
and irrigation return 110\\5 \\ ith ele\ at cd TDS concentrations prO\ ide the main source of \I ater to 
streams and canals, 

Pollutant loads \\cre calculated for point and non-point sou rces of pollution in the 1'\1udd) Creek 
\\ atershed, [Joint source poll ution \\ as ckterl1l i ned to contribute 3,595 tons ') ear or rough I) 7 
percent of e.\isting loads \\ hill' non-point sourccs contributed 50,767 tons i ) car or appro.\imatel) 
93 percent of TDS load~ in the \\Cltershecl , Dischmge fmlll the Sl :r:CO mine outt811 \\ ,b 
determ iiled t,) cOlltrihute 2,500 ton:; i) cal' 01' Clppru'\i1ll3tcl) 70 percellt or point source loading., In 
order to meet tlk' '1 DS critel'ion or 1,200 mg!1 in the i\ludd) Creek \latt'rshed, pollutant loads 
from non-point s()urce~ \\Quld need to be reduced b) 86 percent. ~o reductions from point 
SOUl'Ce load,; \Iere recoll1lllended, As a resul t of the Ti\lDL site spt'cific sli:lnclal'cls are currelltl) 
in place for the impaired segments li~tcd (lbo\ e, flo\\c\ el'. the TDS stanclard fa I' 1'\1L1dd.\ Cree~ 
upstrealll of Utah f1igh\lll: 10 Clnd Quitchupah Cred abO\e the \lLNF boulldar, remains at 
1,200 mg..' !. I ~ i 
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The i\ludd) Creek \\'akr ReSOUITes technical repon (Cirrus 200'+3) SUlll1ll31-izes the 200 I -200-1 
data collection effort completed to assess subsidence impacts on \\ater resources in the i\ludd) 
Creek and Quitchupah Creek drainages. i\kasurements oftlo\\ anci \\ater qualit) \\ere collected 
from all springs and selected stream segments in the anal) sis area during the spring and fall 
season. Additional measurements \\ere collected on a quarterl) basis from selected spring and 
stream Illonitoring sites. The !lumber and t) pe of measurements \Iere defined b) the f\IL!\F and 
the Utah Oi\ ision of Oil Gas and i\lining (OOG\IJ. All delta collected as a result of this etTOI't 
lIas uploaded to the DOG\l online 1ll011itoring databJse. The technical report identified 
subsidence illlpacts 011 \\ater resoun:es under t\\O mining scenarios. A detaikd recol-d of all dat" 
used in the technical repon is compiled in Appendi\: I to the i\ludd) Creek \\'ater Resources 
technical repol"! (Cin-us 200'+b). 

SUFCO has been required to Illonitor stream and spring monitoring sites in and adjacent to the 
Greens Holloll tract as part of the OOCJ\l perillitting process (DOG\12013a)_ SlJFCO 
monitoring sites applicable to this rroject include three stream and si.'\ spring locations_ 
i'vlonitoring of 1\\0 sites on Quitchupah Creek began in 198:2. Stream monitoring at one location 
on Greens 110110\\ and si" spring sites cOlnmenced in 2006 \\hen the SITLA Coal Lease Tract 
\\as added. SLJFCO is continuing to monitor each of the three stream and si\: spring. sites. All 
Illonitoring delta collected fmlll these sites \\as re\ ic\\ed as pan of this assessillent. 

Geologic contact lines in the analysis area \\er,.: assessed during field sune)s completed in 2008 
to determine the nature of the Castlegate Sandstone/Price Ri\ er contact and to estimate ph) sical 
properties of material directl) o\erlilying this formation (Anderson 2008a). Field obserl'ations 
ind icated that stream channel segillellts in Greens H 0110\\ and COlI bo) Creek located on 
Castlega!.: Sandstone \\ ere primari Iy comrrised of consol idated fine-textured material and 
estimated to contain 90% cia). Channel segillents of North fork Quitchupah Creek that occurred 
on Castlegate Sandstolle \\ ere com prised of lInconsol idated deposits that varied from cia) -rich. 
\\ell stratified Illaterial to ) oung alluvium containing a matrix of cia) \\ ith sand. and pebble
boulder sized clasts (l11ostl) Ii Illestonc \\ ith minor sandstone). Additional geologic in fo rill at ion 
\las obtained through an e\aluation of e.'\ploratoJ") drill-hole data (Anderson 2008b). This 
assessment defined the structural posilioll of the top of the Castlegate Sandstone as \\ell as the 
lithologic content of the stratigraphic intcr\al 50 feet directl) abO\e this forillation. Data records 
\\cre prO\ided b) the SLJFCO mine for approxilllatel) 20 exploratol) drill-hole logs in the 
anal) sio; area incluciing both geoph) sical unci sample recordillgs. Re~ults or the stud) produced 
structural ck~\ ation contours at 20 fool inter\ als ,lIld al so indicated that rock in the 50 fool 
intcnal abo\e Ca~tlegatl' Sand~tone contained all mcrage of 7.+ percent silt!lllucbtone and 26 
perCell! sandstune. 

E" . 
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2.4 DESCRIPTION OF INVENTORIES AND DATA 
COLLECTED BY THE CONSULTANT 

Stll-face and ground \\aler resources in the Greens Hollem tract area \\cre Illonitol-ed 0) Cin-lis 
during 200!-2004_ All flo\\ and \\ater qualit) measurements collected during lhis time adhered 
to U J <lnd EPf\ standards ill lulling collection pncedul'e . . sample ho ld times. laborator) 
ccnilicatiol1_ ,Ill ! kaning. and I1winlcl1<1nce of field equipm ill. All "at ' r qua lit) sampling 
pr cecillrc.- \\ re guided b: inforillatioll obtained from the Natioml l Fie ld ~!anu[ll for the 
Collection or WaleI' QlI' IiI) Dat[l (li. G 2003). recolllillendations from USGS scientists in Salt 
l.ake City and \\ater chemistl") specialists employed at EPA-certiliecllaboratories _ All laooratol") 
samples \\-ere stored on ice immediately after they \\ere collected and delivered to an EPA 
certilied laboratol") located in Huntington. Utah or Salt l.ake Cit). Utah \I ithin the allotted 
holding period associated "ilh the parameters being tested_ All \later qualit) samples tested for 
dissolved metals \lcrc \acllum-filtered in the field through a OA5 pill cellulose-nitrate filter. The 
measurement devices lIsed during field measurements of nO\\ [Inc! \\atcr qualit) included the 
follO\\ ing instruments: 

Dischargc measurcmenh 
Price AA current meter 
p) gm) currcnt meier 
Ba:;ki eight inch cutlhroat flume 
\ 'Itdified Par..,hnll !luillC \Iith threc inch tlirclal (R,lIlt? 1982) 
p\, . pip ,· (thrc~ inch dialllckr) anci bud:et 

\\ 'aler qual it) Illcasurelllenb 

f:.\ . 
". ~ 
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Y: 163 (temperature_ pl1. cOllciucti\ it) - sa linit) ) r~ i l/ 't":, ,~ 
1 · ''' 1 ~.:' (lCllll'\!l"atul"e. di:)snhell ( . ~gCJl iilI11g.'1 Hnd pcl '(Clll ::-,a"fL',I\id6jd· ... :1j ' .. 1", L~ 
l. il\l nlk [ul'!,idiml.'ter (tlil-biC\it) ill ntu) 
Global \\ ,ller \\'()770 turbidill1('kr (turbiliit) in ntu) 

C,liibratioll or these ~en~ol'~ l(l traceable 5tandard~ oCCUlTed at recolllmcncied illtcn al~ throughuut 
the monitoring. rerioiJ_ Calihration d,lta during. 20() 1-2{JO-~ i~ included in the project I-ecord 
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aCCOlllpan) ing the i\ludd) Creek \\'akr Resources t<.?chnical report. A description is pro\ ided 
bel 011 of the \Iork completed to collect \Iater resource data in the anal)sis al·ea. 

2.4.1 GROV~D WATER AQeIFERS 

Field information on the location and c:-;tC'nt of ground Ilater discharge points (springs) in the 
Greens Holloll tract II as collected duri ng the earl) 200 I spring season as part of the spring and 
seep sun C) associated \\ ith the i\ ludd) Creek Tract area. The initial spring CO\ erage II as add<-d 
to in subsequellt )e,u's as more inforllHltion \\a~ obtained identit)ing ne\\ points of ground I\ater 
discharge. The majmit) of spring monitoring lIas limi!cd to 2001-200-1. SUFCO has continued 
to monitor a select number of springs and stream locations in th<- Greens HoIIO\\ tract since that 
time. The geologic formation associated II ith each spring lIas determined from a geologic map 
completed b) Anderson (200-1). This map also contains structural geologic profiles for the Tract 
area. fence diagrams based on information obtained fwm e:-;plorator) drilling. and mapped 
allu\ ial deposits (Anderson 200-1). Some information defining the piezometric surface in the 
anal)sis area \Ias obtained from e:-;plorator) \\ells completed b) prilate mining companies. 
Additional information defining the timing of recharge to aquifers lias obtained from stable 
isotope measurements collected at points of ground I\ater discharge (springs). A detailed 
discussion of aquifer properties associated \\ ith the geologic la) ers that underJa) the analysis area 
is included in Section 3. 1.1 Ground \later Aquifers and Springs. 

2.4.2 \VELLS 

The effol1 to identi(\ \\ells in the anal)sis area included a search of gOlel"llment databases 
including the OOGM \1 ell information database. Utah OWRi Ilater rights database (including the 
I\cll information program and natcr rights database). and the USGS NWIS online database. This 
search failed to identif) \\ell monitoring sites. including lIater production \\eJ/s in the anal)sis 
area . A revie\1 of monitoring data collected from Ilelis adjacent to the anal) sis area indicated 
that measurements II ere limited to lIater level. \Vater qualit) parametcrs I\cre not measured clue 
to the fact that Illaterial surrounding the I\ell borehole had not been deleloped (similar to a 
culinar) lIell) and \I ere contaminated frol11 drilling fluids. 

2.4.3 SPRI~GS A~D SEEPS 

;\ SlIflC) of cxisting \\ater kature~ I\(b cone/uckd in the anal)sis area to idelltiJ) springs alld 
seeps 1\ ith measurable flOII. The initial field sun e) of springs in the Greens Hollol\ trilct 1\ a~ 
cOll1pleted in the sUlllmer of 200 I as pilrt of the \I ark effort associated 1\ ith the f'vludd) Creek 
Tract assessment. Prior to conduct ing the sun e). the iI:l udd) Creek Tract \1 as subd i \ ie/eel into 
priorit) al'eas 011 the ba:;is for the potential for subsidence fl"Olll mining acti\ ities to impilCt a 
spring or surface I\atcr bod) (Figure 2). These areas Ilcre used to guie/e field effoI1<;. resulting ill 
alTtlS of higher priorit) being illlentoriecl before lo\\er pl'iorit) areas. JIOI\e\(~r all areas hah' 
been illl entoried for the presence of spr·il1g.~ and seeps 1\ itll ll1easLlrabk floll. 

r he are,l-; nJ" iligi1e,t prioril:' (1)I·il)l·it.1 I) illclucbl ~lil 1\)Lati(lll~ ill the :-'Iudd: Creef- -r raet II, ilh 1,,\\ 
lllerbLirckn cUlcr (1, shO\\n in Figure~. r)liorit) 2 mC,h illcluded all locations in tile Tract II here 
the o\CrbUrlkll Clllel' I\(b at /ca~t -I(JO feel. \\hich is suflieicilt to rcciuce 5ubqantia! impach or 
subsidence. Priori!) 3 al'ea~ al'c loulled stl'atigl'aphic,dl) abOl e Priorit) :] mea~ alld CilCOInpaS5 
the rel11aill(kr of the all,li) sis area. ;\ single spring I\ith measurable flclII (;"\.'_SP87) lias IpCilled 
ill the Priol'il) I mea. /\ /I spl'il1g~ 1\ illl l1leaslll"ahle nOli loemed illside the Tract boundar;. ~· lh the 
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PI'iorit) :2 areCl Ilere selected for baseline monitoring. Di scharge rates ailli location \\ ere used to 
pl'ioriti ze the spl'in g~ retained for Illonitorillg in the Priol'it) 3 buffe r area. 

Additionai information on springs and seeps lIas obtained 1'1"0111 range allotment fil es for the 
E lller~ an d Ferron all otments. an d rec olll mendatio!1 s pro\ ided b) grazing permitees. All springs 
found during the ini tial fi~ ld_effoLt \\ eLe_c h ~·ck.e.(lagainsUh is infol'mat.iGIl aml-·sff~ ngs thHt-hfltf !let 
been pre' \ iOllsl) identified I\ere located and assessed for lll easLlrClble fl o\l . 

,\II spring iLlcalions \\ el'e clefilled II ith a TriJl1bl e GeoE:xplOl"el"3 Cil)S Llnit aCCllI"<lle to +/- 2 l11ek l'~ 

in the hori zontnl plane . A digital ph oto II as taken of the spring 01' seep for descriptih' I'llrp03<:' ) . 
A report including a date-stamped digital photo. probClbl e so urce and appal'ent use of each spring 
is included in CilTUS (200'+b) . Field measurements I\ere al so taken at each locati on including 
tloll (gplll). lI atel' temrerature (OC) . pH. concill r til'it) (U!11 i1c.s'c m). 8:1d s ~1!i ll i t :, (p pt) . Fk.·,\ 
llleaSmelllents lIere collected fl"Olll springs using a pipe and bucket. and Ilere t~ pica ll:- measured 
three times from eac h spring in order to get an3\erage flon value. 

Illformation from the initial field effort lias submitted to the rvlLNF during the sLimme r 01'2001 
fOl" re\"ie\\ and selection of springs for intensive I\ater quality measurements dUI'ing the spring 
and fall season s. including eight springs that \Iel'e located in the Green s Holl o\\ tract. Additional 
\\ ater samples collected du ring fall 200 I (base nOlI) from the eight spring monitoring sites II ere 
measured for 3H. deuterium (1-1). OX) gen-18 ( ;0). and carbon-I.:! (C l\ In Jul) of200:2. DOGi\! 
req uestecl that ndd i t i Olla! parRill deI'S be 1l1cat;ured 0 11 a q uarterl ) bas is at sp ri ng mon i tori ng sites 
preriousl) sckckd by the i'vILNF for laboratol) testing. Quarterl) monitoring. of thl..' ei ght 
spring.s contin ul: I from th at time through 200'+. All springs lIith measurable tlo\\ in the Mudd) 
Cred o Tract ana lysis area lIere monitored ror nOlI and field lIater quality parameters during the 
spring and fa ll seasons from fall 2001 through spring 200'+. SUFCO has continued to collect fi eld 
measurements since that time from five o f the eight springs selected for intensive measurement. 
The geographic locations of all springs in and immediatel) adjacent to the Greens 1-10110\\ tract 
that support mca -urable tlO\1 are includ ed in Figure 4. A definition and discussi on of spring 
\ <1lu!! is pre::;enkd bcloll in Secti on 3 . 1.1 .8 Ground \Vater SUlllmary. The results of all flOlI and 
II Ht!! r quality III asurcmcnts collectcd frolll springs identified in the anal)si s al·ea. including the 
SUFCO monitoring dat<l. can be fOllnd in Cirrus (200'+b). 

: c l er,,1 spri ngs \\ ere illStrumctllcd fo r meas urement of continuolls flcm includillg one spring 
(i\ I_ ' P02) thm i:-. located in til e (j rcc ns 11 011 01\ tract boundar). These spl'ings II erc select ed 
10 /1 0\\ ing di cLI . s iollS II ith i\11. Ir pcrsonncl and incii\ idual ::; from the Em er) \Va tel' Con ::;el"l an c) 
District (E\\ 'CD) . Folilm ing apprO\ al b) th e i\I U\F. membcrs of thl..' E\\ 'CD installed tlln inch 
inline \ ork:x tlol\m eters capable of measul'ing continuous floll (gpm) at the se lec ted spl'ing sites 
during the slimmer of 2002. Flo\l sensol's \Ie re accessed llsing remok klcllletr~ and providcd 
30-minute (l\ C ragl~ s of fl OlI readings co!lected at fi \ c-miillite intcnal :; flll ill eac h spl· ing. Som e 
c1iffi cult) lias enc ountered in maintaining a continuo us fl oll record for each spring as se nso rs 
Il ouid be periodical!) di sturbed b) caltielll l..' n. li\estoc k and \l ilc1liiC lI ~ ing the area for grazing 
and II atcring PUI·poses . ,\I a inlenance of spl'ing nelll monitoring loc ati ons II a~ di sco llt illut'd a fh~I ' 

2()()+ cl ue to l an d,lli sll1 nrll1 0ll ilori llg equ ipm ent. 

Probah le SOll l"C (, Mca 10 1- each sl'l'ing 0 1' g l"llup of sp ril1 g~ Il.a.'; dl..'lerilli ll cli fro m ,1 combi nat ion of 
Ill ca:i lll'cd field el ata. lahmator) ana ly si;; or \Iatel' qllali t) salll pk s. and ala ilablc mapping 
information . Potcllti,ll illj!lIh inclllckd geo log). tnpograph) . fi e ld obscnaliolh spring tl Ul\ ratcs. 
Ila ter Cl ll <lli t) paral1l elt'rs. ami i ~ otopi c 3Ila l) si..; . i\earb) s pring~ II crt' grouped together II hell theil' 
probabk source areas 01 crl appccl substanti a II ) . ~ Ia n) or th.: sJirin g~ aprcar to be topograph ica! 1.1 

co ntro ll ed 1\ ith fai rl :- locali Zl..' cI somcl..' a:·ca<; . 13 ased 011 [It I.' spring tl OI\ rak s an e! II ale l' lju alit:-
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param('t('rs, an esti mal.:' \\ as Illade of ho\\ far the probable source area e~tended upgrad ient abO\ e 
the point of discharge, 

2.4.4 STREA'IS 

A total of 10 stream monitoring sites \\ere established in and adjacent to the Greens Hollo\\ tract. 
The main stem of i\ludd) Creel-.: \\as not considered for collection of field data under this project. 
S UFCO establ ished stream monitori ng sites i n 198~ at t\\ 0 locations on 1'\ol1h ForI-.: Qu itch upah 
CreeI-.:, i\! on itoring has continued at these locations on a quartel'l) basis since that time. The 
initial effort to identi0 stream monitoring locations in the Gl'eens Hollo\\ , Co\\bo) CreeI-.:, and 
Greens Canyon area \\as based upon GIS stream cmerage obtained from the i\!Ll\:F. ;\ total of 
si" si tes \\ ere selected for monitoring including fom sites \\ ith continuous flO\\ sensors and t\\ 0 

nOll-instrumented sites. An effon "as made to select monitor locations that appeal'ed to SUppOl't 
perennial flo\\ and \\'e re free of debris jams or banI-.: sloughing. Other factors that "ere 
considered included channel featul'i:?s such as near-\ ertical. confining channel banl-.:s and linear 
channel segments \\ ith high amounts of riftles and fe" meanders or pools . Flo\\ sensors \\ere 
installed in June 200~ follo\\ ing a field \ isit \\ ith MLl\:F personnel. Monitoring of the t\\ 0 non
instrumented sites began at this time as \\ell. In Jul) of 200~. DOG\I requested that t\\O 
additional stream channel locations be instrumented for continuous flo\\ . These sites \\ ere 
established in August 2002. The geographic locations of all 10 stream monitoring sites 
considered in this report are included in Figure I . 

Continuous tlo\\ measurements \\ere collected \\ith ;\quaRod \\ater depth sensors that measured 
\\ater level in a stilling \\elliocated adjacent to the stream channel. Data \\ere do\\nloaded from 
each sensor at appro~imatel) 6 \\eel-.: intervals throughout the season. At the end of the field 
season, all data \\ere removed from the datalogger in each sensor. providing approximately 6 
months of data storage for \\ater measurements collected during the \\ inter months. 1'\e\\ lithiulll 
batteries \\ere also installed in each sensor at the end of the field season. 

The relationship bet\\een \\ater le\'el (stage) measured b) AquaRod sensors and stream discharge 
is defined \\ ith a stage discharge cur\e. This curve \\as defined \\ ith manual readings of strealll 
discharge collected during a range of flo\\s. The method used to measure strealll discharge \\as 
dependent upon the flo\\ rate occurring. ill the stream channel during the field visit. An effort \\ a3 
made to obtain high-flm\ readings during the earl) spring season in order to provide a mOI'e 
accurate stage-discharge cun e. Due to the restricted access produced b) sno\\ depth, sno\\ melt, 
and high soil moisture le\els in Greens ('al1) on. the I(mer portion or CO\\,bo) Creek. and the 
mine tract al'ea in geneml. streamflm\ mea:o;un~menb could not be made until the latter part or 
April through mid-'!a), As ,1 result. the nUlllber of high flo\\ readings is limited for some sites. 
Slream monitoring site~ instrumented \\ ith AquaRod sensors \\ ere \ isuall) monitmeci for 
significant changes throughout the extent of the monitoring pel'ioe! to iclcnti(\ an) changes in 
channel shape that "ould influence the stage-discharge relationship . No changes of thi s nature 
\\ere obscned at an) stream monitoring sitc during the life of the project. A complelc listing ot' 
all data used to dc\ clop stage-discharge curH'S is included in CilTus (2()O-lb), 

\\ akr qLlalit~ Illca ~ lIreilienb \\ere collected fl'Ull1 (~()(12-~1)()-l) at the si.\ ilblillill ented stl'eaill 
lllonit()I'ing Si ll';; fOllr tillle s during the )e<lt· including ea:-l) 5pring a~ 500 11 ,b the site \\a~ 

accc:o;sible, late spring /earl) SUlllmel', mid-sulllmel', and fall. The t\\O nOI1-instrutnelltccl stream 
sites ami the l\\O st ream location ~ maintained b,\ SUFCO \i ere ll1oniton:c1 on a qu arte r!) basi~. 

r\S a result. meaSU l'e lllen h at these sites \\ ere t) picall> collected onl) three tillles per:. ear a, 
acl\crse condition;; prohibited access dUI'ing the \\ illter quarter. i\ complete listing of all \\atel' 
qualit:- data collected at stream monitoring. sites during the ;-.,.·Iudd) Creel-.: Tract SUI'\C) (200 I-

Ii' 
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200-1) is included in Cirrus (200-lb). SUFCO has continued to \ isit Olle of the original si.\ 
instnlll1ellkd monitoring silL'~ on a quartcl"i~ basis a.s \\ell as the 1\\0 olh"r stream locations the) 
maintain (DOG\I 2013a). 

A longitudinal profile SUI'\e) lIas completed Oil all of Greens Can~on. and portions ofCo\\bo~ 
Creek. and GI'eens Hoilo\\ that \\ere either perennial in nature or maintained pel'cnniall) 
functiuning- ri-pari-mr \Tegetatio~S-treal1l-chaTln<'l -ele\ationand di -wnce measurements \\ ere 
obtailled \\ ith a TOPCO'\; towl station and recorckd \\ ith a Trimble clatalogger. Sun e:-, points 
\\el\' t) pica") Illeasul'ed in the channel thab\eg and usual I) separated b) di stances no greater 
than 150 feet. Occasional I) this distancc \1 as c"ceeded due 10 vegetatioll or topograph) 
interfering \\ itl: the line of sight needed to comrkk a Illc-'buremCIll. Additional efi()rts I\ere 
made to SUI-Ie) channel ele\ation at the top ,1Ilel botlolll of e:-.:tl'ell1e changes in channel gradient 
such as \\aterfalls or large debris jams. Foillming: the SUI'\e). all Illeasurl.'mcnts \\ere 
~j0"'\ nlc,~\.~cd to d C .. -\D \ ie\\ illt;. progrLun and 11112 raise X. ,. 8nd L~ courciillalt:s Hssociatcd \\ irh th~ 
OI'iginal sune) IIcre trallsfelTed to actual UT1'vl1\AD 1927 coordinates. Differences ill horizontal 
and \ enical coordinates \\ ere used to detcrmille channel slope. All data associated \\ ith the 
longitudinal profilt' surve) is included in Cirrus (200-lb). 

A gain-loss stud) \\as conducteci on perennial strealll segments or Greens Hollo\\. Co\\'bo) 
Creek, and Greens Can) 011 during baseline (fall) conditions. During the gain-loss sun·e). fl(m 
and \\ater qualit) measuremcnts \\CIT taken at the Illainstem of Greens HoIIO\\ and a flo\\ ing 
tribut(1) to the stream, located near the head\\ater area . Flo\\ in this (ributa;·) \\as supported b) 

discharge fl'Olll I\.-tSPO-l. I\.-I_SP05. and M_SP06 ane! \\as the onl) flo\\ ing tributal") present 
during base flo\l conc1itiol)s, rlO\\ belo\\ this point continucci in the main skm of Greens HoIIO\\ 
to a point appro:-.:imately 0.5 miles above the confluence \\ ith Co\\b(~ Creek, No tlO\\il12 
tl'ibularies \\ elT identified along Co\\bo) Creek or ill Greens Call~ on. Additional flo\\ 
measurements \\ ere col lected at the establ ished stream monitoring sites inc Iud ing M_ STR6. 
rvl_STR4. anci f\1 _STR3. All measurements \\ere taken \lithin a 24-hour tillle period. Streallltlo\\ 
\\ as measurcd b) routing all tl(m through a three inch PVC pipe ancillleasuring the flO\\ rate \\ ith 
a bucket and StOpll atch. \\'akr qualit) samples \\ ere collected on the main stelll anci flo\\ ing. 
tribUlal,) appro:-.:illlately 25 feet above the point of cOlltlucllce. A sccond gain-loss stud) lIas 
scheduled for these same stream reaches dUI'ing 2002. 1 10\\ ('vel·. continued drought conditions 
during 2002 produced streamtlo\\s that "ere significant I) less than those obsened during 200 I. 
In order to obtain a greater range of measureci tlo\\s. tile study \\as rescheduled for 2003. 
Dl'Oug.ht cOllditions continued throughout Illuch of 200] resulting in no 110\\ ing tributmies to the 
l11ainstl-Cal1l challileis Illea;;ured during 200 I. As a result. n gain-loss sun e) ciuring 2003 \\ as not 
possible. 

;\11 streal1lS Illaintalnlng pel'ennial nO\1 in the anal)si~ area \\ere Illapped ciuring b3selint' (t~1I1 

~ea.~ull) l:Olldilion5 in 200 i thmugh 2003. Locations \\ here tlO\I started and stopped 1\ ere 
l1leasul'cd using (ii'S tecilnolog) 01' marked on 1:2-1.000 sc(llc USCiS quad Illaps. Due to 
continued dl'ought conditiun~ ciuring the pl"Ojecl. the e.\.!ent of perennial tlcm obsCI'\ eel ciming fall 
of2001 \Ias greatel' tl13,11 during an) foIIO\\illg)cm. As a re~ult. this cOlerage lIas used for the 
,bse';SIllClll of impacb on pel\~llIlia! stream s, Although no substanti 'll Ch'lllgCS \'.el'e oh~cr\cd ill 
the "',,tellt 01- PCI'Clll1i ,ll 110\\ betll een 200 I through 2(J(J3, SC\ eral 51re;11)1 ch,lIlnel,; that \Iere noted 
tll be clmtinuolhl) nOlI illg in fall lOU I becaml.' illtcmlittcllt ill fall 21lCJ2 and fall 2D()3 1\ ith SOIllC 
segments dr)ing up completel). The e,tent of perennial flol\ during fall 2001 is silc)\\n in Fig.LlI'<? 
-f. 

r\ I'e\ ie\'. 01' hi 5toric precipitatioll alld !itrt?ClIll !lU'.1 data prO\ ili~Blsollie jlersPecti\ e I'. itll 1"i.'~'II'cI~ to 
clilllate pattcm..; that occLir in the anal~ si" ai-ca. Allnual precipitation tutal s recorded al se\eral 

201~ 
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nt'arb:- Sno\\ pack Telemetr) (S\:OTEL) stations including Buck Flat and Seel) Creek, indicate 
that \\akr :-ear 200] \\as \\ell belo\\ the historic (1980-2013) total (USDA-l\RCS 2013) and 
\\ater \ears 2001 and 2003 \\ere onh slighth belo\\ 8\erage. A\erage annllal flo\\s during 2001-. . ' '- - ............ '-

2004 for r-..ludd:- Creek near Emer), Ut "ere all belo\\ the historic (1952-:~012) annual a\erage 
flo\\ of 37.5 cfs (USGS 2013). Annual 3\erage streamflo\\ during the 200 I \\ater) ear \\3S 33.2 
cfs or appro:-.:illlatel) I I pel'Cent 100\er than the historic a\erage. 

2.4.5 FLOODPLH\S A,\D ALUYIAL \' ALLEYS 

Tile presence of floodplain:; and allu\ ial \ aile) s adjacent to proposed surface facilitie:i located in 
the anal) sis area \\ere identified from a cOll1bination of field reconnaissance and re\ ie\\ of 
e:-;isting ll1apping information. Maps prepared b) the Office of Surface r-..lining and Reclamation 
\\ere rt?\ie\\ed in order to determine the presence of allll\ial \alle) floors in the anal)sis area. 
Additional information \\as obtained frolll DOG\I pertaining to the amount and volume of\\ater 
contained b) unconsolidated allLl\ ial deposits located in the anal) sis area drainages, including 
Mudd) Creek and ~ol'lh Fork Quitchllpah Creek. 

2.4.6 RESERVOIRS AND PO'\DS 

The etTol1 to identif) reservoirs and ponds in the anal) sis area included a revie\\ of USGS 7.5 
minute topographical ll1aps, aerial photographs, range allotl11ent infcJI'Il1ation, rvlLNF GIS 
CO\ erages, and consultation \\ ith MLNf rangeland resource specialists. No reservoirs \\ ere 
icienti fied in the anal) sis area. Ponds \\ ere subsequentl;, field-veri fied d uri ng 2001-2003. 

In Jul) of 2002, DOGM requested a field inventor) of all ponds in and adjacent to the anal) sis 
area. During the field reconnaissance effort. the location of both natural ponds and stock ponds 
(i.e. constructed ponds) \\ere measured using: a Trimble GeoExpiorer3 GPS unit that is accurate 
to +/- 2 meters in the horizontal plane. Several physical parameters \\ere also measured or 
estimated for each pond including slII'face al'e8, presence of \\ater, source of \\ater. and l11a:-.:imul1l 
depth capacity. Field reconnaissance information \\as compiled into a report anci submitted to 
DOGi\l for revicII. A subset of ponds \\ ere then selectecl for quarterl,\ mon itoring: or \\ atcl' depth 
including: three stock poncLs in or immediatel) adjacent to the Greens Hollo\\ tract. i\la:-.:imum 
\\ater depth \\as first deterl1lined b) measuring the \ertical distance from a benchmark placed 
ncar the discharge channel or each pond. to the lones! point in the impoundment. In order to do 
this . a horizontal plane \\(I:; established b) stretching a le\ elecl string froJl1 the benchl11ark to a 
location direct!) abO\e the lo\\cst point in the poncL and measuring the \ertical diflcrence. 
Subsequcnt llleaSUI'emcnts \\ el'e l1lade on a quarterl) [xlsis b) completing the same process. 
Additional infOl'lllation on the location of ponels outside of the Tract bOllnelar~ \\ as obt8ined fl'Oll1 
!\lLNf range allotment tilcs for the Ferron and fmel') grazing allotments. All data collected 
rl'Olll ponds is pro\ ided in Cirrus (2004b). 

2.4.7 \VATEH RIGHTS 

\\ 'ater I'ights a~~ociatcd \Iith SI11'illg:; ami qrealll, in IIl ,~ al1~l!:,si, mc,] \\CI';.' idenliti ,:d lhillg \\at::t' 
righh tik~, h)dr()graphic sur\\:) maps, ami CilS illforll1alillll obtained froll1 Utah D\\,Ri. 
[)i,cll;;~ion \\ itll Utah D\\ Ri speciali.;1S illdicat;.'Li that GIS 10cati(1ll~ 01' \\aler I'ighh \Iere I) picall) 
eslilllatcd [Illd \\oule! likel) IlOt corresponcl pl'ccisel) \Iith (IPS locations oj' I\aler features. 
i\e1c1ilional inforillation \\Cb obtained fl'ol11 h) Jrographic SUf'\C) maps regarding the geogrClphic 
location,; of \\ ater rights. A cOll1prelll'nsi\ e a"sc~sl11('nt of all I'. 8ler righb in Ihe emal) sis al'ea \\ as 
compleled lIsing (ir)S lucations of springs. h)drographic SUI'\e) maps. al1d (jIS inforillation to 
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dderillin e potenti al \\ater rights assoc iated \\ ith identified \\ ate r features. A complete li sting of 
all \\at<.'r rights and their associated \\ater features identified duri ng th e ivludd) Creek Tract fi eld 
surl e) is contailled in Cirru5 (200~b ) . A more recenl reI ie\\ of all \\ atel' ri ghts in the l11illing 
anal)sis area bULIlldar) identified additional pel'fected or appro\ed \\akr rights acquired on 
srrings and streams during the past I 0 ~ eal·s. These ad diti onal \\ ater rights included 28 held b) 
the U.S. FmC'st Sen ice and I additional \\ ater right hel d b) Can) on Fuel C.ompan~ -(.Cirrus 20 1.4). 
Additional di scuss ion of e\:i stillg \Iakr rights in the mining amli) si s al'ea is included belol\ in 
Section 3.1.3 . 

2.4.8 DRL\"l<.I\"G \YATER SOl.~ RC[ AHEAS 

i\lap CO\'erage of drinking lInter source are35. including protection zolles for surface and ground 
\\akr sources. as \\ell as point::; ofciilt'l"-;inn \ \('1' ,' 0Dt2!!!1ed f!'O!~ l th e L!(Jh DO\'.' . A lth \.1U:;h !1!cln) 
or these areas \\ ere located at nearb) locations outside of th e <lIl a l) s is area. it \\ 35 determined 
these sh ould be addressed due to the potential for indil'ect impacts to occur. Additional 
informati on on drin~ing \\ater source areas \\as obtained through di scussions \\ith surface and 
ground I\ater reso urce specialists at the Utah DOW. A complete listing of all drin~ing \\ater 
so urce areas and their respccti\ e protection Wiles is contained in Cirrus (200-lb). iYIl1re recent 
discussions \\ ith the Utah DOW hale confirmed lhese source areas and protecti on zones ha\(> not 
changed since th e ""ludd) Creek Tract sun'e) \\as finished (Jensen 2013). 

3.0 RESULTS AND DISCUSSION 
This section of the technical report describes surface anci ground \\ ater reso urces in the an31) sis 
area (Section 3.1) and then deterillines potenti al effects of the conccptualilline operation 011 these 
resomccs (Section 3.2 ). Th e source of data u ~c d to describe c\:isting \\ater resources lIas 
described in det (l il in Section ~ 2.2. 2.3. and 2.4. A description of the altcrnali\es that define 
conceptualllline operations is included in Section 1.3. 

3.1 DESCRIPTION OF THE AFFECTED ENVIRONMENT 

The GI'eens 110110\\ tract cOlllpri ses an mea of about 10 squarc miles located in the southern 
,, 'asatch Coal held. appl"O\illlatel) 60 miles southl\est of Price. Utah. ancl about 6 Illile ~ 

nOI·th\\csl of Enl cl·). Utah. Thc anal)sis arca is 17.2 square miles including the Greens 110110\\ 
tnlct ami a 900 foot buffer zonc surrounding the tract (Figure 2). Fle\ ations 1\ ithin the anal) si :; 
area range ["rolll appro\:i lll atel) 7.400 feet near i\ludcl) Cree~ on thc ca~ t to about 9.700 feet on 
the east fl ank { r Whi le i\ l lulllain, kent;!,' nn til.: \ \,;:" t :.idc \ f rile <!I 1.d,1 si:- area. " hl: I\\ u I rill1 a r~ 

. 11'..:.1111 , dl':Jill ing Ihi ' arca (11" ' i\( udd~ " 'I!k a l l I I'mtll hn" )UilCilu rclil l'rt.!\;L Th~ l\ llI tld~ 

' rl>~" 'HIler h..:d ;1\1 \ lISG." Slal i( 11 093 ' 0:'00. i\ludd) Crcek Ilear Flllcr.\. Lilah. i) 
appro \: illlalc l) lO S square miles. 1 he I\orth Fork Quitchupah Crce"- \\atershed abm e th e SUFCO 
\lill(~ mon itoring. stati on O-l::! is appl"(l\imatcl:- 2~ square Illik". ApI11"O.\illlatel: 10.8 sqll ,lr~ Illile s 
163 Ilc rl'~ nl) of tll C an :!!: ,i, UI"l.'a i.:; containc,! in til c \Iudd: C rc(' ~ ciraillag.e and 0.-1 SLjLli1(C mile., 
137 I'crcc'llt) are found il1 the '\ul"l l1 h lJl QuilLhujlah Crcc~ cirainage. 

\\ 'ater reso urce" ill til e all a l,l sis ,U'C,\ incluck spring~. st l·eams. anci pOilCl" that arc 111'immil ) u"eci 
li)r II ilcllife ami stoc"- \\ akring. purpos cs. Th el'c ar,-, 110 I'cgi stel'cd \\atcr suppl: \\cll::; ill th e 
,lila I: si" area alld groulld \". atcr i'i (111) u)cd at the poillt of surface dischmge at spring" alld secps. 
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\\'atc?r )ield from upper \latc?rshc?ds. including the' anal) sis area. pro\ides 11105t of the dOl11estic 
and agl'icultural II atc?r needs for the 10\1 el' \ aile). 

3.1.1 GROUl\D WATER AQUIFERS Al\D SPRI.'\GS 

The ground II ater basel i ne assessillent pro\ ides a descri ption of pre-Ill i ne cond itions for each 
II ater-bearing. stratum. including the coal seam. and an) potentiall) impacted strata abo\ e and 
beloll the coal seam. Litholog) and structure of the anal)sis area hme been desuibcd b) 
,~Ilderson (200-l) and include the Blackh;:l\\k. Price Ri\er. Castlegate. and l\'orlh Hom geologic 
formations as \\ell as landslide deposits o\erla) ing the !\orth Hom formation. Figure -+ prclIides 
the locations of springs II itll measurable flO\\ and geologic forl11ations II ithin or in reasonable 
pro.\ imit) to the Greens Hollol\ tract. As mentioned pre\ iousl). Figure 3 depicts the litholog) in 
the anal~ sis area. 

The ivlasuk 1\'lel11ber of the i\ lanc05 Shale (also knO\\ n as the Blue Gate Shale Member of the 
ivlancos Shale) outcrops along the eastern edge of the Wasatch Plateau. including along the 100\er 
pOl1ion of Muddy Creek to the east of the anal) si s area. The Masuk Mell1ber of r-..lancos Shale 
consists of blue-gray shale or silt) cia) stone that \Ieathers light blue-gray to light tan. The unit 
does not feature spring.s or comprise an aquifer. 

The l\t1esa\ercle Group overlies the i\Jancos Shale and consists of the Star Point Sandstone. 
Blackhal\ k Formation. Castlegate Sandstone. and Price River Formation II hich all contain 
ground II ate I' and are capable oftransmitling ground \\ater floll. 

The Star Point Sandstone consists of three massive sandstone la) ers. the uppermost of 1\ hich 
intertongues 1\ ith the Blackhall k Formation (Thiros and Cordy 1991). The Star Point Sandstone 
is the lo\\est aquifel' unit that could be affected b) proposed mining. The target coal seam 
(Lol\'er Hiallatha) is located near the base of the BI'ackhall"k Formation. The Blackhall k 
Forl11ation is comprised of interbedded coals. sandstones. shale and Illudstone. Sandstone 
decreases to\\ards the base of the Blackh,mk \\hile the coals are present in the lo\\er part of the 
Blackhallk. 'I he finer-grained rocks in the Blackh3\d, can contain abundant sl\elling cla)s 
Uvla) 0 and Associates 1997a). Vertical floll is restricted but Illa) occur as unsaturated 110\\ 

along rractures through perching beds (Lines 1985). The target coal and the Star Point Sandstone 
are likel) to be saturated e\w) \\ here in the Greens I Jollc)\\ tract but Illa) be unsaturated be) and 
the Tract ncar outcrops at the edge of the plateau and in c(]n)ons (Thiros and Cord) 1991). 
r'hil'Os and Cord) (1991) also note that artesian presslll"es ranging 1'1'0111 129 to 315 feel I\ere 
l11easured in four observation 1\ ells complekci in the upper Hi,matha coal seam b.1 SLJFCO in the 
I icinit) of Duncan i\lountain. Three other monitoring 1\(~II5 completed in the upper lIia\latha 
cmd near the edge of the \\'asatch Plateau Ilere found to be dl'). i\lost ortbe ground \\ater in the 
Blackhall k formation is found in sandstone paleochannels 01' as locali zed perched zones <ll1l1l'e 
the ~aturated portion of the Blackhall ~ F0l"l11atioll. Vertical 01' horizontal h.1 dl'aulic 
cOllllllunication he tIl ec'1l sandstone challl1el::; i:j pre\ ellkd b) the shall' <lllci mudstone la) el's that 
surround sandstone paleochanllels 

I hin:h and ('ol'd) Ill)9l) olh-.'I"\ cd thai gl'oullcl II alc:I' 11(1\\ iil the C,htlegak Sand~tU!l'~ occm, ,h 

perched II at el' flo\\ ing lak'rall) along bedding pl,lIle ~ in the ciirection of dip. Ground \\ aIel' IlC)\\ 

ill the Cast legate Sancbtone i:; I i III ited. as i nel ica ted b:, the occurrellce of on I;. one spri ng 
di,;charging from this formation ill the (JI'eens 110110\\ tract. The Castlegate Sandstone is 0\ el"iain 
b;. the Price Ri\ cr I·ormation. -I he Price Ri\ er Formation consis ts of Illcciium- to coarse-graineci 
sandstone. interbedded shale. and some thin bed::, of congloll1emte. i\ludstone drapes deposited 
clLlI'ing IOIl-flo\\ period, separate flu'ia ,1 ,sandstones rron:; .~.9~ lh othel· both horizont,lIl) anci 
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lerticall: (USDA-FS 1999). Siltstones and shales in th.:' Price RileI' Formation Ilere found to 
include 15 pel'Ccnt smectite (slleliing) cla)s (DOG\l 1992). It appears thClt mllch ortlle ground 
Ilatel' recharge for the Price RileI' Formation nOllS latemll) Ilhere it discharges CIS springs Clnd 
seeps. S0111e ground \\ater flo \\s \crticaJl) into the Castlegalt.: Sandstone~ \\here it is p\?l"Ched 
abo\ e the B lackh3\\/." Formation. although on I) one Castlegate spring occllrs in the Tract 
Venical fllm from the CastlegClk Sandstone into the BIClck.h~m k FOI'mation is restricted b) shaks 
and cia) s although some I el·tical mO\ eillent still occurs as unsaturated tlOI\ Cllong fracture s in the 
Blackhall k. 

'Ihe 1\01't11 Ilorn Forillation olerlies the 1\1csmcrcle Group and is the upperillost consolidated 
formation in the Greclls Holloll Tracr. Tile l\orth Horn I'ormation occurs mer a large portion of 
the Tract. FICIgstaff Lilllestone is found at the tops or ridges aild mountains \Iest of the anal: s i~ 

area. The i':orth Horn Formation is considered to be the uppel'lllOst unit that could be atTected b\ 
pmposed mining 11ec,llIse tile l' lagslal'i' Limesio ne outcrop is Illore than one-half mile to the \Iest 
of the Tract. Unconsolidated deposits formed b) Ileathering and erosion occur as COllll\ ium. 
CllllII ium and soils. Slumping and landslides associated \\ ith clCl) -rich units in the Price RileI' and 
North lIorn Formations also occur further bClck from the escarpments and CGn be identified b) the 
hummock) topography. The slulllPs and landslides val') in si7.c from a fell acres to hundreds of 
acres (Anderson 200-1). Based on the geologic characteristics of the North Hom and the large 
number of springs and seeps. it appears that IllOst ground \1 alL'r in the North Horn Formation 
1ll0\,cs laterall) and ullilllatel) discharges in the form or springs and seeps. Vertic[ll nO\1 into the 
Price Ri\ er Formation is restrickci b:, shales and cia) s in the 1\orlll Horn Formation. Dani elson 
and S) lIa (1983) found that 90 percent of springs and seeps that were inventoried in coal-resource 
areas in the southern Wasatch Plateau. dischargt;d frolll tile I\orth Horn Formation. The data 
frolll this stud: \Iere not sufficient to determine if ground \Iater in the North Horn Forillalion is 
perched or part ofa continuous satumted zone. III either e\ent. it is clear tlwt shales and cla)s in 
Ihe North llorn Forillation rest rict I ertical no\l or groLind 1\ ater. 

DlII'ing the spring and faJI of 2001-200-1 Cirrus Illonitored all springs II ith measurable nOl\ 

located in the Greens 110110\1 tract and adj[lcent al·eas. A detailed description of monitoring 
crrmts is provided in Section 2.4. Location information for each spring along II ith measurements 
of nOli and specific conductance arc sUllllllarized in Table I. Electronic data files \\ ith field 
Illeasureillents and I\ater qualit} anal) sis results are pl'Ol ided in [)OGM (20 I 3a). Figure Sand 
Figure 6 shOll the range or measurements for fl011 and srecific conductance. respective I: . fcll' 
springs (lssociateci II ith each geologic forillation . based on all measurements collected at Ihe se 
sites frolll 200 I to 2012. Eight spring~ \Iere also monitored in the anal:- sis area on a seasonal 
basis (i.e. four times pel' )ear) for bascline tlO\\ ane! I\ater qU~llit) . The rationCile for selection of 
these springs is ciescribed in Section 2.3. No Illonitoring lIelb I\cre installed lor the baseline 
prograill. 'llthough sel'eralillonitoring Ilelis hale pn:1 iousl) been ill:italled on nemb) cO[llleascs. 
\\ ater klel data from these I\ells \\el'e used Ilhere applicable. to support til(' discussi c1n of 
grolilld \\ akr resources. 

The l !tah [)\\ Q is respon sibk for Ilwililurillg \\ ater ljualit) of all \Iaters of the State and \IOI'k5 
cooperatil el) 1\ itb otha agencie.., to ~l c hiel i:' tili, ta~~ \\ ',lkr C]uCllit: saml)les collected fmlll the 
eig lll Illonitoled spring.) I'.ere a~sessed 1'01' COilll'\k!l1,~e \1 ith ilpplicabk numeric criteria ami 
I'\ollulioil inLiicatOl' lallle ~ u:>eci b) the Lilah [)\\ O. l\ullleric criteria and pollution indicatm 
\alues ll3\e been as,;i gned to all lIatcl' bodie,; in Utah (including streams. ri\crs. lak.es. alld 
I\'sen airs) II ith the objcdil e of pl'Otecting the highest benelicial li se of the I\ater res0UI'Ce . 
8eneticial use catcgoril'~ a~sociatec\ II ith the anal) sis area include CICl55 Ie (Drinkillg WClter). 
elas" 2£3 (SccollClal'l Contaci Recn:atioll). CI C).~s 3i\ (Cold \\'akl' Aquatic Life). Cla . .;s 3C (1\on 

~ . ~ \ 
g.alllc Fi sh). and Cla~s 4 (Agriculture) . ,,, 
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Watcr qualit) of spl'ings and st ream s is considercd d) namic and can exhi bit seaso nal and 
interannual \ ariatiolls, Thesc pattcrns can be obsen ed at disturbcd siteS as \\ ell as at locations 
that are considcl'ed pristine and \\ ithout anthropogenic influcnce, l\aturall) high concentrations 
of some \\ater qualit) constituents can also occur as \\atcr COllleS in contact \\ith pal'ent materials 
found in Utah and surrounding areas that ha\e high aillbient concelltrations of celia in constituents 
such as saline i\lancos Shale, A threshold is used b) the Utah DWQ to account for normal le\ els 
of\ariation \\hen \\atcr qualit: samples are e\aluated, Ifkss than 10 percent of samples \iolatc 
standal'ds or pollutioll indicator \ alues, \I ater qualit) is cons idered to full) support the assigned 
belleficial use, I f more than 10 percent of samples are in \ iolatio n, the \\ ater bod: is cons idered 
impaired and further ill\ estigation is \\an'anted, The number of samples and length of monitoring 
required for an e\aluati on \ aries according to the \l ate r qual it: paraill ete r in·quest ion, 

Samples collectecl in the fall of 200 I fro111 eight springs \lere also anal: zed for stable and 
unstable isotopes, The unstable isotopes I~C and ~H \\ ere measured to pro\ ide estimates of thc 
appro:-.imak age or rcsidence time of\\ater is uing from spring-, \\hile the stable i-ulope ratios of 
OX.\I.lCIl (1 ~0,d60 reported as 61'0) and hydrog.e n (~H /H reported as 6D) \\ere mea ured to help 
charac terize likely recharge sources and mechanisms for spring: and the underlying aquifers , The 
stnble isotope ratio of dissohed inorganic carbon (I.1C;t2C reported as (51,C) is typically collected 
to help in the age adjustment of the carbon-14 results, The isotope anal) sis results for the 
(lIlal) sis area springs are included in Figure 7 and are discussed beIO\\. 

Tritiul11 is a naturall) occurring radioacti\ e isotope ofhydrogcn that has a half-life of 12.43 ) ears, 
Tritium levels in rainfal l draillaticall) increased abO\c natural ba~kgroLind levels stal·ting in about 
195~ as a result of nuclear testing. Tritiull1 is measured in 'H units (TU) and. if detectable. 
pro\ ides a qualitative indicator that the ground \\ater has a component of \\ater that recharged 
since about I 95~. Because 3ff is part of the \\ater molecule. 31 I is not affected by reactions other 
than racl ioncli\e deca\; the refore. ~ 1-/ is an excellent trace r of reccnt Qro ulld \\<ller rechanIc, 
Ground \\ aler thM rcc ilarge I pri t r to 1954 \\ ill c lllain lill i ' to 110 ~ I I. Int~rp rc l at i on of '1-1 resl~ts 
are on 'I) qualitati" due to processe · that influence .111 cOllcentrati 115, Actual .11 1 C )Jlcciltrations 
could be the result of I) recent lo\\-concentration recharge. 2) older "boll1b" 'I_I that has deca)ed 
to the measured le\ cis. or 3) a Illi:dure of: oung and old ground \\ ateI', 

Carboll-I~ pro\idcs inr(lrillation regal·c1ing the nUlllberof')ears that ha\ 'e elClJ1sed since the ground 
\later recharlled, A cJi red estimate of allC frol1l the I~C anah sis overestimates actual allC due tll 
geoc hem ical ~processcs in ground \I ater tlO\\ that act to rcduc~ concentrations of lIe and ~llah:.c the 
\later appcar older, Some of the processes that act to reduce lie include reactions \\ ith carbonate 
and silicate rocks. slrirate reduction. and l11ethanogcnesis, 

Carbon-13 (,'C), a natmall: occurring stable isot ope of carbon. is sometimes used in conjunction 
\\ ith cheillical and Illineralogic data to e\ aluate chemical rcactions that OCCUI' in aquifcrs and to 
Cldiu~t age,:; detcrillined frolll lie anal) si~. The~e chemical anci mineralogic reactions l11a) add 
carbon that does not contain I'C to the dissohed phase or rcmO\e carbon that Illa~ conwin I~C 
fl"l1l11 the disstll\ed pha;;c, Carhl'I1-13 data arc e;.pl'cssed ill delta notation ((i) ao;; per mil (pan~ per 
tlWLh<lllLiI dii"l .. ·rcllcc~ rclati\c tl,1 tile rati o of ;'C lU 12( in a ~tan darLi Pecdee bclelllllit,;: (PDB) 
rci"crence, The large rallge oj" (, ! 'c ill \ a rillu~ carbtlrl r-:~-:r\ oih i:i largel) a rL'sull 01" carbllildlc 
geochcmistl') and isotopL' selecti\ it~ b) bacteria, 

l.i l1(!crstancl i Ilg the d istl'i butioll of i sotopcs in the cal'bon C) c Ie begins \\ i th carbonate 
geocheillistl'), Soil \\akr t~ piC e11l) exhihib a 0 1'(' ill th'" rali!2.e of' -·22 to . 2~ clue to CO, 
gel1cratcci from c1eca) ing \ egl'tatio\(., Resctiol).'; oU'() \\ itll cal'h~llak roCKS act to enrich I:C ll~ 
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increase the () I'C to a leI el 01- about -12.7 e:-.:pected for an equilibriulll II ith calcite at a pH of 
about 7.6 (Clark alld Fritz 1997a). Further I'C enrichment can OCCUI' at higher pi I and II ith 
d issol ution of c1ololll ite. The 8 I 'c obsen ed at most of the anal) sis area spri ngs II as in the range 

n . .... _ • .-. ..... ...-.. • .... • I. , • T' , J ...-. • • t 

oT -I~.b to -IU.~. L3I"Llon-1j resulls Ilal'e !Jeell used to tr) and adjUst L ages. llmlel'er. me 
cmrections result in oYer correction to the IIC ground Ilater age because of insufficient 
information to model reactions that add or relllOle carbon from ground Ilatel' along tlO\I paths 
that represent different geocheillical settings in the anal) sis mea. The corrections I\ere based on 
the assulllrtion that the presence of dissoll cd carbonate species ol'iginated from calcite 
dissolutioll along the tlO\lpath alld is rresullleJ tll be IIC free . [30th the l\orth ~Iot"ll and Flagstaff 
fOI'mations an:' comprised of significant amounts of limestone. Additionall). secolldar) calcite 
ceillents are t)ricall) found in sancistone. sillStone. and shale fonllations. The dissohed 
inorganic carbon (DIC) isotope ratios (5 1 'C) t.'-picall) increase as carbonate is dissolled and result 
ill a dilution t~tctor of approxilllatel) 85 percent (Clark and Fritz 1997a). Dilution calculations 
Iler~ can'ied out using the 6 1

'(" lalues. Jhe equation LIsed to calculate the dilutions is based on 
thc measured DIC 51'C lalues Illeasured frolll field saillples and empirical 513C lalues for soil 
CO2 (-14 to -23 %0) and calcite (0 900) available for dissolution (Equation 1). Comillon values 
used in Eqmtion I including 51'C values for soil CO" and calcite are found ill Clark alld Fritz 
(1997a) \JO\\e\er. these lalues ma~ not retlect values that correctl~ represent the h)drogeologic 
s~ stcm in the Greens HolIO\I tract. Reviell ing the 6 L'C 0 I' soi I CO2 I al ues as a function of pH 
indicates a \' alu~ closer to -15 %0 Ilith pH lalues near 7.5 (Clark and Fritz 1997b). The results 
i nd icate the potl?nti al for dilution frolll IIC free carbonates is eelsi I) attributable to less than 100 
pelTenlllloderil carbon (Pi\iC) associaicci Ilith the saillpies. -rhe amount of error in ihis i~pe of 
anal~sis and lack of sufficient data Illake it difficult to cidel'mine e:-.:act values. 

Equation 1 

Tritiulll and lIe \ICIT also used prcviousl) to elaluate mean residence tillle (age) ofgl"Ounci Ilater 
in the Pines Tract Area and the SLJJTO i\line area. Based on comparison of the lie and 'II 
compositions in SLJFCO i\line ground II ate I' II ith near-surface gl"Ound Ilater. it lIas determined 
that a h)drologic disconnecl exists bet\leen near-surface ground Ilaler s)steills and gl"OUllcl Ilater 
S) stCIllS encountered in the SLJrCO Ivline (i\'la.'- 0 and Associates 1999 J. CiI"OLind II akr innoll S 

collected in the mine h,lIe mean EroLinci \\a((>r residence tillles of7.000 \'ears to 20.000 \ ears and 
cOlltaillno 'II. Ilhile nem-sul'faceLgl"Ound Ilaters helle Illodern IIC and abundant concenl;'ations of 
'II. Carbon-I 4 and 'II data Ilere collected fro III nine springs and tllO creek segments in the PineS 
Coal Lease Tract (i\la)o and Associates 1998). Abundant'fl and anthropogenic 11C content in 
gl"Ounc\ 113ters dischal'ging from th", Castlegatc Sandstone indicated that ground Ilatel' at these 
spt'ings recharged c1UI'illg the last 50 ) car~. -1\10 of th<.' BI(\ckh,l\\~ FOl'lllation springs al~o had 
c(lllsi~tent Illodern isotopic conlcnb. The three oth<.'1' BI3ckIHl\\~ Formation spl·jngs thaI Ilere 
sampled shO\leci small amounts 01"11 (0.08-0.74 lU) (mel indicated uncorrected racliocmboll ages 
of50(J ~ears to 4.000 )ear~. The apparent incollsistenc~ in these results lIas attributable to the 
dilution b) tiC free cell'bonate dissolution as indicated b~ 0''( lalLies 1'01" DIC. DUe to a lac~ of 
datil. mi\:illg of old<.' 1' ami modem gl"Oullll \\Clt<:'I'" di~charging from these springs canl10t be ruled 
Ilut ,]:; ,1 [llbsihle l"l:cbUIl I'm th<.' cli~crCpall(.'-. 

I'm Cjualitati\ e el aluatioll. til<.' 'H ami! 'c measmed 1'1"0111 Srll"illg, in the (il·e<.'lb Ilollcl\\ tl'act arc 
plotte.:1 ill Figun: 8. -I he';" results ShOll that \Iate r issuillg from most springs in the ailal) sis a:'e,l 
cOlltaitb ~ Il and is cOlbickred ttl be of I'elatil el~ recenl I·echal·g<.' d<.'spite hm ing lIlladjustecl lie 
ages r'lIlging frol1l Z<.'I"O to 1.9 I () .'- ems. i\ Itho ll gt1'1111 cibUt'clllellh of Lltladjustccl IIC could retlect 
llli:-.:tul'eS of oleicI' ground y, atcr it is t) pical fOl"' dilutions of 85 p<.'l"Celll to occllr clue to carbonatc 
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dissolution and is 1110st likel) the reaSOI1 1'01' !Lmel' than 100 pel'cellt pmc carbon \alues. 
Ho\le\·er. the \Iater issliing from Price RileI' Fort1lation spI'ing I\I_SPI8 is Illuch older than 
g.rollnd \1 ate I' issLii ng from the othel" spri ngs based on the absel)ce of 'H alld the olcler unad.i lIsteci 
I.JC age of 1.910 ~ears. 

The stable isotopes of h)drogen (H) and ox)gen (ISO) are natural I) occurring components of 
Ilater in the h)drologic c)cle. The ratios of 1 H'H alld I~Od(,O change during e\apmatioll and 
condensation. These ratios also change during ground II akr transport through the process of 
l11i:-;ing and dispersion \1 ith other Ilater sources. Interpretation of changeS in isotope ratios in 
ground \\. ater can help identi(\ flO\\ paths and recharge sources. The stable isotope ratios of ~H ' II 
and ISO·I(,O in \Iater samples arc e.'\pressed inlert11s of pel' mille difference (8 %0). \\ ith respect to 
an intel'llatiollal standard for Vienna Slandard l\'lean Ocean \\'ater (\'S\IO\\'): 

[quation 2 8 %0 = {(R saillple/R\ Sill 0\1 )-1].'\ 1000 

Ilhere R is the isotope ratio 2H1H or ISO,,160. A sampk IIhich has 3 8 I,~O of -1.5 has an ISO 
content of 0.01.5 leSS than that of the referellce standard. VSrvIO\\'. Evaporation changes the 
isotope composition. as the lighter molecules of Ilater. H2

160. are more lolatile than the hem-ier 
\1 ater molecules contai n i ng the isotopes lH and ISO. Thus. II ater "apm that evaporates from the 
ocean at 2.5 "c features a (5 %0 of ISO of -9.3 and a (5 %0 of lH of -76 (Clark and Fritz 1997b). 
\\'hen the atmospheric \later condenses. the heavier \\ater 1110lecules condense first lem ing the 
residual atmospheric 1\ ater vapor more depleted in 21-1 and ISO, SinCe the degree of condensation 
increases at 10\ler temperatuI'Cs. lariations in the isotope contents of precipitation are pril11aril) 
due to lcmperature effects. The (5 %0 for 2-1-/ and the (5 %0 for ISO in precipitation are 'highl) 
con·elated. A plot of this correlation is referred to as the global meteoric Ilater line. a generic line 
(8 211 = 8 * 8 ISO + 10) developed b) Craig (1961). Values along the meteoric Ilater line 
indicate ch3nges due to condensDtion temperature of precipitation. This usual I) matches 
precipitation quite Ilell for c03stal areas. but for precipitation in continental interior locations and 
arid climates. the intercept usuall) increDses \\ hile the slope usual I) remains at eight. 

Elnporation processes ami sublimation of snO\1 also result in chnnges in the isotope ratios after 
precipitation reaches the land surface, Water in lakes 3nd rilers ma) become enriched in hem') 
isotopes through evaporation, hapotranspiration also increases the heal) isotopes in ground 
\Iater recharge. The isotopic composition of ground Ilater changes through mixing. dispersion 
and dissolution of o,\)gen based minct'als, If areal rechat'ge is the main cot1lponenl of ground 
\13ler flo\l. the isotopic composition of ground Ilater corresponds to the a\'erage composition in 
3real recharge, Like\1 ise. irrechat'ge from a surf:1ce \Iater bod) is the main cot11ponent of ground 
Ilater nOli. then the isotopic composition ofgroLind \Iakr Ilill correspotl(l to the 3\crage isotopic 
composition in the \Iater bod) as long as there is no significant increase in cli sso lled ions. Stable 
isotope anal) ses can also be used to assess the contribution of cool anci \1 arlll season precipitation 
to the recharge budget. qncllO elaluate the tillling and extent ofe\aporatiotl during recharge, For 
e,\ample. cool season precipitation in the Sierra t'\e\ada :\Iountains (mostl) sno\\ fall) has an 
,11 el'age c!eutel'iuIll \ aluc tlwt i~ 4() to 70 perillillight<.'r than L\\ erage SUIllt1ler minl'all (Raden13cllCr 
et ili ~()O~) , 

I he' 6 '30') It x II allli Ille is ~i),) 1'01' I '() for each S~ltllple,1 ,-jll'illg arc piuilc(1 in Figure 9, \\ ilhollt 
anal~ si~ 01' the () 900 for :11 and the <5 %'j for 1'0 IncL\~uI'cd in precipitation ,It \ ()t'il1LI~ tillle, ot' the 
:: car. it is not possihle to determine the lucal Illc(eol'ic \\aler line f'or interpreting the spring 
re':iUI15. The glohal meteoric 113kr line frolll Craig (1961) alld the local meteoric I\~llcr lillL' for 
5nml in Yell()\\st{ln~' are shcJl.\ n on Figure 9, De\ iation to the right of' the llle'lcoric Ilakr line 
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indicates the I·clati, e e:-.:tcnt of enrichment of I~O due to t'\ aporation of \\ ater and sublimation of 
5nO\\ . De\ iations to the left of th e local meteoric \\akr line are kss C0l11111011 but could occur as a 
r('sult of recharge of ground \\ ater from snO\\ that includes a \\ ater COI11IJl)lk'llt frol11 condensation 
on cold SIlO\\ surfaces or from earl ier cl i mates that had a different local mdcoric \\ at'~r ! i ne. 

The results ill Figure 9 sholl \ RI") iilg degree~ of e\ aporatioll or sublimat ion influences 8t most of 
th<' springs. The resu Its fOI· spri ng f\ 1_ S POS and 1\ 1_ S P LS Ctre sl ightl) right of the local meteoric 
\\afer line for sno\\ in Vell o\\stone . indicating that e\aporatil)ll 01· sublimation illtluences ma) 
IW\e b('en minimal for the rec harge sources for these springs. The results also sl1O\\ that the 
\\ ater is ~ uing frolll springs in the anal) sis ,m:a are pr..:cloi1lill an tl) re( hat"ge that originates fl·o m 
5nO\\. \\ith perhap.:.; slight but \ ilr) ing degrees of contribution from \\arm pel·iod pl·..:cipitalicJlI. 
The \\ater iso topes also sholl no ' 1-1 in i\1_SPI8 and le~s I~c. indicating older grouilli \\ater. The 
appal·ent age based all I~C ma) nol hI.' as old as indicakd in Figure 8 due to dissolution of 

I I I · 11,.-. ·,1 . ,'" ("" n' n" ••.•. J 
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\(l llt':; \\he l1 compared 10 til' oth ... r spring:. (i\ J_, POI. 1-.1 _ PO:? 1\1_ ·ro·t, i\1_ P0 7. 1\ 1 ,·POS. and 
~\I_SPI.:I) indicating a potentiall:- colder temperature at the time 01· area of recharge . This could 
be related 10 a different time period \\ith a cooler temperature or \Iater frolll a diflcl·ellt recharge 
area of colder temperature s. 

3.1.1.1 Springs and Groltnd Hater in the FJagstnff Formntion 

Th.: Flagstaff I.imestone is the Uppel"ll1ost consolidated formation near the anal) sis area. located 
\\ esl , f the <lnalysis area boundary. Tile spring and seep sun c) for th.: Grc":lls 1i 0lleJlI proje(t 
found no ground II at.:r issuing from the Flagstafi" Formation . 

3.1.1.2 Springs and Ground Haier ill the l'Iortll Horn Formation and Landslide Deposits 
Onrlying the l\'orth lIol"n Formntioll 

The majorit) of the sprillgs identified in the anal:-sis nrea \\ere issuing from the f\.!orth I~ol"ll 

Forl11ation. The North Horn Forl11ation is estil11,lted to be up to 1.490 fe.:t thicl-: in the anal) sis 
area based on th e geologic report b:- Anderson (200.:1). No drilling in the area has penetrated both 
the Llppcr and 10\\ er contacts o\" the formation. The shal.:) nature or the formation and its 
OCC LIITen ce at higher ele\ ations that receii"c more pr.:cipitalion makes il \ ulncr<lbk to mass 
1110\ elT1.:nt. slope failures. and landslieles. The shales and cia) s of the North [lorn Formation 
sene to retard the \cliical flo\\ or "aler causing grounci \\aler to 1110\e horizontall) <llong 
heddillg planes or thl"Ough fractures. It i~ ullccrtain \\ hether ground \\ater aquifers in the North 
f 10m and llpper Price Ri\cr f-orm;l\ions ar.: continuousl) sat urat.:cl or \\h ctl1 er ullSaturateci zone~ 

occur beneath perc hed sa tLiratcJ zones. [nL! i(ations of (,,,tensi \ e unsaturated horizons in the Price 
River and Castlegate Sane/stonc in drill-holes and \Iell , ill the adjacent SlJFCO f\linc <lnd Pilles 
I.ease Tract. as reported in the Pines ·1 ract EIS. sugg('~b that perched gl"Ound 1\ ate r conditions me 
likel). In an;. C\ enl. it is clear that th..: Cl il~ s and shales ill th e North Hom and I)rice Ri, ei· 
I'ormillioll:'. ' \ re l~ re,lri'l ' I.'nical nO\\ orgmllll ' l \' ai~r 10 '-'ep'i'llilit iii tll.:- till I ~:>i area lih 

indic<lted b~ Ille large IltI111ber or spri ng ... ill (hcst. unit-. and lh.:- m·l'lI rTt.'l1ce ( r ol1l~ one ~pri llg. 
\1_SPS7. ill the underl) illg ("astlega\<:? Sandstone. 

I ill' springs in Figur.: :; al' l)c u:· til hale IW 1)1 \~ kl\.' llce ,h til ., Iopc' dir-.'ctir))1 /\lldehOll (2()O·+) 

uL) c' !" \ed a similar la '2 k of 1'.11 .... 1"11 1(.)1" 111' l,h: ;ltiol1 ()! Lm i,lili6 and 511.11llf1~ r,-,/al ill' tIl ~I ('p.: 

dil\; ' liolh The di,II11l'kr of th' cil·c/e~ n;; '()(iatcd \\ ith cm:h spring in Fi gurc :; sho\1 s the fl o\1 
I· all g~' for bolh llli1.\imLlIll a III I mi nillluill fl'\ \s l1lea ~ lIred durillg th.: biheline monitoring. period. 
\1051 of" Ih ;:.' ~prin g , i ~ slling fmlll the :-\ol·th 11 ,)l"n I·ormation I\l're either sca,() llal ~pr iJlg 

c.\ hibiting l el·y 10\1 110\\-; during the lil te :- lIllllller and fall or e . .\hibited \':1") Ic)\\ flol\ throug i1(lUl 
till' \cal·. As mentionecl abcl\c in Sccli,lil 2":!.{. a rc\ i,'?\\ or allnllai str<'<llllllc)\\ frolll Muud:-
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Cr~~1-. and precipitation lelels recorcied at nearb) S;'-.;OTEL stat ions. indicate that \\at~r )ear 2002 
(October I. 2001 through S~ptember 30.2002) \Ias \\ell b~lo\1 historic a\crages and in the IOI\er 
tenth percentile of histOl"ic annual pl·ecipitation totals (USGS 2013. USD.-\-1\'RCS 2013 J. 

1\ (onitoring results for field parameters for the I\orth Hom Forlllation spt"ing~ are sUllllllarized ill 
Table 2. These results are compared \Iith rele\ant \\ater qualit) standards for surface \\aters 
located in the aml)sis area. These standards are found in R317-2. Utah Aclillinistrati\e 
Code(UACl. The Utah D\\ 'Q has classified surface \\aters in the anal)sis al·ea as: 

I C - ra\1 \1 ater source for dOl11e~tic \\aler s) stems 
2B - proteckd for secondar) contact recreation. 
3C - pl·otected for nongame fish and other aquatic life 

-I - pmtected for agricultural uses including irrigatioll aile! stock \\illering. 

Th~ rele\clllt l\atcl· qualil) criteria for field paral11et~rs in surface l\at~l· in the anal:sis area al"(:: 
6.5 > pH < 9: telll perature < 27° C: and cI issoh ed OX) gen > 3.0 mg!!. I t should be noted here that 
the 3C beneficial LIse classification is L1sed for sprillgs in preference to class 3A - cold \\ater 
aquatic life. Generall) speaking. the 3C classification is considered to protect forills of aquatic 
life that include nongame fish as \\ell as non-fish aquatic species such as amphibians and 
macroill\ ertebrates. This assess ment assumes that the topographical locations ane! discharge rates 
from springs in the anal)sis areCl \Iould not support fish populations. theretore measured \Iater 
qualit) parameters frolll springs al·e cOlllpal"Cd to the 3C classification. 

The results in Table 2 shol\ that \Iater fro11l alll\orth Horn Fonnation springs meets the relevant 
pl~ and tell1perature crit~ria but that man) of the dissol\ed oxygen \alues do not meet rele\ant 
Mller quali[) criteria. This is not unexpected. because the spl·ing \\ater is deri\ed from gmunci 
\\ ater that is typically \ el") 10\\ in dissol\ cd OX) gen. 

North Horn Formation springs rvl_SP04. M_SP07. rY(_SP08. and M_SP 14 \\ere also sampled for 
\\ater qual it) anal) sis as \\ell as monitored for field para11leters. Monitoring results from 
indi\·idual springs al'e ckscribed belcm. A SU11llllar) of the laboratol) anal) sis results for all four 
of the North Ilorn Forillation springs is included in 1 able 3. \\ hich prO\ ides a comparison \\ ith 
rele\ant \\ater qualit) uiteria for inorganic constituellts and dissol\ecl me[als. The relevant 
aquatic criterion for amillonia nitrogell depends upon temperature and pH and the relationship is 
t8bulated in R317-2. UAC. i'vlonitoring of total manganese and total il"Oll is required h) Utah 
DO(J\( ruks. although there is no Utah \\ater qualit) standarci for either of these rarameter~. 

I he Tabk 3 re."iulls shcm that all I\orth f 10m Formation Springs and the springs issuing t'rom 
lands I ide deposih 0\ ed) ing the bedrock of the Nor[h 110m Formatiol1 genel·all) meet the reb ant 
criteria and pollutiol1 indicator \ alue,; associated \\ ith each constituent. Occasional \ iolations of 
the Class I. Class 3. Clnd Class .J criteria \\CI·C' noted at tl\ a springs for ClI"senic (one \ iol~ltion) ane! 
seleniulll (tIl a \ iolation~). All I iolations occurred on tile SClllle sample elate. The relllaining 
measurellH.'llh of arsenic and seleniul11 are \\ell belo\\ numeric criteria. It is assumed the limited 
number of lIntel· Clunlit;. \ illlntions oh~cr\ed at the~e srll·ings are II ithin the nOI·l11al range of \\atel· 
llualit) \ C1!·ii1ti()n~ ane! do not illdicate impail"l11Cl1t. 1 he re-;ulh ShOll11 ill 1 ahk 3 l'I'cll idc (1 

b'N:lil1l.' fin C(\l11pari';(l!l 1\ illl \\at'~r ljualit; I11Ul1ilorillg r"'Still'; obtain",':! ill the: future. 

Srril1g ;\1 _SPO.+ iS5ue,.; 1'1·0111 tile ~(lrth I I ,HI 1 Formation ill a sl11all drainage tu the south or (irecns 
11011011. Olltl1e I\Cst side of the lract. The slope abo\e the spl·ing appeared to be st~lhle \\ith 110 

indication'. or slul11ping'soil 11l00elllenl. Tillle <;cric.; riot, of 1101\. field rarallleters. ~lIld Stitf 
ciiagrams of' major inn ChClllisll·;' rei;:; fhisspringarl' rn:h;id'dl ill Figurc If). I hesc result:; sholl 
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mod '51 ea~ona l tl Ll~LtJ~ll i \ 11 i ll fh \'. and fi ~ ld pnrnl1h.k' r~. Flo\\ _ I' ngcd from /.;: - . thall 1 !!pm 1 
ao lIL _, gfllll . Il!ci ti c C IIIduC I<1I1Ce range. rrom aboul 3 0 La 9.,0 1I 'em and lid 1101 api ~nr t \ 

orr~late \\i th the l11 'a -lJI'.?d flo \' r I, Ihe 'p ri ng nater is a ll1iwd cation bicarbonate \Iatcr\\ith 
sod iul1l being the dominant cation . It e:\hibits consistenl ion che1l1istr) that doe,; no! c\1 ,lIlge \\ ith 
tlcm or specitic conductallce , 

Spring i'v1_SP07 is located on the boundar) orthe Greens Holl o\\ tmct and issues frolll the base of 
the 1\orth lI orn Formation near the OUtCI'OP of th e Price Ri\ 'e r Formation. \\'akr frolll this spring 
tlo\\ s fi'om the base or a slump dcmn to a \I ide. tlat-bottomed dl'llillage s\\al c connected to 
CO\\bo) Creel,.. Thi s \la ler form s a small \I et poc l-;.et at the bottom of the di'ninage but does IWi 
I'each COli bo: CreeI-;. , 1 illle ser ies pl ots of tlc)\\ . fi dd paraillders. and St iff d i3gr3ill s of n18jol' ion 
chemistI') fOl' this spring (Ire pm\ idee! in Figure II , These results shO\\ slight seasonal Iluctuati oll 
in fl oll and field p8railleters, rlm\ s generall) rnngeci frolll about 0,2 gplll to 8bout 0.6 gpill. 
a lth ollgh::\ tl n\\ ()f 1 IJ g ~il ~! \\~5 n! :: :~ s ~!!'e d (.::: J~!!; e 20. :2 00 1. Sp(:cifi ~ c~-'iiduct ~iIILt: td l lg.ed I:-Ul11 

nbout 4·W to 8bout 880 lI _ ICIll and did not appeal' to correlatc \\ ith the Ill ens ured flo\1 rate , The 
spl'ing Ilater is a Illixed (81ion bicarbonate \\(lter. It exhibits consistent ion chemistl') that does 
not change \\ ith floll or spec iiic conductance. 

Spring ~'_SP08 issues frolll the North Horn Formation 8nd is located tOl18l'd the south east 
portion orthe Trac t. Thi s is 8 dCleloped spring that feeds a spring box and a cattle trough, Tilll e 
se ries pl ots of flOII, field parailleters. and Stiff diagram s of maj or ion chemistl) for this spring are 
prolided in Figure 12. These results shcm seasonal fluctuiltion in flo\ls. Flolls r8nged fWIll 0 to 
about 1,2 gpill. Specific conciuct,lnce and co nductance ranged fmlll 8bout 330 to aboul 1.000 
uS/cm and did not appc8r 10 correlate II itll the measurecl flo\l rate . The spring I\ater is a Illi:\ed 
celtion bicarbonate 118ter. 

Spring rv',_sP 14 is localed ncar th..: head ofCollbo) Cree]"; to the \\est of the Greens Holloll tract. 
Spring ivl __ SPI4 is devel oped for \later suppl) and supports (I spring bo:\ loc8ted (lbout 50 feet 
dml nstrealll frolll the source and a cattle trough. loc8ted about 250 feet clo\l n slopc. Water from 
the spring and ol'erfloll from the trough. tlOlI cl oll n into small tributal) c1ra in8ges of eo\l bo) 
Creek. Tillle series plots of fl oll. field para illeters. 8nd Stiff di ag.raills or major ion chemistry for 
th is spri ng me pro\ idee! ill Figure 13, The d is <; h~lrge is high I) \8I'iablc alld seasoll81 \\ ith high 
nOli raIl'S noled in ["18) or Junc of 200 I. 2003. and 2004 8nd di sc harge dry illg lip ill the fa ll of the 
) em, The Illa:\i IllUll l d ischal"ge rate noted II as 61 A gpm ill I'vla) 2004. Spec i fic cOilcluct81lCe 
l'anged frolll abolfl 300 to about 540 liS 'C lll II ilh the 10\1 er spec i tic cOlld uctan cc corrcspond i ng 
\\ ith the higher tl 011, rates. The spring lIatel' is a calcium bic8rbonale 118ll'r \I hich did Ilot lar) 
aillollg the snl11pies col !ccled, 

3.1.1.3 Springs and Ground "llter in the Price Rher Formation llnd Landslide Deposits 
O. erlying the Price Hi, l' r FOl'llllltion 

The lithol g) or Ihe Pri ce Ri \w f" orl1lat i )n i - g(,lldica ll ~ . illli lal' lC) Ilw lIlldc rl ~ in~ Cusllcgatc 
Sandstone but Ih' fOI'lll<lli 11 C nl<lills fi ller-grain >,{ <.: 1< :'IIi':> or IlllJre 5h(\lc an I si lh ll)J1l;. \\ ilh 
minor cOIlg.lol1lerme. The uni t i: ~1l1i- f' >'ii sUlnt alld gelle(811) a slolle-rOl'lller (Andel'son 200-+). 
Like the l\o rth 1101'11 Formati oll . t11 <.> outCl'Oll of the Price Ril cr Forillatio ll i:; Slhceptib k til 
~ luil1 Jl in ,=, all" lal1 lb li des clue to the OCCLIITCllce ni" ;; Il a k ~ aild cla) ~. 

l.aborator) lll ea' lIl\?lll e il\ ~ of spr ing ci i,ch3l'ge f('(J1ll the Pri Ce' Ri \er rorlllati () 1l al'c Slflllillal'izcd ill 
1 able -+ and COllll)arcd to reil' \ ant II, ater qualit: stanclards. ligu r .... 5, Fi gure 6. 81ld the SLlIllIlWr) 
ill Table :2 shcl\\ lhat s pring~ issuing from tJlf::r~' icc RiH:r Forill at ioll generall.1 e:\hibit higher 
klel s llr specitic cOllc1uctafl(:c alld I{)\I~I' Il'o\~ '"r;l[e :, as cOllllxu·..:d tll til e spl·il1g..; issuillg frolll til.: 
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( 
i\:ortil Horn Formation. Table 2 results also sho\\ that \\ ater from all Price Ri\ er Formation 
springs meet the rcle\ ant criteria fOl' pH and teillperature but do not meet rele\ ant criteria for 
dissoh,ed os)gen, The' 10\\ dissohed ox)gen \alues me to be espected as ground \\ater is 
t) picall) \<.'r,:. 10\\ in dissol\ed oxygen. 

The highest flo\\ from Price Ri\er Formation springs \\as obsened at Spring r-.1_SP02. Price 
Ri\er Formation Springs selected for baseline \\ater qualit) anal,:. sis included Springs M_SPOI. 
1\1_SP02. i\l_SPIS, and i\LSP39. 

Spri ng i\ 1_ SPO I is located along Greens H 0110\\, at Rough Brothers cabin. The spri ng \\ as 
ch~\ eloped sOI11e'time during 1930-40 and has been used for culinal'} and irrigation purposes at the 
cabin since that time. Discussions held \\ith the O\\l1er of the cabin during the i'vludd,:. CreeK 
Tract sun e). indicated that flo\\ from the spring has been steadil) dropping frolll 1999- 2004 due 
to drought conditions. Time series plots of flO\\. field parameters, and Stiff diagrams of major 
ion chemistI') for this spring are prO\ ided in Figure 14. These results sI10\\ slight seasonal 
fluctuation in flO\\ and field parameters. FIO\\s generali) ranged frol11 about 0.2 gpm to about 0.9 
gpill. Specific conductance ranged from about 435 uS/cm to slightl) o\er 900 uS/cm and did not 
appear to correlate \\ ith the measured flo\\ rate. The spring lIater is a mised cation bicarbonatt' 
lIater \\ ith calcium being the dominant cation similar to Spring M_SP02. It exhibits consistent 
ion chemistl,) that does not change \\ ith flol\ or specific conductance. 

Spring i'v1_SP02 is located near the Greens 110110\1 stream crossing and prO\ ides \Iater for a cattle 
trough located about 100 feet to the east and eventuali) for pond Pl. Time series plots of flol\. 
tield parameters. and StitT diagrams of major ion chemistr) for Spring. i'vl_SP02 are provided in 
Figur~ 15. The Emer) Water Conser\'anc) District (EWCD) is also monitoring floll at this 
spring. The dail) flo\1 sUlllmaries for the time period from Jul) 3.2002 through November 14. 
2003 are also plotted in Figure 15. These results silo\\ some differences bet\\een the continuous 
flo\\ measurements b) the EWCD and the seasonal manual flo\\ measurements taken at the time 
of sampling for baseline characterization for this study. As discussed previousl). some of the 
discrepanc) rna) be explained if the EWCD flo\\ monitors are not capable of detecting 10\\ flol\s. 
Iiollcver. at this location. a zem flol\ \\as reported b) the EWeD gauge on1\la) 20.2003 \\hile a 
flo\\ measurement ai' 6.86 gpm \\as recorded at the spring. box. On the same date, a flO\\ 
Illeasurement of 0.57 gpm \\ as recorded b) Cirrus at the pipe entering the cattle trough. \1 hich is 
the saille location as the E\\'CD [!ClUC. The E\\'CD meters Illa\ ha\e also been disturbed b\ ranch 

"- '--- . ,. 
hands during maintenance of' the spring box and cattle trough. i\lanual flo\\ menSUI'Clllents at this 
spl'ing suggest seasonal fluctuations "ith flO\I5 ranging from 0 to about 13.4 gpm. Specific 
conductance is fairl) constant at this spring and ranges from 469 to 499 uS/cm for the 200 I to 
200-1 \\ itll specific conductil it) increasing. to the SOD uS/cm range for measurements in 2006 and 
2007. \Iith 110 correlation \Iith IlLl\\ rates . The srring \\ater is a mi.\ed cation bicarbonate I\ater 
\1 ith calciulll being the dominant cation. It exhibits consistent ion chel11istr) that dOeS not change 
\1 ilh fl011 or specilic conductancc. 

Spring i\1 __ SPIS is a de\elopecl sj1I'ing located at the south elld ofa I\ide. gentl.' sloped tribul<l.l'.' 
tll i'vluclcl.' CreeK. The spring bo.\ is hea\ il) corroded. It:; outlet appeared to be plugged or 
paniall.' plugged during somc of the s8nlpling \i~ib Hild \\ill;.'r in~ide the spl'ing bo\ loo).;ed 
~tagl1alll . ;\t one tillle" thi~ sprillg [1(1.\ \i ,h conneetcel tll (\ catlle tmugh. [)uI'ing the 0.ludd: CreeK 
r raet sun e.', the lin<-' \\ ,h brtl).;en ju~i belcm the cattle e ,\elo~ure surrounding the spring bo.\. 
,\Iwthcr lal"gl' cattle trough located appm.\illlatcl.' y, Illile nOl,th of the spl'ing ma: h,1\ C al~o been 
lilkcl b;. this salll\.' spring. It I\ib ell'.' ciuring th\.' ba~eline 1ll0l1ilOI"ing period. Til11e series plots of 
IloII, field parailletcl·s. and Stiff diagram s of major ion chemistI'':' far this spring are Pi'l)l ided in 
I'igure 16. Thesc I"esult ~ shc1I\ ,, 5S<bOllul fluctuation in discharge I\ilh nOlls ranging fmm 0 to 
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about 0.5 gplll. SpeC i fic conductance ranged from 726 to I A35 uS 'cm and did not appear to 
correlate \\ ith the measured tlO\\ rate. The spring \\ater is a Illiwcl cation mi:...:ed anion \Iater. 
Tile cilanges in specific conductance and changes in anion composition obsel'\ ed at this spring 
Illa) be due to the poor condition and maintenance of the sprin~ box. incl uding the corroded 
condition. stagnant \\ater. and dead animals that I\ere occasional I) found in the spring bo:...:. 

Spring r--1_SP39 is located in the Greens Hollo\\ tract. adjact?nt to Co\\bo) Creek. It is ch?\eloped. 
1\ ith a series of three spring bows. The top spring bo\. is disconllected and does not appear to be 
tl(ming all)1l10re (\Iater in the spring box appeared to be stagnant). The middle spring bo.\ 
discharges into the lo\\er spring bo\.. \\hich di scharges into CO\lbo) Creek. Time se ri es pl ots of 
nOI\ . field parameters. and Stiff diagram s of m~ior ion ch emi "t!") for this sp ring are pm'. !ded in 
Figure 17. The [WCD has monitored nO\\ at this spring. The dail) flo\l sUlllmaries for the til11e 
period from Jul) 3.2002 through 1\ovel1lber 14.2003 are also plotted in Figure 17. These results 
initiall) shO\I good ag reem ent II ith tht' 1l1:1i1I L:'1.! meas '. !!· :"!m ;;:nt ~ . \\ i!h d: ~ "'rep;::.~i~ : stailin~ h'o 

nrp~!lr ill [\( \ember 2002. A . IlOted. Olll.;' di:, repanc~ mil) be explained if E\\ D nOl\ 

monitors are not capable of detecting 10\1 flo\\s. Furtherm ore. the initial agreement bet\\een 
manual and instrum~nt measurements fo II 0\\ ed b) a period of disagreement seems to indicate 
tampering b) humans. The manualll1easurement results sho\\ large seasonal fluctuation in flo\\s . 
F1o\ls ranged from 0.27 to 4.66 gpm. Specific conductance ranged from 573 to 1.035 uS/cm 
\Iith higher \alues occurring at the lo\\er measured flo\\ rates. The spring. \\ater is a Illiwd cation 
bicarbonate \1 ateI'. 

L.aboratol") anal) sis results tor all four Price River formation springs are cOlllpared \\ ith the 
relevant \\ater qualit) criteria for inorganic constituents and di sso l\"ed metals in Table 4. These 
results sholl the Price RiHr Formation springs that \Iere sampled for baseline \\ater qualit;.· 
genera lly met all relevant criteria for all constituents except for slight exceedances of arsenic. 
cadmiu1ll. lead. lDS. and zinc 

Arsenic exceeded the I C standard of 0.0 I mg.!1 for one of si:...: sample dates at t\\ 0 spring 
monitoring sites. Factors contributing to a higher concentration on this elale (No\'embcr 2002) are 
not I\.no\\n at thi s tillle. ~lo\le\er. it is assumed these \iolation s do not characteri ze I) pical 
tluctuations in \\ater qual it) frol11 these springs. All other measurements from these springs \\ere 
\\ell belo\\ the IC standard . As a result. it is ass um ed these violations do not represe nt \later 
qualit) impairment. 

1\11 mcasuremenb o\" cadmiul11 and lead \\ere belo\\ the i\kthod Detection Limi[ (['vIDL) usecl to 
measure each sample including 0.005 mg/I and 0.07 mg!1. rcspccti\·cl) . Due to the slig.ht 
diFferenccs betl\cen \Iater qualit) standards and the labol'atory's MDL \"or each parameter. it is 
not possible to dekrminc if these measurements exceed the associ ated I C. 3/\ and 3C s tandarcl ~. 

IIO\I C\ cr. ha-;ed on loca l kl lOl\ ledge of g.eolog). soil. and land use/dc\elopmcnt in the allul) si s 
area. it is likel) that \\atcr chemistI') at these s ite ~ genera II) retlect~ natural conditioll s. is not a 
d,mger to animal 0 1' human health. and i, in support of the assigned bendicialusC'. 

!\Ieasurements of TDS and zinc both had si ngle measurem ents that C'.:ceecled \Iater qualit) 
s[,lIldarLi s including ,1 TDS ll1 e a~lIrel1l e lll of I.~ I ~ mg. '1 collected fWIll Spring i\1_Sr39 011 ,\1<1:-
12. ~OO..j. and a zinc \ alue uf 0.13 Illg. ' ! colb:tecl fm lll Spring i\1_Sf'O I Oil Octobel' 7. 2003. It i., 
,bsumed the~ e single I iol at ion ~ do Ilot inclicate \\at er qual it) il11 l)(Iirlll<C'nt at ei ther sjll·ing.. 
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3.1.1.4 Springs and Ground water in the Castlegatc Sandstone 

The Castlegate Sandstolle forms a steep cliff escarpment along most stream \ al!e) segments of 
i\ludd) Creek. Box Can) on. and Greens Can) 011. This unit is het\\ een 195 and 3:26 feet thick. 
II ith all average thickness of 239 feet (Anderson 200-1). Near cliff exposul'es and in stream 
bottoms. the Castlegate Sandstolle becomes friable due to the dissolution of the carbonate cemellt 
thus becoming more capable of supporting acthe gl"Oulld \Iater s)stems (USDA-FS 1999). 

Spring i\1_SP87 is the ani) Castlegate Sandstone spring identified in the Greens Hollo\\ tract. It 
issues from the base of an 01 erhanging cliff at the contact \\ ith the Blackha\\ k Formation at an 
e!e\ation of about 250 feet abo\e the south side of i\ludd) Creek. Flo\IS at this spring rangeci 
frol11 about :2 .2 to about 3.1 gpm \\ ith little seasonal nuctuation. Specific conductance ranged 
It'ol11 627 to 1.277 uS/cm \\ ith no correlation \\ ith the nOI\ rate. Spring j'vl_SPS7. like other 
Castlegate Sandstone springs ill the i\.ludd) Creek Tract anal)sis area and Pines Coal Tract. issues 
from the base of the sandstone at the contact \\ ith the Blackhal\ k Formation. \\ hel'e the 
occurrence of abundant s\leiling cla)s sel"\"es to impede dOl\nl\ard mo\ement of gl"Ound \\ater. 
causi ng lateral mo\"eillent. Structure appears to influence ground \\ ater flOl\ in the Castlegate 
Sandstone in the i\.ludd) Creek Tract anal)sis area as all of the springs are located on the east or 
southeast side of the can)ons. as \Iould be expected for ground \Iater follo\\ing the dip slope. No 
springs \\ere found to issue from the Castlegate Sandstone in Greens Can)on. This suggests that 
either the recharge are8 bet\\ een Greens Can) on and Box Canyon is insufficient to sustain ground 
1\ ater flo\1 in' the dO\~ nd ip di rection in the Castlegate S8ndstone or that an absence of shales 8nd 
s\\elling cla)-s in the upper part of the Blackhal\k Formation in this area does not allo\\ ground 
\Iater levels to rise sufficientl) to sustaill spring nO\\s. 

Gl"Oulld \Iater issuing from spring M_SP87 exhibits Illuch higher levels of specific conductance 
than Castlegate Sandstone springs located in Box Canyon that \\ere measured during monitoring 
orthe Mudd) Creek Tract. Spring rvl_SP87 also exhibits a some\\hat higher pH that is similar to 
the Price R i\ er Formation. These results. together with consistent flo\\ frolll the spring. suggest 
thaI rech8rge for the spring passes through the Price Ri\er Formation. Spl'ing M_SP87 is located 
ncar the mouth of an unnamed tributar) to i\.ludcl) Creek. It is likel) tllalmuch of the recharge for 
this spring occurs along this strealll \ aile) . 

3.1.1.5 Springs and Ground water in the Blackh:ml, FormatioIl 

The (1\ erage thickness of the Blad,ha\1 k Formation in the anal) sis are<1 is 825 fect \\ itll <1 
minimum thickness of714 feet. The mineable coal is founci in the lo\\er Cju<1rter of the form8lion 
(Anderson 200-1). The sandstone units become more separ8ted and isolaled tlmards Ihe base of 
the Bl8ckhm\ k. The interbedded cia) stoncs. siltslones. and sandstones of the Wasatch PI<1te(lu 
me' rich in s\\elling cia) minerals of the monlmorillonite 01' smectite group. i\.lalerial frol11 the 
BI<1ckhal\ k Forillalion lIas examineci b) X-ra) diffraction ami found 10 conlain an m"e rage of 2-1 
perccllt smectite. a sl\clling cia). (DOG~l 1(92) These s\leilillg cla)s decrease tile \erlical 
h)ciraulic cOllciuctilil). \Ihich impedes the \crtical nOI\ of groulld \\ater ill the 8Iackhil\\k 
Forillatioll. !\io springs iSSUing from the Blackhal\ k Formation \\cre Ilokci inlhe anal~ sis area. 

3.1.1.6 Springs and Ground \\ater in the Star Point Sandstone 

-I he upper Star Point Sandstone consists of three Illa,;.-;j, e san(Uonc lit) crs (L :SlJ\-FS 1999 r tile 
kl\\er Star Point SanLi.,;tone i ~ an ll[mard prograding sequence of thin 5::lnthlones. silbtone;;. 81lcl 
~ha le ~ . I\hich intertonguc \\ith Ihe undel'l) ing \la~lI~ :\1embel' 0[- the i\lancos Shale (LJSf)..\-FS 
19(9). -I he \la s u~ Illeillhel' of \lanco') Shak (lcl:; ,]-; a lOll pCI"IlH:ahilit) li,be 01' bounclar: such 
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that Star Point Sandstone is the 101\ erlllo~t grounci \\ ater bearing bedrock formation e\ aluated in 
thi:. s!Ud~. hc ~l lIdJ_\ Cr ' 'k Tr3 t pring nnd et:p 1I1"\t ~ foun I 110 g.round \\ afer i suing rrulll 

the Star Point Sandstone. including the Greens II ,, )\\ tract. discu, s'd in ' Cliol1 ~ .2 . Thiro 
and Cord) (1991) conducted a gain-loss stud) of l\orth Fork Quitchupah Creek that found an 
increase ill tlO\\s 1\ here the creek crossed the Star Point Sandstone outcrop. The Pines Tract ElS 
deterl11ined that recharge of the B!ackh::m k formation and under!) ing Star Poini Sandstone is 
quite 10\\ and occurs pril11aril) in the \icinit) of the outcrops (USDA-FS 1999). 

3.1.1.7 Ground ,,;lter in Allu\ium 

Thill allll\ ial deposits are found along the bedrock-dominated channels in the can) all botto111s. 
i\Japped ailul inl deposits occur along rdudcl) Creek belo\\ Bo:\ Can) on. east orthe anal) sis area. 
i\Judd) Creek does have a floodplain and unmapped alluvial deposits along most of the streal11 
channel in the anal) sis area. Although ground \\ater undoubtedl) occurs in the allu\ iUIll of 
~,llldd:\ CI<.:I.:I,.. glulIlld \,,\Ii?r 1e\'Cis \\ouid \"ClJ"~ seasonall~ \Iith flOI\S in the creek. Ground \later 
in the allu\ iU1l1 does not support an) direct use for \\ell s. f 100\ever. the allu\ iUf11 likel) serH'S to 
store surface rUlloff \\ ater during hi oh nCl\\ S and release water as le\'els in the creek drop. helping 
maintain p ' rennial flO\\ in the 10 \\I:!r 1\ rlions of the 1'vludd) Creek Canyon. I\ludd; Creek's 
gradient. a measured from the U G, 75-minute topograph}. a\·erages about 3 percent in this 
area. 

The Ortice of Surface IIv'! i n ing and Reclamation (1985) has prepared reconnaissance maps to 
assist in identifying Allu\ ial Valley Floors for the coal regions of central Utall. These nwp:, shol\ 
no subirrigated allm i Ulll or potentiall) flood irrigable alluviulll in the ana lysis 3rea. 

The Utah DOG ~vl has also made a ncgati\ e dderlll ination on the e:\istencc of Llncol1s01 idated 
stream laid deposits holding streams and sufticient \\ ater to support agricultural acti\ ities ill the 
SlJFCO Mine Plan Area and adjClcent areil. This area and determination includes I\ludcl.\ Creek 
and the North Fork Quitchupah Creek. 

3.1.1.8 Ground "ater Summary 

The general pattem for ground \\ater flo\\ in the vicinit) of Greens 1-10110\\ is from recharge areas 
at lit ' highcr (opog.raplt ic ck , ali llll ' to di, clwrgc area" al lhl.' 10\\l'r top graphic CIC\ fltiull . alol1!.! 
(he . lreiHll \ a ll e~ ,. Of" cou r \.' . thc sit ' gt:olog) controls the patterns. pathl\ a) s and rates of 
gl"llund \13ter flo\\. Ground \Iater reehal·ge and discharge is localiud in the North Horn and 
Price Ri\er Forl11ations. These geologic units contain the majorit} of springs found in tile 
311a lysis l1r (1 , The 10catiol1 of springs hu. Ill' apparent relationship ,\ ilh geologic structure and n Q 

p l"i.~r' ren cc .. 5 to the slope direction. 1\ is appmcnt that cia) sand. hales in the North IIOrJl and 
PriCe Ri\ cr Formations restrict \ertical II \\ of grollnd \\3ter to deep(,I' Llnits in the an~lly s is mea. 
causing the springs to appeClr at higher topographic positions. 

Geologic struc!ur(' appeal·s to inlluence the location of springs issuing frol11 the Castkgm' 
Sandstone. Sprillg M_SP87 is the onl) C(!.,t l ~gate Sane/stone spring in the Greens Hollo\\ tract. 
This spring is 10 al ed south of Mucld) Creek 1I1 the north side ot'thc coal tract anJ e"hibits much 
hi gher specitic condllctClnce than the othel· Ca.;;tlegClte Sancbtllllc sprillg~ located cast l1f the 
anal) si" ar;.'a in the [~ll " Call) 011 drainage ilnd a some\1 hat higher pi I lhat is similar tn the PricL' 
Ril er lorillatiun . T he ;;e re sull~. together 1\ ith the consi~tent tlOI\ of th;.' spring. slIgge:;t the 
I·echarge for thi s spring p,bses through the Price Ri\ er rormation . Spring iYl_SP87 is located 
ncar the mouth 0/· all unnillllec1 tl·ibutar) to !\Judd: Creck and it is likel) that l11uch orthe rechmge 
for this spring occurs along the stn~am I alk) . 

. ',' I,,'· ( \ .\) 
. r i 

Surface and (iround \\ Clter ·1 echn icCl i Rep,)r! 
:20/..( Gre<:l1s I/o/lOll Coal I ,C<l SC Tra.::! 

Di.,i. iJ' 



( 

1\0 springs Ilere identified thaI discharge from the Blackhall k Formation in the Greens ~k)lIoll 
tract. 

The asseSSll1ent and discussion of measured tl011 s in the abm e sections i5 not meant to assign 
sign i flcance or i m ponance to certai n springs based on discharge 101 UJl1es or length of tlOll, A" 
springs in the anal) sis al'ea are considered important. HOII e\ er. some springs can be considered 
to hal e a higher I alue as a result of investments in del elopment or due to the support pl'OI ided b) 
these springs to dependent ecos) stems, S) stematicall) iclentif) ing the \ alues associateel II ith 
illdil idual springs can prOl ide guidance for mine plan development and 'or mitigation measures, 
\\ 'hile it is unli,,"el) that minillg delelopl11ents can OCCUI' iil a \Ia) that \iould aloid all springs, 
some kno\\ ledge of the \ alue of inclil idual springs could be used to design a pr[tctic[tl mine pl[tn 
II ith a relatil el) high probabilit) of minimizing impacts on high \ alue springs, Spl'ings located 
adjacent to Iletiands are a significallt SOUITe of II ate I' to legetation and \\ildlife that utilize these 
al'eas as primm) or secondar) habitat. ImprOi ements to Iii estoc,," management can result 
folloil ing spring elel elopl11ent as animals al'e elrcllln to tl'Ougils located all a) frol11 fragile areas of 
ground \Iater discharge, Springs located in upgraelient SOUITe areas for \Ietlands and riparian 
corridors call be sOllle elistance all a), ) et still pro\ ide seasonal 01' perennial 110115 tilat SUppOl't 
these features, The follolling factors Ilere lIsed to define the lalue of each spring in the anal)sis 
area, 

High Value: Springs that are located II iti1in 25 feet of Iletianel areas, prOi iell.' surface 
tributal') flol\ to the adjacent Iletiand, or del eloped in support of hUll1an or Iii estock use, 

ivlodcrate Value: Springs located II ithin :')()() feet of Iletiand areas or ripmian corridors, 

Un,,"nolln Value: Springs not classified as I-ligh or i\loderate Value, 

Table 5 and Figure 4 indicate the classification of each spring, I\ote that four springs Ilere 
classified as LJnknoll n \'alue, The remaining springs arc either located in source areas, adjacent 
to \1 etl'lI1ds and riparian corridors, or prO\ iele tributat) support to these featul'cs, A total of 14 
springs Ilere classified as Iligh laille and 15 springs Ilcre classified as i\loderatc lalLIe, A total 
of eight springs in the anal) sis area IWI e been del eloped fOl' hUll1an use (Rough Brothers of the 
Ililis cabin) or liloestock use, Additional detail on \ egetation and II ildlife species that depend on 
springs 8S (1 pril11ar) source of \\ nter is pro\ id~d ill tllLir rcspccth 'c sections of till.? CJr~clls f follo\\ 
SElS, 

3.1.2 SCRFAC[ 'VATER 

Surface \Iater r(,SOLlITes include streal1l,) ami a~sociated lloodplain~, resel'\ oir~, stock panel,;, and 
springso f\S springs are a surface manifestation of ground II ate I'. tlk'ol arc descrihed abOl c in 
Section 3,1,1, 1 he rCI1lJinillg sllrt~lce II ater rCSOllrC6 arc described in detail belol\, 

The ll1ine plJn inclicatl'~ that ]\orth For~ Quitchupah Cree~ Ilouid recei\c discharge ihsociateci 
\1 ith mining of the Grecn,; 11011(1\\ tract. Tile northern and Central portions of the 1 raet drain intu 
\ ludd;. C I\.'C~ II hile thc' ~('l!theril portion ld" ti1ell'~lct drain,; illtl) \;orth Fot,~ ()LiikhLlI~;Jh CI'Ce~ ,h 

,11\)111"1 ill I i~urc I -Ille I"ci11~lil1ing area (l!' the -r ract i, cOl11pl'i,c.:! of portion, 01" SCI t'ral Cllo,lin(lgc, 
that eO:lll'ibutl' nUll ttl \ lud,I,1 C. leek 01 ~lJnh [' urk C)uitchupah Cree", These di'ainagc~ illCILldo.' 
~ol,th f ork i\ILlcld~ Cred, South lork i\[ucld;, Creek, fI()r~e Ct'ed" and 5CICI'ai Ulll1dnled 
tributarit';;, il.lajor cil'ainag.e, located ,1djClcellt to tile Grcen, I Jolloll t!'act include i\onh Fork 
\Iuddl Creck, HClI','ie Creek, Bo.\ Can) 011, 1(1\\cr !\OI'th [' ork C)Llitchlipah Creek, £111(1 South Fork 
\Iudd) Crec", 'JIll' dil id", beti\Cell the \Iudd;. Cree" and ]\orth lork Quitchupail Creek drainJgcs 
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is locall) knoll n ao; Big Ridge and e~tends acmss the' sOLithern elld of the anal) sis al·ea. This 
feature sepal'aks headl\ ater al'eas of CO\\ bo) Cre'ek and I\orth fork Quitchupah Creek. The' 
he'adllate'r areas for Gre'cns Holloll. CO\\bo) Creek. and 1\onl1 Fork Quitchupah Creek e~tcnd to 
the Ilest of the Tract. 

The Illainstelll of 1\ludd) Creek is perennial as it passes across the Ilorthe'rn end of the GI'eens 
Hollo\\ tract. During 200 1-200·f. Greens Can) Or1 contributed season(l\ tlOII il110 tile' 1ll1l111Stc'1ll of" 
i'vludd) Creek. Ilhile upper portions of Cm\l)o) Cre'e'k and Greens HolloI'. \lere noted to be 
perennial. T\onh Fork Quitchupah O'eek is the onl) perenl1ial stream located \\ ithin the Greens 
Ilolllm tract that do,":; not JlOil inlo ,\ludd.\ Cr.:e\-... The extent of perennial flc1\\ I\as obsel"\ ed 
during the fall of 2001 tllrl)ugl1 2003. The most e:·,Jensi\ e CO\ erage of rerelillial flcm II,b 

obsel"\ed during fall 2001 and lias used to asse"s illll)<lcts 011 p('re!l!lia! streams. The extent of 
perennial streams obser\ed during the fall 01"2001 is Sho\I11 in Figure 4. B) definition. pel'enl1ial 
stream channel segll1ents contain flo\\ ing I\ater thmughout each year. 111 ordel' for flOI\S to be 
Illnilltai!1ed ()llt~irl(""l (If per !()d~ of 5L!!"fnce ru!;cfL g:'~~~!:ic! ',.\Zlt.:;- il,u~t ii -'lCi"SCLt pC!t.:lllli~11 ~irea1l1 

channels in aillounts that offset an) loss to seepage (i\losle) and f\IcKel-char 1993). The amoullt 
and e.\tent of perennial flol\ is therefore influenced by annual pl"ecipitation levels. surface runoff 
and shalloll ground \\atcr recharge. As mentioned abO\e in Section 2.4.4. annual stl'ealllfloll 
h~lels n~corded from i\ludd) Creek indicate that \\ater years 2001-2003 Ilere belo\1 historic 
a\ erages. Based on all [l\ ai !able. appro\ ed records. the histol'ic (1952·2012) annual a\ erage for 
~ ludd) Creek Ilear Fmel) is 37.5 c fs (USGS 2013). A nllual (]I erage stream nOli duri ng the 200 I 
\\ater )eor \las 33.2 cfs or appro~imatel! J I percellt lo\\er tl18'l the historic a\erage. 

Baselinc strcam Illonitoring st::1tions I\CI'e established at selcral locations along Greens Call) on 
U'v!~ STR I. f\1_STR2). Greens 110110\1 (;'vl_ STR6). and. COli boy Creek (M_STR3. f\ I_ STR4. 
i\I~STR5) as sholl 11 in Figure 4. Additionalillonitorillg locations "erc established on the South 
Fork Mudd) Crcckjust abo\c its confluence lIith the North Fork I\ludd) Creek (M~STR8) alld 
on the ullnamed tribut~1r) that enters Mudd) Creck Ilcar the north boundar) of the anal.' sis area 
(Figure 4). Other l11onitoring has been performcd by the SUFCO f'vline at tllO locations on North 
Fork Quitchupah Creek inside the c1nalysis area including I\tSTR9 and f'v1_STR 10 (Figure 4). 

Table 6 sUl11l11arizes field llleaSUrell1ents of 1\ ater qualit) for each station. These results are 
described in 1110re detail in the follo\\ ing sections 1'01' indil idual drainages. The statistics ill Table 
6 are based 011 I isits 1\ hen flo\\ \Ias measured. In addition to periodic monitoring. continuous 
floll I11casul'cl11enh \I elT collecteel at si~ stream l11ollitoring stations on GI"Cens (,,111) on and it:; 
tributaries. These n1casurell1enh me de~cribecl in mOlT detail beloll. 

3.1.2.1 i\I\ldd~ Cree\.; 

;\s it tr,l\erSeS the nol"lilern eelg" o/" lhe <ll1al) sis ar.:<1 1\'ludcl) Crec\-.. tlOIiS in a nalTOII. deep 
can.loll II ith steep clirf~ fOl"llled b) the Castlegate Sandstone. Bel,)\\ its confluence II ith I,mer 
130\ L'an) on Creek. the \ aile) bottol11 bccol11es sOl11cllhat "ider (aleraging ahout 300 fcet) and 
the sinuosil) of the channel increasc:;. Iiolle\er. thc channel i~ still entrenched. (lml is cOllfined 
in a 1](lITOI\' I aile) bottom. i\lapped allul iUI11 and a sillall tlooclplain occur ill this re'1I.:11 belcl\I 
130.\ Can)on. As ddined b;. the e,\teI1t of Castle gal. SallLhtonc outcrops. clirre:iC,1IT)l11cllt~ l11a) 

e\tend LlJ1~lreal11 along b,.lIh :-;ilie, of \ludd;. CI'ee\'" a )nH' the C(l!1tlu '~nce ofi\ l)rt h Fork ,\1ll1 Sollth 
['OI"k \Iudd) Creck (.'\nder,l1i1 21JO-h 

\\uclcI) Creek h,\5 bL'cn gauged b.1 the lJS(jS at Statiol1 1J933():'OO. located about:' miles 
clOIl IlStreal11 orthe anal) sis area and about -Illliles north o1"the lo\\n 01" Filler). The drainage mc.) 
<1bOlc this gage i, rerOl"lecl t,) be 105 ~LJlIare l11iks h~ the L~S(jS but \\ ,b ,kkl"l11il1ed t(1 he IOS.S 
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square Illiles ill this stud). i\ludd) Creek is a source of drinking Ilater and irrigation Ilater for the 
toll n of Elller). Annual al erage discharge at this gage for Ilater ) ears 1953 through 2012 
(October 1952 through September 2012) is 37.5 cubic feet per second (cfs) (USGS 2013). 
\ 'ariations ill annual discharge Ilere cOlllmon II ith a 101\ mean discharge of 9,4 cfs reported for 
II ate I' } em 1977 and a high mean discharge of 86.1 cfs in Ilater ) ear 1983. The baSeline 
monitoring period for the i\ludd) Creek Tract stud) began in the sUlllmer of200l.just before the 
beginning of\later )ear 2002. and e:-.tended through June 200-1-. The alerage annual flOllS for 
\\ater ) ears 2002 ancl2003 \Iere 18A and 31.S cfs. respecti\el). I\hich arc beloll the ,'\\erage 
ilnllual flail for the period of record as indicakd in Figure IS. 

Flo\\s al'e seasonal 1\ itll the Ilighest monthl) fl()\IS occurring ilS a result of SIl()\1 melt runotT ill 
\Ia) and June and the lo\\est month I) floll s occurring in DeCember. JilnUar). and Febl·ual}. as 
indicated in Figure 19. There is a \ast difference bct\\een the highest and 101\est monthl) flolls 
ro r the period of record. particular!) during the peak sncm melt rllnon'months of i\la) and ./UI1e. as 
indicated in Figure 19. I\lonthl) flolls during the baseline Ilater )em 2002 Ilere \\ell belcl\\ the 
corresponding 3\ erage tlOIl s for all months. iVlonthl) tlOIl s during \1 ater ) ear 2003 matched the 
il\erage monthly flo\\s quite c1osel), although all months except i\larch 2003 lIere belol\ thc 
pc-riod of record m erage flO\\ . 

Intense sUlllmer thunderstorills occasional I) result in short-term flash flooding that pmduce high 
peak tlOIlS but not large \olumes of runoff. Pea~ tlOI\S for \'al'ious return periods lIere 
determined for the USGS Station 09330500. located on f'vludd) Creek about 5 miles do\\nstrealll 
of the analysis area. TI\O methods II ere used for estimating flood flo\\ frequency, including the 
regional regression clllalysis mcthods tor ungaged locations as outlined in -"The l'\ational Flood
FI'equcllc,: Program-l\lethods fOl' Estimating Flood Magnitude and Frequency ill Rural Areas in 
Utah" (Mason et al. 1999) al1d a log-Pearson T)pe 111 Frequenc) Anal)sis of the 60 )Cars of 
8nnual maximum flo\\ data mailable for the USGS Station 09330500 on Muddy Creek. The 
!lood frequcllC) results for this location determined from each of these methods compare 
fill'orabl) as indicated in Tahle 7 and Figure 20. This l'JI'o\ides greater confidence in the 
frequenc) results determined for the other relevant drainage basins using the procedures in LlSGS 
Fact Sheet 124- 9. 

" 'Iucld) Creek and its tributaries from the Utah Iliglllla) 10 crossing to the headl\atcrs has been 
ass igned SCleral bencficialuse classifications undcl'LJtah legi~lation R317-2 Standards of Qual it) 
1'01' \Vaters of the State including the rol1C)\\ ing: 

Ie -- 1'::1\\ II ater SOUI'CC for domcstic II aiel's) skill S 
2 B -- protectc-d for seCOnli8r) contact rCCI'eation. 
3A - pmtected for coldllater spccies of aquatic lil'e. 

-I- ~ protected for agric ultunll uses i IlC Iud i ng i rrigal ion ane! stock 1\ clleri ng. 

The portion of I\ludd) Creek and tributaries that me located in the outer boundar) or the i\lanti
l.aSall'\ational Forest i.-; classified as a Cakgor: I - Iligh Qualit) Wakr. This segment is subject 
tu sll'ingent antidegrae!atioll limit:, that rl'ecludc 11e1\ point source discharges. Before it is Llsed 
rill domestic rurplbes. '\Iudd) Creel-; \\akl' u!ldel-goes ful! COil\elllillnal trealillent (I }SJ) \-FS 
1( 09). Adclitional illfol'll1Clti oll regarding til e LI~'c oP,ludd> Creek ,h ~l c111llle~tie I\elkl' SULI!'C;.' i~ 

i:h:l u(kd belo\\ umler Seetiol l 3. 1.--1 DI'inh.ing \\ ater S(llirC~' :\I'eib 

B ~1, eliI12 nWl1it Ll I'il1g has been pertclI"Incd ,11 1I1 ,,_STR8 all the South [01'1, i\luclcl) Creek ne,l!" the 
'1 rilet bOllnclal': il " ShOll 11 Oil Figure --I. \lol1itoring at thi~ staticlil began 011 92fi i02. :\ sUl1lmar) 
of' field l1lonitOl'ing I-e.;ulrs i, PI'I)I ided in T,lblc 6 ami f iglll'c 21 . ;\ SlIllll1lar) ortlle Ilaler qualit: 
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results is sh oll n in Table 8. I\icas ureo flOlI rates ranged from 968 to 15.6~~ gplll for the si\. 
repol1C'd llle<1S Urel11C'nts. The baseline Ilakr qualit:- results ShOll lOll TDS Ulld ni tl·atc .'ni trit e. 
I\one of the 31lal) zed par<1 ll1eters exceeded the respectil e st<1nd ards. 

3,1.2,2 Greens Canyon and Tributarics 

GI"CellS Can) 011 ana its primal') tributarie s. GI'eens flol/oll and COIl bo) (\eC'K. dmin the majorit:
of the surface of the Greens Holloll trac t as shOl\ n in Figure I. The head\1 ater:=; of Greens 
floll oll and COI\bo) Creel-.: e:.;tend slightl) IIC:;t of the coal lease. Baseline stream 1l10nitoring 
stati ons \\ere establi shed at selerallocations <'llong Greens Can)on . Greens fl ollo\\. alld (\)\\ bo) 
Creek ~b ShO\\l1 in Figul'\? I. !lIming upsiream frolll the confluence of Greens Can)Oll and 
:"\Iuckl) Cr,! ,,". the stations are :\'I_STR!. ~,l _S lR2. i\.1_STR3. i\.l_STR S. clnci i\i_ST R-f. Swtion 
!l1_STR6 is upstream of I\I_ STR2 ill GI'eclls Holl o\\. A SUllllllal') orthe fi eld llle<1SUI'ements for 
each station is shOlln in Table 6 and plotl ed in Figur.:s 22. 23. ~-f. :25. :26 ami 27. including 

Station f\·I_STRI is located apPI'O'l:illlakl:- 900 feet abole the confluence of Greens Can)on and 
i\ludd) Creek. Orthe 16 I'isits reported bct\\cen6 '6!01 Bnd :'/10 '0-1. the site lIas ell) 13 tillles. 
The field and \\ ate r qualit) measureillen ts Ill et the standards as 5ho\l n in Table 6 and Table 9 
Ilith the e.'l:ception ofal·scnic. Arse nic e:-.;ceed ed the IC standard 01'0.01 mg/l for one of the three 
s<1lll ple dates. Thi s \ iol<1tion lIas equal to the laborator) 's ivlDL Bnd is likel) 1\ ithin the norillal 
r<1llge of \later qualit) variation e:-.;perienced ill man) strea lll s ciuring the spring runoff seasoll. 
The other tllO sBlllp1eS Ilere \Iell belml the IC standard. II is anticipated this li olat io il is il Ot 
indi catil e of \Iater qualit) illlp<1irlllellt fOI ' (ire.:ns Call) on ,1Ild docs not pose risl-.:s to hUlll an or 
anill1<11 health . 

Station f\ 1 STR2 is locateel III id-I\ a) along Grecns Can.loll. bcgi nn i ng at the COil flucnce of 
COIl bo) Creek and Greens II ( Ik)\\ <1ncl continuing dOI\ nstrealll to II here Gree ns Canyon joins 
[\ludd) CreeI-.:. The .Iren lll channel above the station. up to the confluence of Co\\bo) Creek and 
Greens 110110\\. is prilllorily b(;droCK. This sttltion lias installed per DOGivl request in August 
:200:2 and \las monitored eight times betl\een 8'7/0:2 and 5110.'0-1. The stat ioll lias ell) onl) for 
the first I isit. lIith fl o\\s m eraging 12.4 gplll and a 1llt1:-.;inllllll fll1ll recordccl of 74.2 gplll for the 
six lisits before 2004. The 5'10/0-1 \ isit reporteci <1 tlOI\ rate of 460 gpill. All standards and 
pollu tion indic<1tor values th <1 t \l ere useci to evaluate field ami labol'atol') saillpies I\ere Ill et. as 
5hOl\n ill Table 6 and TBbie 10. \\ith the exception of tot <1 1 phosphoru s. Measurements of total 
phosp horus had a Illcl.'l:illlUIll \alue of 0.12 mg/I allli exceedeel the pollution inelic<1tol' "due of 0.05 
I11g 'l H~s ig.ned tll Ci a:;: 213 -<1nd Cl ass 3A benelicial uses. The reillaining samples lIer(' slightl: 
abOl e or bellm 0.05 mg' l. Visual inspeclion of the strealll channel did not indicate the presence 
of algal Ul'll \1 th and dissoiled O:'\ygCll Illcas mt'lllcnts 1\ ere a ll abOl e desired k~1 els at thi s st<1tion 
I() I' Class 3:\ 8qu<1tic life forills . Thel'e fore it is likel) th<1t nutricnt concentrations al thi s station 
arc not cOil tributiiig to eulrophic conditions re5 ulting ill 1\<111:.'r CJu al it) illlp<1il'lllCnl. TotBI 
pilusp lwrus concentrations Illcasured frolll strealll S. ponds. and springs ill the anal) sis area are 
influcnced b) a cOlllbination or natural anci anthrupogenic sources. T\atural sources incluli e 
., trealll erosion. \\ild an illl 81 \Iaste ~ <1nd lear fall. Anthropogenic so urces arc pl'illlaril) li\cstocK 
manures captlll'cd b) surface runoff. or depos ited direct l) b) gra/ing <1nilllais, The total ailloullt 
C(liltl ihuk(j b) each SC1 U!'ce \ arico Bccrmlillg ti) Ic1( <1tioll. sca'oll. PI";.:c il'il ati o!1. \\ ild lik popUl at ion 
d .lli'l\lljC ~ (\111:1 gTcving IllclililgCllh'llt 11 I'(lCticl':o. I he f) .OS I11g 'l COIlCl'llt!'3tioll u~:;:d to elaluatc total 
l)h llSpilorLh is <1 pollutioll indicator 131ue and not ,1 liullleric cr ikria or \\a!er Cjucllit: standard. 
CO IiC ellll 'a tiui1 :i or total plmsphmu, gl\:atcl' th all OJ)5 Illg'l ,1I'e 110t inherent l: to\.ic to hUlllan 01' 
cll1 illlal life . . / (1t31 phos phoru s Cll llcelltmti c1l1s gre ,ne l' thall (J,D) 1l1g'1 hal c potential to COllll'ibule 
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to algae gro\1 th and eutrophic conditions that result in lOll leI els of dissoll ed OX) gen 1\ hich arc 
hazardous or ('\en lethal to aquatic life. 

Station i\I_STR3 is located on CO\\ bo) Creek approximate I) 400 feet abo\e the confluence II ith 
Green's Holloll . This station \\as monitored 16 tillleS bel\leen 6/6/01 and 5110,'0-1 . The station 
lias dl') for 0111) t\\O of those I isits, II ith floll a\'eraging 8.5 gpl1l and a ma.\:illlulll floll of 5-1.9 
gpm for the 15 \ isits before 200-1. A flail rate of 491 gplll II as reported on the 5/ I 0,'200-1 visit. It 
\Ias noted on se\ eral \isits that tloll in CO\lbo: Creek had dried upshortl) dOlln streal1l of the 
station. The dissol\ed o\.)gen Ie\el \Ias measured slightly belOlI -I mg. '1 dUI'ing t\\O \ isits. Other 
pollution indicator \alues and Ilakr qualit) standards lIere met as shO\\11 in Table 6 al1d Table II 
I'. ith the exception of total ~111O s phoru5 and arsenic. Total phosphorus had a ma.\:illlul1l \ alue of 
0.13 mg.!1 II hich exceeds the 0. 05 mg.,'1 pollution indicator value. The median of the rem aining 
total phosphorus samples lIa:; 0.05 mg/!. Arsenic lI as detected in nine of 12 samples at le\els 
that II ere bel oll the Class I C stand,ml of 0.0 I mg!!. The three remaining arsenic samples II ere 
measured using a test associat ed \\ ith a detection limit of 0.1 mgl!. Til 0 of these samples had 
concentrations < 0.1 mg!1 II hile the remaining sample had Cl measured 3I'senic concentmtion of 
0.1 mg 'l and equal to the detectionlilllit. It is Cl ssul1led these I iolations are not indicatil'e ofllalel' 
quality impairment for COIlbo) Creek and do not pose ri sks to human or al1il11<11 health. 

Station i\1_STR4 is located in upper eo\l boy Creek, \\ here the can) on begins to nalTOII and 
become confined. This station lias monitored during 37 \ isits bet\\een 6/7/0 I and 9/25/12, 
although laborator) measurements lIere only collected during 2001-200-L This site lias dl') 
during 21 of the 37 \'isits. The pollution indicator values and lIater qualit) standards \lelT all 
met. as sho\\n in Table 6 and Table 12 \lith the exception ortotal phosphorus and arsenic. Total 
phosphorus had a maximum \alue of 0.10 mg.!!. The fi\e remaining total phosphorus samples 
\\ere at or belo\\ 0.05 mg/!. Arsenic had a maximum value of 0.1 mg.!1 IIhile four of six total 
samples that lIere measured \\ere beloll the stalldards associated II ith Class I C and Class 3A 
beneficial lise. The remaining sample had a concentration < 0.1 mg!1 as defined by the rv·IDL. It 
is assLimed these I iolations are not indicati\ e of II ater quality impairment for COIl boy Creek and 
do not pose risks to human or animal health. 

Station i\1_SI R5 is located on CO\I bo) Creek. approxim ate I) 1,150 feet upstream frol11 station 
STR3. Thi s station II as installed per f)OG \1 request in i\ lIgust 2002 rtlle! II as man itored on eight 
sample elates betlleell 8'8 '()2 anel 5' 11 /0-1. rloll \Ias noted during each visit to the station. This 
section of COli boy Creek lias obsel"\ cd to be perennial during 200 I. Field notes indicated the 
so urce of II atci' C<1ll1C fl'om b..: lo\1 a lal·g.e outCl"OP appro.,imatel) 300 fcet uJ1s tr..:alll. F1 0\1 in the 
Cl"eel-; ranged from I A to 61,() gpm fOI' thc SC I en \ isits before 200-1. 1\ fl oll rate of 598 gplll II as 
repOJ1ed onlhe 5 ' 11 !2()O ·~ \i sit. The \later 11<15 rdatilel) cold ami highl) o.\)g.enakci (minimum 
measurement or 7,23 Illg 'I). The I\ater qualit;. stalldard ~ Clnd pollutioll indicator valu e ~ \I ere all 
Illet as sholln in Table 6 and Table 13. 

Station i\1 STR6 i:; located ill Greens 1101101\. This station \las Illonitored 16 tilll;,' s betll('cn 
6 '7.'0 I and 5.' 11 iO-l and \Ias ell') 11\(' tilll(,s. The tiekl standard for temperatu re lias c\.cc('(kcl t\IO 
times and the c/issollcd O\:)gCIl stal1Clard lIa~ e.\ceedec! Once, The other \\atel' qualit;. standal'd, 
II ere' IllCt. as sho\\11 ill T,lbk 6 al1d Tahl e 1-1 . ~ l ea:S lIl'elllen l s of total p ho~phLlrL!~ sh lw.ed that til;,' 
(11' tlh~ Il!lle ~nlllple~ e:-..cl'ci.bl til;,' O. U:'1 mg I 11\)llutiuIl illlli-::alm lalue. 'fhe lllaximul11 lalue (if 
In tal Jlhu"llilOl'll~ 1\ <1\ (J. I-I Il1g I aJhl ()Ill' sample Ill("bll!'ed f). I fJ 111g. 'I. The l'(,lllainil1g sel Cli 
::;ampic, \\ere l11ea;;ured slig.htl: aboll', cqual to. or be lo\1 0.0:'1 Illg'l. \lca;;ure illcnb or di :, ,;o!lcd 
c:Clllide idcl1tilied tllO ~alllple lllea,urClllellls in e\cc;;s Grthe Cla~" 3,'\ slal1u,ml 01'0.00:'12 1llg..' I. 
The relll ai llil1g SelCI1 sam ple, \\crc bel oll the \ IDI a:i \\ell a~ the Clas.;; 3;\ sUlIl dal·cI. It i:i like l) 
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theSe' e.\ceedances are in the range of natul'al \\ater qualit) \'ariations and do not pose ris~s to 
human or animal health. 

A longitudinal sune) \\as conducted for Greens Can)on and its tributaries. Greens Hollo\\ and 
Co\\bo) CreeI-.:. I he e.\knt of the longitudinal sune} is sho\\n on Figure ~ 8. The survey shO\\s 
CO\\ bo) Creek being skeper in the hl:'ad\', aters and Ileal' the confluence' \\ itll Gree'ns Can) on. as 
the creek enters the Castlegate and Blackh,l\\~ formations. Greens Hollo\\ has a relati\el) 
consistent slope until it enkrs the Blac~ha\\k formation. The Greens Can) on stre'am channel is 
entil·t:/) in the Blac!dlCl\\ ~ formation. \\itll a noticeable increase in the channel slope 
appro.\iJllatel} 2.500 f' 'I abO\ e the conflucnce \\ ilh i\ludd) Crl:'e~. 

r\ gaill 'loss stud) for Greens Can) on and its tributaries. Greens Hollo\\ and CO\\ bo: Crl:'ek. \\ as 
conducted in September. 200 I . These results al'l:' shO\\n on Figure 29. The only Grl:'ens Hollo,>\ 
inflo\\ noted \\as fl'Olll Springs M_SPO-1- I\I_SPOS, <!!!d r--.l _SPQ6. The s::·cn ... '''Lt.' fl.}\\iil:;'. i.i",ti: 

the Castlcgate 'alldstl}J11' belO\\ l'v1_ STR6. \vhere it was dry to the contluence \\ith Greens 
Canyon. There \\a ' a Ie $ or approx imatel) 1.7 gpm \\here the stream flo\\ed primaril) mer the 
Price Ri \ er Formation and another loss of 1.9 gplll in the Castlegate Sandstolle do\\ nstream of 
~I STR6. 

FIO\\ \\ as noted in CO\\ bo) Call) on unti I the midd Ie of the Price Ri vel' Formation. The Call) all 
\\.15 el r) m.!.ai n unti l nppr ximalcl) 300 n'el lIpstreanl of 1\'1_ TR5. \\ here \\aler is cOll1in!! I'rom 
belo\\ a roc~ Oll lL:r r a ' s(lc ia lc 1\\ ilh the f3 lack hn\\ ~ ' (1I'111ali( n. '1 h SIr am los ': and then I.! a in. 
\Intel' rr III ,_ I R5 10 ivl_STR2 all aloll!.! the 1 la ·k l1<1\\].. F f'll1<ll ion \\ith n \\ ti isnpPl:aring 
belo\\ 1\ 1_ ' TR2 Thi. study ho\\ ed 10'. ' . for b th . lream: in I!] Bl ac~h [mj.; Formalioll <ln llh 

a-tlegatc ~ C1 l1d tOl1e Gre ' n. 1101 10\\ did 1101 11()\\ in the Blackh3\\~ Formation. ·Co\\bo) Cree" 
alld Greens Can)on had both gains and losses in the Blackha\\k FOrJlHltion. This \\as not 
unexpected gi ven the variabi I it) ill geologic cond itions \\ ith in these formatiol1s. A Iso. giYcn the 
seasonal and ycar-to-) ear n uctuations in spring flo\\ s and associated ground \\ ater conditions 
\\ ithin these formations. the results may Ilot be representati\ 'e of the gains and losscs that ma) 
occllr dUI·illg. other seasons or other) cars. 

3.1.2.3 Unnamed Tributaries To !\ludd~ Creek 

Sevcral small unnamed tributaries drain into rvJudd) Creek from the northern pclrl of til~ Greens 
f 101101\ tract. A baseline monitoring. station. i\1_STR7. has been maintained on the largest of 
these tributari~s as 5ho\\ 11 in Figul'e 4. No tlo\\ \\as noted at this location during si,\ monitoring 
\ isils bet\\een 9 '25/0] and 5 ' 13/04. 

3.1.2A l\'orth Fori.: Quitehupah Creek 

Nortil Fork Quitcllllpah Cr~e~ tlC)\\S into Quitchupah Creek. \\hich elcnluall) tlo\\S into II ie 
Cree~. "ie Creek joins i\\udd) Cr~ek about 10 miles south or the to\lIl of Emer). The a\ eragc 
) i~I" ill i' nil Fork Quitchupah Crel'k \\u.:; estimated at 3.4 cfs (1.526 gallonsiJllinute) b: Thil'O~ 
and Cord) (1991" lI ~ini! regi nal r ~I'essillll rela li nships. This report included a gain loss stu I: 
orl"orth 1 or" Qtlil~h Ll PClh Creel.... \\hich :.ho\\ed nn apparent gain in tl011 I\here the neek crossed 
the Castkgalt:' Sandstone. a Ill ~S of !l0\\ a~ it crossed the uppel' pan of the Blac~ha\\ k Formatioll. 
a ~Iig.hl gain ill tlO\\ cros;,ing the Ie'''er 8!ackha\\k f ormation. a consickrabk g,llil in !l()\\ 

CI'lb::.illg Stal' Poilll S,lIldslollC and a I() s~ ill tlO\\ crossing the f\1<lncos Shale . 

The NOI,th I' ork Quitchul1uh Cree" i:i a p~r"nnial stream. Sl [I:CU Station 006 ( ,\1 ST(9) 
Illonitor, the South Fork of 1\ol'lh For" Quitchupah ('I'ed and latioll 007 (~I_ STR 10) llh)nitors 
lhe uppl.'r segllll.'nb or t\orth Fork !Quitchupah·iCrech, . T , ' e staliol]) al'" IOta lecJ nei\!' th~ 
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contluetlee of these stt"Cams. just before the deer' can~oll that forms dcm nstream of the Castlegate 
Satldstone oute rap. ;\ sumlllar) 0 h \ ater qual it) pnramdcrs is shO\\ n on Tables 6. 15. and 16 and 
Figut·es 30 and 31. ~I ost of the pmametet's for th ese stati ons lI e t'O' anal) zed on a total s basis 
\1 hilO' meltl) of the standmds at'e for di sso l\Cd constitu O' nts, ~1_STR 9 had occasional \ iol ations of 
the temperature standard and e \ceed s the pollution itldicator \alue for total phosphorous of 0,05 
mg !1 mer half the time \\ ith a ma,\.imulll repot1ed concO'tltmtion of 1,12 mg '!. The highest 
concentt'a ti ons of total ph osphorus II ere t) picall: Ill easured in the spring season , Concentrations 
of total phosph cmts during other tillles of the ) car \\ ere slightl) abm e Ot' bel ol\ 0,05 Illg!!. 
:\I,_STR I 0 had one \ iol atioll of the pH standard an d occasional \ iolati ons of the temperature 
standard. The II ater at thi s stat ion e.\ccecls th e po l I uti otl i nd ica to t· I al ue for 1013! phosphorous of 
0.05 mgfi 0\ er half the time \I ith a Illa.\imulll reportcd concentratiOtl of 1.64 mg.'!. PeaK 
concelltrati on;; o f tllUll phosphoru s Il ere obse rled during the spring season as I\e ll as the fall 
seaso n. 

As mentioneci abole in Section 3.1.2.2 . total phosphomlts concentratiolls come from both n,ltural 
ancl anthropogenic sources. The relatil e aillounts contributed b) each source can \ at") b) 
location, season. ) ear. II ildlife population d) namics and livestOCK management practices 
employed in the anal) si s area. The seasonal peaKs obServed during monitoring at these 1\10 sites 
at'e t) rical of patterns associatcd \1 ith surface runoff from snOlI melt or intense storm e\ ents. 
Peaks during the fall season are less common but could also be influenced b) decay ing organic 
matter. direct manure deposition. and Icm base nClIIs. Although total phosphorus concentrations 
do exceed the 0.05 mg/I pollution indicator I alue. Utah DWQ monitoring has not identified 
problems due to high phosphot·us in dOI\ nstream segments of North Fork Quilchupah Creek. At 
the present tillle. the upper segment of Quitcilupah CreeK is not suppot1ing the beneficial use for 
cold I\akr aquatic life due to poor condition of benthic macroill\wtebrates. as indicated in the 
2010 303(d) list of impaired Ilatcrs for Utah (Utah DWQ 2012). The upper segment ('.\tends 
from State I-lighlla) 10 to the headl\aters and includes Not1h and South fork Quitchupah CreeK. 
The pollutant sout'ces leading to this condition are currently ullKno\ln and the priority to develop 
a TMDL and identit) each source is lOll. 

South ForK joins l'\orth Fotl Quitchupal1 CrceK frolll the \1 est ncar the anal) sis at'ea bOUtldar) as 
shOll non Figme I. Dr) ForK cnters the 1\orth ForK Quitcllllpah Can:- on further dOlI nstream and 
SUFCO Station 042 monitot·s the 1\ol"lh ForK just aoolc its confluenCe I'.ith QuitcllLtp,dl CreeI-.. 

SitlCe I 98::! . Sljf"(,O i\line discl Hl rgcs hil l e ill e r~as ecl base n(l\I S ill !\ol"th fo rI-. Quilcilltpilh CreeK . 
Bd'orc Sepll' III bet' 198~. mine I\all't' lI as di scharged into Eilsl Spt'ing Call)on. Since 1983 . 
Can) on Fuel ha . ., been di sc harging e:\cess in te rcepted grollnd \I atcr fmlll their lInckrgroulld 
\lorKings, I iil a UPDES dischmge point. itltO 1\ortll [:arK Quitchupilh CreeI-.. 1 his di scharge 
<1\ crag.ecl appm"imatcl) 1.(lOU gpm during the period or 1983 through 1994 (~'Ia: o and 
,\ ssociatc s 1999). Helll cen 1994 ane! 1996. di sc harge ,1\ e!"aged approximatel,1 1.500 gpm (\Ia) 0 

and Associ ates 1997b). Di~charge rates lend to relate to eocli producti on rate.., and an? not 
seihOllall) afkclCd (DO()\I 20(5). 

\1;]) 0 ami /\ssociate~ (1997h) qudicd the' CUiTetlt and [' <lst il1lluctice of the tl1in.~ 1I<1[er di sc llilrgc' 
(1i1 (luitchupail Crec·". 'r h ,~.\ tll)te th,ll 11m'. itl :\uni1 [(q'k (),tiklll.il',lil Crcc'" c:t"l\ C the tll!tlC 
di,cll~lrgc I,oillt (t\l>t'age~ abi)UI ::!.1)5U gpm itl sprin~ (5.l) cfs) and about 29(j gpm (0.6 cfs) ill Ill\, .. 

ha-;e 110\\ conditintb ill late fa!l , 'I he a\ ('!"age illcreihc ill flcm due to mille di sclwrge i:, thc:rcllll"c 
sllh~\atltial. about 37 pCt'cetl! ill spritlg and ]]7 I'CtH'l1t in fall . The SOutTC orthe additiunal \lakt· 
i, from the f3lackha\1 k f OI"IllCllil.ln lllllC'; illllll ,:diatel;. abOl e coal seams. 'I his I\aler is deep"r 
gt\lutlci \\atct' and 0lh~rI\ i~c di'-TOtltlc'ckd fmill shalkm gmLltlCi Ilakr lUll"', that Ilalllt·all;. ~Upjllln 
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stream tlO\\S in the channel. Ad\ erse illlracts on Quitchupah Creek's stl'eam J11orpholog~ and 'or 
stabilit~ due to IS ) ears of increased tlO\\S \\ere not noted in this report. In the ClImlilati\l' 
H)dmlogic Impact Assessment of the SUFCO [\!ine, DOG\! (2003a) states that "110 ad\el'se 
impacts have been identi fied frolll discharging mine \\ ater". HO\\ e\CI'. no in tormation on 
chanl1el charClckristics or mon itori ng of channel changes \\ a" incllld"d in either of these !'epolls. 

3.L2.5 floodplains 

Belo\\ its confluence \\ ith 10\\ er 80\ Can) on Creek, [\lucld) Cree" Call) 011 becomes some\\ hat 
\\ ider (m'eraging about 300 feet) 31le! the clwllllel" s silluosit) increases, 110\\ e\ er. the channel is 
lill cll l r~nch.:d . an I i: c nfinc:J \\ itllin a 11:11"1"0\\ \ aile) he thllll. As eli 'cLlS I !)fe\ i0l1l~ ill 

. ectioll .1.2. 1. n . ma ll n hl Iplnin OCClI l'::. inlh is rl?.1c l1 or l\!udd~ I' ~' ~ . ill1l11 'd iate l.\ ['PI II tlie 
l'tllllllK'nce \\ i lll Bo.\ <Ill) 11. ~ ! L1dd.' ('r '~k' grl1dien1. as measured frolll the USGS 7.S-minute 
topogl'apll) , a\ emgt's 3bout 3 percellt ill this area, 

tile estll1lakd 100-) ear peak tlo\\ on i\ludd} Creck at tile contluence \\ ith 80.\ Can) on is 3A23 
cfs, Fkms of this magnitude \\ould inunciate most of tile 300-foot bottom of the \3I1e). 

The North Fork Quitchupah Creek do\\nstrealll of the Greens 110110\\ tmct tlO\\S in a naITO\\. 
deep canyon \\ ith steep c I i ffs formed by the CastlegLlte Sandstone and bedrock channel 
conditions. 8e10\\ its confluence \\ ith Quitchupah Creek, the \ aile) bottol11 becomes \\ ider \\ ith 
10\\ terraces of limited e:\tent. The channel is incised such that there is no broild nood plain, 

3.1.2.6 Ponds 

;\ to ta l f 19 ponds \\ ere ide nti lied in or 3djacent to the analysis area including II m1tural ponels 
and eig.ht tock ponds. I alllmi ponds al'e formed in depressions that occur at topogmphic breaks 
in sl op\: (e.g, benches . . lul11ps. etc) or in 10\\ I) ing an~as of drainages, Natuml ponds arc fillcd 
through a combination of sLlrt~lce runoff frol11 sno\\l11elt and high intensity precipitation events as 
\\cll as shallo\\ groul1ci \\ater discharge , Thc presence of \\atcr in natural ponds throughout the 
sUlllmcr is more likely inJlucnced b) tile rate of ground \\ater discharge than thc abilit~ to capture 
surface runoff, O\l!rstory \ cgetation that surrounds natuml ponds can also provide shade and 
reduce c\aporation Ie\cls, N,ltUl"<ll pOl1ds are utiliZed b} livestock 3nd \\ildlife as a \\ater sourcc, 
Although \\ater le\els in natuml ponds \\ere noted to decrease during the summer. fe\\ I1L1tural 
ronlis dried lip enli rei) . 

Stock ponds are desig.neci a III I cOlbtl"uckLi b) hUI11'1IlS. All stoc~ pond~ are fed b) surfaCe rUl10ll 
occurring fl"Ol11 snO\\ l11ell and high inknsit) prccipitatioll c\ ents. A total of nine cattlc tl"Ough ~ 

\1 ere also identified in the 3nal) sis area, The location or stoc~ ponels. natural ponds. and cattk 
troughs are shO\\ n on Figul'C 3:2, Quartel"i.\ field \ isits to li\ e stoc~ ponds in the ivllldd) Cree" 
Tract boundary fl"Ol11 sUl11mer 2002 thl"Ough I~lll 2003 (including se\ enll in the Greens 110110\\ 
t!"act) indicated that most stock ponds \\cre ell') b) the cJri) Slilllllli:r season . All Illonitoring datn 
l'oll':ctccl frolll stock ponds i:', cOlltaillec/ ill Cirrus (200-J.b) , 

3.1.2.7 Surface \Vatl'r Summar) 

\11 (~r the surface \'. at.: r in th ,,' C;reei1~ Holkl\\ 11',1(1 drains il ~ 1ll either tiK :\('nh ~llrk ()lIitclwpclh 
Cree~ 01' i\lucld) Cre , ~, fielll 1110ni\(lring or lrillllt<1I") ~1:'e,ll1l channel s during 2(JO I -2{J(J-I
indicated that littl e pel"'nllial sUl'face l1C)\\ frolll the Cireelh Ilollull tl'act reached !\!ucld) Cree/.;, 
Seasonal tlo\\ \\as ohserled at station Sl R I during the "pring. of 1\\0 monitored )ears including. 
2003 and 20U+. :\0 tlcm 1\ as obscn ed at this StatiOll later tllan the end or June during an) ) ear of 
l11onitoring, 1\0 tlCl\\ \\,h obsenccl al station S'I R7 during quarterl.\ monitoring \isih \\hich 
\\~rc gCllcrall~ made in .Iulle. ,'\1Il.'1I :; \. alld Ol"tobcr, Pc'I'enllial ~lIrface tlO\I ill 1\onh For" 
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Quitchupah CreeI-;, \\hi cll crosses tile Gl'eens Holl o\\ tract. does reach Quitchupah Creek , As 
mentioned abme in Section 2.4,-1, flo\\ monitoring data \\as collected during bellm mel'age 
\\ater years, Thi s cOllclusioll is based 011 mOl'e than 30 )eal's of fecol'd at stations on i\ludd) 
Creek and nearb: SNOTEL sta tions (USGS 2013, USDA-i\RCS 21) 13) , 

i\illeteen ponds allCl nine cattle tmughs me located in or immediatel) adjacent to the Greens 
Hollo\\ tn1ct boundar), Field obsel'\ ations indicated that inflo\\ s to stocl-; ponds are characterized 
b) surface runoff occurring from sno\\ Illelt and high illtensit: pl'ecipitation events. 

3.1.3 'VATER RIGHTS 

\\'mer on i\ational Forest S)stellliallds i ~ used consu11l~lti\el) for li\cstocl-; and "ildlire \\a te ring. 
Some, but not all. springs hme been de\eloped, Forest Ser\ice claims for \\ater rights \iere 
prepared in the 1980's as part of a general adjudication process. It appears that there \\as 
direction at the tillle of the filings to ellljlhasiu point to point claims 011 streallls. Since that time, 
th e Forest Sen ice h,lS continued to \\ork \I ith the Utah DWRi to de\elop an efficient and 
co III prehensi\ e method for doc Llmenting and c lailll ing \\ ater uses on lands adm i n isten;d b) the 
FOl'est Service, To that end, subbasin claims are being de\'eloped that \lould assert a claim of 
right for all developed and undeveloped \laters on 1\:ational Forest S)stclll lands, Therefore, all 
de\'eloped and undeveloped springs in the perl1litlllodification alTa should be assumed to hme (] 
clailll of right associated \\ ith the III , ilwspecti\ e of \\ hether there is a specific filing in the 
Dii'i sion of Water Rights d'lt(]b(]se. 

There are no registered \later rights for I\ater production \\ell s used for municipal, domestic, or 
ilTig8tion pLII:pose s in the anal)sis area. Points ofdi\('rsioll \\(,1,(, obtained frum the Utah DWRi , 
A complete listing of all \\ater rights in the analysis area and their associated \Iater features is 
pro\ided in Cirrus (200-lb) and Cirrus (2014). 

Spring IVI_SPO I is located adjacent to Rough Brothers of the Hills cabin, on the south side of 
Greens Hollo\I, The \later right number associated \lith thi s spring is 9-1-472, as 5ho\\n on the 
Heliotrope f\loLintain h)dl'Ograpilic sUl'\e) Illap, Tile Ilater use for \\ater right 9-1-472 described 
in the Utsh D\\'Ri database is stocl-; \\atering. The O\lner of this \\ater right is listed as the LJSFS. 
As mentioned abo\e in Section 3,1.1.3 , this spring has been de\eloped \lith a spring bo\, and 
pipelinc s:stem and is currentl) lIsed for culinal,) Ilater ~1I1d irrigation Lise, 

/\11 point:; ofeli\ersion in the <lnal)sis mea arc 5hO\\n in Figure 33, Ilith each s)lllbol potentia II) 
repl'esenting Illultiple \\ ater rights . A total of 70 \\ ater right:; that are apprOi eel or perfectC'eI \I CIT 
identified (CiITLIS 2(14). The majorit) of these rights (65) belong to the LJSFS for slocK \\atering 
along stream:> and from springs, Can) on I-uel Com pan) holds 5 \Ialer rights thaI an~ apprO\ed or 
perfected ill the am1l) sis area, Water is Llsed b) Can: on Fuel Com pan) for temporal') \I ate I' 
mitigation anci e\,ploratOl') dl'illing incident to coal mining, 

/\ search of' all \\atel' right:; associated \\ ith ivludd) Creel-; dO\\ n to the confluencc \1 ith the Dil'l; 
De\il Ri\cr indicaled that "aler is primaril; USCe! for irrigation Jlurposes. lhc Utah Di\i sion or 
\\ aIel' Resoul'Ce~ lla'; icientitiecl a wta! or' I 7.fJO(j ae-rtf;. r thell arc eli\ ened frolll ,\Iucld.\ Cree" l(lI' 
ilTigatioll pllrJlo"e~ ([:lal1 [)\\R~' 2(JUI) ['~e of culinar; \'.akr i" de~cribed belo\\ in Seetinl1 
_'.J.2 ,:'. IllllLl~tl· ia' lI:,e or \\ater from \Iudd~ Cree" i,; limited to lclllpOI"II') (shol'l-tenn) U:iC b; 
cOlblrllction and pri\ atel: (m Ilcd Illinillg opel'atiolb. The:ic \I ater righh are gellerall; lilllited tll 
k,,, than 2 ac-li')r. /\pplicatioll ~ lor large \latL'r righh (>J.OOf) ac-fl;r) h,l\C been submilted ill 
tile rast b) l'tall Pll\\er and Light ane! COIl')olidalion Coal Co III pan; , The,;c applications \Iel'e 
dellied , 

, I 
" F. , 1 

2() 14 

APR 1 9 2018 

Div. 0" Gil, ,_ 

SlIl'file:.: ,111l! (il'OlIllcJ \\ ,lIer 1 cchnical Repol1 
Circelh Ilnlkm ( oal I.c'lSC 'I rae! 



3.1.4 DRI~KI!\G \VATER SOl'RCE AREAS 

Drinking \\ ater source rrotection ZOlleS arc designated area5 surrounding n \\ ell. spri ng. tLinnel or 
surface \\ ater bod) through \\ h ich pollution could move and e\ entuall) con tam inate a \\ ater 
source (Utah DDW 2005. Utah DD\\ 2012). These areas me t) picall) dil ided into zones that 
detlne the time of tra\el to the intake structure. Anal)sis of drinking nater source protection 
zones \\ as restricted to onl) those zones that intercepted the anal) sis area. A general description 
of the pmtection zones that \\ ere found in the anal) sis are3 includes the follo\\ ing (lltah DD\\ 
2(05): 

Zone I: 

Zone 2: 

Zone 3: 

Zone 4: 

Surt~ice \\'atel': One-half mile from the high \\ater mal'k of each side of the 
:;t,-c<,,''-' cliitllllt:! dlill i'rulll 100 reel Deio\\ intake Lip to I) Illiks abo\ e intaKe, 

Surface Water: Begins at the end of zone one and e.\tends up to 50 miles 
upstream. 1000 feet from each side of stream channel (bank-full), 

Surtace Water: Begins at the end of zone t\IO and e.\tends up to \\ atershed 
boundary and 500 feet on each side measured from high \\ater mark of the 
source. Note: The Utah DDW has not defined this zone for surface \\ater bodies 
in the anal) sis area. 

Surface Water: All of the \\atershecl contributions to the source tl13t is 110t part of 
lanes one through three .. 

No regulator) mertones are established for each of these zones (.Jensen 2004. Jensen 2013), 
HO\\e\er. it should be noted that a greater potentinl exists for contamination of drinking \\ater 
1'1'0111 activities in the 100\er Ilumber zones. 

Three surface \\<lter p!'Otection 70nes \\ere identified in the anal) sis area for <l di\ersion from 
ivludd) Creek. near the to\\n ofElllel,} (Figure 34). Water frol11 Mudd) Creek is initiall) di\erted 
into a canal at a point illlmediately belO\\ a USGS stream gage (Station 09330500) located near 
the Illouth of i\'!udd) Creek Can)on, Water is then di\'erted frol11 the can;}1 at a site located 
appro.\illlatel) 2.000 feet north or the tOIl n, Information f!'Olll the Utah DDW inclicates this 
cii\ersion is capable of suppl)ing 250 gpm and serIes a population of 293 indi\iciuals. All 
dOlllest ic \\ ate I' used f!'Olll this somct? is full) treated before entering the cui in;}l,) \\ ater s) stem. 
eulin;}r) \Iater is supplied to Liller) and olhel' nearb) tO\\llS b) the Castle Valle) Special Sen'ice 
District. Per capita usc of culinar) \\ ntcr for the Di .:.Irict has been calculated at 191 gallons/cia) 
(Utah DWRe 2001). Based on the popUlation nUlllb'rs abO\c. the anllual culinary \\ater use for 
Liller) is appro:-.:illlatel) 63 acre-ft pCI' ) ear. The surface \\ater protection zones associated \\ ith 
this di\ ersion are included ill Figure 3.+ and extend up~trealll 1'1'0111 the di\ er~ion point to include 
the upper pOl1ion of the i\-Iudd) Creel-; \\atershed. 
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5.0 LIST OF PREP ARERS "'ITH 
QUALIFICATIONS OF PREPARERS 

Eric K. Duffin MS, Watershed Scientist/Hydrologist, Cirrus Ecological Solutions. r-.lr. 
Duffin has 17 years of experience in watershed science including hydrology, "vater quality, soil 
physics, fluyial geomorphology, and computer science. His graduate and post-graduate work 
examined snowmelt runoff, soil erosion, infiltration, e\'apotranspiration, and unsaturated soil 
moisture flo\\" in sagebrush-steppe ecosystems. His experience includes evaluation and analysis of 
proposed \vatershed improvements, conducting hydrologic inYentories, quantifying point and 
non-point source pollution, computer modeling, stream surwying, \vater quality sampling, 
datalogger programming and remote data retrie\'al. He has managed TMDL projects, sen'ed on 
se\'eral KEPA project teams, and provided technical writing and editing for other physical and 
human-resource disciplines. 

Arthur O'Hayre, Ph.D. Dr O' Hayre has over 30 years of professional experience as a 
hydrologist, including 24 years "varking with the coal mining industry "vorking on hydrologic 
characterization, operational planning , and environmental permitting and compliance. He has 
participated in the preparation of baseline surface and ground water infonnation and development 
of the probable hydrologic consequences (PHC) analyses for a number underground coal mining 
operations, including San Juan Coal Company's Deep Mine in New tvlexico, Twentymile Coal 
Company's Foidel Creek t-.fine in Colorado, Mountain Coal Company's Mt. Gunnison No. 1 
rvfine in Colorado, and Meridian Coal Company's Bull Mountains No. I Mine in Montana. Dr. 
O'Hayre also managed the hydrologic analyses and related penllit application submittals for 
BHP's Alton Coal Project and ARCO's Huntington Canyon No. 4 Mine in Utah. He also 
developed the surface water control and reclamation plans for these projects. 

Seth Okeson. l\1r. Okeson is a water resources engineer with 12 years of varied consulting 
experience with specialization in hydrologic modeling. He is experienced in data collection, 
management, and interpretation. Modeling projects include coal-bed methane impact assessment, 
transport from mill tailings, ground water flow at a landfill, and integrated surface water ground 
water modeling. He worked on the calibration and application of the ground water model used 
for impact analysis of proposed CBM de\ 'elopment for the Wyoming Powder Ri\'Cf Basin Oil and 
Gas EIS. He also worked on developing the ground water model used to evaluate produced water 
production volumes and the potential effects of \\'ithdra\\ al of \\'ater on the shallow aquifer and 
springs for a prospective CBM project in Australia . He also worked on the salt loading model 
Llsed to e\'al uate \ arious water management strategies for this project. 
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Figure 2. Greens Hollow Tract Analysis Area 
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Figure 3. Generalized Stratigraphy of the Greens Hollow tract (Anderson 2004). 

0 
0 
~ 
UJ c.. 

..!.~ 

"'''' ::>C 
O~ 

~ 

'" 'e 
{E-

z 
0 

~ 
IY 
0 
LL 

tI:: 

'" 1ii 
OJ 
m 
iI: 

c 
'0 
E-
m 
ii5 

en 
o 
u 
c: 

'" ::;; 

~~~~~1 
~ ---:........:-- --~ I- -- -- ---- -- -- --'------- -...,--- - - --

.~;~-:~:::C-:: ":~'::::: :~~ 

'-
... ~ .. ;;~ 

- --
<= - --

~ 

Alluvium 

Landslide deposits 

Limestone with interbedded 
sandstone, shale. and 
volcanic ash 

Shale with interbedded sandstone. 
siltstone, conglomerate, 
and limestone 

Sandstone with interbedded shale, 
siltstone, and conglomerate 

Sandstone with interbedd8d 
conglomerate 

Shale with intenbedded sandstone 
and siltstone 



Figure 4. Greens Hollow water resources and geology_ 
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Figure 5. Flow Range for Measurable Springs 
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Figure 6. Specific Conductance Range for Measurable Springs 
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Figure 7, Spring Water Isotope Sampling 
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Figure 8. Greens Hollow Tract Springs Unstable Isotope Results 
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Figure -10. North Horn Formation Spring M_SP04 
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Figure 11. North Horn Formation Spring M_SP07 
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Figure 12. North Horn Formation Spring M_SP08 
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Figure 13. North Horn Formation Spring M_SP14 

M_SP14. Discharge 
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Figure 14. Price River Formation Spring M_SP01 
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Figure 15, Price River Formation Spring M_SP02 
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Figure 16. Price River Formation Spring M_SP18 
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Figure 17. Price River Formation Spring M_SP39 
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Figure 18. Average Water Year Flows (Oct.-Sept), Muddy Creek near Emery, Station 09330500 
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Figure 19. Average Monthly Flows (1950-2007) for Muddy Creek near Emery, Station 09330500 
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Figure 20. Flood Frequency Analysis Annual Maximum for 60-Year Record @ Muddy Creek near Emery. Station 09330500 
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Figure 21. M_STR8 Field Parameters 
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Figure 23. M_STR2 Field Parameters 
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Figure 24. M_STR3 Field Parameters 
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Figure 25, M_STR4 Field Parameters 
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Figure 30 M_STR9 Field Parameters 
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Figure 31. M_Sl 'trtO Field Parameters 
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Figure 32. Surface Water Features ~ 
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Figure 33. Water Rights Ownership 
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Figure 34, Drinking Water Protection Zones 
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Figure 36. Alternative 2 - Spring Locations with Proposed Mine Area 
and Overburden Thickness 
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Figure 37. SUFCO Mine Discharge and Coal Production (1982-2013) 
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Figure 39. Subsidence Zones above a Longwall Panel. 
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Figure 40. Water Level Elevation in Castlegate Sandstone 
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Figure 41. Alternative 2 - Surface Water Features with Mine Plan 

and Overburden Thickness 
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Figure 42. Stream Buffer Development 
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I - Fi~ure 43. Spring Locations with Areas of High Impact (Alternative 3) 
I and Overburden Thickness U S 
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Figure 44. Surface Water Features with Areas of High Impact (Alternative 3) 
and Overburden Thickness 
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~hlc I. Spr'mp LocallOn ~1l\,1 Field MOTUw rUlR Sumn1:lry ofSpnnAS wuh Measurable Flow. 

LOCATION MONITORING RESULTS 

u rM Coordi nates Dale Dischnrgc (grm) SpccllIc Conductance (uS/em) 

~ E E ~ ~ 
~ E 

"0 S~ E E ; c ~. ~ E § 
~ c u:: t eli '" ~ 

';:( 'c rS c ~ 'c 0 

~ ~ Z .;: ~ '" 
L; 

FORMATION NAME Elevation (ft) Eas!ing Nonhing « 

M SP1I3 XY61 463762 43 19529 611WOI 6/3/()~ 1.114 1.95 OUX 4 .' 37X oX X2~ 76 XU 4 

M_SP04 8812 464246 43 19267 6/19/01 5112/04 1.84 323 0.75 9 0 68704 929 379.40 9 

M_SPllS S937 464212 43 19133 9/c.MJO 5/11/04 0. 17 1l.26 (l.OR 4 U 6XO.75 910 5"4.1I1i 4 

M_SPOo 8952 464215 43 19121 6119/0 I 5112/04 179 2.30 1.47 7 U. fiX2 ,57 918 474 00 7 

M SP07 8709 465280 43 17433 6120101 5/10104 0,40 114 021 I) 0 65550 8n 441.50 9 

M SP08 8810 464754 43 17178 6nO/01 9/25112 0.41 1.1 9 (Ull 25 5 65791 !U D 331.711 X 

M spm 8849 46479 1 43 17141 6120101 5110/04 0.63 100 0.c.5 2 5 44670 464 429.40 2 

M_SPI2 8739 464583 43 19397 6119101 6/3/()4 1I60 1194 026 6 I 54-1. 1 X 7H5 39X.71l Ii 

M_SPI3 96:\7 462562 43 18345 6/21/01 6/6104 6.06 19.00 0.52 4 3 373Jn 543 206.10 4 

M SP14 9584 46c.545 43 I 8227 6nI/IlI 61fi/1l4 ~2.53 61.40 1I 86 5 3 357 .XlI 542 294,70 5 

M SPI5 88 I I 463884 4316685 711 1101 6/510~ 1.56 4.82 0.27 5 2 58S .26 'i~O 433 ,20 5 

M_ SPI<J 8968 462644 43\6124 711 1101 615104 2.5f1 3\3 \.98 7 0 521l,.1() R5 ) 442,90 7 

M SP20 9J95 4621 9 1 43 16826 711 1/01 615104 2.34 8.62 0.71 7 (j 502.36 X 14 4211.30 7 

Nonh Horn Formation M_ SP21 %16 461814 4317195 711 1101 615104 184 366 0.98 4 3 35U.H8 558 240.00 4 

M_SP411 YI63 463677 431XII41 W26101 6/611l~ IlAO 0.66 tl.l 8 h n 63X .00 90!) 483 .U[I 0 

IVCSP41 92"23 463475 43 I 8025 9126/01 6/6/U4 U 75 2.25 0040 6 0 483 .93 799 185.40 6 

M SP43 956R 4619 19 43171R6 IIl/3101 615104 \.03 2.IlR fUR 6 (J 427.63 638 344.00 Ii 

M_SP4~ 'i 5'i'i 461759 4317150 10/3/01 6/5/04 3:48 13.03 0.20 6 0 41(' ."7 721 269.00 6 

M_SP53 894 1 466373 431712fi 10/24/01 9125/ 12 0. 11 0 48 0.06 27 0 45" 34 (,94 368.20 5 

M_SP59 8920 466357 43 17186 10124/01 6/6104 031 0.6'1 0 . 12 5 1 548.66 859 445.911 5 

- M_ SP6U SSOI 462887 43 16092 512102 615/04 0.73 0.89 0.60 5 0 55.134 943 402.70 5 

):>. M_S1'6 1 95% 461X81 4317168 5/2102 6/5/04 n.32 0.37 0.25 5 U 316.12 593 36. 10 5 

~c: M_ SPIOO 8975 463616 4316719 9/27/02 6/5104 087 1.08 0.77 4 0 433.83 683 29 1.60 4 
:;;0 M SP103 R999 46327 1 4316302 5/21103 1>15/04 1.21 151 0.94 3 0 499411 706 37660 3 

--- M_SPI04 lJ052 463250 4316335 512110J 615/0~ 0.25 0.38 0.12 2 I 50650 6~6 327.00 '2 
(.0 M_SPI05 897 1 463233 43162RO 5121/03 6/5/1J.1 0.79 095 0.62 3 a 47997 696 362.90 3 

- r-.> IVI_SPI1I6 R997 462626 4316155 5121/03 6/5104 11.75 1.1 0 0.48 3 0 5~6 40 R7X 431l.20 3 
~.,. 

M SPOI 84" 0 4656 15 4319979 6/19101 9/6112 0.47 1.11 0. 16 2S 0 562 1 J 851 434.70 9 -,' co 
M_SPII2 K335 4660~o 4319977 6119101 Y/611'2 3.71 13.40 1105 IS 10 4711 "'I",) 4~ ,:) 437.311 6 

~-Pl'it:c River Form:.Hinfj' ": M_SPIK 82'!5 465794 43208')2 6122/01 916112 031 077 U 06 1 j 2 SK') 71 1276 726.0U 7 ........ "'. 
-' M SP39 8225 466990 4318775 &130101 9/6112 1.22 4 66 O. ~2 2f 0 74K 3K 1035 573 00 R ' ..... 

M_SP45 X5U5 465156 431nXO 10/4101 613/04 I.M 2.'23 067 6 II 72423 Y77 36Y.40 6 
CI~ 'lc)!.uu: Fonlli.lllun M SI'~7 7~22 465)1)9 .. B22427 5J ~M'! 511 3/0~ 2.60 J .IlK 2. 1~ :; '--- It ~IU.XU 1'277 627.00 5 

-.... 



Table 2. Field Monitoring Summary of Springs by Geologic Formation. 

Formation CastIegate Priee River North Horn Project Area 

Number of Springs 1 5 27 33 

Discharge (gl!m) 
Number of 

5 109 179 293 
Measurements 

~1aximum 3.08 13.40 61.40 61.40 
Minimum 2.19 0.05 0.01 0.01 
Median 2.52 0.54 0.56 0.57 
Avera£e 2.60 1.25 1.65 1.52 

pH - Criteria: 6.5 - 9.0 

Number of 
5 113 180 298 

Measurements 

Maximum 8.39 8.49 8.72 8.72 
Minimum 7.86 6.96 7.10 6.96 
Median 8.14 7.43 7.72 7.62 
Average 8.17 7.45 7.76 7.65 

Dissolved Oxygen (mgll) - Criteria: >3 

Number of 
1 19 

, 
19 39 

Measurements 

Maximum 6.60 7.39 7.69 7.69 
Minimum 6.60 2.03 0.69 0.69 
Median 6.60 4.82 6.03 5.21 
Average 6.60 4.47 5.49 5.02 

Water Temperature (Degree C) - Criteria: <27 

Number of 
5 113 180 298 

Measurements 

Maximum 6.10 16.50 27.60 27.60 
Minimum 3.60 2.20 2.70 2.20 
Median 5.20 6.30 7.25 6.70 
Average 4.84 7.08 7.75 7.45 

Specific Conductivity (uS/em) 

Number of 
5 36 140 181 

.\1easurements 

Maximum 1,277 1,276 1,013 1,277 
Minimum 627 369 36 36 
Median 699 588 479 499 
Averaae 811 680 528 566 
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Table 3. Waler Quality R esulLs • Norlh Hom Formation S prinl!s (inc\utlinl! M_SP04, MSP()7. 1\1 SPUIl, and M.-S(l14). 

Criteria (mgn) 

Parameter Name Criteria IC Criteria 2B Cri teria 3A Criteria 3C Criteria 4 

Acidity. as CaCO, 

Aluminum (D) 0.75 0.75 

Ammonia. as N 
h h 

Arsenic (D) O.Ul 0.1 0.340 0.340 

Bicarbonate. as HC03-

Boron (D) 0.75 

Cadmium (D) D.OJ '0.002 '0.002 O.ot 
Calcium (D) 

Calcium (T) 

Carbonate. as CO, 

Chloride 

Copper (0) '0.013 '0.013 0.2 

[ron (0) 1 1 

[ron (T) 

Lead (D) U.UI5 '0.065 '0.065 0.1 

Magnesium (D) 

Maj!nesium (1') 

Manganese (D) 

Manganese (T) 

Molybdenum (D) 

Nilrhe. as N 

N02+N03. as N 

Ortho-Phosphate 

Pota"ium (D) 

Potassium (T) 

Selenium (D) (UIS 0.0184 0.0184 0.05 

Sodium (D) 

Sodium (T) q 
Sulfate - -
Total Alkalinity, as CaCO, C 

Total Anions » 
Tmal Cations :;i5 
Total Dissolved Solids 

-. "I.?OO '2,000 '.' -.. 
Total Harllness. as CaCO \ ,. to 

Zinc (D) '. 
I".",) '0.12 '0.12 

Concentrations are based on sij1'flple mess-em~nt.< above detection limits (No. or Detects). 

h Specific critelion varies with ff~f' per Utoh Adminimrative Code R317-2. Table 2. 14.2 , 

'Specific crit~rion varies with t;:;.;'dness rer Utnh Ailrninistrative Code R3 17-2. Table 2. 14 3b .. '~' ..... .,. 

Concentration' (mg/l) 

Max Min 

3& 7 

0 .05 0.03 

0.2 0.2 

0.1 0.0006 

580 340 

0.11 0.06 

<0.005 <0.005 

79 45 

83 48 

7 7 

liD 2.1 

<0.01 <0.01 

0041 0.02 

2.5 0.03 

<0.07 <0.U7 

43 24 

43 14 

0.02 0.01 

0.05 0.01 

<0.02 <0.02 

<D.D) <0.03 

0.33 0.07 

0.09 0.09 

2.7 0.7 

6.7 0.7 

0.1 D.OOO5 

130 15 

130 15 

44 6 

480 279 

12 6.6 

12 6.7 

~51 23& 

340 230 

0.02 0.01 

For irrigahon . . 

c For ~tock watering 

No. of No. of Non-
Median Mean Samples No. of Detects Detects 

17 19 19 19 

0.05 0.04 19 5 14 

0.2 O.~ 19 I 18 

0.00125 0.01 19 18 I 

530 516 27 17 

0.07 0.0& 19 17 ? 

<0.005 <0.005 19 0 19 

63 6 1 19 19 

64 65 "7 27 

7 7 25 I 24 

29 30 27 27 

<0.01 <0.01 19 0 19 

0. 105 0. 16 19 4 15 

0.36 0.7 24 17 7 

<U.07 <0.07 19 D 19 

37 35 19 19 

3& 35 27 27 

0.02 0.01 19 3 16 

0.02 0.02 19 8 II 

<0.D2 <0.02 1\1 0 19 

<0.03 <0.03 19 () 19 

0.15 O.IR 19 19 

0 .09 0.09 19 I 1& 

l.8 l.8 19 19 

1 2 22 2U 2 
0.0026 0.01 IR 17 I 

R7 92 19 19 

89 R4 2::! 22 

24 23 27 27 

440 4 19 27 27 

10 10 15 15 

10 10 15 15 

501 481i 27 27 

310 296 19 19 

0.01 D.DI) 19 8 11 

...... 



Tllhle 4. Waler <.,)unlilv Resu!ls. Price River Formation Sprin~s {includin~ M SI'OI. M SI'02. !'VI SPill. anrl M SP39}. 
Critena (nlJdll Concentration" (mg/I) 

Paranlelel" Name t'mer!;, I C Criteria 2H Criteria 3A Cri tcria :1C Criteria 4 Max Min 

Acidity. as CaCO , 56 11 

Aluminum (D) 0 .75 0.75 0.06 0.04 

,I\mnltmia, as N " " <0.02 <0.02 

Arsenic ([) (U ll 0.340 0.340 0 .1 0.1 0.0005 

Bicarhonate. as Ilem- 552 344 

Boron (D ) 0 .75 0.19 0.05 

Cadmium ID) Il.O I ' {) .! ~)2 '1l . (~)2 (Ull <0.005 <0.005 

Calc ium(!) ) 130 73 

Calcium (1') 140 73 

Carhl llli.lle. as COl <5 <5 

Chlnri,,k 833 35 

Copper (D) 'O.Ol:1 'O.Ol:1 0,2 <0.01 <0.01 

Iron (I) I I 0.08 0.02 

Iron (1') 37 0.02 

Lead (0) Oll i S ' O.1i1l5 ' 0) 6 5 0 .1 <0.07 <0.07 

Magnesium (il) 50 33 

Magnesium en 50 33 

Man~anc", (D) 0.01 0.01 

Man~ancsl'. (1') 0.24 0.01 

Molyhdenum (il ) <0.02 <0.02 

N ilrile. as t-: <0.03 <0.03 

N02+N03. as t-: 0.12 0.03 

OrtllO-I'hllsphalc <0.05 <0.05 

Pmassium (\) 5.2 1.7 

po(;tssiulll ( '1' ) 6.6 1 

Scknimn(D) 005 0.0184 O.OI R4 0 .05 0.0088 0.0019 

Sodium(!) 96 43 

Sodium('!') 100 43 

Sulratl' --' 330 26 

Total Alkali nity. il S CaCO, .' 453 282 , 
Total Anions .... , 15 9.1 

Tot,tl Cal ions 
, 

~ 14 9.1 

Tn",1 Di ssolw,l Solids . - ~ .J "I .2{)() <2.000 1214 449 

Total IIarciness. ilS CaO) , _.' -.. -
Zinc (D) ., <-C ' O. I:? <0 .12 - -
.' CUlu.::enlrariolls are hascd on sanlplc nlC!'~'IC", ::' ahove derecrion limit s. (No, of Detects) . 

I, Spl'cine erilerioll V~11 ies with pYf-rer 111~dminjstrativc Code R3 17-'2 , Tahle 2.14.'2. 

• SI'<'c iii c l' rilcnon var ies w ith 15"-,:lne" per U",h Acliii'\ni sirativc C ode R31 7-:'. Tahle 2. 14.3h 

.-

510 330 

0.13 0.01 

d For irrigation. 

L' For ~tock watt.~ring . 

Median 

18 

0.05 

<0.02 

0.00095 

473 

0.07 

<0.005 

80 

81 

<5 

56 

<0.01 

O.Otl 

0.15 

<0.07 

42 

42 

0.01 

0.01 

<0.02 

<0.03 

0.075 

<0.05 

2.1 

2.1 

0.0033 

82 

80 

65 

385 

10.5 

10.5 

553 

390 

0.01 

No . nl No. 01 No . 01 Non-

Mean Samples Deteds Detects 

22 19 19 0 

0.05 19 4 15 

<0.02 19 0 19 

0.01 19 18 1 

464 31 31 0 

0.08 19 18 1 

<0.005 19 a 19 

90 19 19 a 
i 

90 27 27 0 I 

<5 31 0 31 

82 27 27 0 

<0 .01 19 0 19 

0.05 19 5 14 

3 26 12 14 

<0.07 19 a 19 

43 19 19 0 

42 27 27 0 

0.01 19 3 16 

0.09 19 3 16 

<0.02 19 0 19 

<0 .03 19 0 19 

0.07 19 12 7 

<0 .05 19 0 19 

2.7 19 19 0 

3 21 21 0 

0.0039 19 17 2 

70 19 19 0 

71 21 21 0 

101 27 27 0 

375 31 31 0 

11 16 16 0 

11 16 16 0 

61 8 27 27 0 

400 19 19 0 

0.03 19 13 6 



Table 5, Value of springs in the Greens Hollow Tract project area. 
Spring Site ID < 500 ft to Wetland < 25 ft to Wetland < 500 ft to Riparian Developed Value 

M_SPOI X X High 

M_SP02 X X X High 

M_SP03 X Moderate 

l\C SP04 X Moderate 

rvCSP05 X Moderate 

M_SP06 X Moderate 

M_SP07 X X Moderate 

M_SP08 X X High 

M_SP09 X High 

M_SP12 X X High 

M_ SP13 X X High 

M_SP14 X X High 

rvCSP15 X Moderate 

M_SP18 X High 

M_SPI9 X Moderate 

M_SP20 X X High 

M_SP21 X Moderate 

M_SP39 X X X High 

M_SP40 X Moderate 

M_SP4l X X High 

M_ SP43 X High 

M_SP44 X High 

M_SP45 X Moderate 

M_SP53 X Moderate 

M_SP59 Unknown 

M_SP60 X Moderate 

M_SP61 X X High 

M_SP87 X ~ l " :' ~l 
' Moderate 

M_SPlOO X l , ... n • n "I01f'l Moderate 

M SPI03 
I ~ri'\ 'J ,"VIU 

Unknown -
M -SP104 n. I ,-,i ·-,:1 f~ ~ l.;; f.'. i"\ '( i t iUn!g1own > .. 

M SPI05 Unknown -
M SPl06 X Moderate -



Table 6. J"icld i\1()nitorinl,! S umman' for Greens Hollo\\" Trncl Surfncl! Water Monitoring Stations. 
Station ID i\I STRI i\l _STR1 ~CSTR3 i\I STR.t 1\1 STR5 i\I STR6 ~CSTR7 j\f STR8 i\I STR9 i\I STRIO 

S. Fork ofN. Upper N. 

LO\\ er Upper Fork Fork 

Greens Gr«ns COIybo) Cowboy Cowbo) Greens Unnamed South Fork Quitchupah Quitchupah 

Location Camun Canyon Creek Creek Creek HollO\I Drainarre MuddvCk. Ck. Ck. 

Start 6/6101 Sm02 6/6101 6mOI 8/8102 6mOI 9125102 9126102 10/5179 1015179 

End 5110104 5110104 5/10104 9125111 5111/04 5111104 5113104 5113104 9112112 9126/1' 

; Vi ~ iL5 16 8 16 37 8 16 6 6 94 98 

flow (GP.\O 

# :\OF ]J I 1 21 I 5 6 0 I 0 

~ Samples 3 7 14 16 7 II 0 6 90 91 

~ l J.ximum 67" 460 49 1 717 593 17 0 15.644 1116 6,032 

Minimum 97 12 0.5 0 7 14 19 0.0 967.7 0. 1 0.1 

~ [edian 50 I 1 9 26 12 6 20 57 00 2.767.0 112.2 188.5 

t-\\er;Jge 243 .9 78. 1 44.1 69.2 95.6 100 0.0 5.225.5 1965 7159 

pH· Crileria: 6.5·9.0 

=t Samples 3 7 13 15 7 10 0 6 90 91 

\{J.'( imum 892 884 8.73 887 8.82 8.77 0.00 890 8,89 920 

.\[inimum 8AS 7.97 7.72 8.j8 650 7.92 0.00 8.69 7.10 7.30 

.\kdian 861 815 801 872 847 8.51 0.00 8.73 8.3-1 8040 

,.l. ve rage 87 8.3 8. 1 8.7 8.3 85 0.0 88 8.3 83 

Oissolyed O'l'gen (mgfl)· Criteria >-l (or >8 "hen early life stages are present) 

~ Samples 3 7 LJ 14 7 10 0 6 43 44 

~Iaximum 865 11.19 970 10.40 9.0-1 8.7) 0.00 1J.66 10.60 10.60 

:\(inimum 7.53 584 3.58 513 7.23 3 14 000 7.51 5.00 5.65 

\kdian S.6 8.4 5.6 7.9 8.2 7. 1 0.0 9.5 7.4 7.7 

Average:: 8.3 8.3 6. 1 7.8 8.2 6.8 0 .0 9.9 7.5 7.8 

Water Temperature (Degree C) . Criterio: <20 

• Samples 3 7 13 15 7 10 0 6 90 91 

\la.ximum \3.6 14.9 13.0 212 10.3 23.3 0,0 16.2 22.8 22.5 

~(jnimum 07 0.8 36 0.3 60 2.7 0,0 1.0 0.3 0.0 

.\kdion 9.9 9.3 8.4 12.1 9.5 12.1 0,0 49 14.7 12.5 

Average 8 I 88 8.4 126 8.4 12.8 0.0 6.6 13.5 12.5 

Specific Conduct;"ity (uS/cm) 

,I Samples 2 7 \3 7 7 JO 0 6 58 63 

\Iaximum 567 721 659 869 616 8~2 0 371 1.300 1.384 

~ljn irnum 448 416 202 386 3-16 439 0 65 398 294 

~fedian 507.7 509.0 40-1.7 514.0 445.8 571.0 0.0 240.4 710.0 490 .0 

Average 507.7 554.5 43H 582 I 475.9 6153 00 250.0 729.6 500 8 

Turbidity (ntu) 

~ Samples 3 7 \3 7 6 10 0 5 50 53 

\IJximum 19.6 399 514 763 225 963 0.0 6.8 6400 11250 

.\ Iinimum 7.5 0.7 00 0.0 1.4 83 00 1.5 17 0.9 

~[edian 18.4 37 28 47 4.0 21 -I 00 22 29,7 240 

.-\\ erJg~ 15.2 14 0 12.4 15 -I 8 5 36 7 00 3.5 50.6 143.4 

APR 1 9 2018 



Table 7. Flood Flow Analysis for Greens Hollow Drainages 

Drainage Basin Location 
Greens Canyon @ STR-1 
Greens Hollow @ STR-6 
Cowboy Creek @ STR-3 
Unnamed Tributary @ STR-7 
NF. Quitchupah @ Sufco 042 
Muddy Creek @ Sufco 405 
Muddy Creek @ USGS 09330500 
Frequency Analysis Estimate for 
Muddy Creek @ USGS 09330500 

~v .... J 

~
-~ 

Y' 

,.~ ... , 
"<_-' 

Area (ares) 
5,859 
1,573 
3,580 
555 

15,373 
46,372 

> -u 
:::0 -u:;) 

r-.,) 
~ .-
00 

69,639 

69,639 

'~ 

Area (sq Mi) 
9.15 
2.46 
5.59 
0.87 

24.02 
72.46 
108.8 

108.8 

Mean 
Elevation 
(ft. msl) 

8720 
8786 
8795 
8296 
8382 
9254 
8879 

02 05 010 025 050 0100 
199 443 656 1,017 1,351 1,716 
102 243 371 592 800 1,033 
154 351 526 823 1,101 1,406 
64 164 258 424 582 764 

336 718 1,045 1,591 2,092 2,628 
528 1,039 1,455 2,143 2,763 3,405 
676 1,315 1,832 2,685 3,451 4,239 

441 959 1,502 2,495 3,523 4,866 



( 

Table 8. Water auality Results (2002·2004) - Stream Monitoring Station M STRS. South Fork of Muddy Creek. 

Parameter Name Criteria (mg,1) 

1C 2B 
Acidity. as CaC03 
Aluminum (D) 

Ammonia, as N 

ArseniclD) 0.01 
Bicarbonate. as HC03-
Boron (D) 
Cadmium (D) 0.01 

Calcium to) 
Calcium tTl 
Carbonate. as C03--
Chloride 
Chromium (D) 0.05 
Copper (D) 

Cyanide (D) 
Hydroxide 
Iron (D) 
Iron (T) 
Lead (D) 0.015 

Magnesium (OJ 
Magnesium(T) 
Manganese (D) 
Manganese (T) 
Mercury (D) 0.002 
Molybdenum (OJ 
Nickel (D) 

Nitrite. as N 
N02+N03. as N 
Ortho-Phosphate 
Potassium (OJ 
Potassium m 
Selenium (D) 0.05 0.05 
Silver (D) 0.05 

Sodium (OJ 
Sodium (T) 
Sulfate 
Total Alkalinity. as CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness, as CaC03 
Total Phosphorus 0.05 
Total Susoended Solids 
Zinc (D) 

a = Criterion varies with pH and hardness. 
b = Criterion varies with pH and temperature 
c = Criterion varies with hardness 

3A 

0.75a 

b 

0.15 

2, 

0.016 
0.013e 

0.0052 

1 

0.065e 

0.0024 

0,468, 

0.0184 
0.0016e 

0.05 

0. 12Oe 

4 Max 
na 

0.04 

na 

0.1 0.0011 
280 

0.75 na 
0.01 na 

54 
63 
9 

3 .1 
0.1 na 
0.2 na 

na 
na 
na 

0.45 
0.1 na 

27 
28 
na 

0.02 
na 
na 
na 

na 
0.8 
na 
0.7 
na 

0.0008 
na 

12 
na 
12 

230 
5 

5.2 
1,2OOd 270 

2,000. 

230 
na 
44 

0.01 

d = For irrigation. 
e = For stock watering 

Detected Values (mg/I) # Samples 

Min Median Mean 
na na BDL 6 

0.03 0.035 0.04 6 

na na BDL 6 

0.0009 0.001 0.001 6 
230 255 258 6 
na na SOL 6 
na na BDL 6 

43 47.5 49 6 
46 48 52 3 
2 7 6 6 

1.4 1.95 2.1 6 
na na na 0 
na na SOL 6 

na na na 0 
na na BDL 2 
na na BDL 6 

0.02 0.11 0.19 6 
na na SOL 6 

22 24.5 25 6 
25 25 26 3 
na na BDL 6 

0.01 0.02 0.02 6 
na na na 0 
na na SOL 6 
na na na 0 

na na SOL 6 
0.54 0.675 0.7 6 
na na SDL 6 
0.6 0.6 0.6 6 
na na na 0 

0.0006 0.00065 0.0007 6 
na na na 0 

5.5 8.95 9 6 
na na na 0 
6.6 8.85 9 6 
200 221 219 6 
4.2 4.6 5 5 
4.4 4.9 4.9 5 
208 238 238 6 

210 220 222 6 
na na na 0 
5 12 18 6 

0.01 0.01 0.01 6 

# Detects # SDL 

0 6 
2 4 

0 6 

4 2 
6 a 
0 6 
0 6 

6 0 
3 0 
5 1 
6 0 
0 0 
0 6 

0 0 
0 2 
0 6 
6 0 
0 6 

6 0 
3 0 
0 6 
3 3 
0 0 
0 6 
0 0 

0 6 
6 0 
0 6 
6 0 
0 0 
4 2 
0 0 

6 0 
0 0 
6 a 
6 0 
5 0 
5 a 
6 0 

6 0 
0 0 
6 0 
2 4 
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Table 9. Water Quality Results (2001-2004) - Stream Monitoring Station M STR1, lower Greens Canyon. 
Parameter Name Criteria (mgl l) 

1C 28 
Acidity. as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic (D) 0.01 
Bicarbonate. as HC03-
Boron CD) 
Cadmium (D) 0.01 

Calcium (D) 
Calcium (T) 
Carbonate . as C03--
Chloride 
Chromium (DJ 0.05 
Copper (D) 

Cyanide (D) 
Hydroxide 
Iron (D) 
Iron (T) 
L~ad (D) 0.015 

Maqnesium (OJ 
Magnesium (T) 
Manqanese (D) 
Manganese (T) 
Mercury (D) 0.002 
Molybdenum (D) 
Nickel (0) 

Nitrite. as N 
N02+N03, as N 
Ortho· Phosphate 
Potassium (OJ 
Potassium (T) 
Selenium (D) 0.05 0.05 
Silver (0) 0.05 

Sodium (D) 
Sodiumm 
Sullate 
Total Alkalinity, as CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness. as CaC03 
Total Phosphorus 0.05 
Total Susoended Solids 
Zinc (D) 

a = Criterion varies with pH and hardness. 
b = Criterion varies with pH and temperature. 
c = Criterion varies with hardness. 

3A 

0.75a 

b 

0.15 

2e 

0.016 
0.013e 
0_0052 

1 

0.065e 

0.0024 

0.468, 

0.0184 
0.0016e 

0.05 

0.12Oe 

Detected Values (mg/l) 
4 Max Min Median Mean 

na na na SDL 
0.03 0.03 0.03 0.03 

na na na SDL 

0.1 0.1 0.0008 0.001 0.03 
350 260 349 320 

0.75 na na na SDL 
0.01 na na na SDL 

50 45 47.5 48 
53 43 50 49 
18 5 7 10 
24 7.4 18 16 

0.1 0.0034 0.0034 0.0034 0.0034 
0.2 0.0013 0.0013 0.0013 0.0013 

0.002 0.002 0.002 0.002 
na na na SDL 
na na na SDL 

0.57 0.15 0.5 0.41 
0.1 na na na SDL 

27 19 na 23 
35 19 32 29 
na na na SDL 

0.02 0.02 0.02 0.02 
0.0002 0.0002 0.0002 0.0002 

na na na BDl 
0.0016 0.0016 0.0016 0.002 

na na na BDL 
na na na SDL 

0.07 0.07 007 0.07 
2.3 1.8 2.05 2.1 
3.1 2 2.7 3 

0.001 0.0005 0.00075 0.00075 
na na na SDL 

42 32 37 37 
54 30 48 44 
34 13 34 27 

298 250 290 279 
7.1 5.3 6.2 6.2 
6.3 5.5 5.9 5.9 

1,2OOd 570 378 401 450 
2,000, 

220 200 210 210 
0.05 0.03 0.05 0.04 
15 7 11 11 

0.02 0.02 0.02 0.02 

d = For irrigation. 
e = For stock watering 

II Samples # Detects #BDl 

2 0 2 
3 1 2 

2 0 2 

3 3 0 
3 3 0 
2 0 2 
3 0 3 

2 2 0 
3 3 0 
3 3 0 
3 3 0 
3 1 2 
3 1 2 

3 1 2 
1 a 1 
2 0 2 
3 3 0 
3 0 3 

2 2 0 
3 3 0 
2 0 2 
2 1 1 
3 2 1 
2 0 2 
3 1 2 

3 0 3 
3 0 3 
3 1 2 
2 2 0 
3 3 0 
3 2 1 
3 0 3 

2 2 0 
3 3 0 
3 3 0 
3 3 0 
2 2 0 
2 2 0 
3 3 0 

2 2 0 
3 3 0 
2 2 0 
3 1 2 
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Table 10. Water Quality Results (2002-2004) - Stream Monitorin!l Station M STR2. Greens Canyon. 
Parameter Name Criteria (mgfl ) 

1C 28 
Acidity. as CaC03 
Aluminum (D) 

Ammonia. as N 

Arsenic (01 0.01 
Bicarbonate. as HC03· 
Boron (OJ 
Cadmium (D) 0.01 

Calcium (0) 
Calcium (T) 
Carbonate. as C03--
Chloride 
Chromium (01 0.05 
Copper (0) 

Cyanide (OJ 
Hydroxide 
Iron (D) 
Iron (T) 

Lead (D) 0.D15 

Maanesium (D) 
Maanesium (T) 
Manganese (D) 
Manaanese (T) 
Mercury (0) 0 .002 
Molybdenum (D) 
Nickel (D) 

Nitrite. as N 
N02+N03. as N 
Ortho-Phosphate 
Potassium (D) 
Potassium <n 
Selenium (ol 0.05 0.05 
Silver (0) 0.05 

Sodium (D) 
Sodium (T) 
Sulfate 
Total Alkalinity. as CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness, as CaC03 
Total Phosohorus a as 
Total Susoended Solids 
Zinc (D) 

a = Criterion varies with pH and hardness 
b = Criterion varies with pH and temperature 
c = Criterion varies with hardness 

3A 

0.75a 

b 

0.15 

2c 

0.016 
0.013, 

0.0052 

1 

0.065, 

0.0024 

0.468, 

0.0184 
0.0016, 

0.05 

0.120, 

4 Max 
na 

0.06 

na 

0.1 0.0016 
411 

0.75 0.07 
0.01 na 

77 
77 
14 
38 

0.1 na 
0.2 na 

na 
na 
na 
1.6 

0.1 na 

53 
52 

0.02 
0.07 
na 
na 
na 

na 
0.11 
0.08 
4.1 
4.8 

0.0021 
na 

54 
52 
140 
337 
10 
11 

1.2OOd 531 

2.000, 

410 
0.12 
83 

0.02 

d = For irrigation. 
e = For stock watering 

Detected Values (mg/l) 
Min Median Mean 
na na BOL 

0.05 0 ,04 0.06 

na na BOL 

0.0009 0.001 0.001 
280 356 355 
0.05 0.055 0.06 
na na BOL 

48 58 64 
58 56.5 67 
5 6 8 

5.3 26.4 25 
na na BOL 
na na SOL 

na na SOL 
na na SOL 
na na SOL 

0.05 0.41 0.6 
na na SOL 

18 33 38 
20 35 39 

0,02 0.015 0.02 
0.01 0.02 0.04 
na na SOL 
na na SOL 
na na SDL 

na na SDL 
0.11 0.085 0.11 
0.08 0.07 0.08 
2.4 2.7 3.1 
2.7 2.75 3.6 

0.0006 0.00135 0.0012 
na na SDL 

28 41 44 
28 41.5 44 
9.1 41 .5 74 
230 292.5 295 
4.9 7.25 8 
5.1 7.3 8 
271 394.5 438 

190 280 315 
0.03 0.05 0.07 

9 41 33 
0.01 0.02 0.01 

flSamples It Detects 1t8DL 

6 0 6 
7 2 5 

6 a 6 

7 4 3 
7 7 a 
6 4 2 
7 a 7 

6 6 0 
7 7 0 
7 3 4 
7 7 0 
6 0 6 
7 0 7 

6 a 6 
2 0 2 
6 0 6 
7 6 1 
7 a 7 

6 6 0 
7 7 0 
6 1 5 
6 4 2 
6 0 6 
6 0 6 
6 0 6 

6 0 6 
7 1 6 
7 1 6 
6 6 0 
6 6 0 
7 5 2 
6 0 6 

6 6 a 
6 6 a 
7 7 a 
7 7 0 
5 5 a 
5 5 a 
7 7 a 

6 6 a 
6 6 a 
6 5 1 
7 4 3 
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Table 11. Waler Qualltv Results (2001-2004) - Stream Monitoring Station M STA3. lower Cowboy Creek. 
Parameter Name Criteria (mg/l) 

1C 2B 
Acidity. as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic (0) 0.01 
Bicarbonate. as HC03-
Boron (D) 
Cadmium (D) 0.01 

Calcium (0) 
Calcium (Tl 
Carbonate. as C03--
Chloride 
Chromium (D) 0.05 
Copper (0) 

CY~lJIjutl \ 0) 
Hydroxide 
Iron (D) 
Iron (T) 
Lead (D) 0.015 

Magnesium (D) 
Magnesium (T) 
Manganese (O) 
Manganese (Tl 
Mercury (0) 0.002 
Molybdenum (D) 
Nickel (D) 

Nitrite. as N 
N02+N03. as N 
Ortho-Phosphate 
Potassium (0) 
Potassium (T) 
Selenium (D) 0.05 0.05 
Silver (D) 0.05 

Sodium (D) 
Sodium (T) 

Sulfate 
Tolal Alkalinity. as CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness, as CaC03 
Total Phosphorus 0.05 
Total Suspended Solids 
Zinc (D) 

a ~ Criterion varies with pH and hardness. 
b; Criterion varies wilh pH and temperature. 
c = Criterion varies with hardness. 

3A 

0.75. 

b 

0.15 

2e 

0.016 
0.013e 
v .vO~2 

1 

0.065e 

0.0024 

0.468e 

0.0184 
0.0016e 

0.05 

0. 12Oe 

Detected Values (mgll) 
4 Max Min Median Mean 

6 6 6 6 
0.05 0.03 0.04 0.04 

na na na SOL 

0.1 0.1 0.0008 0.001 0.01 
373 250 356 346 

0.75 007 005 0.055 0.06 
0.01 na na na SOL 

62 42 58 55 
63 41 56.5 56 
6 .6 6 6 
30 4.5 26.4 24 

0.1 0.0037 0.001 0.0036 0.003 
0.2 0.001 0.0007 0.0008 0.001 

v..VU,J C .GC~ U . UU0 VIOG:) 
na na na SOL 

0.02 0.02 0.02 0.02 
1.7 0.1 0.41 0.6 

0.1 na na na SOL 

39 14 33 30 
39 16 35 34 

0.02 0.01 0.015 0.02 
0.06 0.02 0.02 0.03 
na na na SOL 
na na na SOL 

0.01 0.0013 0.0022 0.004 

na na na SOL 
0.31 0.03 0.085 0.12 
0.07 007 0.07 0.07 
3.4 2.1 2.7 2.6 
4.5 2 2.75 3 

0.0027 0.0005 000135 0.0014 
na na na SOL 

50 23 41 39 
57 22 41.5 42 
55 7.4 41.5 39 

306 210 292.5 286 
8 4.3 7.25 7 

8.1 4.3 7.3 6.8 
1,200d 418 247 394.5 382 
2,000. 

310 160 280 258 
0.13 0.03 0.05 0.06 
113 7 41 42 
0.04 001 0.02 0.02 

d = For irrigalion. 
e = For stock watering 

/I Samples /I Detects # BOl 

5 1 4 
12 5 7 

5 0 5 

12 9 3 
12 12 0 
5 4 1 
12 0 12 

5 5 0 
12 12 0 
12 2 10 
12 12 0 
12 3 9 
12 3 9 
.~ :J n 
I ~ " 
2 0 2 
5 1 4 

12 8 4 
12 0 12 

5 5 0 
12 12 0 
5 2 3 
7 5 2 
12 0 12 
5 0 5 
12 5 7 

7 0 7 
12 6 6 
7 . 1 6 
5 5 0 

12 12 0 
12 10 2 
12 0 12 

5 5 0 
12 12 0 
12 12 0 
12 12 0 
4 4 0 
4 4 0 
12 12 0 

5 5 0 
12 9 3 
7 7 0 
12 5 7 
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Table 12. Water Quality Results (2001 -2004). Stream Monitoring Station M STR4, Upper Cowboy Creek. 
Parameter Name Criteria (mg/I) 

1C 28 
Acidity. as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic (D) 0.01 
Bicarbonate, as HC03-
80ron (D) 
Cadmium (D) 0.01 

Calcium (D) 
Calcium (n 
Carbonate. as C03-
Chloride 
Chromium (D) 0.05 
Copper (D) 

Cyanide (D) 
Hydroxide 
IrontO) 
Iron m 
lead (D) 0.015 

Magnesivm (0) 
Maanesium In 
ManganeSe (0) 
Manganesem 
Mercury (D) 0.002 
Molybdenum (0) 
Nickel (D) 

Nitrite, as N 
N02+N03, as N 
Ortho-Phosohate 
Potassium (D) 
Potassium m 
Selenium (D) 0.05 0.05 
Silver (D) 0.05 

Sodium (D) 
Sodium (T) 
Sulrate 
Total Alkalinity. as CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness. as CaC03 
Total Phosphorus 0.05 
Total Suspended Solids 
Zinc (D) 

a = Criterion varies with pH and hardness. 
b = Criterion varies with pH and temperature 
c = Criterion varies with hardness 

3A 

0.75a 

, 
0.15 

2< 

0.016 
0.013, 

0.0052 

1 

0.065, 

0.0024 

0.468, 

0.0184 
0.0016, 

0.05 

0.120, 

4 Max 
na 

0.06 

na 

0.1 0.1 
431 

0.75 na 
0.01 na 

52 
60 
17 
60 

0.1 0.0039 
0.2 0.0011 

0.004 
na 
na 

0.57 
0.1 na 

27 
43 

0.01 
0.03 
na 
na 

0.01 

na 
0.05 
na 
2 
3 

0.0016 
na 

49 
87 
71 

372 
7.1 
6.9 

1,200d 548 
2,000. 

240 
0,1 
21 

0.01 

d = For irrigation. 
e = For stock watering 

Detected Values (mgfl 
Min Median Mean 
na na SDL 

0.03 0.045 0.05 

na na SDl 

0.0008 0.00125 0.03 
280 360.5 364 
na na SOL 
na na SDl 

50 51 51 
34 55.5 50 
5 12 12 

5.6 29 31 
0.0039 0.0039 0.0039 
0.0011 0.0011 0,0011 

0.004 0.004 0 ,004 
na na SDl 
na na SOL 

0.18 0.29 0.33 
na na SDl 

18 22.5 23 
19 37.5 35 

0.01 0.01 0.01 
0.02 0.025 0,03 
na na SDl 
na na SOL 

0.0016 0.0019 0.005 

na na SDl 
0.05 0.05 0.05 
na na SDL 
1.6 I.B 2 
1 2.1 5 2 

0.0006 0.00095 0.0010 
na na • SDL 

27 38 38 
25 65.5 63 
9.3 30 38 
240 31 7.5 318 
5.2 6.15 6.2 
5.3 6.1 6.1 
280 414 420 

200 220 220 
0.Q1 0.035 0.0 
17 19 19 

001 0.01 0.01 

# Samples # Detects #8DL 

2 a 2 
6 2 4 

2 a 2 

6 4 2 
6 6 0 
2 0 2 
6 a 6 

2 2 0 
6 6 0 
6 6 0 
6 6 0 
6 1 5 
6 1 5 

6 1 5 
1 a 1 
2 a 2 
6 5 1 
6 a 6 

2 2 a 
6 6 0 
2 2 0 
3 2 1 
6 a 6 
2 a 2 
6 3 3 

3 a 3 
6 1 5 
4 0 4 
2 2 0 
6 6 a 
6 4 2 
6 a 6 

2 2 0 
6 6 0 
6 6 0 
6 6 a 
2 2 0 
2 2 0 
6 6 0 

2 2 0 
6 4 2 
2 Z a 
6 2 4 

I 
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Table 13. Water Quality Results (2002-2004) - Stream Monitoring Station M STRS, Cowboy Creek. 
Parameter Name CrIteria (mgll) 

1C 26 
Acidity. as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic (D) 0.01 
Bicarbonate, as HC03-
Boron (D) 
Cadmium (D) 001 

Calcium (D) 
Calcium (T] 
C"rbonate. as C03-· 
Chloride 
Chromium (D) 0.05 
Copper (D) 

Cyanide (D) 
HyrJroxfde 
Iron (D) 
Iron (T) 

Lead (D) 0.015 

Magnesium {D) 
Maqnesium (T) 
ManQanese (D) 
Manganese (T) 
Mercury (D) 0.002 
Mercurv(TI 
Molybdenum (D) 
Nickel (D) 

Nllrite, as N 
N02+N03, as N 
Ortho·Phosphate 
Potassium (D) 
POlassiumm 
Selenium (D) 0.05 0,05 
Silver (D) 0.05 

Sodium (OJ 
Sodium (T) 
Sullale 
Total Alkalinily, as CaC03 
Tolal Anions 
Tolal Cations 
Tolal Dissolved Solids 

Tolal Hardness, as CaC03 
To(al Phosphorus 0.05 
Total Suspended Solids 
Zinc (D) 

a = Crilerion varies with pH and hardness 
b = Criterion varies with pH and temperature. 
c = Criterion varies with hardness. 

3A 

0.75. 

b 

0.15 

2, 

0.016 
0.Q13, 

0.0052 

1 

0.065, 

0.0024 

0.468, 

0.0184 
0.0016, 

0.05 

0.120, 

Detected Values (mg/l) 
4 Max Min Median Mean 

na na na SOL 
0.05 0.03 0.04 0.04 

na na na SOL 

0.1 0.0009 0.0006 0.0008 0.0008 
360 290 318 331 

0.75 0.06 0.05 0.05 0.05 
0.01 na na na SOL 

55 51 53 53 
60 51 54.5 55 
10 6 7 8 
29 5.6 24 22 

0.1 0.0034 0.0034 0.0034 0.0034 
0.2 na na na SOL 

0.002 0 .. 002 0.002 0.002 
na na na BOL 
na na na SOL 

0.68 0.02 0.13 0.29 
0.1 na na na BDL 

36 18 34.5 31 
36 19 34.5 33 
na na na BOL 

0.02 0.01 0.02 0.02 
na na na SDL 
na na na BOL 
na na na SOL 

0.01 0.0069 0.01 0.01 

na na na SOL 
0.27 0.03 0.14 0.14 
na na na BDL 
22 1,7 2 2 
2.6 2 2.1 2.2 

0.0035 0.0006 0.002 0.002 
na na na BOL 

52 27 32.5 35 
59 25 33 36 
39 9.1 35 31 

300 240 268.5 274 
7.4 5.1 7.1 6.8 
7.2 5,3 7 7 

1,2OOd 405 290 348.5 350 

2,000. 

300 200 275 263 
0.05 0.01 0.02 0.03 
400 6 21 84 
0.08 0.01 0.01 0.03 

d = For irrigation. 
e = For stock watering 

# Samples # Detects #80l 

6 0 G 
8 3 5 

6 0 6 

a 5 3 
8 8 0 
6 4 2 
8 a 8 

6 6 0 
B B 0 
8 5 3 
8 8 0 
7 1 6 
8 0 8 

6 a 6 
2 0 2 
6 0 6 
8 7 1 
8 0 8 

6 6 0 
a 8 0 
6 0 6 
7 4 3 
6 0 6 
1 0 1 
6 0 6 
7 3 4 

6 0 6 
8 6 2 
7 0 7 
6 6 0 
7 7 0 
8 5 3 
7 0 7 

6 6 0 
7 7 0 
8 8 0 
8 8 0 
5 5 0 
5 5 0 
8 8 0 

6 6 0 
7 6 1 
6 6 0 
8 5 3 
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Table 14. Water Quality Results {2001·2004J • Stream Monitoring Station M STR6, Greens Hollow. 
Parameter Name Criteria (mgll) 

lC 28 
Aciditv. as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic (DI 0.01 
Sica~bonate. as HC03-
Boron (D) 
Cadmium (D) 0.01 

Calcium (0) 

Calcium (T) 
Carbonate. as C03-
Chloride 
Chromium (D) 0.05 
Copper (OJ 

Cyanide (Dl 
Hydroxide 
Iron (D) 
Iron (1) 
Lead(DJ 0.015 

Magnesium (01 
Ma~,"eslum m 
Manganese (OJ 
Manganese m 
Mercury (D) 0.002 
Molybdenum (OJ 
Nickel (D) 

Nitrite. as N 
N02+N03, as N 
Ortho·Phosphate 
Potassium (D) 
Potassium rn 
Selenium (D) 0.05 0.05 
Silver (D) 0.05 

Sodium (D) 
Sodium m 
Sulfate 
Total Alkalinity. as Cae03 
Tolal Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness. as CaC03 
Tolal Phospl10rus 005 
Tola l Suspended SoHds 
Zinc (D) 

a = Criterion varies with pH and hardness. 
b = Criterion varies with pH and temperature 
c = Criterion varies with hardness 

3A 

0.75. 

b 

0.15 

2, 

0.016 
0.013, 

0.0052 

1 

0.065, 

0.0024 

0.46B, 

0.01B4 
0.0016, 

005 

0.120, 

4 Max 
na 

0.05 

na 

0.1 0.0025 
538 

0.75 a.06 
0.01 na 

55 
66 
17 

57.9 
0.1 0.006 
0.2 0.0019 

0.015 
na 
na 
1.7 

0.1 na 

31 
42 

0.01 
0.04 
na 
na 

0.01 

na 
O.OB 
na 
2.8 
9 

0.0014 
na 

85 
101 
53 

44 1 
B.8 
8.8 

1.2000 595 
2,000. 

260 
0.14 
42 

0.02 

d = For irrigation. 
e = For stock watering 

Detected Values (mgJt) 
Min Median Mean 
na na SDL 

0.03 0.045 0.04 

na na SOL 

0.0015 0.0016 0.0019 
381 430 439 
0.05 0.055 0.06 
na na SDL 

55 55 55 
37 58 56 
2 9.5 10 

21 40 41 
0.0045 0.0051 0.005 
0.0014 0.00165 0.002 

0.008 0.0115 0.01 
na na SDL 
na na BDL 
0.3 054 O.B 
na na SDL 

25 28 28 
25 36 35 

0.01 0.01 0.01 
0.03 0.035 0.04 
na na SDL 
na na SDL 

0.0014 0.0027 0.004 

na na SDL 
0.04 0.05 0.06 
na na SDL 
2.7 2.75 2.B 
2 3.2 4 

0.0008 0.0009 0.0010 
na na SDL 

60 82.5 B3 
77 86 87 
21 41 40 

341 373 373 
8.3 B.55 B.6 
8.6 B.7 8.7 
451 515 508 

240 250 250 
0.03 0.06 0.07 
21 25 29 

0.01 0.01 0.01 

# Samples # Detects # 8DL 

2 0 2 
9 4 5 

2 0 2 

9 5 4 
9 9 0 
2 2 0 
9 0 9 
2 2 0 
9 9 0 
9 6 3 
9 9 0 
9 3 6 
9 2 7 

9 2 7 
1 0 1 
2 0 2 
9 9 0 
9 0 9 

2 2 0 
9 9 0 
2 1 1 
3 2 1 
9 0 9 
2 0 2 
9 5 4 

4 a 4 
9 3 6 
.4 0 4 
2 2 0 
9 9 0 
9 7 2 
9 0 9 
2 2 a 
9 9 a 
9 9 0 
9 9 0 
2 2 0 
2 2 0 
9 9 0 

2 2 0 
9 6 1 
3 3 0 
9 4 5 
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Table 15. Water Quality Results (1980-2012) - Stream Monitoring Station l\CSTR9, South Fork of North Fork Quitchupah 
Creek 

Parameter Name 

lC 
Acidi ty, as CaC03 
Ammonia. as N 
Arsenic (T) 
l3icarbonutc. as HC03-
Boron (T) 

Cadmium (T) 
Calcium CD) 

Calcium (T) 

Carbonate, as C03--
Ch1Gddc 
Chromium (T) 
Copper (T) 

Hydrox.ide 
Iron (D) 
lron (T) 
Lead (T) 
Maonesium (D) 
Maonesium (T) 
Man2anese (D) 

Manganese (T) 
Mercury (T) 
Nickel (T) 

Nilrile. as N 
N02+N03. as N 
Ortho-Phosphate 
Pot<lssium (D) 
Potassium (T) 
Selenium (Tl 

Silver (T ) 

Sodium (D) 
Sodium (T) 
Sulfate 
Total Alkalinity, as CaC03 

Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness. as CaC03 
Total Phosphorus 
Total Suspended Solids 
Zinc (T) 

a = Critelion varies with hardness . 
b = For irrigation. 

Criteria (mg/l) 

2B 3A 4 Max 
34.2 

• no 

0.003 
549 
LOS 
na 

94.7 
156 
79 
'15 
na 

0.012 
0.1 

I 0.51 
24.6 

0.003 
56.4 
108 
0.14 
0.73 
·0.1 

na 
na 

0.08 
0.7 

6.47 
4 
na 
na 
110 
100 
405 

450 
14.5 
14.3 

1,2OOb 

2,000c 850 
610 

0.05 0.05 1.12 
13 

0.003 

c = For stock watering 

Detected Values (mg/l) # Samples # Detects #BDL 

Min Median Mean 
0.01 2.5 8.4 15 I3 2 
na na BDL 2 0 2 

0.002 0.003 0.003 3 2 1 
12S 306.70 320 79 79 0 
0.04 0.106 0.18 48 44 4 
nn na BDL 3 0 3 
49 56.0 59 44 44 0 

22.4 63.03 65 51 51 0 
0 .01 9 14 60 28 32 
2.9 l Q.1 l 5 92 92 n 
na na BDL 2 0 2 

0 .01 0.011 0.01 2 2 0 
0 .01 0.1 0.1 43 14 29 

0 .006 0.03 0.08 93 37 56 
0.018 0.71 1.4 93 91 2 
0.001 0.002 0.002 2 2 0 

30 33 34 44 44 0 
2 .88 34.1 35 51 50 1 
0 .002 0.02 0.03 89 49 40 
0.005 0.05 0.07 93 75 18 

0 .1 0.1 0.1 2 I 1 
na na BDL 2 0 2 
na na BDL 3 0 3 

0 .08 0.08 0.08 8 I 7 
0 .01 0.03 0.1 II II 0 
0.93 1.68 1.96 43 42 1 

1 3.5 3 13 13 0 
na na BDL 3 0 3 
na na BDL 2 0 2 

10.9 19.1 28 44 44 0 
10.8 46.1 49 50 50 0 

18 90.0 95 91 91 0 

184 251.4 269 89 89 0 
4.5 6.50 7.1 49 49 0 
4.7 6.3 7.1 49 49 0 

269 401.0 428 91 91 0 
203 294 307 77 77 0 

0.014 0.1 0.2 18 18 0 
13 13 13 1 I 0 

0 .003 0.003 0.003 :2 I 1 
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Table 16. Water Quail!) Results (1979-2012) - Stream Monitoring Station M STR10, Upper North Fork Quitchupah Creek. 

Parameter Name 

Acidity, as CaC03 
Ammonia. as N 

Arsenic (T) 
Bicarbonate. as HC03-
Boron (T) 
Cadmium m 
Calcium (0) 

Calcium (Ti 
Carbonate. as C03--
Chloride 
Chromium IT) 

Copper /Tl 
Hardness. (calc) 
Iron (0) 
Iron m 
Lead (T) 
Ma~Jnesium (0) 
Magnesium (T) 
Manganese (0) 
ManQanese (T) 
Mercury T) 
Nickel (T) 
Nitrite, as N 
N02+N03, as N 
Ortho-Phosphate 
Potassium (0) 

Potassium (T) 

Selenium en 
Silver (T 
Sodium (0) 
Sodium (T) 
Sulfate 
Total Alkalinity, as 
CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness, as 
CaC03 
Total Phosphorus 
Total Suspended Solids 
Zinc (T) 

Criteria (mgil) 

lC 2B 3A 4 Max 
18 

na 
0.001 
493 
0.82 
na 
66 
144 
21 
86 
na 

0.01 
0.2 

29.6 
0.005 

26 
240 
0.2 
1.46 
na 
na 
na 
na 

0.23 
1.65 
9.1 
na 
na 
39 

163.9 
475 

404 
7.8 
7.5 

904 

720 
0.05 0.05 1.64 

0.01 

a = Criterion varies with hardness 
b = For irrigation. 

c = For stock watering 

Detected Values (mg/I) 

Min Median Mean 
o 1.2 4 

na na BOL 
0.001 0.001 0.001 
156 246.6 257 
0.01 0.10 0.15 
na na BOL 
37 50 49 

20.5 54.80 57 
a 8 9 

7 9 
na na BOL 

0.01 001 0.01 
o 0.1 0.1 

0.008 0.04 0.14 
0.02 0.4 2.1 

0.004 0.0045 0.005 
12.1 17.0 18 
0.48 21.33 28 

0.002 0.01 0.03 
0.002 0.02 0.09 

na na BOL 
na na BOL 
na na BOL 
na na BOL 

0.01 0.025 0.06 
0.48 0.83 ' 0.90 
0.67 2 3 
na na BOL 
na na BDL 

4.80 18.60 18 
6 22.32 30 
9 25.0 36 

165 206.0 215 
3.6 4.7 4.8 
3.6 4.8 4.9 

128 263 275 

150 210 221 
0.005 0.06 0.27 

0.01 0.01 0.01 

# Samples # Detects # SOL 

15 13 2 

2 o 2 
4 2 2 

81 81 o 
48 40 8 
4 o 4 

45 45 o 
52 52 a 
62 23 39 
96 94 2 
2 o 2 
2 2 o 

45 16 29 
94 31 63 
95 82 13 
2 2 o 

45 45 o 
52 51 
91 40 51 
94 66 28 
2 a 2 
2 o 2 
5 o 5 
8 o 8 
10 8 2 
44 34 10 
14 13 
4 a 4 
2 o 2 

45 45 o 
52 52 o 
96 96 a 

91 91 o 
50 50 o 
50 50 o 

96 96 o 

81 81 o 
22 17 5 
2 2 o 
2 2 o 
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spring at Rough..Brotllev; cabin.. _ 
water UIld for inigatioo. IJIIIPOSfS. Cabin and yard are fenced. Stainless st\:d spriIii
box i> loca11:d ID the bad of the cabin muler UIl old ba:rd and disdwges into a ~ 
galvmrized pipe leading ID an undergromd slmlge IImk aad III a 1rouj;h Ilen III the~. 
cabin_ WaB:£ aUlIlitv sa.tnD.les were co11ed:ed - .. 
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Spring box is Ioca:ed next ID Greens Hollow road crossing an.d insImmmred by 
EWCD. Wacr quality samples were colledl:d periodically fu£ labIramy Il:sting. 
1nfunnalim obtain.ed from r.m:hcrs indicaIJ:s tbat this spring box is the wall:!: soun:e 
fur 1he trough localed abmI 100 feet ID 1he east on the souIh side ofGn:eos Hollow. 
WaIa" ovedlows the cattle trough 81: down slope end and c:mttinu:s ID flow along Ihe 
som:h side of Greens 
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ongimks near base of2 .fiD in asmalldminageoffGn:cns HoHow_ Tbaei~ 
DO stream channel above the spring_ 'Wala flows dowostIeam liJout 5 feet iDo 
~, SIDOlIDded by a wet1and with sedge vegetabon. Theslopc is moclcr3e 
aboVe the spring's souroe_ Slope appi:81S sIabIe, lID evidmce of slunpiDg/soil 
movement_ Wata 



SP05 is:!lCO'JliD8 aRtcr. smoII depn:s!im, mi<HIope" mil ..... of SP06, 
l .... lIow. 11 .... aripDy CIIIISido:ed 10 be. ]*rtofSPO/i IDCI ficJd,.,..,..,c:mt:IIIs
fOr SP06 ""'" tat£n bel...., 110. CIlIIfIueIIa: ofllle two,.,.mgs. S1IrIiDI! Sept 2001. _-: 
baIIl spIiJJp were ...........d~~ adIIe heavily IIampled IIIe ..... r#-":-
00II1IacDce. 
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waf£r qualitymeasun:melllS were origin.aJly 1akm below Ihe QJ!!flnenre 
sprinj;Isecps (SPOS and SP06) locaIM in Ihe upper portion of a tnlll:Jt.y 1lowiBg intD 
Grc:cnsHollow. SP06 is locaII:d at the baseofan 8lipCIl~ slope (5IIIlIIl bench), 
bas much gR:8II:r dischmge than SPOS, and fonns a sma1l pond. 'Ibe two ~ Wei"' 

measored sepamldy starting Sept 2002 bccaose cattle 1u:avi1y trampled the area of 



Water origiDaK:s near the base of slump in an aspenJfirstaod. Water 
source down to a moderntely wide, flat-bottomed drainage (no dJannd) oounected to 
Cowboy Creek. Wata" accumulates in floor of chainage, fOIlIIS small wet pocket, but 
flow docs not reach Cowboy Creek.. Waler quality samples wc= collected 
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_ _ _ _ near 
bummQct in aspen stimd. Qiginally. moo of the flow from SJDng did DOt em:r pipe 
bta flowed to tile side ofit SpriDg was WOIbd ClIl in 2003. Old pipe was removed 
IIId rtpIlIIXIIi with a new ~ dischargiDg into a di1Ii:renttrougb.. No watcrin old 
'cbamJd. anymore: appllluily tile m:wpipe captures ail !be ftow. Ncwtn:och below 
Sping boll with pcrtOrat.:d pipe IIIdgra...:J aIlIO c:aptuJQ water from sccpy area bcIo", 
!be soriD~ Water auaJit., samples 'Kre cdlcdcd periodicaJ.ty b" laboratory tcsting.. 
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;" _ sDcI. dispeIses iatD brood:8""" afII:r eateriog meadow. Cattle tnmplr ;~") 
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up slope of trough on east side of drainage Icading down to Cowboy Creek. Water 
flows from trough across slope, eventually cntcriog clumneL Small pocket of sedge 
below trough (north). Not certain if sedge is supported by a seep or overllow from 
trough. No water in chamtd above Ibis Iocalion. IDstnunented spring, monitored by 
EWCD. Water aualitv saumles were oolkx:ted neriodicallv for 



SpIiDgIPODdJocaLcd spproximll1dy 150' up slope ofroad. Pood appears to coiled 
snowmelt runoH;, may also receive some sballow ground wate~ discbarge_ Field ware 
quaIity measured in pmd, Bow mcasJRd at discbarge side of culvert. Gradual slope 
in topography to north. A second pom is located about 50 feet west of SPII and is 

c~ectcd to it 
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Wata originalcs ncar Io¢ ,)f slope on small bench above Gmc::os Hollow, discharge:. 
through silt bank along a J!O - 20 feet face into pondlwetland area Flow eventually 
concentral:es into a channd and Bows into a second pond below, then into Greens 
HoHow_ 
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Appears to be !he uppermost souree ofwater in Cowboy Cn:ek. Moderntdy sloped, {) 
wide valley. Spring souree is located in a slightly incised channel in an aspen stand, .+. 

just below a point when: the channel drops about 2 feet and becomes more incised. ::) 
This site is usnalJv drv in the faD... 
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seep or WallOW on. IClt SUIe or c:naonCl ncar IICaIIwattt onnDutuy ID 
Nordl Folk: QuilI:hupah Creek. Good stmd of willow and other shrubs around it. 
This spot is usually P"=ttY well ttampled by Sepl'elnbcL llL 2001.. :flow of tributary 
below spriDg was Ul~ instead of sprint itself. The area dr3iJled by this triburar:J 
:tiills complddywithin the boundary of the project area. Itwas ~ 1haI: flow in 
stream. was conlIiblltl:d primarily from. spring flow, a11hough recent:min adivity may 
have been conlnDutine. surfiH:cfsubsurfao: flows. 
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Walcr originates from seep falx; at toe 01 SlOpe m small DoW! (baJcb area) neal" 

of3 pines, about 50 f<:et from edge ofbcoch. The waIa- flows through It wet mcado\\ 
'OIl bencb then cooverges into ;l steep rod.y dmmel draining lhe bmcb area It mien 
IIlOCbcr wet meadow about 200' down. 
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Spring origiDatc:s on a sma1l beo:h, about 100 bt above an UllllaJIlCdtrituary of 
NorthForkQ\lil:dqlah Cn:ek. Two seep! locall:dbclowhaw immClllllDble flow. 
Field water quality pIIIlIIIIeters IIII:8SIIOO at spriDg 9OIIR:e, flow IIII:8SIIOO bcIow 
springs aDd seep! to obtain total flow ftom tis locatim. Some evideu:e of slumping 
Best way to locate it is to IDy in main cbanncl and Joot:fOl: the eooftuence with a 
smaller incised 



acre) meadow that is drnined by 1J'I"butlIIy to Nodh Fad: 
Qui\l:huptb Creek. Spring fOUDd in aspen grove nl:2r toe of sll!pC. This area is 
muaIly Irampled by callie in the Jidl. Collect field wala" quality IIlC8SlIrI:IIIaIs at the 
fustpoiJII where steady s-..face :How is obsenOO. Flow is IIlCa'Inredat the downslope 
edge of DK:adowwhere chmmel drops off. Flow fiom this spring muaD.y reaches the 
channd.. 
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·FiIS!: poid: in clmmcJ wbCI'C flow sm:fa/;:cs,; bcadwatcr oftn 1Jutuy to North F ark 
Qurtclqlab Cn:ct. Loot lOr Oagging or tag onsmaU busb or a!otJCll tree al: top of 
~ bank. This site is uswilly dry Wring the :IiiIl scasm.. Best 8£CCSS is ftom the 
\:IIdofa spur road coming off the main ATV tnIiI along Big Ridge. 5 miwII: bib: 
from end of spII£ road. 



of seeps drained by a single 
Maoyareas appear to have settled: wet an:as are as much as 1 - 2 feet below the 
SUITOlIIIding soil smfacc. Field water quality aod flow taken immediately below the 
point of confluence.. In May, need to subtract flow discharging fium wctlaud above 
spring into the cbanneL This How annes ftom snowmelt runoff and SP75 and is not 

in the fall_ 
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Developed spring tJCar White Mountain Cabin, slImRmded by large seep fiwe on 
stn:am bank: upstn:am. and downstn:am. from spring_ During springtime, me8llllled 
How in stream channel above and below spring and seqI8 in orde.- to caladaie cotire 
amlnbntioo from spring and seeps_ No flow in cbannelliJove spring and seeps in the 
mIl 



Tract I Mudd}' 
Date of inventor; 13 Julv 2001 
Name M SP27 
GPS location 

Northing 4320838 
Ea.stin2 460549 

Comments Water originates in small open bow~ no stream cbaonel evident above Ibis point . 
Flow from this spring feeds a large beaver pond located 200 feet below. Water 
discharges from the beaver pond into Black Fork. Field water quality parameters 
were measured at source, flow was measured about 50 feet upstream from inlet to 

poed, usioe 3 collapsible flume. 
," -, 

)-:.:: 

:~-~ 

::J .,.., 
u .... 

(.C 

~ 
c::::; -CO 



SP28 and SP29 are located next to each olber on either side of a mediom-size spruce 
tree, on bench area immediately north of Julius Flat reservoir spillway and dam.. 
These springs appear to be above the elevaIion of the reservoir bottom_ Dming the 

- area was hiked and SOIlC3l3 to be covaed bv secu :O.OW_ 
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M-SP35 613103 7:59:29 PM 
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Qammarts 
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Water originak:s about mid-slope 00 a small bend! (8 -10 r<:c:t 
aspeo/firwith lbick brushy lDlderstory. Wakr flows down to a lower bench area 
where it entas a small chanoel, eventnally reachiog lbe South FodMuddy Creek: 
about 250 feet below. 
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This spring is locted approximately 200 fi:et west of SP36, on a modClate slope -' 
above the South FoIk:Muddy Creek.. Small arnOlDII of slumping noted above w.de£ 
source. Some white crust on soa surface swroundillll this location. 
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IdoooalOIJ . oiIoort ...... 6ICIlopa;Jrio/l:ll ... _ flow 
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~ • _ ..... ~.,Coorboyc...Jr,OD;....u,'"""ct .. ~ W..;m~ ... 
iDIoCowboyc...k.. _""""",;'_ATV_~B;gRidfte- ShorIspursood 
(2S f..t) """" al""", mq,olfpoinl ........ _ dope. HiIre-,... ~h 
....... in __ Loc"kr.,.w_fedby~ a1ong....t>oyCnlel<. 
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"':"SP42 REMAINS OF SHUSH RES. 6I4fmOS:S:2G:18: PM 

This is the discharge point fiom what iI: left ofBlmb Rl:servoir_ 
sevco1-=p fiIcco; 1ot:att:d0ll1hc uar1h.:ad_ The dmls bRachaI_ Tba-e.is usuaDy a 
smaUerpOlldlwedaml below the Jarserpoml We lIII:IISllII!d water qm1iIypamne1l:m 
and flow at the ouIIetpoint beIowthe s maier pond on the Dr soudt end Discharge 
fiom Ihe smaIIecpond is coaccntratcd io a smaI cbmmd tImt allows flow 
_ to be taken. Look fur ft:og ocmdal tag at brush on cut bank, east side _ 
This site 



at the edge of a large dearing at upslope end of a bcodJ above 
a tributary to the North Fod:. Quitc1mpah Creek. No nx:art slumping observed in the 
area. The cIearing is heavily trnmpIecl Flow is muaIly measuredahout 25 feet below 
!he soun:e. Flow usually dries qJ about 250 feet bdowSOURle, does Dot make it to 
!he stn:am cbannel 

I ~1"flJ'.I.IJ7 
C1 ,,--_... Water originates DCa" a \loillow/slBUJ sIaDI, Dear thellOun:e of 8Il1lllll8lDed tribtda:Jy 
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to the North Fod:. Quill:lqJah Creek (M_SPlI)_ Wafer 1U:Jbles up in sandlsiltpock1 
.Area is heavily trampled and flow is usually bani to measme near SOIIIre. Flow 
evmtuaIly amfiDCS into measurable fOrm about 50' below source.. May enter 
InOutary at more than one localioo dming spriugtime_ Look foc flag and melallag 01] 

willows_ 



::J 

~ I Comments ---9 I s~; originates in stump hole leO: by fal.Iing tree_ Water :O.ows dowllhilUiom this 
:::0 sotm:C, eventuaUy Iea£bing 311 mmamed In""butary oflhe North Fork Muddy Creek.. 
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is located in lhick.liIober on bench area ¥JI!O~T!!at~Y 20 feet widc-



Water origiDatc:s from sc:va:allocatious on a di5pased seep fiK:e near a pole fence_ ,~ 

Field warer quality measured at middle source in a small pool near the base of an c:::. 
aspen_ Flow measored down slope from seep fiK:e at two different locations, on the 
east and west side of the slooc.. where warer is amcentralOO into two stream 
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as seen at SP38_ 



Commelts Seep fiwe located OIl small bench approximatdy 20 x 10 feet, abovc:Soufh Folk 
Muddy Creek Area is heavily trampled Wata" COIlCt:ll.tr.IlCS as il flows off ofbcnch_ 
area and flow can be measured at Ibat point. Second small seep face locak:d 

10 the North (doWDStlcam) oflbis site. 
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near tJasc: of steep slcp: aDd forms a pool in a wet area about 50 ree 
bdow soorce. Flow measured at pool. Discharge:from pool goes sWsurfacc belOre 
c:ulcrillg B IackF oIk cn:ck IS a cispcrscd step mc.e. ocar cooflucm:e wilh Solllh Forie. 

Cret:t. 
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Wale!" soma: is located in the bottom third of sleep slope above South FOIkMuddy 
Creek. Waler disduuges in small dqtn:ssion, coosisting of clay material This soil 
type appears coosistent with the nearby slope. Slope is mostly open above. Field 
wale!" aoalitv meamred at SOUIOC- :Bow measured al first ooint of ooocentraIion. 
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"de\loIopod,..rna tal ..... """"""*" 11>" cadle ....... <_ bn:>kt:tI. 
_byil1lenlree). FIowis_liom a pipe _OJIII"'II'StonmbodlO 
1ioet BJBlope 11> a pol£ leDr.e eud ........ CoIIld ""'_ spring bas. inside end ....... . 
SIa:facc waIe:r ~aboaI15 reetbelow~ liom pipe. _""", ... is ID 

...., down fimnATV tIall alcmg Bi!l Ridge. Hike ckJwn ",,81 side of cIIy dnimge, 
all """" 11> doe westlD spiog. Lo<i: far old mw].& kading 11> spring. 
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I Comments I Sorinl!: orilrinates. at the base of a lame rodt near edl!e ofbalcb. Water meandas -.. » 1 ~locabooo. 1""'- JJ 
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Ccmm_ -_ CDB _above IIIe s..IIo l'a!tM'addycn:ck. ¥lCId"ftlCr cplity 
~_-..!.Jllt:lIrgest~lIIdtlow __ III11e_D 

Iloo:: wet mcadaw. II JIlt: cdRe afJllt: beDdo, bdowlk am1Iuen<E afaB JIlt: ,.,.qsllDll 
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Wa/:eI" originates in small bowl (100 square feet). bam:n and SIIII'OUIlded by pines_ 
Wa/:eI" is somewbal: dispersed fiom SO\ICe. COIECIlIIall:S about 10 - 20 feet beIow_ 
Area is muaIly IIampIed in the tidl WatI:r flows over edge ofbench towaIds a 
SllClmclmmd loca1edabout 1S0 JCctdO¥m ~CJPC- Warerwually disappcaIlI about SI 
feel or so ~\owlbe sam:e BDddoesootreacbtbe SbeIImcltamcl Be!!taa:ess is to 

down wm M SP:'i]_ 
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Wa.Icr discbges 6um a dt~ in tbe north chaJmd bank (river's left) about 20 
feet abo~ lhe NorthForkofQoitchopah ~ Tuibidity infIDenccd bybaol: 
erosion.. 



Commenls SmaIl seep located just west ofM _SP43_ Area below point of disdJarge is heavily 
trampled. Flow disappears about5O feet below 1IOIIR:e_ Meas-..able flow on north sielt 
ofWllllow_ 
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Commems Spring loc.a1ioo was recorded in 2001 but no measurem:ms ~ 
Spring is located UDder a large cooi:fer tree on a gentle slope 1eadiIJ,!; to Beaver Creek, 
below \be two-lIack road going aIOlrn Julius Flat. Area used by wildlire and cattle a 
cvidcoccd bv IIails on 
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Spring is located on a sLope about 500 feet above aud 10 the north of the North F ark 0 

Muddy Creek. The spring is SIIITOUDded by a patch ofjnoiper trees with a few 
wiLlows_ It crosses over a well-used catIleIwildlife bail 
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Ccramoc:aIs 
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oIapewillo d_1rac ad bnaoII """", rto~" ~ ~coacrof ... 
upca 1Imd,j..t below. _ of Jmoipcr -. Flow fha "0)IriI0& ""u:_a-n
ItOOd Ir:IIil 00 ,10 _ydo_ '" the NooII> I'odt. ncn,i .. ...n oa;p";o._ 
lIlCllSllDblc lowdm:cllylo Ibc castoflilc opriDz. obuatS-IO iix:t""",y, 



Iooa.II:d ohou300 fed 1IDdII oEdocNort\I'cd.M>uIdy Cn:ck,o .... IIIcq 
olopc ccm:rod...ilh Ir<cs ad 1>ndI. About SO fix:t bel"", lite IIOIIICC, flow fimn 
M_SPlO joiu Iloo Bow fimn IlIio oplaJ;. BeI_doc""-":c, doc ........ CIQJOCS a ...n..-wildlifclcalllo 1nIil.1IIc.~ DoIo • .....n _tboocI ..... o •• bcDdo 01 

doc DDrIII bak oEllte Norlh Fork. 
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oaaslcCJ 
slope c:cm:red wiIh __ bnah. It <>riJ!iuk:s .. 1Ite middle of a .... lc of dcad&Il 

....tis diffico\tto IICCCSII. ~ SO fix:tbc:low _. fIowfimn IlIio opriagjoiDS lIov 
_ SP 69. B.m..-doc COIlfhu:occ, the _ """""'" a wclH.:d wildlifi:{ca1lle1JaiJ. 
dica - · -; . 



Wa1e£ origioan:s fivm a saies.ofsceps arom:d the remains ofaD old beaver pond, 
JraT the till of a small" narrow valley/drainage dmmcl, 00 nearly level gromd 
Wa1e£ spream out DCar origin rut eventually colll:elDab:s in a single cbanneI about 
200 feet tiom 1KlIJI'Ce. TID D wheJe wata" quality pammeters aDUlowwm: 
mc:a:RGd. Wa1trJIl(M:S down 1ium Ibis poi It tlI'ougb a wet ~and c::oIlccts in 
a pond that appealS to have been IJECbanically created ago. This spring D usually drJ 
in the taD. 
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100 foci cast ofSl'66. Wa/a" odplcS _ some 
11M: s10pe 10 lIle 1IDIIII or ... lI1IIIIIIIIOd In"bdllry 10 DIe NmIIl 
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anllDlBD1ed tnlJulary ID MiD FOlk Crect. Spring consists ofaIarge 
seep and 1 - 3 springs. Flow measured below conftuencc. Water qualitypallUlll:ters 
measlICdoo west side. Walerdoes not appear to re8£h stream channel. Usually no 
Bow in the fhll 
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from 6epcmd 10 the spriDg. 
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Comments I..mge seep tha1origina1esjtat bcLowa barbed wire fe:nee,justwestofSP32. Waec 
concenlraes into a channel about 30 feet below the fencc. Moderate slope, some 
miDoc slumping. This site is usually my in the Jidl Best way 1D aa:ess site is to 
follow bee line fiom M SP72. 
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Spring is filst poiot of wak:r' discharge within stream channel of onnamoo tributary to 
HoIllC Creek. Appears to be general grooodwatec inflow into heavily incised channd 
WQ and flow measured about 100' below origin, at tlag on willow bush located on 
west side.. Low flow in Jidl 



Comments Seep at break in slope/small bench above channel of unnamed tributary to Horse 
Creek.. Flow confines about 20' below SOUR:e. 

'
~ I--I Comm-=--eots-==:;';:?=:l_IZ..j-I-='S~:":;-·-:::---;:';:-;"'ongmak:s-:-· -:-· ---=-from-·a--rock-:-outcJ---'--oppwg-·:--"""'at"""a.::--:"toe-o"":;f-a-=sIopc.-·-=W:-=-.:-CI"-J]o:::--ws--:::IhIougb---:-
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~ ... -' 
' ... ~~ smaI.L~3IIl.-e8. with some willow bushes bcforejommg stmmJ.. Look JOrilagginj 

_ on pine We. Best ac=s is fium ATV Irnil. (259) <irocI1y south of fbis site. Only 
·0) I -; I abooI: 5 tnimJlc walk mmATV 1rniI.. 
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located aIoI!g a s1ream chaIlnel near !be boundary of !be Irnct 
buffer_ Flow and water quality measurements taken 011 Ihe sIream, below a large 
pond/seep area. GPS locUion is for that measurement point_ Total discharge from 
seepslspriogs calcu1ated by substrncling flow in stream cbannel at lrnd buffer 
boundary fium flow in stream channel below Ihc seeps_ Need fbune to measure flow '· • • 
at Ibis site. ---
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area located downstmDn of SP85 aloog same stream dlanuel.. Water 
quality and flow me&<llll"CllleDt taken in stream cbmmel at a small wildlife crossing, 
just below Ihe lowest seep_ Small seep areajust above 011 left side when looking 
upsIIcmL Total discharge fium seepslsprings calculated by subtracting flow in 
stream cbmmel below M SP85 from flow in cbannel below M SP86_ Need flmne to 
measure flow at this site. - -
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This spring origiru lOS on the nonheasl side 01 tllo bUt r orl< !:Sox l:MYon, on a nanov 
bench below a clif f, and crosses a well-used wildlife/cattle path. This spring appears 
to be Pines #216 a ld is marked with a stake labeled "EFB52(N)". The spring/seep 2( 
feet to the east wa!. flowing very slowly at the time of the first visit, not measurable. 
On subsequent vis ts, it was measured as SP98. After SUFCO mined under the East 
Fork Box Canyon in the winter of2003-2004, both S?rings stopped flowing and were 
covered bv a rockf tide. 
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This mcasurcmctJl poilll is loeab:d in same cbanDcl as SP97 .Iowe£ in the channel. in ~ 
thick stand oftnles just above Pines #206. Some of the walc£ is coming from SP97. 
with some adlfitional :flow coming from scepslsprings just above this point. 

in the 
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Canyon, on a narrov 
bench below a cliff, and crosses a well-used wildlife/cattle path. This spring appears 
to be Pines #2l6A and is marked with a stake labeled "EFB52(S)". It is located just 
east ofSP93. After SUFCO mined under the East Fork Box Canyon in the winter of 
2003-2004. both sorinl!S'Stocoed f1owio l! and were covered 
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on the northeast sjde ortil<: East fork Box canyon, on a narrov 
bench below ~ rock face. and crosses a well-used wildlifelcattle path. Water 
disappears underground near edge of bench and reappears on slope just below bench . 
This spring appear to be Pines #217 A and is marked with a stake labeled "EFB53(S)' 
It is located about 50 feet south of SP94. After SUFCO mined under the East Fork 
80. Canyon in the winter of2003-2004, both springs stopped flowing (unlike SP93 
-and 
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Comments This spring i3 IocSed on the North side of the NCR:1h ForkMuddy' Cceek, on a steqi 
slope covered with trees aod. brush_ Flow from the spring crosses a well_cd gamS 
trail on its W1IV down to the North FOlk. Man" leec:bes in wa1er near sonroe. 
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Foand this new spring on the way to M _ SP60 is a small slide area. .NOW ongmaIeS a 
base of c1iff_ Not certain how far down the water lraveb; il does not appear 10 reach. 
the river below_ Located iust east ofSPI04_ 
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100 fcet west ofM_SPI9, abovcan mmamed tributary oflhe---, 
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midway between SP64 and SPI0l, on a gende 
Beaver- Cleek. 
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4.0 C APTE 4 - ENV ONMENTAL 
C NSEQUENCES OF THE ALTERNATIVES 

4.1 INTRODUCTION 

This chapter discusses the environmental consequences of implementing the Proposed Actillll ai1d 
alternatives as described in Chapter 2. It compares the impacts associated with each action alternative to 
the No Action Alternative. Under NEPA. actions which could significantly affect the quality of the 
human environment must be disclosed and analyzed in terms of the "context and intensity" that makes 
them significant. For an action to have an effect, it must have a demonstrable causal relationship, which 
can be direct. indirect, or cumulative in nature (40 CFR 1508.27). In the discussion that fol1m,s, the 
potential effects of each alternative are identified and discussed by each resource described in Chapter 3. 
Impacts are discussed with respect to each issue statement developed from public and agency scoping. 
The treatment of effects for the alternatives and elements is considerably more detailed than the summary 
of potential impacts in Chapter 2 (Table 2.2). 

Leasing results in a conveyance of rights to the mineral resource, and thus has no direct effects on the 
ground; however, indirect effects could occur as a result of leasing and subseljuent receipt of a permit for 
development. This analysis includes conditions for the Proposed Action and Alternative 3. 
Recommended measures to reduce the potential effects of the action alternatives and the likely 
effectiveness of these measures are presented at the end of each resource discipline discussion of direct 
and indirect impacts. In addition, cumulative effects are described for each resource as identified in 
Chapter 2 Crable 2.1). Where pertinent, each resource section also includes sections describing 
unavoidable adverse impacts, effects related to shOJi-term lIses versus long-term productivity, and the 
irreversible or irretrievable commitment of resources. 

. I1.PR 1 9 2D"~J 
4.1.1 EXISTING M INE' AND RELATIONSHIP TO THE GREENS HOLLOW TRACT . j, 

.\ he (i reens Ilolltm tract b located ill tIle sllulh~l'Il Wasatch Plateau \\ here t h en.~ are other clial kascs: 
illcl ud ing the ()ui tchupah. Pines. alld SITL/\ leases. '1 hese exist ing leases have been mined lIsing 
long\\,a llll1ethods. and mining is continuing in portions Drthese leases. Subside-nce im pacts of the min ing 
have be-en studied nnd documented in Anderson (20()~a). Bigelo\\ (20()lJ ). Can} on " uel COlllpan) (2007). 
ivla) (1 and Assoc iates ( )9l)l). Pderscn (2006. 2007. and 200l). and 'I hil'lls and Cord) ( Il)l))). A primary 
concern \\1 tll subsidence min ing is potential impacts to water resources and corresponding impacts Oil 

dependent resources. incl ud ing vegetation. \\ iltllife. and rangelands. 

Beginning in late 2()(JJ. n1ining ill the Pines Coall.ease lllJtkrll1ined alld sl\bs~'qllently sub~ided tlh.' Norlh 
Wakr area. l\ tributary to the Fa:>1 Fork of Box Canyon (see Figure 4. 1). Sllhsid t!llce or the North Water 
('a11yon area of the East (-'ork of Box ('an) on in the \\ inkr or 20():,) to 200(] resu lted in the Ill:-;~ of f111\\ at 
three springs (Pines 10:,). Pilles 31 L and Pine., 310 L(mer). the loss of\\a1er in t\\O ponds. relucatinn of 
.;pring disclwrg ... at 3 springs allli the depletion of :'llrii.ICl' Hnd allll\ ial ('iuh:-;urltlce) n()\\ sUPPllrling. a 
Ilj,~jl1j' riparian nrca (Pekj'~l'll 21)(1(}J. 1"\) 11\1\\ III tlle:-i~ are,h has been re~l('lrl:d (Weiser 2{)!)l)). ;\ 

mitigation plan to restor..:: the North W(lkr spring area ha..; bee-11 linali/ed (Canyo11 Fuel CO\1lp<Ul) 2(13) 
lind recently approved (DUGi\/! 2() I3b). Although surface discharge is cll1'rently lost li'olll 3 springs. 
streal11 monitoring helo\\ the springs has indicated the Cast1egate Sandstone grliLJnd\\,akr s) skni that 
supported surface discharg<: frolll these spring:.;. continll~s to fUllct ion and provides ground\\atcr tltm at 
pre-subsi(kl1l'e levels in the Lac;1 I'ol'!- lli' Bux Canyo11 ('n~eJ.: (Pel<:rsen 2()()'J). SuhsiLknce ha,; also 
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llCCUrl"~d b..: ncatll many oth ~r springs along the Fast Furk of Bo,\ ('all) Oil in the I'in..:s Coal I.ease \\ ithout 
impacting discharge , 

Surt~lC": tensile cracks al s{1 OCClir in upland areas post subsidence. particularl) \\her..: co\'er above the 
C'astlcgat.; Sandstone is limited. In these areas, hydrologic impacts could oCClll" during periods of 
(l\'t:rland n O\\ if cracks rel113in open. Due to the lack of overburden above tile Castlegate Sandston c 
la) er. "healing" ufthe cracks has beel111111ch slo\\(~ r. In order to dnm inference~ bd\\e~n the impacts that 
\\ ere obse rved in the North \Yak r area and the potenti al fllr similar il11pac is tn occur in the (ireens llolllm 
iract. this scction compare:; th~ g~t ) 111gy an,l h) tlmlngy of the Nllrth \Vakr Can) llil area of th~ Pines Coal 
Lease \\ ilh the Greens IloIlm\ tract. 

rile sedimentcu} geolog) is the dlllllinant t~lct () r inlluencinl,! the h) droillgic S) stem or the area, The 
g~nhlgy also deterlll incs hO\\ suhsidence affects the surt~lce resources of the area. The gel1logic units (If 
importance fllr this comparison. listed from hottom to top (ollkst to )oungest). \\ith the ir dominant 
characteristics that could influence hydrology and other reS(lurces, are as follovis (see also Figure 3.2): 

B lu~kha\\'k Fllrmution: This unit cOllsists of interbedded sandstLln~. sil1stune. shale. and coal. '/ he 
economic coal seams occur near the base or the B lackh ~l\\ k /-"(lrnwtiol1. 'I he shale from the 
Blackha\\ k Formation was examined by X-nl) diflhlct ion and f(HlIlel to contain an average of ~~ 
percent smectite. a s\\elli ng clay. (DOCiIVl ~()(}5). These s\\elling clays decrease the ve rtical 
hydrauli c conductiyit). \\ hich i mp~d~s the vert ical /low of ground \\ ater in the Blackhcm" 
Formatioll. Therefme. the upper portion llf this formation is nearly impervious and generally 
perches "ater in the basal portionllf the Cnstlegnte Sandstonl'. 

(u. tlc!!ate Sanli.nollc: This unit is a I1Hl 'sh c (blocky) fl uvial sandstolJe \\ ith minur interbeddcJ 
conglomerate and rare sil tstone or shale. The llnit is porous and permeable and is an important 
aqui fe r. The Castkgate Sandstone has a prom inent li"<lct ure pattern and prominent bedding planes, 
Minor thin lenses of gray to carbonaceoLis shale as \vell as coal pods may be present. Weathered 
('astlegate Sandstone results in sandy sediments that are ind Tect ivc ill scal ing cracks in the 
'illrl~lcc-exposed, cOllsol idated salld .~tone [lnd does not prevent the tlm\ 11\\ ani tlll\\ of water. 
Ah1ll1Llant s\\ e1 ling clays at the contact border \\ith the Blackh,m k Formation impede dm\ 11\\ ard 
movement of groulld \\ ater and result ill lateral movement. Structure appears to inlluellct: 
grolln li \\ater Jl ow ill the Castlcgate Sandstone ill the (iree ll s lIollow and Pines l.ease tracts [IS all 
of the springs nre located Oil the cast or southeast side of the canYOJlS ill these areas (Cirrus ~O()- ~ J. 
as \\ mIl d be expected Illr gl'llllnd \\ ater I'ollll\\ ing the dip slope. 

Price Ri ver Formati on: '1 hi li ulli t is a ueposit of c!JiL' lly sanu 'tolle \\ itll interbedded s illslonc and 
-;Iml .. . \\ JLIl Illinor t:()ng l (lnH!ru l~ . When: it occurs. shale lkpns its scvcre!) restrict vertical fl o\\! tl f 

gruli lld \\a ter t(l de ' p~ r units. Thi..; process is inuicmed by the relat ive ly largl'" 111ll11hl'r or. pring.; 
tl at i 'sm: n '() l1l the Price Rh cr I'ormatioll in t;Olllpari: oll t ) uthel' geoJogh: form ation: SUL'il as the 
C:l'itl l.!gat' Sandstone. Imli ca1itll1s of ex\en: iw 11l1satllrat'd horizll ll"; in the Pricl.: Riw r LInd 
Ca:.,tiL'gatl! Sandstone F(mn.ll ion: f'ound in dri II ho\t:<; all I \\ db ill t hI.' Pi 11 e.') COB I Lca~c 'J llIe 1. 
'uggc. t that perched gn lint.! \\ aler ClIllliitilll1. art! l ikd~ (Fore.~ t Scrd cc J <)()<»), 

NQ!1!.111ill'll I l\i'!llu~in!l: .( h i ~ L1 l1 it i ' . il1lilar to Ih,: Price RiH~r Format iol1. htlt i ·. ll111stl:, slr:!l.: \d lh 
into • .'ri1c-dJcu ~ i ltslllll\.' aJlJ St\!) 1"lnl1~ . l il t: .;hale) nature u f the rlll'lllnt i III am! it. (lc~lIlTen 'e at 
hil!h'l' t!h.'\ uti In'> that rect!iw llIor~ rr'l'ipitali(l!1 l11 0kc it \'u lncmble to mn-;s I1lmellIclll. :Iope 
Itl i l ll r~s, !lnd lunds lidl!s. '1 h' shale nnJ tiny ( ) f the N(\rth I lorn F(lI'I)Hl! ioll . 1.'f\·C tt rNnl'J the 
'rti allhl\\ of' \\ awr cau:ing gmull I \\atl!r I mon! hllril.lllltalJ) rull llg b 'ddi ng planes or through 

IhlcLlIrcs, Similar to the Price Ri ver FIll'matilll1. th i prnccs:. is evident lit! ' to Ihe relat ively k1rgcr 
11 L1 lllbel' o f -;pri n1!,<; that di-charge li'ol11 th i .. formation in com pnrisl11l to the C'a-;t lega!e San(\-;(( n ' 
I· ormatioll. 

Greens Hollow Fed\!ral :oal Lea:.e Tracl 148 Final upplernental ' nvironmentallmpac! Statement 
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Figure 4.1. Bedrock geologic map of the Greens Hollow tract and 
adjoining leases. . 
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;\ rrimary dift\:rence bd\\cen the Cireel1s I (oliow tract and the Pi ncs 'r ract is the geolllgic L1n its or 
stratigraph~ exposed on the Slll'j~lcc of the tracts (Figure -1- .1). 'I h;: Price Ri\'el' Formation is present 0\ er 
onl) about 25 percent of the Pines Tral't. The l11ajorit~ (If the Price Rivcr Fmmat ion in the Pines Coal 
Lea~e Tract ranges in depth !l'om () to 50 1\:('t \\ ith some areas ranging in (lepth from 100 tu SOO fect. 
i\ lost or the surfacc of the tract consists or Casticgate Sanllstone \\ ith little soil C(lver. Th;: North Wakr 
l'nll) 011 area orthe Pines Coal Lease. "here the springs. ponds. and alluvial flo\\ \'vel\~ IllSt. is very ncar 
the hlp or the Castlegak Sandstone \\ 11;:I'C the unit i~ exposed at the surface (Figure -1- .1). I Icnl'l.~. soils in 
the N{lrth Wawr C'nll)Oi1 area are derivcd jJ'om the Castkgak Sandslllne :lIld prl'dolll inantl) clean. \\ell· 
~llrkd sand \lith \Cl") littk silt or cla:, -si/cd makrial. When undermined. fractun:s form in Zllnes of 
permanent tension. around the margins of eadl long\\a ll panel. \\ hich tend to remain op~n. Owr time. 
the surllH~e tension fractures knd to fili \\ ith the available sandy soi l. IIlme\"i:r. because this material is 
sand. \\ ith little si lt and d a). it has a high porosity and perll1eahil it) and has li ttle potential to 
h~ draulically seal the jj·ndures. TIH .. 'refore. springs and drainages hbl tll the subsidence n<lcks Dr 
!i'actur~s can be pennanently dl''' atcr~t1 ~llld surface f1'adures outside the ri parian hah itat can remni 11 

permanently llp~n to \\ ater tlO\\. 

In contrast. over most ofthl' Cireells I ftllhl\\ tracl. the Price Ri\ er and Nll rth I (orn Formations arc mapped 
as the surElce-exposed bedrock un ih and 0\ crill) the Castk gak Sandstone (F igure ~. I ). Exposed or 

shall O\\ I)" buried Castlegate Sand stolle layer~ in th..: (irccns I [llllll\\ tract arc li mited to the extrcl11c north 
and northeast edge of the tmct ill the Im\cr l\m bllY Creek. lo\\er (ireens 11011 0\\1. and i'vluddy Creek 
dra inages. These areas. approximate I) 3 percent of the tract. correspond tn the upper extent of the 
Castlegatc Sandstone and are the only places 011 the tract \\ here it is expllsed 011 the sll rlllce. Slllllh and 
\,est of these areas the Prk e River Formation th kkness incrcases quickly and then transitions to the North 
I (om Formation (gain ing up to 1.7()O feet in th ickness above the top of the Castk gak Sandstone). The 
so ils form ed on the Price River and North 110m Format ions contain abundant silts and clays. When 
compared to the Castlegate Sandstone. the silts and clays in the Price Ri ver and North I lorn Formations 
arc more I ikcly to deform and arc less li kely to propagate subsidence-caused tension fractu res to the 
surfllce. '1 hicker cover above the Cast legate Sandstone reduces th e severi t} of subs idence impacts at the 
SUrfllCC due to the dampen ing effect orthe increased thickness . 

It is the judgment of pruk;-,sillJ1,lls ( i.e .. lI amid i\(akk i I minin~ engi neerj, Pau l J\nderson lprojcct 
geologist]. Kat heri ne Foster I FS I J) dJ"t)log ist]. and 1\ rt (r lI ayr;: I hydl'l1geologist p. that \\ here the 
Castlc~ate Sandstone b buried by 50 feet or more of overhurden (1/' the Price R ivcr and North [ (orn 

l' llrll1 Ulion:;. s il lS and clays arc present in • llflkicI11 CjU'lllLiLics (0 . cal ubsiJl.'llcC crud.s ovcr Li me (the 
period vuric ' depending 011 Ilrcdpitalinn h~\ 'c1 s and crt):. ioll nue~ ) through rill! processes of' \\ catherinu. 
surfm:e erosion. and deposition. The cia} s conta ill ahout 2,t percent smectite cla) (D()( i i'v1 2(){)5)0. \\ hieh 
s\\ ells \\ hen hydrated. efTect ively scaling j)'al'll11'es and stoppi ng the d()\\ ll\\ard 11\)\\ of \\ate r. Therefore. 
the area;; \\ here hydro ll1gic impal'l:-; sim i lar to those experienced in the Nllrth Water Can) on area could 
occur arc limited to the l(l\\er ('(1\\ bo) Creek. lo\\er <irecns Iloil o". amI i'",(uddy CrL'ek drai nages where 
thi.' Castlegate S[lmbt(lni.' is at or Ileal' the surface. Widcspread subsidellce ill1pacts across tht: (ireCll:i 
liollO\\ tract simi lar tll those e;\.perienced ill till' Nllrth \\'a1L'r Call) Oll mea \\lluld Ilut be npected . 
Excluding areas where hydrologic impacts could be similar to those experienced in the North Water 
Canyon area Vvas a large fal'tar in the formulation of Alternative 3. The potential impacts for Alternative 
2, how ever. in the area where the Castlegate Sandstone is at or near the surface could be similar to those 
experienceci ill the North Vvater Canyon area. 

ji • ' I ) • n "'IV,,) f':,, ~ i"\ ,;<) tu Ib 
Based on the geology!stratigraph) and hydrolog) of the two tracts. anticipated impact~ to other resources 
'vvauld also be quite different bemt'en the Pines Tract and the Greens HoIJOI,\ tract and are ,dis~l!ssed in 
this [IS on a resource by resource basis. . . . 
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Manti-Lasal Forest Water Monitoring 
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Comparision of Manti LaSJI Forest ,"'Vater Monitoring and Sutco Water Monitoring 2004, 2013, 2014, 2015 
2013 (FS) 

Manti-LaSal Forest 

of Spring 

Name Sufco Monitoring 

Site No. 

Green Hollow Spring 1 

Green Hollow Spring 3 

Green Hollow Spring 4 

Green Hollow Spring 5 

Green Hollow Spring 6 

Green Hollow Spring 7 

Green Hollow Spring 15 

Green Hollow Spring 16 

Green Hollow Spring 17 

Green Hollow Spring 18A 

Green Hollow Spring 18B 

Green Hollow Spring 18C 

Green Hollow Spring 19 

Green Hollow Spring 20 

Green Hollow Spring 21 

Green Hollow Spring 24 

Green Hollow Spring 25 

Green Hollow Spring 26 

Green Hollow Spring 26 B 

Green Hollow Spring 27 

) Green Hollow Spring 28 

Green Hollow Spring 29 

Green Hollow Spring 31 

Green Hollow Spring 32 

Green Hollow Spring 33 

Cowboy Spring 3 

Cowboy Spring 4 

Cowboy Spring 5 

Cowboy Spring 7 

Cowboy Spring 8 

Cowboy Spring 10 

Cowboy Spring 11 

Cowboy Spring 12 

Cowboy Spring 13 

Cowboy Spring 14 

Cowboy Spring 16 

Cowboy Trough/Spring 

Cowboy Spring 2 

Clay Spring 4 

MSP 100 

Big Ridge Spring 1A 

) Big Ridge Spring 1B 

M-SP18 (M) 

M-SP02 (M) 

M-SP39(M) 

M-SP01 (M) 

M-SP45 

M-SP100(M) 

M-SP15 

M-SP15 

M-SP60(M) 

M-SP 19 

M-SP03 

M-SP04 

M-SP06 (M) 

M-SP05 

M-SP 106 

M-SP 106 

M-SP03 

M-SP40 

M-SP41 (M) 

M-SP14 

M-SP39 (M) 

M-SP39 (M) 

M-SP53 (M) 

M-SP100(M) 

Source Type 

Seep 

Seep 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Seep 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring/creek 

Spring 

Spring 

Seep 

Spring 

Spring 

Trough 

Spring 

Spring 

Spring 

Spring 

Spring 

X Coordinate (FS) 

465730 

466021 

466922 

465519 

465106 

465420 

463580 

463810 

463894 

463855 

463842 

463852 

463863 

462825 

462602 

463717 

464182 

464144 

464148 

462589 

462606 

463294 

463958 

462590 

463087 

465542 

465169 

464847 

463613 

463407 

462477 

462853 

464979 

466911 

466916 

464614 

466304 

467027 

464013 

463555 

465560 

465555 

2004 & 2013 Sufco Flow Rate 

Y Coordinate (FS) Historic Flow (gal/min) 

4321098 

4320183 

4318979 

4320142 

4320014 

4321861 

4316947 

4316882 

4316844 

4316094 

4316060 

4316079 

4315573 

4316290 

4316374 

4319726 

4319466 

4319328 

4319344 

4316428 

4316393 

4316888 

4319425 

4316362 

4317259 

4317857 

4317821 

4317966 

4318245 

4318235 

4318430 

4318087 

4317937 

4318985 

4318981 

4317948 

4317351 

4319014 

4320609 

4316929 

4316155 

4316158 

0.115 6/30/13 

0.063 6/30/13 

1.44 6/28/13 

0.292 6/30/13 

0.673 6/3/04 

1.076 6/5/04 

0.268 6/5/04 

0.268 6/5/04 

0.676 6/5/04 

0.476 6/5/04 

1.949 6/3/04 

2.921 5/12/04 

1.624 5/12/04 

0.264 5/12/04 

0.476 6/5/04 

0.476 6/5/04 

0.447 6/6/04 

0.509 6/6/04 

61.402 6/6/04 

1.44 6/28/13 

1.44 6/28/13 

0.091 6/28/13 

1.076 6/5/04 

0.173 6/6/04 

0.173 6/6/04 

None 

0.03 

1.4 

0.31 

None 

0.31 

None 

0.21 

None 

0.23 

0.24 

0.68 

1.95 

None 

0.76 

1.44 

0.12 

None 

0.33 

0.24 

0.28 

None 

None 

0.08 

2013 (FS) 

Date 

2014 Sufco 

Historic Flow 

6/27/2013 <0.05 6/29/14 

6/27/2013 Seep 6/29/14 

6/27/2013 1.61 6/29/14 

6/27/2013 0.32 6/29/14 

6/27/2013 

7/2/2013 

7/9/2013 

7/9/2013 

7/9/2013 

7/9/2013 

7/9/2013 

7/9/2013 

7/9/2013 0.72 6/30/14 

7/16/2013 

7/16/2013 

7/16/2013 1.47 6/30/14 

7/10/2013 

7/31/2013 

8/7/2013 

8/7/2013 

8/12/2013 

8/12/2013 

1.61 6/29/14 

1.61 6/29/14 

7/30/2013 0.07 6/21/14 

(M) Currently Monitored by Sufco, if no (M) site was historically monitored and there is some data available (FS) Forest Service monitoring 

2014 (FS) 

Flow Rate 

(gal/min) 

None 

None 

1.6932 

0.55696 

1.2941 

0.14458 

0.2652 

0.259 

0.29596 

0.1756 

0.235 

1.0761 

0.7034 

0.1176 

1.5469 

2.4146 

1.4488 

0.1841 

0.1295 

0.597 

0.7444 

0.1877 

0.2183 

0.9542 

0.3023 

1.633 

20.09 

0.0938 

0.5093 

None 

1.1964 

0.0735 

1.1892 

0.7514 

2014 (FS) 

Date 

6/4/2014 

6/9/2014 

6/4/2014 

6/9/2014 

6/10/2014 

6/9/2014 

6/2/2014 

6/2/2014 

6/2/2014 

6/2/2014 

6/2/2014 

6/3/2014 

6/3/2014 

6/3/2014 

6/10/2014 

6/10/2014 

6/10/2014 

6/10/2014 

6/3/2014 

6/3/2014 

6/2/2014 

6/4/2014 

6/4/2014 

6/4/2014 

6/12/2014 

6/12/2014 

6/12/2014 

6/12/2014 

6/4/2014 

6/4/2014 

6/4/2014 

6/2/2014 

6/4/2014 

6/3/2014 

201S (FS) 

Flow Rate 

(gal/min) 

0.23 

None 

0.99 

0.36 

0.93 

.08 

None 

None 

None 

None 

None 

0.28 

0.28 

0.49 

0.38 

0.89 

1.53 

1.37 

0.13 

None 

None 

0.47 

0.18 

2.11 

0.036 

0.11 

0.12 

0.43 

0.17 

1.14 

4.33 

0.15 

None 

None 

0.88 

0.11 

0.06 

None 

0.26 

0.35 

0.13 

0.13 

2015 (FS) 

Date Field Notes (FS) 

6/22/2015 Cylinder in ground, no flow in cylinder seen, ground wet around cylinder 

6/22/2015 Developed box, but no flow, water inside and down from box 

flow we added in, not sure where flow is going. We got the flow by turning valves. This spring is in a cluster with Cowboy 

6/24/2015 Springs 13 & 14. 

7/8/2015 Right by a cabin and fenced in. Very inconsistent flow out of pipe. Pipes bring water to a barrel trough. 

6/23/2015 No development. There is a cabin about 800 ft. downstream 

6/22/2015 Lots of fallen trees over the spring, measurement difficult due to slow flow 

7/22/2015 Trampled by cows, flow from MSP 100 flows in close by. Track name is correctly entered. 

7/22/2015 Trampled by cows 

7/22/2015 This spring flows only 1 foot before it joins the main creek 

7/26/2015 Spring was very difficult to measure 

7/26/2015 Flows may have contained flow from GRNHLWSP18A 

7/27/2015 Difficult to measure seeping over a large area, measured a distance below source 

7/26/2015 Spring flows about 6 feet to creek 

7/22/2015 Flows directly to QUitchumpah Creek 

Spring on edge of stream, very easy to miss, flows for 1 foot before entering main stream. Possibly underground flow from 

7/22/2015 main stream. 

6/25/2015 Couldn't pinpoint one spring. Creek starts flowing much fuller than above after it goes through section. 

6/25/2015 No development, spring runs directly to stream, no wetland around it 

6/25/2015 Smelled like sulphur, flow combined for 26 and 26 B 

6/25/2015 Close to GRNHLWSP26 

7/22/2015 Trampled by cows (could be composite of Springs 21, 27, 28 as flow for MSP-19 in 2004) 

7/22/2015 Flows about 3 feet until it reaches large creek, much colder than main stream though. 

7/22/2015 Trampled by cows 

6/25/2015 No development. The track is the head of the spring where there is a small wetland area 

7/22/2015 Very difficult to navigate. The head is direcly west, difficult due to deadfall 

7/22/2015 No development, So slow it is difficult to get an accurate flow. 

7/8/2015 Some flow, mostly large seep. Flows were hard to collect. Trampled by cows. 

7/8/2015 Source is about 65 higher than waypoint. 

7/8/2015 Source is 105 feet higher than waypoint, stream flows into stagnant pond. 
APR 1 9 2018 

7/20/2015 

7/20/2015 

No development and trampled 

No development 

7/6/2015 Cylinder box in creek, trough (empty) downstream 200 ft. Basically a creek springing out of the ground. 

7/6/2015 Trampled, hard to determine flow 

7/8/2015 Dry, may have been spring at one time due to vegetation 

" <,'.<.J I~./I.; .•. " -~ -, '-: : } 

Trampled, we couldn't decide which springs matched up with last year's, so we made new spring names/waYPoints. Outside 

6/24/2015 of fenced area. In cluster with GRNHLWSP4and Cowboy Spring 14 

Cylinder contains spring, flow exits through a hole in cylinder- about 2 ft diameter. Not sure which waypoint referred to 

6/24/2015 which springs, so we created new waypoints. 

7/29/2015 No development, elk wallow at bottom 

6/24/2015 There was a disconnect in the pipes leading to the trough, so the water was not reaching the trough. 

6/24/2015 Piped water out of ground. 

7/8/2015 Spring box, with green and black piping, rough at the bottom 

7/22/2015 

7/29/2015 No development combined flow lA & lB 

7/29/2015 No development combined flow lA & lB 
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Greks Hollow Pond Monitoring 2016 ---
Pond 4/13/2016 5/10/2016 5/20/2016 

Slab (M-P01) Dry 2" Water on bottom 

M-P02 

M-P03 

M-P04 

M-P05 

West Pine (M-P06) 

M-P07 

M-P08 

M-P09 

M-P10 

M-Pll 

GH-P01 

GH-P02 

GH-P03 

GH-P04 

GH-P05 

GH-P06 

GH-P07 

GH-P08 

GH-P09 
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.<" 
0 -.. 

l> () v - ;:0 
(:) -OJ (Q :,,; 

~ f"t3 
«:::) -=="' co ."", 

-, 
-, 
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1f:.j 

1/2 Full 

-Z n 
0 
:0 
"U -, \... ... 
:u 
~ rn 
0 

........... 
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6/21/2016 6/22/2016 7/13/2016 7/14/2016 7/18/2016 

·1/4 Full 

Dry 
Dry 

Dry 

Dry 
Dry 

Dry 

1/2 Full 

Dry 
Dry 

Dry 
Dry 
Damp 

1/2 Full 

Dry 
Dry 

Puddle/Mud 

Dry 

Puddle/Mud 
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Figure 4.4, Alternative 3 surface and ground water features with 
strearn buffers and overburden thickness, 

1 
cr:::::=I:=:::I:==:JC======:J1 Miles 
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1 :53,500 

Greens Hollow Federal Coal Lease Tract 

Legend 
I:IGreens Hollow COJI Lease Tract --....... Overburden contours (200 ft) Springs 

C3 Mining Analys is Area Boundary .. Perennial Flow 2001 e High 
;. , ~ a tt Je Troughs 

• Natural Ponds ~.~.r9a of SutJsldencf:: MIlling 

l;.j National Forest Boundary 

o GrF.:;nsHollowSe;:;IIDn sPL 53 

166 

-....Percnnial Streams (USGS) 

..... Intermittent Streams (USGS) 

( " 

.~ .' Moderate 

Unknown e Stock Ponds 
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pon'crcoordinates Associated with Greens Hollow Lease 

UTM Coordinates (WGS 1984) 

Pond Easting Northing 

M-P01 (Slab) 470453 4315207 

M-P02 469087 4318985 

M-P03 463346 4319903 

M-P04 466990 4321940 

M-P05 467661 4320195 

M-P06 (West Pine) 470134 4317663 

M-P07 466409 4318707 

M-P08 465776 4317694 

M-P09 465906 4317716 

M-P10 467598 4321056 

M-Pll 468775 4317115 

GH-P01 467706 4321564 

GH-P02 466226 4320098 

GH-P03 464509 4321158 

GH-P04 462921 4319030 

GH-P05 463051 4318992 

0 

GH-P06 2 463482 4318853 
. .:) 
-L 

GH-P07 :""') l> 
462388 4318326 -0 

:;0 

:) -GH-P08 11) c..c 464483 4319649 
) 

Qo ~ 
c::::> 

GH-P09 ~ - 464511 4319616 00 

--' 

--
Description 

Good pond with plenty of water (7-14-2016). 

Natural depression. Shallow and dry. Likely fills after high precip events, but probably does not 

retain water for long. 

Natural depression. Shallow and dry. Likely fills after high precip events, but probably does not 

retain water for long. 

Catchment pond. Dry on 7-14-2016. 

Small catchment pond. Dry on ~-14-2016. 

J --

Mayor may not be pond in EIS. Possibly may be further downhill than this one. This one is a 

natural depression . Looks like it has held water up until recently (7-14-2016). Has sedges growing 

in it. 

Natural depression with fair amount of water (7-14-2016). Shaded by trees. 

Natural depression. Dry on 7-14-2016. Likely holds water in spring and after heavy precip events. 

Took picture from 0.25 mi away. Appears to be dry to somewhat muddy (7-14-2016). Good runoff 

pond 

Natural depression. Marshy with some water in it. Cows drinking out of it (7-14-2016) . 

Natural depression . May have been spring fed, or is spring fed during springtime, but has no 

water or mud in it. Likely catches water after high precip events. 

Natural depression. Actively being fed by a spring. Has some water and mud in it. Likely catches 

water after high precip events also. 

Water Sour(~'Described A~ond In Greens Hollow EIS Determined Not To Be A Pond 

10 Easting Northing Description 

Water Source til 

Water Source #2 

461697 

462499 

4317345 

4318431 

Not a pond or depression, just a slightly graded medow with a small stream running through it. 

Marshy slow-moving stream. Not pond-like in any way. 
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Pond Identification: MP1. Pond Type: Benn across drainage. 
Water Source: Runoff. Size: 185 ft. x 420 ft. 1.59 ac. Depth: Dry. 
Max Deoth: 4 ft. Date: Sept. 28, 2002. 

:::: ---. 

Pond Identification: MP3. Pond Type: Basin dug in spring. 
Water Source: S. Size: 70 ft. x 90 ft. 0.1 ac. Depth: 0.25. 
Max Deoth: 0.25 ft. Date: Sept. 28. 2002. 

Pond Identification: MP2. Pond Type: Benn across drainage. 
Water Source: Runoff. Size: 95 ft. x 125 ft. 0.21 ac. Depth: 1.5 ft. 

. 3 ft. Date: Sept. 28, 2002. 

Pond'Identification: MP4. Pond Type: Basin. 
Water Source: Piped spring. Size: 40 ft. x 60 ft. 0.04 ac. Depth: 0.25 . 
Max DeDth: 4 ft. Date: Sept. 28. 2002. 
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Pond Identification: MP5. Pond Type: Berm across drainage. 
Water Source: Runoff. Size: 70 ft. x 80 ft. 0.1 ac. Depth: Dry. 
Max DeDth: 1 ft. Date: Sept. 28,2002. 

Pond Identification: MP7. Pond Type: Berm across drainage. 
Water Source: S. Size: 60 ft. x 120 ft. 0.11 ac. Depth: Dry. 
Max DeDth: 3 ft. Date: Sept. 28. 2002. 

Pond Identification: MP6. Pond Type: Berm across drainage. 
Water Source: Runoff. Size: 50 ft. dia. 0.05 ac. Depth: Dry. 

2.5 ft. Date: Seot 28. 2002 . 
~ 

Pond Identification: MP8 . Pond Type: Natural Basin. 
Water Source: Shallow groundwater. Size: 50 ft. x 150 ft. 0.12 ac. 

: Drv. Max Depth: 1 ft. Date: Sept. 28. 2002. 



Pond Identification: MP9. Pond Type: Natural Basin. 
Water Source: Shallow groundwater. Size: 80 ft. dia. 0.11 ac. Depth: Dry. 
Max Depth: 1 ft. Date: Seot. 28, 2002. 

Pond Identification: MPH. Pond Type: Benn across Drainage. 
Water Source: Runoff. Size: 25 ft. x 80 ft. 0.05 ac. Depth: Dry. 
Max Depth: 1.0 ft. Date: Seot. 28, 2002. 

Pond Identification: MPI0. Pond Type: Natural Basin. 
Water Source: Runoff. Size: 35 ft. x 62 ft. 0.05 ac. Depth: Dry. 
Max Depth: 1.5 ft. Date: Sent. 28. 2002. 
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June 2008 

POND NAMES 
M-P02 

M-P03 
M-P04 

M-P05 
M-P07 

M-P08 
M-P09 

M-Pl0 
GH-POl 

GH-P02 

GH-P03 
GH-P04 

GH-P05 
GH-P06 

GH-P07 

GH-P08 
GH-P09 

July/August 2008 

POND NAMES 
M-P02 

M-P03 

M-P04 
M-P05 

M-P07 
M-P08 

M-P09 
M-Pl0 

GH-POl 
GH-P02 

GH-P03 

GH-P04 
GH-P05 

GH-P06 
GH-P07 

GH-P08 

GH-P09 

October 2008 

POND NAMES 
M-P02 

M-P03 

M-P04 
M-P05 

M-P07 

M-P08 
M-P09 

M-Pl0 
GH-POl 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

NO 

YES 

YES 

Pond (Dry) 

Not 

Sampled 

(NS) 

NS 

DRY 

DRY 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Pond 

Cracking 

(Yes/No) 

No 

No 

No 

No 

No 

Pond 

Cracking 

Pond Dry (Yes/No) 

NS 

DRY 

DRY 

NS 

NS 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

No 

No 

No 

No 

No 

Pond 

Cracking 

Pond Dry (Yes/No) 

NS 

DRY 

DRY 

DRY 

NS 

NS 

DRY 

NS 

No 

No 

No 

No 

Estimated 

Depth at 

Center 

(feet) 

1.5 

0.5 

Estimated 

Depth at 

Center 

(feet) 

2 

0.5 

Estimated 

Depth at 

Center 

(feet) 

1.2 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 No 

70 x 90 

40 x 60 No 

70x80 No 

60 x120 No 

50 x 150 

80 Diameter 

35 x 62 No 

SOx 60 

48 Diameter 

55 x 80 

70 x 40 

30x 40 

35 x 65 

40x 60 

30x 50 

30 x 45 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 No 

70 x 90 

40x 60 No 

70x 80 No 

60 x120 No 

50 x 150 

80 Diameter 

35 x 62 No 

50 x 60 

48 Diameter 

55 x 80 

70x 40 

30x 40 

35 x 65 

40 x 60 

30 x 50 

30x 45 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 No 

70x 90 

40x60 No 

70x80 No 

60 x120 No 

50 x 150 

80 Diameter 

35x62 No 

50 x 60 

Fed by 

Moisture In General Condtion Manmade Precipitation 

Pond Pond ( G-Good), (F- (M) or (P) or Spring 

(Yes/No) Fair) (P-Poor) Natural (N) (5) 

75% FULL G 

G 

15% FULL G 

M 

M 
M 
M 

M 

N 

N 

N 
M 
M 
N 
N 
N 
M 

N 

M 
N 

P 
5 
P 
P 

P 
P 

P 
P 
P 

P 
P 

P 
P 
P 

P 
P 

5 

Fed by 

Moisture In General Condtion Manmade Precipitation 

Pond Pond ( G-Good), (F- (M) or (P) or Spring 

(Yes/No) Fair) (P-Poor) Natural (N) (5) 

FULL G 

30% FULL G 

F 
G 

G 

APR 1 9 201a 

M 
M 
M 
M 

M 
N 
N 
N 

M 

M 
N 
N 
N 

M 

N 
M 
N 

P 

5 
P 

P 
P 

P 

P 
P 
P 
P 

P 
P 

P 
P 

P 

P 
5 

Fed by 

Moisture In General Condtion Manmade Precipitation 

Pond Pond ( G-Good). (F- (M) or (P) or Spring 

(Yes/No) Fair) (P-Poor) Natural (N) (5) 

20% FULL 

F 

G 

G 

G 

M 

M 

M 
M 

M 

N 

N 

N 
M 

P 
5 
P 

P 

P 
P 

P 
P 
P 



GH-P02 NS 48 Diameter M p 

GH-P03 NS 55 x 80 N P 

GH-P04 NS 70 x 40 N P 

GH-P05 NS 30 x 40 N P 

GH-P06 NS 35 x 65 M P 

GH-P07 NS 40 x 60 N P 

GH-POB NS 30 x 50 M P 

GH-P09 NS 30 x 45 N 5 

D 

) 
OJV. If " . (i., 



April 2009 

POND NAMES 

M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-PIO 

GH-POl 

GH-P02 

GH-P03 

GH-P04 

GH-P05 

GH-P06 

GH-P07 

GH-P08 

GH-P09 

July 2009 

POND NAMES 

M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-PIO 

GH-POl 

GH-P02 

GH-P03 

GH-P04 

GH-P05 

GH-P06 

GH-P07 

GH-P08 

GH-P09 

October 2009 

POND NAMES 

M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-PIO 

GH-POl 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

YES 

Pond (Dry) 

Not 

Sampled 

(NS) 

NS 

DRY 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Pond 

Cracking 

(Yes/No) 

No 

No 

No 

No 

No 

Pond 

Cracking 

Pond Dry (Yes/No) 

NS 

DRY 

DRY 

DRY 

NS 

NS 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

No 

No 

No 

No 

No 

Pond 

Cracking 

Pond Dry (Yes/No) 

DRY 

NS 

DRY 

DRY 

DRY 

NS 

NS 

DRY 

NS 

No 

No 

No 

No 

No 

Estimated 

Depth at 

Center 

(feet) 

1.2 

0.5 

Estimated 

Depth at 

Center 

(feet) 

0.2 

Estimated 

Depth at 

Center 

(feet) 

Estimated Size 

(feet) 

95 x 125 

70 x 90 

40 x 60 

70 x 80 

60 x120 

50 x 150 

80 Diameter 

35 x 62 

50 x 60 

48 Diameter 

55 x 80 

70 x40 

30 x40 

35 x 65 

40 x 60 

30 x 50 

30 x 45 

Estimated Size 

(feet) 

95 x 125 

70 x 90 

40 x 60 

70x 80 

60 x120 

50 x 150 

80 Diameter 

35 x 62 

50 x 60 

48 Diameter 

55 x 80 

70 x40 

30 x 40 

35 x 65 

40 x 60 

30 x 50 

30 x 45 

Estimated Size 

(feet) 

95 x 125 

70 x 90 

40 x 60 

70 x 80 

60 x120 

50 x 150 

80 Diameter 

35 x 62 

50 x 60 

Surface 

Cracking 

(Yes/No) 

No 

No 

No 

No 

No 

Surface 

Cracking 

(Yes/No) 

No 

No 

No 

No 

No 

Surface 

Cracking 

(Yes/No) 

No 

No 

No 

No 

No 

Fed by 

Moisture In General Condtion Manmade Precipitation 

Pond Pond ( G-Good), (F- (M) or (P) or Spring 

(Yes/No) Fair) (P-Poor) Natural (N) (5) 

40% FULL G 

DAMP G 

G 
G 

25% FULL G 

M 
M 

M 

M 
M 
N 

N 
N 

M 
M 

N 
N 
N 

M 

N 

M 

N 

P 
5 
P 

P 
P 
P 
P 
P 

P 
P 

P 
P 
P 

P 
P 

P 
5 

Fed by 

Moisture In General Condtion Manmade Precipitation 

Pond Pond ( G-Good), (F- (M) or (P) or Spring 

(Yes/No) Fair) (P-Poor) Natural (N) (5) 

PUDDLE 

G 
F 
G 

G 

"/\"i"I:0 

APR 1 9 2018 

M 

M 
M 

M 
M 

N 

N 

N 

M 
M 

N 

N 

N 

M 

N 

M 
N 

p 

S 
P 
P 

P 
P 
p 

P 
p 

P 

P 
P 
p 

P 

P 
P 
S 

Fed by 

Moisture In General Condtion Manmade Precipitation 

Pond Pond ( G-Good), (F- (M) or (P) or Spring 

(Yes/No) Fair) (P-Poor) Natural (N) (5) 

G 

G 

G 

G 

M 
M 
M 

M 

M 

N 
N 

N 

M 

P 
5 

P 

P 
P 

P 
P 

P 

P 



GH-P02 NS 48 Diameter 

GH-P03 NS 55 x 80 

GH-P04 NS 70 x 40 

GH-POS NS 30 x 40 

GH-P06 NS 35 x 65 

GH-P07 NS 40 x 60 

GH-P08 NS 30 x 50 

GH-P09 NS 30 x 45 

M 

N 
N 
N 
M 

N 
M 

N 

,Ai!)/?,· 1 9 '15'1,""1 . ,i.u!tl 

p 

P 

P 

P 

P 

P 

P 

5 

iv. 0 Oil, Ga' '. Mining 



June 2010 

POND NAMES 
M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-Pl0 

GH-POl 

GH-P02 

GH-P03 

GH-P04 

GH-P05 

GH-P06 

GH-P07 

GH-P08 

GH-P09 

July/August 2010 

POND NAMES 
M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-Pl0 

GH-POl 

GH-P02 

GH-P03 

GH-P04 

GH-P05 

GH-P06 

GH-P07 

GH-P08 

GH-P09 

October 2010 

POND NAMES 
M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-PlO 
GH-POl 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

YES 

Pond (Dry) 

Not 

Sampled 

(NS) 

NS 

DRY 

DRY 

DRY 

NS 

NS 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Pond 

Cracking 

(Yes/No) 

No 

No 

No 

No 

No 

Pond 

Cracking 

Pond Dry (Yes/No) 

DRY 

NS 

DRY 

DRY 

NS 

NS 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

No 

No 

No 

No 

No 

Pond 

Cracking 

Pond Dry (Yes/No) 

NS 

DRY 

NS 

NS 

NS 

No 

No 

No 

No 

No 

Estimated 

Depth at 

Center 

(feet) 

1.3 

Estimated 

Depth at 

Center 

(feet) 

0.1 

Estimated 

Depth at 

Center 

(feet) 

0.5 

0.6 

1.5 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 

70x 90 

No 

40x60 No 

70x80 No 

60 x120 No 

50 x 150 

80 Diameter 

35x62 No 

50 x 60 

48 Diameter 

55 x 80 

70 x 40 

30 x 40 

35 x 65 

40 x 60 

30 x 50 

30 x 45 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 No 

70x 90 

40x 60 No 

70 x 80 No 

60 x120 No 

50 x 150 

80 Diameter 

35 x 62 No 

SOx 60 

48 Diameter 

55 x 80 

70x40 

30 x40 

35 x 65 

40 x 60 

30 x 50 

30x 45 

Moisture In General Condtion Manmade Fed by 

Pond Pond ( G-Good), (F- (M) or PreCipitation 

(Yes/No) Fair) (P-Poor) Natural (N) (P) or Spring (5) 

30% FULL 

G 

G 
G 

G 

M 

M 
M 
M 

M 
N 
N 
N 
M 
M 

N 
N 
N 
M 

N 

M 
N 

P 
5 

P 
P 

P 
P 

P 
P 

P 
P 
P 

P 
P 

P 
P 

P 

5 

Moisture In General Condtion Manmade Fed by 

Pond Pond ( G-Good), (F- (M) or Precipitation 

(Yes/No) Fair) (P-Poor) Natural (N) (P) or Spring (5) 

G 
G 

PUDDLE G 

G 

M 
M 

M 
M 

M 
N 

N 

N 

M 
M 

N 

N 

,ED N 
M 
N 

APR 9 2018 M 
N 

P 

5 
P 

P 
P 

P 
P 

P 
P 

P 

P 

P 

P 
P 

P 
P 
5 

D"' .•. 1 "; I (. ',:,. 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 

70x 90 

No 

40 x 60 No 

70 x 80 No 

60 x120 No 

50 x 150 

80 Diameter 

35 x 62 No 

SOx 60 

Moisture In General Condtion Manmade Fed by 

Pond Pond ( G-Good), (F- (M) or Precipitation 

(Yes/No) Fair) (P-Poor) Natural (N) (P) or Spring (5) 

45% FULL 

G 

30% FULL G 

33% FULL G 

FULL G 

M 

M 

M 
M 
M 

N 

N 

N 
M 

P 
5 
P 

P 
P 

P 

P 
P 

P 



GH-P02 NS 48 Diameter M P 

GH-P03 NS 55 x 80 N P 

GH-P04 NS 70x 40 N P 

GH-P05 NS 30.40 N P 

GH-P06 NS 35.65 M P 

GH-P07 NS 40 x 60 N P 

GH-P08 NS 30 x 50 M P 

GH-P09 NS 30.45 N 5 

) 



Pond (Dry) Estimated Fed by 

Not Pond Depth at Surface Moisture In General Condtion Manmade Precipitation 

Photo Sampled Cracking Center Estimated Size Cracking Pond Pond ( G-Good), (F- (M) or (P) or Spring 

May/June 2011 (Yes/No) (NS) (Yes/No) (feet) (feet) (Yes/No) (Yes/No) Fair) (P-Poor) Natural (N) (5) 

POND NAMES 

M-P02 YES No 1.3 95 x 125 No 40% FULL G M P 

M-P03 NS 70x 90 M 5 

M-P04 YES No 0.4 40x 60 No 20% FULL G M P 

M-P05 YES DRY No 70x 80 No G M P 

M-P07 NO No 0.6 60x120 No 25% FULL G M P 

M-P08 NS 50 x 150 N P 

M-P09 NS 80 Diameter N P 

M-PIO YES No 0.7 35 x62 No 33% FULL G N P 

GH-POl NS 50x60 M P 

GH-P02 NS 48 Diameter M P 

GH-P03 NS 55 x 80 N P 

GH-P04 NS 70x40 N P 

GH-P05 NS 30 x40 N P 

GH-P06 NS 35 x 65 M P 

GH-P07 NS 40x60 N P 

GH-P08 NS 30x 50 M P 

GH-P09 NS 30x45 N 5 

Estimated 

Pond Depth at Surface Moisture In General Condtion Manmade 

Photo Cracking Center Estimated Size Cracking Pond Pond ( G-Good), (F- (M) or 

August 2011 (Yes/No) Pond Dry (Yes/No) (feet) (feet) (Yes/No) (Yes/No) Fair) (P-Poor) Natural (N) 

POND NAMES 

M-P02 YES DRY No 95 x 125 No M P 

M-P03 NS 70 x 90 M 5 

M-P04 NS 40x 60 M P 

M-P05 NS 70 x 80 M P 

M-P07 YES DRY No 60 x120 No G M P 

M-P08 NS 50 x 150 N P 

M-P09 NS 80 Diameter N P 

M-PIO YES DRY No 35 x62 No G N P 

GH-POl NS 50 x 60 M P 

GH-P02 NS 48 Diameter M P 

GH-P03 NS 55 x 80 N P 

GH-P04 NS 70 x 40 N P 

GH-P05 NS 30 x40 INCORPDR N I ED P 

GH-P06 NS 35 x 65 M P 

GH-P07 NS 40x60 N P 

GH-P08 NS 30 x 50 APR 1 9 20W P 

GH-P09 NS 30 x45 N 5 

Oil!. of Oil, G~~s & 1\7inrng 

Estimated 

Pond Depth at Surface Moisture In General Condtion Manmade 

Photo Cracking Center Estimated Size Cracking Pond Pond ( G-Good), (F- (M) or 

September 2011 (Yes/No) Pond Dry (Yes/No) (feet) (feet) (Yes/No) (Yes/No) Fair) (P-Poor) Natural (N) 

POND NAMES 

M-P02 YES DRY No 95 x 125 No M P 

M-P03 NS 70x 90 M 5 

M-P04 NS 40x60 M P 

M-P05 NS 70x 80 M P 

M-P07 NS 60 x120 M P 

M-P08 NS 50 x 150 N P 

M-P09 NS 80 Diameter N P 

M-P10 NS 35 x 62 N P 

GH-POl NS SOx 60 M P 



GH-P02 NS 48 Diameter M P 

GH-P03 NS 55 x 80 N P 

GH-P04 NS 70 x 40 N P 

GH-POS NS 30 x 40 N P 

GH-P06 NS 35 x 65 M P 

GH-P07 NS 40 x 60 N P 

GH-P08 NS 30 x 50 M P 

GH-P09 NS 30 x 45 N 5 

ED 

'i II. 



May 2012 

POND NAMES 
M-P02 
M-P03 

M-P04 
M-P05 

M-P07 
M-P08 

M-P09 
M-PIO 

GH-POl 

GH-P02 
GH-P03 

GH-P04 

GH-P05 
GH-P06 

GH-P07 
GH-P08 

GH-P09 

August 2012 

POND NAMES 
M-P02 

M-P03 
M-P04 

M-P05 
M-P07 

M-P08 

M-P09 
M-PIO 

GH-POl 
GH-P02 

GH-P03 
GH-P04 

GH-P05 

GH-P06 
GH-P07 

GH-P08 
GH-P09 

October 2012 

POND NAMES 
M-P02 

M-P03 
M-P04 

M-P05 

M-P07 
M-P08 

M-P09 
M-PIO 

GH-POl 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

Pond (Dry) 

Not 

Sampled 

(NS) 

NS 

DRY 

NS 

DRY 

NS 

NS 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Pond Dry 

DRY 

NS 

DRY 

NS 

DRY 

NS 

NS 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Pond 

Cracking 

(Yes/No) 

No 

No 

No 

No 

Pond 

Cracking 

(Yes/No) 

No 

No 

No 

No 

Pond 

Cracking 

Pond Dry (Yes/No) 

NS 

DRY 

NS 

DRY 

NS 

NS 

DRY 

NS 

No 

No 

No 

No 

Estimated 

Depth at 

Center 

(feet) 

0.2 

Estimated 

Depth at 

Center 

(feet) 

Estimated 

Depth at 

Center 

(feet) 

0.75 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 
70x 90 
40 x 60 
70x 80 
60 x120 
50 x 150 
80 Diameter 

No 

No 

No 

35 x 62 No 

SOx 60 
48 Diameter 

55 x 80 
70x 40 
30x 40 
35 x65 
40 x 60 
30x 50 
30 x45 

Estimated Size 

(feet) 

95 x 125 
70 x90 
40 x60 
70 x 80 
60 x120 
50 x 150 
80 Diameter 

35 x 62 
SOx 60 
48 Diameter 

55 x 80 
70x40 
30x40 
35 x 65 
40x60 
30x 50 
30x 45 

Surface 

Cracking 

(Yes/No) 

No 

No 

No 

No 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 
70 x 90 

No 

40x60 No 

70x 80 
60 x120 No 

50 x 150 
80 Diameter 

35 x 62 No 

SOx 60 

Fed by 

Moisture In General Condtion Manmade Precipitation 

Pond Pond ( G-Good), (F- (M) or (P) or Spring 

(Yes/No) Fair) (P-Poor) Natural (N) (S) 

PUDDLE G 

G 

G 

M 
M 

M 

M 

M 

N 

N 

N 

M 
M 

N 

N 

N 

M 
N 

M 
N 

Moisture In General Condtlon Manmade 

Pond Pond ( G-Good), (F- (M) or 

(Yes/No) Fair) (P-Poor) Natural (N) 

G 

G 

G 

M 

M 

M 

M 
M 

N 

N 

N 

M 
M 
N 

rNCO~~POR/\TE[) 
N 

M 

APR 1 9 2018 N 
M 

Div. of Oil 

Moisture In General Condtion Manmade 

Pond Pond ( G-Good), (F- (M) or 

(Yes/No) Fair) (P-Poor) Natural (N) 

25% FULL G 

G 

G 

M 
M 
M 

M 

M 
N 
N 

N 

M 

p 

S 
P 
P 
P 
P 
P 
P 
P 

P 

P 
P 
P 
P 

P 

P 
S 

p 

S 
P 
P 
P 
P 
P 

P 
P 

P 
P 
P 
P 
P 
P 
P 
S 

p 

S 
P 
P 
P 

P 
P 

P 
P 



GH-P02 NS 48 Diameter M 

GH-P03 NS 55 x 80 N 

GH-P04 NS 70x 40 N 

GH-POS NS 30 x 40 N 

GH-P06 NS 35 x 65 M 

GH-P07 NS 40 x 60 N 

GH-P08 NS 30 x 50 M 
GH-P09 NS 30x 45 N 

p 

P 

P 

P 

P 

P 

P 

5 

Tr.:';"'· 
• ' I.J 

(,'!- ...... I' " . . \ 1l11fl9 



May 2013 

POND NAMES 

M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-PIO 

GH-POl 

GH-P02 

GH-P03 

GH-P04 

GH-P05 

GH-P06 

GH-P07 

GH-P08 

GH-P09 

July 2013 

POND NAMES 

M-P02 

M-P03 

M-P04 

M-P05 

M-P07 
M-P08 

M-P09 

M-PIO 

GH-POl 

GH-P02 

GH-P03 

GH-P04 

GH-P05 

GH-P06 

GH-P07 

GH-P08 

GH-P09 

September 2013 

POND NAMES 
M-P02 

M-P03 

M-P04 

M-P05 
M-P07 

M-P08 

M-P09 

M-PIO 

GH-POl 

GH-P02 

Photo 

(Yes/No) 

YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

NO 

YES 

YES 

Photo 

(Yes/No) 

NO 

NO 

Pond ( Dry) 

Not Sampled 

(NS) 

DRY 

NS 

DRY 

DRY 

DRY 

NS 

NS 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Pond (Dry) 

Not Sampled 

(NS) 

DRY 

NS 

DRY 

DRY 

DRY 

NS 

NS 

DRY 

NS 

DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Pond ( Dry) 

Not Sampled 

(NS) 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Pond 

Cracking 

(Yes/No) 

No 

No 

No 

No 

No 

Pond 

Cracking 

(Yes/No) 

No 

No 

No 

No 

No 

No 

Pond 

Cracking 

(Yes/No) 

No 

No 

Estimated 

Depth at 

Center 

(feet) 

Estimated 

Depth at 

Center 

(feet) 

Estimated 

Depth at 

Center 

(feet) 

2.75 

0.5 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 

70x 90 

40x 60 

No 

No 

70 x 80 No 

60 x120 No 

50 x 150 

80 Diameter 

35 x 62 No 

50 x 60 

48 Diameter 

55 x 80 

70 x 40 

30 x 40 

35 x 65 

40 x 60 

30 x 50 

30 x 45 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 No 

70 x 90 

40 x 60 No 

70 x 80 No 

60 x120 No 

50 x 150 

80 Diameter 

35 x 62 No 

50 x 60 

48 Diameter No 

55 x 80 

70 x 40 

30 x 40 

35 x 65 

40 x 60 

30 x 50 

30 x 45 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 

70 x 90 

40 x 60 

70 x 80 

60 x120 

50 x 150 

80 Diameter 

35 x 62 

50 x 60 

48 diameter 

No 

No 

Moisture 

In Pond 

(Yes/No) 

Moisture 

In Pond 

(Yes/No) 

Moisture 

In Pond 

(Yes/No) 

FULL 

Fed by 

General Condtion Manmade Precipitation 

Pond ( G-Good), (F- (M) or (P) or Spring 

Fair) (P-Poor) Natural (N) (S) 

G 

G 

G 

G 

M 
M 

M 
M 

M 
N 
N 

N 

M 

M 

N 

N 
N 
M 

N 

M 

N 

General Condtion Manmade 

Pond ( G-Good), (F- (M) or 

Fair) (P-Poor) Natural (N) 

G 

G 

G 

G 

G 

G 

M 
M 

M 
M 

M 
N 
N 

N 

M 
M 

N 

N 

N 

M 

N 
M 
N 

General Condtion Manmade 

Pond ( G-Good), (F- (M) or 

Fair) (P-Poor) Natural (N) 

G M 

M 

M 

P 

S 
P 

P 

P 

P 
P 
P 
P 
P 
P 
P 
P 
P 

P 

P 

S 

p 

S 
P 

P 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

P 

P 

S 

p 

S 

P 

30% FULL G M P 

'~ r -1) : 
N 

APR t 9 2o;uJ 
M 

p 

p 

p 

p 



GH-P03 NS 55 x 80 N P 

GH-P04 NS 70 x 40 N P 

GH-P05 NS 30x40 N P 

GH-P06 NS 35 x 65 M P 

GH-P07 NS 40 x 60 N P 

GH-P08 NS 30 x 50 M P 

GH-P09 NS 30x 45 N S 

) 

"11" ",' ("" f ininel 
.;.> 



Pond (Dry) 

Photo Not Sampled 

June 2014 (Yes/No) (NS) 

POND NAMES 

M-P02 YES 

M-P03 NS 

M-P04 NO DRY 

M-POS YES DRY 

M-P07 YES 

M-P08 NS 

M-P09 NS 

M-PIO DRY 

GH-POI NS 

GH-P02 NS 

GH-P03 NS 

GH-P04 NS 

GH-POS NS 

GH-P06 NS 

GH-P07 NS 

GH-P08 NS 

GH-P09 NS 

Photo 

July 2014 (Yes/No) Pond Dry 

POND NAMES 

M-P02 YES DRY 

M-P03 NS 

M-P04 YES DRY 

M-POS YES DRY 

M-P07 YES DRY 

M-P08 NS 

M-P09 NS 

M-PIO YES DRY 

GH-POI NS 

GH-P02 NS 

GH-P03 NS 

GH-P04 NS 

GH-POS NS 

GH-P06 NS 

GH-P07 NS 

GH-P08 NS 

GH-P09 NS 

Photo 

(Yes/No) Pond Dry 

POND NAMES 

M-P02 YES 

M-P03 

M-P04 

M-POS 

M-P07 

M-P08 

M-P09 

M-PIO 

GH-POI 

GH-P02 

GH-P03 

Pond 

Cracking 

(Yes/No) 

No 

No 

No 

No 

Pond 

Cracking 

(Yes/No) 

No 

No 

No 

No 

No 

Pond 

Cracking 

(Yes/No) 

No 

Estimated 

Depth at 

Center 

(feet) 

0.25 

Estimated 

Depth at 

Center 

(feet) 

Estimated 

Depth at 

Center 

(feet) 

2.5 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 

70 x 90 

40x 60 No 

70x80 No 

60 x120 No 

50 x 150 

80 Diameter 

35 x 62 No 

SOx 60 

48 Diameter 

55 x80 

70x40 

30x40 

35 x 65 

40x 60 

30x 50 

30x45 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 No 

70 x 90 

40x 60 No 

70 x 80 No 

60 x120 No 

50 x 150 

80 Diameter 

35 x 62 No 

50 x 60 

48 Diameter 

55 x 80 

70 x 40 

30 x 40 

35 x 65 

40 x 60 

30 x 50 

30 x 45 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 No 

70 x90 

40 x 60 

70x80 

60 x120 

50 x 150 

80 Diameter 

35 x 62 

SOx 60 

48 Diameter 

55 x 80 

Moisture In General Condtion Manmade Fed by 

Pond Pond ( G-Good), (F- (M) or Precipitation 

(Yes/No) Fair) (P-Poor) Natural (N) (P) or Spring (5) 

DAMP G M P 

M S 

G M P 

G M P 

PUDDLE G M P 

N P 

N P 

G N P 

M P 

M P 

N P 

N P 

N P 

M P 

N P 

M P 

N 5 

Moisture In General Condtion Manmade 

Pond Pond ( G-Good), (F- (M) or 

(Yes/No) Fair) (P-Poor) Natural (N) 

G M P 
M S 
M P 

G M P 

G M P 
N P 
N P 

G N P 

M P 
M P 

N P 

N P 

N P 
M P 

N P 
M P 

N 5 

Moisture In General Condtion Manmade 

Pond Pond ( G-Good), (F- (M) or 

(Yes/No) Fair) (P-Poor) Natural (N) 

75% FULL G M P 

M 5 
M P 

M P 

INcnRr."'ORI'tTM 0 
P 

'~.I; 1 I)';;. ~N . 
P 

N P 

APR 1 9 2018 ~ P 

P 
M P 

Div. of Oil, Gas -, 
~ fA~ i dilU P 



GH-P04 70 x 40 N P 

GH-P05 30 x 40 N P 

GH-P06 35 x65 M P 

GH-P07 40 x 60 N p 

GH-P08 30 x 50 M P 

GH-P09 30 x 45 N S 

i 'CO. IT.: 0 

) 
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Estimated Fed by 

Pond (Dry) Pond Depth at Surface Moisture General Condtion Manmade Precipitation 

Photo Not Sampled Cracking Center Estimated Cracking In Pond Pond ( G-Good), (F- (M) or (P) or Spring 

June 2015 (Yes/No) (NS) (Yes/No) (feet) Size (feet) (Yes/No) (Yes/No) Fair) (P-Poor) Natural (N) (5) 

~ONDtl!AMES 

M-P02 YES No 2-6 95 x 125 No 75% FULL G M P 

M-P03 YES No 0.25 70 x 90 No 30% FULL G M S 

M-P04 YES No 0.5 40x60 No 50% FULL G M P 

M-POS NO DRY No 70x 80 No G M P 

M-P07 NO DRY No 60 x120 No G M P 

M-POS NS 50 x 150 N P 

M-P09 NS 80 Diameter N P 

M-PI0 YES No 0.8 35 x 62 No 25% FULL G N P 

GH-POI NS 50x60 M P 

GH-P02 NS 48 Diameter M P 

GH-P03 YES No 55 x 80 No DAMP G N P 

GH-P04 NS 70x 40 N P 

GH-POS NS 30x 40 N P 

GH-P06 NS 35 x 65 M P 

GH-P07 NS 40x60 N P 

GH-POS NS 30x 50 M P 

GH-P09 NS 30x45 N 5 

Estimated Fed by 

Pond Depth at Surface Moisture General Condtion Manmade Precipitation 

Photo Cracking Center Estimated Cracking In Pond Pond ( G-Good), (F- (M) or (P) or Spring 

July 2015 (Yes/No) Pond Dry (Yes/No) (feet) Size (feet) (Yes/No) (Yes/No) Fair) (P-Poor) Natural (N) (5) 

PQtl!D tl!AMES 

M-P02 NO No 1.75 95 x 125 No 80% FULL G M P 

M-P03 NS No 70 x 90 M 5 

M-P04 NS No 40 x 60 M P 

M-POS NO DRY No 70 x 80 No G M P 

M-P07 YES DRY No 60 x120 No G M P 

M-POS NS No 50 x 150 N P 

M-P09 NS No 80 Diameter N P 

M-PI0 YES No 0.8 35 x62 No FULL G N P 

GH-POI NS No SOx 60 M P 

GH-P02 NS No 48 Diameter M P 

GH-P03 NS 55 x 80 N P 

GH-P04 NS No 70x40 N P 

GH·POS NS No 30 x 40 N P 

GH·P06 NS No 35 x 65 M P 

GH·P07 NS No 40 x60 N P 

GH·POS NS No 30x 50 M P 

GH·P09 NS No 30x 45 N S 

INCORPORATED 

APR 1 9 2018 

OJ\!. of Oil, Gas & Mining 



May 2016 

POND NAMES 

M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-PlO 

GH-POl 

GH-P02 

GH-P03 

GH-P04 

GH-P05 

GH-P06 

GH-P07 

GH-P08 

GH-P09 

June/July 2016 

POND NAMES 

M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-PIO 

GH-POl 

GH-P02 

GH-P03 

GH-P04 

GH-P05 

GH-P06 

GH-P07 

GH-P08 

GH-P09 

August/September 

2016 

POND NAMES 

M-P02 

M-P03 

M-P04 

M-P05 

M-P07 

M-P08 

M-P09 

M-PIO 

GH-POl 

Photo 

(Yes/No) 

YES 

YES 

NO 
NO 

Photo 

(Yes/No) 

YES 

YES 

YES 

YES 

YES 

NO 
NO 
NO 
YES 

YES 

YES 

YES 

YES 

YES 

NO 
YES 

YES 

Photo 

(Yes/No) 

YES 

YES 

NO 

YES 

NO 

Pond (Dry) 

Not Pond 

Sampled 

(Ns) 

Ns 
Ns 
DRY 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Ns 
NS 

NS 

NS 

Cracking 

(Yes/No) 

No 

No 

No 

No 

Pond 

Cracking 

Pond Dry (Yes/No) 

DRY 

DRY 

DRY 

DRY 

DRY 

DRY 

DRY 

DRY 

DRY 

DRY 

DRY 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Pond 

Cracking 

Pond Dry (Yes/No) 

NS 

DRY 

DRY 

NS 

NS 

NS 

DRY 

DRY 

No 

No 

No 

No 

No 

Estimated 

Depth at 

Center 

(feet) 

1.25 

Estimated 

Depth at 

Center 

(feet) 

0.8 

0.5 

0.5 

0.1 

Estimated 

Depth at 

Center 

(feet) 

0.75 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 No 

70x 90 
40x 60 

70x80 No 

60 x120 

50 x 150 

80 Diameter 

35 x 62 

SOx 60 
48 Diameter 

55 x 80 

70x40 
30x 40 

35 x 65 
40x 60 

30x 50 

30x45 

No 

No 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 No 

70 x 90 No 

40 x 60 No 

70 x 80 No 

60 x120 No 

50 x 150 No 

80 Diameter No 

35 x 62 No 

50 x 60 No 

48 Diameter No 

55 x 80 No 

70x40 No 

30 x 40 No 

35 x 65 No 

40 x 60 No 

30 x 50 No 

30 x 45 No 

Surface 

Estimated Size Cracking 

(feet) (Yes/No) 

95 x 125 

70x 90 

40x 60 
70 x 80 

60 x120 
50 x 150 

80 Diameter 

35 x62 
50 x 60 

No 

No 

No 

No 

No 

Moisture In General Condtion Manmade Fed by 

Pond Pond ( G-Good), (Fe (M) or Precipitation 

(Yes/No) Fair) (P-Poor) Natural (N) (P) or Spring (5) 

50% FULL G 

DAMP 

DAMP 

G 

G 
G 

M 
M 
M 
M 
M 
N 

N 
N 

M 
M 
N 

N 

N 

M 
N 

M 
N 

Moisture In General Condtion Manmade 

Pond Pond ( G-Good), (F- (M) or 

(Yes/No) Fair) (P-Poor) Natural (N) 

25% FULL G 

25% FULL F 

G 
G 

G 
G 

G 
G 

G 
G 

DAMP G 

50% FULL G 

G 

10% FULL G 

G 

G 

DAMP G 

M 
M 
M 

M 
M 

N 
N 

N 

M 
M 

N 
N 

N 

M 
N 

M 
N 

Moisture In General Condtion Manmade 

Pond Pond ( G-Good), (F- (M) or 

(Yes/No) Fair) (P-Poor) Natural (N) 

20% FULL G 

P 
S 
P 

P 
P 
P 
P 
p 

P 
P 
P 
P 
p 

P 
P 
P 
S 

P 

S 

P 

P 
P 

P 
P 

P 
P 

P 

P 
P 

P 
P 

P 
P 
S 

p 

S 
G 

G 

M 
M 

I fd 'iF'. ;"" ( -M \ .. 
• ~J -" •• ' > . rM' ;r-t~,TED 

M p 

APft 1 9 20Ja 
G 

G 

N P 
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GH-P02 NO DRY No 48 Diameter No G M P 

GH-P03 NO No 55 x 80 No DAMP G N P 

GH-P04 NO No 0.7 70 x40 No 50% FULL G N P 

GH-P05 NO DRY No 30 x 40 No G N P 

GH-P06 NO DRY No 35 x 65 No G M P 

GH-P07 YES No 40 x 60 No PUDDLE G N P 

GH-P08 NO DRY No 30 x 50 No G M P 

GH-P09 NO No 30 x 45 No PUDDLE G N S 

I o 

Div. of ("I ~1 " <, f. .inff 



Estimated Fed by 

Pond (Dry) Pond Depth at Surface Moisture General Condtion Manmade Precipitation 

Photo Not Sampled Cracking Center Estimated Size Cracking In Pond Pond ( G-Good), (F- (M) or (P) or Spring 

August 2017 (Yes/No) (NS) (Yes/No) (feet) (feet) (Yes/No) (Yes/No) Fair) (P-Poor) Natural (N) (S) 

POND NAMES 

M·P02 YES No 0.5 95 x 125 No 15% FULL G M P 

M·P03 YES No 1 70x 90 No FULL G M S 

M·P04 YES DRY No 40x60 No G M P 

M·POS YES DRY No 70 x 80 No G M P 

M·P07 YES No 0.9 60 x120 No FULL G M P 

M·P08 NS 50 x 150 N P 

M·P09 NS 80 Diameter N P 

M·P10 YES DRY No 35 x 62 No N P 

GH·P01 YES DRY No 50x60 No M P 

GH-P02 YES DRY No 48 diameter No M P 

GH-P03 NS 55 x 80 N P 

GH·P04 NS 70x 40 N P 

GH·POS NS 30x 40 N P 

GH·P06 NS 35 x 65 M P 

GH·P07 NS 40x 60 N P 

GH·P08 NS 30x 50 M P 

GH·P09 NS 30x 45 N S 

Estimated Fed by 

Pond Depth at Surface Moisture General Condtion Manmade Precipitation 

Photo Cracking Center Estimated Size Cracking In Pond Pond ( G-Good), (F- (M) or (P) or Spring 

September 2017 (Yes/No) Pond Dry (Yes/No) (feet) (feet) (Yes/No) (Yes/No) Fair) (P-Poor) Natural (N) (S) 

POND NAMES 

M·P02 YES No 2.1 95 x 125 No 65% FULL G M P 

M·P03 NS 70x 90 M S 

M·P04 NS 40x 60 M P 

M·POS NO DRY 70x 80 G M P 

M·P07 NO DRY 60 x120 G M P 

M·P08 NS 50 x 150 N P 

M·P09 NS 80 Diameter N P 

M·P10 NS 35 x62 N P 

GH·P01 NS 50x 60 M P 

GH·P02 NS 48 diameter M P 

GH·P03 NS 55 x 80 N P 

GH·P04 NS 70x40 N P 

GH·P05 NS 30x 40 N P 

GH·P06 NS 35 x 65 M P 

GH-P07 NS 40 x 60 N P 

GH-P08 NS 30 x 50 M P 

GH·P09 NS 30 x 45 N S 

INCORPORATED 

APR 1 9 2018 
) 
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Canyon Fuel Company, LLC - Sufco Mine 

Hydrologic monitoring field data report 

Monitoring interval: 2nd, 3rd & 4th Quarters 2017 

Date 

Cowboy Top 29-Jun-17 
Cowboy Mid 29-Jun-17 
Cowboy Bottom 29-Jun-17 
SP60 Creek 30-Jun-17 
North Fork Upper 30-Jun-17 
CPC-Upper 30-Jun-17 
CPC-Middle 30-Jun-17 
CPC-Lower 30-Jun-17 
North Fork Middle 30-Jun-17 
North Fork Lower (007) 30-Jun-17 
ULGH 28-Jun-17 
URGH 28-Jun-17 
GH at Road 28-Jun-17 
Horse Creek 27-Jun-17 
Muddy Ck. Ab. Horse 27 -Jun-17 
Muddy C. B. Horse 27-Jun-17 

Time 

18:10 
20:15 
21:00 
18:00 
19:00 
19:00 
21:30 
22:00 
22:30 
23:15 
16:45 
17:00 
19:00 
16:00 
18:00 
17:45 

Flow 
(gpm) 

1.74 
10.1 
0.51 
37.5 
718 

0.103 
<0.01 
3.13 
581 
622 
6.88 
1.01 
2.94 

11 cfs 
96 cfs 
107 cfs 

Water Level 
(feet) 

T 
(0C) 

13.8 
15.2 
13.6 
14.5 
11.5 
12.9 
11.4 
11.2 
10.3 
10.0 

12.6 
14.5 
18.8 
16.5 
15.3 
14.9 

pH 
(S.U.) 

8.43 
8.55 
8.80 
8.64 
8.64 
8.58 
7.86 
8.30 
8.66 
8.65 
8.66 
8.48 
8.79 
8.77 
8.76 
8.76 

Sp. Condo 
(~S/cm) 

540 
668 
610 
545 
329 
645 
1136 
853 
355 
357 
902 
770 
847 
446 
360 
366 

D.O. 
(mg/L) 

7.49 
7.50 
7.49 
8.11 
8.54 
8.13 
8.10 
7.78 
8.44 
8.43 
7.42 
6.85 
7.31 
7.48 
7.52 
7.52 

Comments 

Cowboy Creek at lease edge 

Tributary to North Fork near spring M-SP60 

North Fork at lease edge 

Slow drip; stagnant pools 

CPC just above North Fork Confluence 

North Fork just above CPC confluence 

Same monitoring site as Sufco 007 

Upper Left Fork Greens Hollow Creek 

Upper Right Fork Greens Hollow Creek 

Greens Hollow at Road Crossing 

Horse Creek trib to Muddy at conf. with Muddy Creek 

Muddy Creek above the Horse Canyon Creek confluence 

Muddy Creek a short distance below Horse Canyon Creek 

Cowboy Creek at the road crossing and the upper right fork of Cowboy Creek were both dry at the end of June 2017 when the other sites listed above were monitored. 

Cowboy Top 29-Sep-17 
Cowboy Mid 30-Sep-17 
Cowboy Bottom 30-Sep-17 
SP60 Creek 28-Sep-17 
North Fork Upper 28-Sepc17 
CPC-Upper 28-Sep-17 
CPC-Middle 28-Sep.-17 
CPC-Lower 28-Sep-17 
North Fork Middle 28-Sep-17 
North Fork Lower (007) 28-Sep-17 
ULGH 27-Sep-17 
URGH 27-Sep-17 
GH at Road 27-Sep-17 

I PH I PETERSEN HYDROLOGIC, LLC 
CONSULTANTS IN HYDROCEOLOGY 

16:45 
19:45 
20:25 
14:15 
15:25 
18:30 
19:15 
19:45 
20:00 
21 :15 
17:15 
17:30 
19:00 

NOF 
12.1 8.5 8.58 
1.41 8.9 8.75 
15.7 6.9 8.67 
128 6 8.53 
NOF 
0.62 7.7 8.77 
3.6 7.5 8.60 
26 6.2 8.6 
28 6.9 8.6 

3.49 6 8.67 
0.19 5.1 8.51 
2.68 8.8 8.6.6 

Cowboy Creek at lease edge 

743 8.86 
693 7.94 
635 8.97 Tributary to North Fork near spring M-SP60 

345 8.93 North Fork at lease edge 

;M 

795 8.98 Slow drip; stagnant pools 
. -

884 9.13 cpe just above North Fork Confluence (" 

457 9.45 North Fork just above epc confluence -.. 
~ 

i. __ 

540 8.89 Same monitoring site as Sufco 007 ~ -0 

872 8.45 Upper Left Fork Greens Hollow Creek ~ -
944 7.92 Upper Right Fork Greens Hollow Creek 

-... 
m .' 

874 7.73 Greens Hollow at Road Crossing ;;; 
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Date Time 

Horse Creek 30-Sep-17 12:20 
Muddy Ck. Ab. Horse 30-Sep-17 12:30 
Muddy C. B. Horse 30-Sep-17 12:45 

Flow 
(gpm) 

585 
9030 
9620 

Water Level 
(feet) 

T 
(OC) 

8.5 
6.2 
6.7 

pH 
(S.U.) 

8.8 
8.76, 
8.75 

Sp. Condo 
(~Slcm) 

476 
396 
399 

D.O. 
(mg/L) 

8.62 
9.08 
8.93 

Comments 

Horse Creek trib to Muddy at conf. w~h Muddy Creek 

Muddy Creek above the Horse Canyon Creek confluence 

Muddy Creek a short distance below Horse Canyon Creek 

Cowboy Creek at the road crossing had flow of 0.47 gpm when the other sites listed above were monitored. 

Cowboy Top 9-Nov-17 14:10 NOF - - - - Cowboy Creek at lease edge 

Cowboy Mid 15-Nov-17 15:45 2.23 0.6 8.55 8-32 9.58 
Cowboy Bottom 15-Nov-17 16:50 0.88 1.1 8.66 643 9.64 
SP60 Creek 10-Nov-17 12:30 10,7 0.7 8.54 737 11.28 Tributary to North Fork near spring M-SP60 

North Fork Upper 10-Nov-17 13:00 106 0.4 8.53 358 11.9 North Fork at lease edge 

CPC-Upper 10-Nov-17 16:10 NOF - - - -
CPC-Middle 10-Nov-17 17:20 NOF - - - -
CPC-Lower 10-Nov-17 17:45 3.05 1.5 8.38 850 12.1 CPC just above North Fork Confluence 

North Fork Middle 10-Nov-17 18:00 139 0.4 8.59 412 12.4 North Fork just above CPC confluence 

North Fork Lower (007) 10-Nov-17 19:15 144 0.4 8.47 439 11.57 Same monitoring s~e as Sufco 007 

ULGH 13-Nov-17 17:00 3.16 0.8 8.66 834 12.98 Upper Left Fork Greens Hollow Creek 

URGH 13-Nov-17 15:40 NOF - - - - Upper Right Fork Greens Hollow Creek 

GH at Road 13-Nov-17 18:45 1.19 0.5 8.51 981 10.9 Greens Hollow at Road Crossing 

Horse Creek 14-Nov-17 13:45 832 1.3 8.8 474 10.88 Horse Creek trib to Muddy at conf. wrth Muddy Creek 

Muddy Ck. Ab. Horse 14-Nov-17 13:00 3.777 1 8.76 414 10.9 Muddy Creek above the Horse Canyon Creek confiuence 

MU(:I~y C. B. Horse 
-

14-Nov-17 1~ _4,609 
--

'- 1.2 8.77 __ .423 10,~.L ~uddy Creek a short distance.below Horse Cany~ Creek 

Cowboy Creek at the road crossing had flow of 0.44 gpm when the other sites listed above were monitored. 
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1.0 INTRODUCTION 

The Canyon Fuel Company, LLC (CFC) Sufco Mine surface facilities are located 

approximately 25 miles east of Salina, Utah and about 9 miles west of Emery, Utah in the 

Wasatch Plateau coal mining district (Figures 1 and 2). The mine produces bituminous coal 

and has been in operation since 1941. Coal mining operations at the Sufco Mine are carried 

out using longwall mining and continuous miner techniques. Continuous mining techniques 

are primarily utilized to construct the development entries for the longwall panels. 

~FC has recently been awarded the rights to mine in the Federal Greens Hollow Tract (UTU-

84102), which is contiguous with the existing Sufco Mine permit area (Figure 1). It is 

proposed that the existing underground Sufco Mine workings be extended into the Greens 

Hollow Tract. Access to the Greens Hollow Tract will be made using the eX1~ting mine' ' , 

portals and surface facilities in Convulsion Canyon. 

Canyon Fuel is seeking to obtain a permit from the Utah Division of Oil, Gas and Mining 

(DOGM) to conduct mining and reclamation activities in the Greens Hollow Tract. This 

report contains a description of groundwater and surface-water systems in the Greens Hollow 

Tract and a description ofthe probable hydrologic consequences of coal mining in the Greens 

Hollow Tract and adjacent areas as required by Utah Coal Mining rule R645-30 1-728. This 

report is written in support of Chapter 7 (Hydrology) of the Mining and Reclamation Plan 

(MRP) for the Sufco Mine. 

Probable Hydrologic Consequences of 
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2.0 METHODS OF INVESTIGATION 

The hydrology and hydrogeology ofthe Greens Hollow Tract and adjacent areas has been 

evaluated based on an analysis of: 1) solute and isotopic compositions of groundwaters and 

surface waters, 2) surface water and groundwater discharge data, 3) piezometric data, and 4) 

geologic information. Specific methods of investigation are described beldw. ,1 

P.,PR t 9 20m 

Maps and reports _I'"" "· .-.( \--I\~ i:; I \ ~ h!l~riing ) \I, l_" .' '" ". 

Existing published and unpublished hydrologic, hydrogeologic, and geologic maps were 

obtained and reviewed. Several investigations of the hydrogeology and hydrology ofthe 

Sufco Mine permit and adjacent areas have been completed prior to this investigation. The 

USGS, in cooperation with the BLM (Thiros and Cordy, 1991), described the hydrology and 

potential effects of mining in the Quitchupah and Pines Tract. Mayo and Associates (1997) 

described surface water and groundwater systems and mining-related hydrologic impacts in 

the adjacent existing SUFCO Mine permit area. The US Forest Service (1999) completed a 

Final Environmental Impact Statement and Record of Decision (2011) for the Greens Hollow 

Tract. The US Forest Service completed a supplemental Environmental Impact Statement in 

2014. Petersen Hydrologic (2009) characterized groundwater and surface-water systems and 

evaluated the effects of subsidence of Castle gate Sandstone springs and streams in the East 

Fork of Box Canyon Creek drainage. 

Probable Hydrologic Consequences of 
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Collection of water quality and flow data 

Beginning in 2001, a spring and seep survey and baseline monitoring program was 

performed in the Greens Hollow Tract and adjacent areas by Cirrus Ecological Solutions, LC 

(Cirrus) of Logan, Utah. These investigations were performed for the Manti-LaSal National 

Forest in conjunction with NEPA analysis for the Greens Hollow Tract. As part ofthese 

activities, discharge rates and field water quality parameters were measured (including water 

temperature, pH, specific conductance, turbidity, and dissolved oxygen). Spring and seep 

locations were determined in the field using hand-held GPS units. Baseline monitoring for 

laboratory water quality parameters was performed by Cirrus personnel at selected spring and 

stream monitoring stations through the second quarter of 2004. Details of the Cirrus 

monitoring activities are included in the Technical Report for Groundwater and Surface 

Water for the Greens Hollow Tract (USFS, 2005). 

Monitoring of springs, seeps, and streams located in and around the Greens Hollow Tract has 

been performed by Petersen Hydrologic, LLC through 2016. The specific methods of study 

utilized by Petersen Hydrologic personnel to collect groundwater and surface-water quantity 

and quality data in the Greens Hollow Tract area are described below. 

Discharge Measurements 

Discharge measurements for springs were typically performed using a calibrated container 

and a stopwatch. Generally, spring discharge measurements were performed by damming 

and diverting the spring discharge through a pipe. Using an appropriately sized container, 

time-to-fill measurements were typically performed at least 3 times at each location. An 

Probable Hydrologic Consequences of 
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average time-to-fill value was used to calculate the reported discharge measurement. In a 

few instances where the discharge from a spring was diffuse and the discharge rate was very 

low, discharge rates were approximated (i.e. providing "less than" values). 

Discharge measurements on streams were typically performed using a Marsh-McBimey 

brand electromagnetic current velocity meter and wading rod using methods described by the 

United States Geological Survey (1995). In in tances on Muddy Creek where stream 

discharges exceeded rates where streams could safely be waded, surface-water discharge 

velocities were sometimes measured by timing the passage of a floating object as it passed 

through a specified distance of the stream course. 

Discharge Temperature Measurements 

Temperature measurements were performed using a Taylor brand electronic digital 

thermometer. Temperature measurements on streams were performed in actively flowing, 

shaded areas where possible. Discharge temperature measurements at springs were 

performed as close to the spring discharge locations as possible. 

APR 1 9 2mS 

Specific Conductance Measurements 

Specific conductance measurements were performed using an Extech brand model EC400 

conductivity meter or a Hanna brand conductivity meter, both with automatic temperature 

compensation. The instruments were regularly calibrated using traceable ASTM 

conductivity standard solutions. 
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pH Measurements 

pH Measurements were perfonned using an Oakton brand Acorn 6 model electronic pH 

meter with automatic temperature compensation, an Oakton model pH Testr 30 with 

automatic temperature compensation, or a Hanna brand pHep 5 pH meter with automatic 

temperature compensation. The instruments were regularly calibrated using traceable ASTM 

pH standard solutions. 

Water Quality Laboratory Measurements 

Water quality laboratory analyses were perfonned by SGS Minerals Services of Huntington, 

Utah and Chemtech-Ford Analytical Laboratories of Sandy, Utah. 

Dissolved Oxygen 

Dissolved oxygen measurements were performed using a YSI brand Model 55 dissolved 

oxygen meter. The meter utilizes a replaceable membrane and was regularly calibrated. 

, , 
> f ~ 

Collection and analysis of isotopic data APR 1 9 2018 

Water samples from the Greens Hollow Tract and the surrounding Sufco MJrre pj}) 1 H are.~c, .;; '1 n. • 

'J 1<.. " c.'! Ivlli !l/lq 

were collected by Cirrus Ecological Solutions personnel during low-flow conditions in 2001 

for stable and unstable isotopic analysis. Samples for radiocarbon were analyzed using 

Accelerator Mass Spectrometry (AMS) by Geochron Laboratories of Cambridge, 

Massachusetts. Tritium analyses were performed using direct counting methods by 

Geochron Laboratories (with error of +/- 2.7 TU). Stable isotopic carbon-13, deuterium, and 

oxygen-I 8 analyses were also perfonned by Geochron Laboratories. 
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Groundwater samples were also collected from the Greens Hollow Tract and adjacent areas 

by Petersen Hydrologic, LLC and Mayo and Associates, LC personnel. Samples were also 

collected from the underground Sufco Mine workings adjacent to the proposed Greens 

Hollow Tract mining areas. Isotopic samples were collected in appropliate, tightly ealed 

HDPE or glass sample bottles. Radiocarbon analyses on these samples were performed by 

Geochron Laboratories and the BYU Geology Department Isotopic Laboratory using either 

Conventional methods, or by AMS. Tritium analyses for the Mayo and Associates and 

Petersen Hydrologic samples were performed by the Tritium Laboratory at the University of 

Miami, Florida and BYU Geology Department Isotopic Laboratory using electrolytic 

enrichment and low level counting methods (with error of +/- 0.1 TU), Stable isotopic 82H 

and 8180 analyses were performed by Mountain Mass Spectrometry of Evergreen, Colorado. 

Groundwater mean residence times were determined using methods described by Pearson 

and Hanshaw (1970), Fontes (1980), and Mookes (1980). 
r 

APR i 9 2mn 

Data compilation 

Data used in this study were obtained from several sources. Water quality and water quantity 

data were downloaded electronically from the DOGM on-line hydrology database located at 

http://ogm.utah,gov/coal/edi/wgdb.htm. Additional data were compiled from electronic 

media provided by the Manti-LaSal National Forest. Data were also obtained in paper-copy 

and electronic format laboratory reports from the Sufco Mine. The data were compiled into a 

coherent electronic database for analysis. Hydrologic monitoring site details are presented in 
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Table 1. A compilation of baseline monitoring data from the Greens Hollow Tract and 

adjacent area is presented in Table 2. 

Data analysis 

Geochemical, isotopic, discharge rate, and other data were analyzed by graphical and 

statistical methods. Solute compositions were graphically analyzed using Stiff (1951) 

diagrams. Mineral saturation indices were calculated using the computer code W ATEQF 

(Plummer et. aI, 1976). 

3.0 PHYSIOGRAPHIC SETTING 

The Greens Hollow Tract is situated in the Wasatch Plateau region of central Utah. , 

Important physiographic features in the tract area include the deep Muddy Creek and 

Cowboy Creek canyon areas that form the approximate northern and northeastern boundary 

of the area. North ofthe tract area, the land surface rises precipitously towards Heliotrope 

and Ferron Mountains, with maximum elevations on those peaks of 11,130 feet and 10,678 

feet, respectively. The northwestern portion ofthe tract is bordered by the generally n 'f;ili .,. 

sloping upland areas that drain toward the South Fork of Muddy Creek. The southern 
APR 1 9 2018 

portions of the tract area include the eastward and southward sloping flanks ofWh' e . 
IV. ({[ () U, ~: 'i r; 

Mountain that drain to the North Fork of Quitchupah Creek. To the west, White Mountain 

rises precipitously to elevations exceeding 10,800 feet. In the southeast portion of the tract 

area, Big Ridge is a prominent east-west trending ridge that rises to more than 9,200 feet and 

separates the Muddy Creek drainage to the north from the Quitchupah Creek drainage to the 
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south. In the northern portions of the tract area are broad expanses of gently sloping plateaus 

of generally low reliefthat are vegetated primarily with grasses and sage brush. These 

relatively smooth features are dissected abruptly by the deeply incised, steep walled Muddy 

Creek Canyon, Greens Canyon, and the North and South Forks of Quitchupah Canyon. The 

ea t-we t trending Greens Hollow Creek and Cowboy Creek drainages cut across the c'entral 

portions of the Greens Hollow Tract, dividing the northern from the southern portions of the 

tract area. 

Topographic elevations within the delineated Greens Hollow Tract range from about 7,440 

feet in the bottom of Muddy Creek canyon along the eastern margins of the tract, to about 

9,720 feet where Big Ridge merges into the flanks of White Mountain along the western 

margin ofthe tract. Total surface relief in the tract is about 2,280 feet. 

The upland plateau area rolls gently and is vegetated primarily with sagebrush, grasslands, 

and isolated stands of Ponderosa Pines. The mountainous regions are vegetated primarily 

with conifer and aspen forests interspersed with sagebrush and grasslands. Vegetation on the 

sheer rock cliff faces in the deep canyons is sparse. The narrow canyon bottoms are 

commonly more heavily vegetated with bushes and grasses. 
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4.0 CLIMATE 

Precipitation in the vicinity of the Sufco Mine area is dependent on elevation. Annual 

precipitation in the vicinity ranges from 12 inches in the lower elevations to more than 20 

inches in the higher elevations. Localized thunderstorms occur from July through November 

and contribute about half ofthe total annual precipitation (Thiros and Cordy, 1991). Mean 

monthly temperatures measured at the Emery 15 SW weather station, located about seven 

miles southeast ofthe study area, are below freezing from November to March. Snow depths 

measured between 1945 and 1985 at the Blacks Forks snow course, located about six miles 

northwest of the study area at an elevation of9,200 feet, averaged 44 inches, with a water 

content of 14.4 inches (Whaley and Lytton, 1979). Historic precipitation data from the 
l( " 

NOAA Salina 24E weather station, which has been maintained at the SJ fco Mine surface : ~ 

facilities area since 1984, is presented in Table 3. APR 1 9 2018 

iv. O! ii, G::1 ~ I~'! iflillg 

Climatic conditions in the study area have varied substantially during the period of baseline 

monitoring at the Greens Hollow Tract (2001 - 2016). This is illustrated in a plot ofthe 

Palmer Hydrologic Drought Index (PHD I) for Utah Region 4 (Figure 3). The PHDI is a 

monthly value generated by the National Climatic Data Center using a variety of hydrologic 

parameters that indicates wet and dry spells. The PHDI is calculated from several hydrologic 

parameters including precipitation, temperature, evapotranspiration, soil water recharge, soil 

water loss, and runoff. Consequently, it is a useful tool for evaluating the relationship 

between climate and groundwater and surface water discharge data. It is apparent in Figure 3 

that from late-2000 through mid-200l the region was experiencing a period of mild to 
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moderate wetness. Beginning in mid-200l the region began to transition to a notable period 

of drought that persisted untillate-2004. The region then rapidly transitioned to a period of 

extreme wetness that peaked in mid-2005. The four-year period from 2006 through 2009 

was characterized by generally dry conditions with mild to moderate drought prevailing. By 

mid-2010 the region was transitioning to a period of extreme wetness that peaked in mid-

2011 and continued through the end of2011. By early 2012, the region had returned to dry 

conditions with varying drought intensity. Other than a five-month period during the winter 

of2015-2016 when conditions were mildly wet, the region has recently experienced a 

prolonged period of dryness. During the fifty-seven month period from early 2012 through 

the end of2016, fifty one of those months had negative PHD I values (Figure 3). 

\; I 
"I \' , ': • \ :_'.~J 

5.0 GEOLOGY 

Four Cretaceous- to Tertiary-age bedrock formations crop out in the Greens Hollow Tract. 

These include, in descending order, the North Hom Formation, Price River Formation, 

Castlegate Sandstone, and the Blackhawk Formation. The Flagstaff Limestone is present on 

mountain tops adjacent to the Greens Hollow Tract. The Star Point Sandstone and Masuk 

Member of the Mancos Shale are present beneath the Blackhawk Formation within the tract 

area. Deposits of Quaternary alluvium are also present within and adjacent to the Greens 

Hollow Tract. These geologic formations are shown on a geologic map in Figure 4, in cross-

section on Figure 4a, and on a stratigraphic column in Figure 5. These geologic formations 

are described below. 
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Quaternary deposits 

The most significant quaternary deposits in and adjacent to the Greens Hollow Tract area 

include landslide deposits and stream alluvium. Landslide deposits are most common along 

steep slopes that are underlain by the North Hom Formation, which is known to be prone to 

slope failure and slumping regionally. A large landslide deposit is mapped along the steep 

margins of White Mountain immediately west of the Greens Hollow Tract and also on the 

steep slopes north of Muddy Creek (Figure 4). Quaternary alluvium is present locally 

throughout the tract. Significant alluvial deposits are present along the major stream valleys. 

The quaternary alluvial deposits consist of clays, silts, sands, gravels, and boulders derived 

from the erosion of the geologic strata in the area. 

Flagstaff Limestone 

Although not present within the Greens Hollow Tract boundary, the Flagstaff Limestone is 

present immediately east of the tract where it forms the conspicuous white cap rock on White 

Mountain and the surrounding high mountain peaks. The Flagstaff Limestone consists of 

freshwater limestone with some interbedded sandstone, shale, and volcanic ash. The 

formation is commonly light gray to white in color where it is exposed in the mountainous 

regions that surround the Greens Hollow Tract. 
~ ::'" " 

APR 1 9 2018 
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The North Hom Formation consists of variegated (mainly shades of red) shales with minor 

sandstone, conglomerate, and freshwater limestone (Do elling, 1972). It is estimated to be 

about 1,490 feet thick in the study area, although no drilling in the area has penetrated both 
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the upper and lower contacts of the formation. The lower contact of the formation is 

transitional with the underlying Price River Formation. The formation is vulnerable to mass 

movement, slope failures, and landslides (USFS, 2005). 

Price River Formation 

The Price River Formation consists of gray to white gritty sandstone, interbedded with shale 

and conglomerate deposited in a fluvial environment. The unit forms ledges and slopes 

below the North Hom Formation due to interbedding of resistant sandstones with less 

resistant shales and claystones. The Price River Formation is present at or near the surface 

over most of the broad gently sloping plateau surfaces below the adjacent mountainous 

regions. The formation is reported to be approximately 550 feet thick in the existing Sufco 

permit area (Figure 4a). 

While individual fluvial sandstones (paleochannels) in the Price River Formation are capable 

of transmitting water, groundwater is typically not transmitted over great vertical or 

horizontal distances in the formation. This is because of the lenticular geometry of the 

sandstone units and the interbedded low-permeability shales and claystone layers 'ptesent in 

the formation. APR 1 9 2018 
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Castlegate Sandstone 

The Castlegate Sandstone is present disconformably beneath the overlying Price River 

Formation. The Castlegate Sandstone is a cliff-forming unit that comprises the rim rocks and 

near-vertical walls of the deeply incised canyons in the northern and northeastern portions of 

Probable Hydrologic Consequences of 
Coal Mining in the Greens Hollow Tract 

12 2 October 2017 (Ver. 4.0) 

. . ~ 



PETERSEN HYDROLOGIC, LLC 

the Greens Hollow Tract and adjacent area (Figure 4). The Castlegate Sandstone is also 

present at the surface along the cliffs of the North Fork of Quitchupah Canyon area 

immediately southeast of the tract (Figure 4). Commonly, the sandstone is directly exposed 

or covered by only a thin soil veneer on the plateau along the rims of the canyons. The 

Castlegate Sandstone, which is about 200 feet thick in the study and adjacent area, is 

predominately massively bedded, coarse-grained sandstone with some interbeds of shale, 

siltstone, and conglomerate. Pervasive silica and carbonate cement makes the formation well 

indurated and brittle. The Castlegate Sandstone was formed in a braided fluvial depositional 

system. 

Castlegate Sandstone ~edrock is present at or near the ground surface in the Gr.eens Hollow 

Tract along the Muddy Creek drainage in the northern portion of the tract and also near the 

steep cliff escarpments of the Cowboy Creek and Greens Hollow canyon areas in the 

northeastern portion of the tract (Figure 4). In order to protect hydrologic resources along 

perennial stream drainages, the lease stipulations for the Greens Hollow Lease specify the 

use of non-subsidence (full-support) mining methods in areas within the lease where the 

Castlegate Sandstone is exposed at the surface or covered by less than 50 feet of Price River 

Formation or North Hom Formation sediments. By preventing mining-related subsidence of 

the Castlegate Sandstone near the surface in these buffer zones, subsidence impacts to 

Castlegate Sandstone groundwater systems can be prevented. Accordingly, as shown on 

Plate 7-3, the mining plan for the Greens Hollow Tract has been designed such that,JW. 
~ :', ' 

subsidence will occur in these buffer zone areas. Thus, the proposed mine plan ensures that 
APR 1 9 2018 
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subsidence-related hydrologic impacts to Castlegate Sandstone groundwater systems 

potentially present in these areas can be prevented. 

It is noted here that based on the refined geologic mapping of surface outcrops of the 

Castlegate Sandstone performed through field surveys as part of this investigation (Figure 4), 

the Castlegate Sandstone buffer zone protection areas delineated in the western half of 

Section 19 and the northwestern portion of Section 30, Township 20 South, Range 5 East, 

exist in areas that are not within the Castlegate Sandstone outcrop area, but rather within the 

Price River Formation. 

Blackhawk Formation 

The Blackhawk Formation consists oflenticular, discontinuous beds of sandstone, siltstone, 

mudstone, shale, and coal. Within the Greens Hollow Tract, the Blackhawk Formation is 

exposed in the bottom of Muddy Creek Canyon along the northern and northeastern portions 
. '. '~-) 

of the tract. In areas adjacent to the Greens Hollow Tract, the Blackhawk is exposed in the 

bottoms ofthe North and South Forks of Quitchupah Creek and also Box Canyon.APR 1 9 2018 

Most of the coal production in the Greens Hollow Tract will occur in the Upper Hiawatha 

Seam ofthe Blackhawk Formation. Some mining (mostly development entries) will also 

occur in the Lower Hiawatha Seam. The Upper Hiawatha Coal seam is underlain in the 

region by a sequence of shaley lagoonal deposits, ranging in thickness from 2 to 29 feet, 

which includes the Lower Hiawatha Coal Seam (Mayo and Associates, 1997). 
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In the Sufco Mine area, the upper 500 feet ofthe fonnation generally has massive, fine- to 

medium-grained, cliff-fonning sandstone units (Thiros and Cordy, 1991). The number and 

thicknesses of sandstone units decreases toward the base ofthe unit. The lower 300 feet of 

the fonnation contains thinly-bedded sandstone and shale. The thickness ofthe Blackhawk 

Formation in the region is about 800 feet. 

Star Point Sandstone 

The upper Star Point Sandstone consists ofthree massive sandstone layers, the uppennost of 

which intertongues with the Blackhawk Formation (Thiros and Cordy, 1991). The Star Point 

does .not crop out in the Greens Hollow Tract, but it is expos~d in the bottom of Muddy 

Creek Canyon near the confluence with Box Canyon and in regions south and east of the 

tract along the margins ofthe Wasatch Plateau escarpment. The Star Point Sandstone is a tan 

to gray, fine- to medium- grained, friable, usually well-sorted sandstone containing minor 

thin interbeds of siltstone or claystone. The lower Star Point Sandstone is an upward 

prograding sequence that intertongues with the underlying Masuk Member ofthe Mancos 

Shale. The thickness ofthe Star Point Sandstone is about 200 feet in the region. 

APR 1 9 2018 

Mancos Shale, Masuk Member 

The Masuk Member of the Mancos Shale is 500 to 600 feet thick in the Muddy Creek 

Canyon area. It does not crop out in the Greens Hollow Tract, but is visible regionally along 

the margins ofthe Wasatch Plateau escarpment. It consists of blue-gray fissile claystone or 

silty claystone which weathers light blue-gray to light tan. The unit contains thin calcareous 
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sandy or silty interbeds that increase in frequency toward the top of the unit. The member 

forms the lower slopes of Muddy Creek Canyon and the surrounding lowlands. It forms 

steep, barren, easily eroded slopes with occasional ledges of more resistant fine-grained 

sandstone, siltstone, or sandy claystone. 

Structure 

Major faulting has not been identified in the Greens Hollow Tract. However, small 

displacement faults with apparent vertical displacement of about three feet or less have been 

encountered in the Sufco Mine. Rarely, some faults with somewhat greater displacements 

have also been encountered within the mine. The faults in the Sufco Mine area most 

commonly strike approximately N1 0° to 15°W and are inclined nearly vertical. Joints ~re 

both parallel and normal to the prevailing fault trend. Both minor faults and joints likely 

exist in the Greens Hollow Tract area. Joints in the Castlegate Sandstone are common. The 

surface traces of these joints are up to a 1,000 feet in length and are spJ~~d about 16 t6'33' • 'i 

feet apart. APR 1 9 2018 

In the Acord Lakes area along the western margins of the Sufco Mine lease, an 

approximately north-south trending normal fault has been mapped along the eastern edge of 

the valley that has created a closed basin with at least 200 feet of vertical offset (Thiros and 

Cordy, 1991). This structural feature is likely responsible for the impoundment of water that 

creates Acord Lakes (i.e. in the absence of the fault uplift, the surface water would have 

drained eastward into Convulsion Canyon). The Joes Valley Fault system, which has a 
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displacement of several hundreds of feet, trends along the eastern margins of the Sufco Mine 

permit area and is visible in outcrop in the Muddy Creek Canyon area. 

Rock units in the study area strike roughly 400E and dip 1 to 2° (about 250 feet per mile) to 

the northwest. Local dips of the coal seam may range up to 10 degrees in areas where 

underlying paleochannels caused significant differential compaction. 

6.0 PRESENTATION OF DATA 

Baseline hydrologic monitoring location de~ails are listed on Table 1. Information presented 

in Table 1 includes monitoring site geographic coordinates, elevations, associated geologic 

formations, monitoring periods, baseline monitoring parameters, and information on water 

usage. Monitoring locations are plotted on Figure 2. Discharge and water-quality data for 

springs and streams in the study area, including field and laboratory water quality 

measurements are presented in Table 2a (major ion chemical compositions), and Table 2b 

(trace constituents). Discharge hydro graphs for springs in the study area are shown on 

Attachment A. Discharge hydro graphs for streams are shown on Attachment B. The 

information plotted on Attachments A and B also includes plots of temperature, pH, specific 

conductance, and the Palmer Hydrologic Drought Index. A geologic map ofthe Greens 

II '.', ~ .' 

Hollow Tract and surrounding area, that also includes spring and stream monitdHng . 

locations, is presented in Figure 4. The mapping location of the Castlegate SandstoAPR 1 9 2018 

outcrop along Muddy Creek near the northern lease boundary was refined bJ~~d <Drt fi'(H4G,:: .. " j., 
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observations in the area. A southeast-northwest geologic cross-section through the tract area 

is presented in Figure 4a. A stratigraphic column is presented in Figure 5. Average 

discharge and solute compositions and mineral saturation indices are listed in Table 5. Stiff 

diagrams depicting the solute compositions of streams and springs are presented in Figure 6. 

A map showing the surface water drainages in the Greens Hollow Tract and adjacent areas is 

presented in Figure 7. Stable and unstable isotopic compositions and groundwater mean 

residence times for springs and in-mine locations are presented in Table 6. 

7.0 GROUNDWATER AND SURFACE-WATER GEOCHEMISTRY 

Stiff diagrams depicting the solute chemical composition of groundwaters and surface waters 

in the Greens Hollow Tract area are shown on Figure 7. Stiff diagrams are a useful analytical 

tool that allows the graphical representation of water solute compositions. The shape of the 

Stiff diagram is a reflection of the geochemical type, while the size of the diagram is related 

to the total dissolved solids concentration of the water. 

Groundwaters discharging from springs and flowing in streams in and adjacent to the Greens 

Hollow Tract commonly acquire their solute compositions through a series of well-

documented chemical reactions. These are summarized below. 
APR 1 9 2018 

Carbon dioxide gas is produced naturally in the soil at concentrations greatly exceeding 

atmospheric concentrations by root-zone respiration and also by the decay of organic matter. 
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Recharge water (rain and snow melt), upon entering the soil mantle, reacts with C02 to 

produce carbonic acid according to: 

(Equation 1) 

The produced carbonic acid subsequently dissociates into hydrogen ions (acid) and 

bicarbonate according to: 

The H+ produced from Equation 2 reacts with carbonate minerals that are pervasive in the 

rocks of the Wasatch Plateau coal field, yielding calcium and magnesium ions and additional 

bicarbonate ions to the water according to: 

CaC03 (calcite) + H+ = Ca2+ + HCOf (Equation 3) 
and 

CaMg(C03)2 (dolomite) + 2H+ = Ca2+ + Mg2+ + 2 HCOf (Equation 4) 

Because of the limited solubility of calcite and dolomite in the absence of an additional 

source of C02, waters acquiring their solute compositions through the geochemical 

evolutionary pathway described in Equations 1 through 4 typically have relatively low TDS 

concentrations. 

APR 1 9 2018 

Groundwaters from formations containing soluble evaporite minerals olt~h',actrujt~ £!'i :.i,:; d, f;,'IL ill In 
' . J 

different solute geochemical type, and dissolved solids concentrations that are sometimes 

appreciably greater than that typically resulting from geochemical evolutionary pathway as 
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described by equations 1-4 above. Surface waters flowing over sediments containing soluble 

evaporite minerals may also acquire elevated TDS concentrations and changed solute 

geochemical type. The geochemical reactions often responsible for these changes in 

chemical composition include: 

CaS04 . 2H20 (gypsum) = Ca2+ + sOi- + 2H20 (Equation 5) 

NaCI (halite) = Na+ + CI- (Equation 6) 

Waters rich in Ca2+ resulting from the dissolution of gypsum (Equation 5) may undergo ion 

exchange on clay minerals, resulting in an increase in Na+ concentrations at the expense of 

exchanged Ca2+ ions according to: 

Ca2+ + Na-clay = 2Na+ + Ca-Clay (Equation 7) 

Ion exchange may also occur on zeolite minerals such as the sodium zeolite analcime 
1, 

according to: 

APR \ 9 20\8 
(Equation 8) 

Ratios of chloride to soclium (Table 5 indicate that most of the sodium contained in 

groundwaters and surface waters is likely acquired through ion exchange reactions described 

in Equations 7 and 8 above. This is evident in the fact that the sodium concentrations 

(expressed as milliequivalents per liter) greatly exceed the chloride concentrations in both 

ground waters and surface waters (Table 5). If halite dissolution (Equation 6) was the 
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primary source, it would be anticipated that the ratios of chloride to sodium would be near 

unity. 

It is apparent in the Stiff diagrams plotted in Figure 6 and from the solute chemical 

compositions listed in Table 5 that the solute geochemical types of groundwaters vary 

appreciably over the Greens Hollow Tract and adjacent area. Chemical variability is present 

spatially within individual geologic formations (Table 5). This observation suggests the 

likelihood that groundwaters discharging to springs in the tract area are sourced by local type 

groundwater systems that are highly influenced by variability in the local hydrogeochemical 

regime. If the springs were discharging from large-scale, regional type groundwater system 

,(i.e. appreciable flow over long distances with groundw,ater flow potentially through multiple 

stratigraphic units) , it would seem likely that groundwater discharging from various 

locations sourced by the regional system would have a more homogeneous and uniform 

composition. The notion oflocal groundwater flow conditions at the springs (i.e. shallow 

groundwater flow with groundwater recharge and groundwater discharge locations being 

near each other) is also supported by the active-zone characteristics of the spring discharges, 

including appreciable tritium contents and rapid response to seasonal and climatic recharge 

variability. 
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8.0 ISOTOPE GEOCHEMISTRY 

Radiocarbon e4C) and tritium eH) isotopic information have been used together in this 

investigation to determine groundwater mean residence times. 

8.1 Carbon-14 

Carbon-14 analyses have been performed on 12 springs in the Greens Hollow Tract study 

area (Table 6). Additionally, carbon-14 analyses have been performed on groundwater 

samples from several underground inflow locations in the Sufco Mine (Mayo and Associates, 

1997, 1999; Petersen Hyd.rologic, 2005, 2016). In considering the radiocarbon "age" of 

groundwater it is important to consider that groundwater arriving at groundwater discharge 

points (i.e. springs or wells) rarely travels via pure piston flow (i.e. pipe-like flow conditions 

where all flowpaths are the same length with equal travel times along flowpaths). Rather, it 

is not uncommon for the water molecules discharging at springs or wells to have migrated to 

the discharge point from several different recharge locations, each having recharged at 

different times. Consequently, the term "mean groundwater residence time", which is the 

average age of all of the water molecules sampled, is commonly used when ~y:aluating the "; :1 

age of groundwater. APR 1 9 2018 
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The radiocarbon (14C) content of a groundwater is used to calculate the number of years that 

have elapsed since the groundwater became isolated from soil-zone gasses and near-surface 

ground waters. Groundwaters with radiocarbon activities greater than about 50 pmC in 
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carbonate-rich terrains are usually indicative of modem groundwater. Groundwaters with 

radiocarbon activities significantly greater than about 50 pmC can indicate the presence of 

anthropogenic carbon that is typically associated with atmospheric thermonuclear weapons 

testing, which also suggests a modem origin. 

Based on the known half-life of radiocarbon (approximately 5,570 years), it is possible to 

calculate the time since a groundwater became isolated from soil-zone C02 gas and shallow 

recharge sources. However, estimating the radiocarbon age of groundwaters is not as 

straightforward as estimating the age of dead organic matter. This is because groundwater 

acquires carbon from numerous sources, each of which must be accounted for in calculating 

a groundwater age. These sources may include "live" carbon from biogenic production of 

C02 in the soil zone, "dead" carbon from the dissolution of carbonate minerals in the soil 

zone, and the addition of both "live" and "dead" carbon by other processes. In the Wasatch 

Plateau region, groundwater commonly acquires its carbon through the series of chemical 

reactions described below. 

The partial pressure of C02 in the soil zone, which is largely derived through root-zone 

respiration, greatly exceeds that of the atmosphere. The C02 reacts with water to produce 

carbonic acid according to: , 
Carbonic acid dissociates to produce acid (H+) and bicarbonate according to : 

t 
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In western coal mines, where carbonate rocks are pervasive, the acid produced from the 

above equation rapidly reacts with carbonate minerals, which releases additional bicarbonate 

and calcium and/or magnesium ions according to: 

CaC03 (calcite) + H+ = Ca2+ + HCOf 

Or 

CaMg(C03)2 (dolomite) +2H+ = Ca2+ + Mi+ + 2HCOf 

Thus, groundwater that follows this evolutionary pathway will acquire 50% of its carbon 

from soil-zone C02 and 50% of its carbon from the dissolution of carbonate minerals near the 

recharge zone. Because soil-zone C02 typically has a 813C valu~ between about -18 and -27 

%0, most groundwaters that follow this geochemical evolutionary pathway have a 813C value 

in the range of approximately -9 to -13 %0 (Mayo and Associates, 1999). The fact that the 

813C values for most radiocarbon samples analyzed in this investigation are in or near this 

range supports the conclusion that groundwaters in the study area likely follow this 

geochemical evolutionary pathway. Where the dissolved inorganic carbon 813C falls 

appreciably outside of this range, other factors in the water's carbon evoll(lliopary pathway ' 

must be considered to determine a groundwater mean residence time. 

' l')i ' (,:' , Di"J.01 ,;\, '.<" 

Like tritium, radiocarbon can also be used to determine whether groundwater has a 

component of recent anthropogenic (human induced) carbon. As a result of atmospheric 

thermonuclear weapons testing, atmospheric l4C levels increased dramatically above 

background levels. l4C levels reached a peak of approximately two times background levels 
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(200 pm C) in 1963. Thus, groundwaters with 14C contents significantly greater than about 50 

percent modem carbon (pmC) have a component of carbon with an activity significantly 

greater than 100 pmC. Groundwater that acquires its carbon through the dissolution of 

carbonate minerals in the presence of soil-zone C02 should have an Ao near 50 pmC (50% 

"live" soil-zone carbon with;::::; 100 pmC, and 50% "dead" carbonate mineral carbon with ;::::; 0 

pmC). As a result of above-ground thermonuclear testing, the 14C activity of the atmosphere 

increased significantly above 100 pmC (with the modem 100 pmC standard being based on 

the 1950 radiocarbon activity; Clark and Fritz, 1997). Thus, it possible for a groundwater 

that recharged after about 1950 to have a 14C activity greater than 50 pmC. For this reason, 

groundwater age dating models that do not take this into account may not correctly determine 

the actual residence ~ime of the groundwater, sometimes even calculating a r~charge date in 

the future (Mayo and Associates, 1999). 

As indicated in Table 6, all springs analyzed for carbon-14 composition in the Greens 

Hollow Tract study area have modem radiocarbon ages and most contain appreciable 

anthropogenic carbon. In contrast, all groundwaters analyzed for radiocarbon content in the 

underground Sufco Mine workings in the study area are of ancient origin, with mean 

residence times ranging from about 4,000 to 15,000 years (Table 6). 

APR 19 2018 
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It should be noted that the radiocarbon ages determined for groundwater from springs III the' )\, ,,;;, 

Greens Hollow Tract as reported in the Groundwater Technical Report for the U.S. Forest 

Service are substantially different from those reported in Table 6 (see Technical Report for 

the Environmental Impact Statement for the Greens Hollow Tract; 2005). The groundwater 
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ages reported in the Technical Report are generally much older than those determined in this 

investigation. We suspect that this is because the carbon history and geochemical 

evolutionary pathways of groundwaters in the study area were apparently not incorporated 

into the calculation of groundwater ages in the investigation (i.e., all the carbon in the water 

was apparently assumed to have been derived from "live" sources, while not considering the 

dilution of 14C from "dead" sources in the recharge zone). Consequently, while the 

groundwater ages (uncorrected) of springs in the Greens Hollow Tract were determined to 

range from 0 to 3,830 years in the Technical Report, all spring waters in the Greens Hollow 

Tract area (as calculated by Petersen Hydrologic) were determined in this investigation to be 

modem in origin based on radiocarbon compositions. 

Groundwater has been sampled from the Sufco Mine underground workings previously and 

also as part of this investigation. The underground sampling locations include mining areas 

underlying the Quitchupah area, Box Canyon area, Big Ridge area, and locations adjacent to 

proposed mining areas in the Greens Hollow Tract. Radiocarbon compositions and 

groundwater mean residence times ("ages") for these samples are listed in Table 6. It is 

evident from the information in Table 6 that the groundwaters intercepted during mining 

operations at the Sufco Mine are of ancient origin, with radiocarbon mean residence times 
: ", 

~ i 

ranging from about 4,000 to 15,000 years. 

APR 19 2018 

8.2 Tritium (3H) 

Tritium is a radioactive isotope of hydrogen that is commonly used in groundwater 

investigations to identify recharge components that are less than about 50 years old. In 
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previous decades, the presence of appreciable tritium concentrations has been used to 

identify groundwaters that recharged prior to or after the advent of atmospheric 

thermonuclear weapons testing. During the period from 1952-1962, large quantities of 

tritium were released into the atmosphere as a result of atmospheric thermonuclear weapons 

testing. After peaking in 1962, in 1963 a Soviet-American atmospheric nuclear weapons test 

ban treaty went into effect, which reduced in rapid declines in the atmospheric tritium 

concentrations. It is noted, however, that minor amounts oftritium continued to be released 

to the atmosphere as a result of minor French and Chinese testing until 1980 (Clark and Fritz, 

1997). Tritium, whose half-life is 12.43 years, forms naturally in the upper stratosphere by 

the interaction of 14N with cosmic ray neutrons. Tritium is rapidly incorporated into water 

mo.lecules and is removed from the atmosphere by precipitation. As several decades have 

now past since the cessation of atmospheric thermonuclear weapons testing, the tritium 

concentrations in the atmosphere have now largely declined to near natural cosmogenic 

background levels as a result of radioactive decay. In continental regions, current tritium 

concentrations are on the order of 5 - 15 TU (Clark and Fritz, 1997). Similar (or somewhat 

lower) tritium concentrations have been routinely measured in streams and lakes in the 

Wasatch Plateau coal district of central Utah in recent years. Consequently, tritium 

concentrations in groundwaters and surface waters are now generally evaluated in the context 

of the natural cosmogenic production of tritium (background levels) rather t 1M the 

identification of a thermonuclear weapons peak in groundwater as was done in previous 

decades. 
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Tritium has been widely utilized in the hydrogeologic community using both qualitative and 

quantitative dating approaches (Clark and Fritz, 1997). However, in this investigation, tritium 

has been used only as a qualitative tool to determine whether a modem component of 

recharge « ~50 years old) is present or whether the groundwater has been isolated from the 

surface for at least the 50 year period. No attempt to calculate an absolute "age" of 

groundwater has been attempted using tritium content. This is primarily because of 

uncertainties determining the initial tritium input level of the recharge water source(s). 

Tritium concentrations in groundwaters sampled from 12 of the 13 springs analyzed for 

tritium content in the Greens Hollow Tract study area range from 2.8 to 14.6 TU (Table 6), 

indicating modem recharge components at each of these springs. Groundwater samp~ed from 

spring M-SPI8 contained no tritium (Table 6), potentially indicating that the groundwater 

system that supports discharge at the spring has been isolated from the surface for at least 

approximately 50 years. However, because the tritium analysis for this sample was 

performed using direct counting methods (with an error range of +/- 2.7 TU), the 

interpretation of the measured low tritium result is somewhat ambiguous. The modem 

radiocarbon age and anthropogenic 14C content in spring M-SPI8 (Table 6) considered 

together with the assumed absence of tritium, may suggest a mean ground~a:ier residence 

time on the order of about 50 years. APR' 9 20\8 

The appreciable tritium concentrations measured in the groundwater from all but one of the 

13 springs, considered together with the modem radiocarbon mean residence times and the 

presence of anthropogenic 14C in the springs, are supportive of a determination of modem 
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groundwater flow. This also indicates that the springs are from active-zone groundwater 

systems in the Greens Hollow Tract area. 

The lack of appreciable concentrations of tritium, combined with the radiocarbon mean 

residence times of several thousands of years in the groundwaters sampled within the Sufco 

Mine underground workings is supportive of a determination of ancient groundwater with no 

communication with the overlying surface for at least 50 years or more. Accordingly, the 

deep in-mine groundwaters are classified as being from inactive-zone groundwater systems. 

The finding that the springs in the Greens Hollow Tract area discharge modem water, 

primarily from shallow groundwater syst~ms, while the groundwater encountered in the 

underground mine workings is many thousands of years old and is not in communication 

with shallow groundwaters, is consistent with conditions noted elsewhere in the Wasatch 

Plateau coal district (Mayo et. a12003). 

9.0 DESCRIPTION OF GROUNDWATER SYSTEMS 

Baseline information quantifying seasonal variation in water quality and water quality in the 

groundwater resources in the Greens Hollow Tract and adjacent areas is presented in Table 2. 

Monitoring site locations are shown on Figure 2 and monitoring site detailsJ Ardisted on 

Table 1. 
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Groundwater in the Greens Hollow Tract naturally discharges from springs and seeps from 

the North Hom Formation, Price River Formation, and the Castlegate Sandstone. 

Groundwater discharge from the Blackhawk Formation and Star Point Sandstone occurs in 

surrounding regions at the Sufco Mine pennit area. Additionally, groundwater discharges 

from the Blackhawk Formation in the Sufco Mine underground workings in response to 

human activities (i.e. the creation of mine voids and the pumping of accumulated 

groundwater from the mine workings to the surface). 

Discharge hydrographs for selected springs in the Greens Hollow Tract and surrounding 

areas are presented in Attachment A. Discharge hydro graphs for selected streams in the 

Greens Hollow Tract and surrounding areas are presented in Attachment B. Also plotted in . . 

Attachments A and B are water discharge temperatures, specific conductance values, and, for 

reference, plots of the Palmer Hydrologic Drought Index. Water level h~drographs for wells 

in the study area are presented in Attachment C. 
APR 1 9 2018 
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It is noted here that continuously saturated groundwater systems (i.e. aquifers) generally do 

not exist in the geologic formations overlying or immediately below the coal seams to be 

mined in the Greens Hollow Lease area (i.e. aquifers containing subsurface water are not 

encountered). Rather, as described below in this report, primarily because ofthe 

heterogeneous character ofthe bedrock framework ofthe Wasatch Plateau, the groundwater 

that is present typically occurs in fracture systems or isolated permeable strata (typically 

sandstone paleochannels) that are encased horizontally and vertically by relatively 

impermeable strata (Mayo et a1., 2003). It is not uncommon for zones of unsaturated bedrock 
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to be present in intervening areas. Accordingly, while it may be stated generally that 

groundwater flow typically occurs from upland recharge areas toward downgradient 

discharge areas (usuillly following the stratal dip ofthe bedrock), the actual flow directions 

are constrained by the geometry ofthe sandstone members and/or fracture orientations ofthe 

bedrock. Consequently, because the generally small-scale zones of water-bearing strata are 

generally not in good hydraulic communication with other surrounding zones of water-

bearing strata, and because there are often intervening zones of unsaturated rocks (both 

horizontally and vertically) between saturated zones, it is not possible (and incorrect) to 

construct regional maps showing potentiometric levels, groundwater flow gradients, and 

groundwater flow directions. Accordingly, such information is not (and cannot) be provided 

herein. It is noted that spring discharge locations in the Greens Hollow Lease ar.e most 

commonly present along the hillsides of the major surface water drainages (i.e. Greens 

Hollow, Cowboy Canyon, North Fork of Quitchupah Canyon, Muddy Creek Canyon).' .. , : :: J 

APR 19 2018 

The following discussion ofthe characteristics is based in large measU';e'o~:c~ireepts . I il.inl' 

described by Maye et al. (2003). In 2003, Mayo et al. (2003) authored a peer-reviewed 

professional paper that presented the findings of a comprehensive, multi-year investigation of 

groundwater flow patterns in the mountainous terrain of Utah's Wasatch Plateau and Book 

Cliffs coal mining districts. This investigation describes a conceptual model of active and 

inactive groundwater flow regimes in the Utah coal mining districts that is directly applicable 

to groundwater flow regimes in the Sufco Mine and adjacent area. The Mayo investigation 

was based on analysis of a large volume of geologic, hydrogeologic, and hydrologic data 

from the study area. This included analysis of discharge data from 123 springs for which 
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long-term discharge data were available, 1,930 sets of major ion water sample analyses, 

Carbon-14 and tritium analyses from 132 sampling locations, and 02H and 0180 analyses 

from 329 sampling locations. Much of the hydrologic data as well as infonnation on 

historical mining practices discussed in the Mayo investigation was obtained specifically 

from the Sufco Mine area. 

Groundwater systems in the Sufco Mine are associated with one oftwo fundamental types of 

groundwater flow regime. These two regimes are described by a fairly simple conceptual 

model that includes "active" and "inactive" groundwater flow regimes (Mayo et. aI, 2003). 

The operation ofthese two regimes is fundamentally a consequence of the vertical and 

horizontal heterogeneity and discontinuity rock str.ata in the region. A discussion ofthe 

active- and inactive-zone groundwater regimes in the Greens Hollow Tract at the Sufco Mine 
, 

is presented below. 

APR 1 9 2018 
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9.1 Active-Zone Groundwater Systems 

Active zone groundwater systems are characterized as having good hydraulic communication 

with groundwater or surface-water recharge sources and having active groundwater flow 

from recharge to discharge areas. Thus, they are dependent on annual recharge events and 

are affected by short-term climatic variability. The elevated tritium concentrations measured 

at 12 of the 13 spring monitoring sites (which are indicative of groundwaters that are less 

than about 50 years old) and the modem radiocarbon ages of all spring waters sampled in the 

study area indicate these springs discharge from active-zone groundwater systems (Table 6). 
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Discharge hydro graphs for springs in the study area are presented in Attachment A. It is 

apparent in the spring hydro graphs of Attachment A and the discharge data presented in 

Table 2a that most springs exhibit seasonal variations in discharge rates and also respond to 

short-term climatic variability. This supports the conclusion that these springs discharge 

from active-zone groundwater systems, and are not related to the deep, inactive-zone 

groundwater systems that are encountered in the underground workings of the Sufco coal 

mine (discussed below). 

It is noted that the discharge hydro graph for spring M-SP18 (which contained no tritium 

when sampled) shows pronounced responses to climatic variability, with the response to 

season,al recharge being muted or non-existent (See Attachme~t A). Such conditions are 

suggestive of good hydraulic communication with active recharge sources, but perhaps 

longer groundwater flow paths which buffer the seasonal response. Similar conditions are 

observed at spring M-SPlO. A relatively large storage capacity relative to the spring 

discharge rates in the groundwater systems that support these springs maY!ClI,so buffer the 

discharge from the springs. 

APR 19 2018 
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Active-zone groundwater systems exist in the Greens Hollow Tract area primarilywherei!J.f); ii, ;,J 
I 

there is adequate precipitation to facilitate groundwater recharge, 2) there is sufficient storage 

capacity in the near surface soils, porous rock units, and/or shallow, fractured bedrock 

horizons to sustain groundwater discharge for significant periods, and 3) there is a 

competent, impermeable perching layer present in the subsurface that prohibits the 

downward migration of groundwater. Downward migration of active-zone groundwaters 
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into deeper horizons is prevented by the presence of low penneability bedrock horizons that 

are widely present in the NOlih Hom and Price River Fonnations in the study area, creating 

perched groundwater conditions. The perched groundwater systems, being constrained 

largely by surface topography, are usually oflimited aerial extent. (i.e., groundwater 

discharge locations are commonly near recharge locations). 

9.2 Inactive-Zone Groundwater Systems 

Inactive-zone groundwater systems are characterized by old groundwater (commonly from 

about 2,000 to 19,000 years in the Wasatch Plateau coal mining district) and a general lack of 

hydraulic communication with the ground surface or active recharge sources (Mayo et. aI, 

2003). This condition is the resu.lt of the lack of recharge potential to deeper groundwater 

systems, either vertically or horizontally, because of 1) the abundance of low-penneability 

rocks in the rock sequence, and 2) the lenticular, discontinuous nature of the interbedded 

more penneable horizons that limits the extent of potential groundwater movement. 

Inactive-zone groundwater systems are not influenced by either annual recharge events or by 

short-tenn climatic variability. This is evidenced by the lack of seasonal or climatic 

discharge responses of groundwater inflows into the Sufco Mine. Discussions of lower 

Blackhawk Fonnation groundwater systems and the lack of seasonal or climatic discharge 

responses (including graphs of roof drip and mine water discharge rates) are provided by 

Mayo and Associates (1997) and Mayo et al. (2003). All groundwater inflows intp, the Sufco 
1. " 

Mine have been from inactive-zone systems, as evidenced by the radiocarbon ages of the 
APR 1 9 2018 

waters and the lack of tritium in in-mine groundwaters (Table 6), and the lack of seasonal or 

climatic response in discharge rates. 
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Inactive-zone groundwaters in the Blackhawk Formation in the study area are not part of a 

regionally continuous aquifer. Groundwater in the inactive zone occurs primarily in isolated 

partitions created by the discontinuous nature of bedrock hydro stratigraphic horizons. 

Because these partitions are isolated both vertically and horizontally by low-permeable strata, 

lateral migration of groundwater in the deep Blackhawk Formation is limited. Historically, 

mining operations in the Sufco Mine have encountered groundwater in some portions of the 

mine, while other nearby locations have been dry. This condition demonstrates the limited 

groundwater recharge potential and the limited potential for lateral groundwater migration in 

the lenticular rock bodies of the Blackhawk Formation. 

The groundwater flow characteristics within individual geologic formations present in the 

Greens Hollow Tract are summarized in the following section. I 
AT 

APR 19 2018 
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Groundwater is likely present in the Quaternary alluvial deposits that exist in the bottoms of I ·m, 

the major surface-water drainage in the Greens Hollow Tract and adjacent areas. Where the 

alluvial deposits are comprised of permeable sediments (sands and gravels), the shallow 

alluvial groundwater is commonly in good hydraulic communication with overlying surface 

waters. In areas where the alluvial deposits are comprised mostly of low permeability clays 

and silts that are common in alluvial sediments derived from erosion of the North Hom and 

Price River Formations (such as that identified in the South Fork of Quitchupah Creek; 
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Petersen Hydrologic, 2012), surface streams are sometimes perched above the underlying 

low-permeability sediments. 

North Horn Formation 

Because of the pervasiveness of low-permeability shale horizons in the North Hom 

Formation, the potential for vertical migration of groundwater through the formation into 

deeper strata is low. Consequently, groundwater recharge through the North Hom Formation 

to the underlying Price River Formation is minimal. 

Groundwater flow in the North Hom generally occurs as shallow flow within sandstone 

paleochannels i.n the unit. Locally, groundwater flow in the minor lime~tone units may also 

support groundwater flow to springs and seeps. Recharge to the sandstone paleochannel 

systems likely occurs where the up-dip ends of the sandstones are present at or near the 

surface in recharge areas. Groundwater then flows laterally through the sandstone channels 

under perched conditions until the unit intersects the land surface in down-gradient areas, 

forming a spring. Because ofthe pervasiveness oflow-permeability shales in the formation 

that encase the sandstone members both vertically and horizontally, groundwater flow 

directions are largely constrained by the sinuous geometry of the sandstone paleochannels. 

In other words, the groundwater in the North Hom does not widely flow throughout the 

formation, but rather areas of appreciable groundwater flow to springs and seeps are 

concentrated only within the sandstone channels. The potential for groundwater flow 

through sandstone channels is enhanced locally by bedrock fracturing. Thus, areas of 
, r ' 

groundwater flow in the North Hom Formation are limited to perJh~d, l~cal, partiti~ned' 
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groundwater systems that are generally not mappable. Groundwater aquifers (i.e. zones of 

continuous saturation over broad lateral extents that are capable of yielding water to wells) 

are generally not present in the North Hom Fonnation. 

Price River Formation 

Groundwater discharge from the Price River Fonnation in the Greens Hollow Tract is 

meager (Table 2a). Baseflow discharge rates at the three springs identified in the Price River 

Fonnation in the Greens Hollow Tract are usually less than one gallon per minute at each of 

these springs (Table 2a). This condition is likely the result of the pervasive presence of low-

penneability shales in the fonnation which impedes the potential for groundwater flow in the 

fonnation. Additionally, w~ere the Price River Fonnation is overlain by the North ~om 

Fonnation, the potential for vertical recharge from the overlying fonnation to the underlying 

Price River Formation is low because ofthe poor vertical groundwater transmitting 

properties of the overlying North Hom Formation. 

Mayo and Associates (1997) noted that boreholes penetrating the Price River Formation in 

the Sufco Mine lease area have not encountered water in this unit. Mayo and Associates 

attributed the general lack of groundwater recharge in the Price River Formation to the 

combined factors oflow precipitation, evapotranspiration of soil-zone moisture, and the 

presence of near-surface clayey horizons. 
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The presence of the Price River Formation at the land surface over significant portions ofthe 

Greens Hollow Tract and adjacent areas (Figure 4) limits the potential for groundwater 

recharge to underlying strata regionally. 

In the Greens Hollow Tract and adjacent existing Sufco Mine area, groundwaters from the 

Price River Fonnation often contain higher concentrations of dissolved salts than do 

groundwaters from the overlying North Horn Formation (Table 5). This is likely due to the 

increased presence of soluble minerals in the formation. 

Castlegate Sandstone 

The Castlegate Sandstone is a massive, cliff-forming ~andstone unit. In many locations, the 

intergranular spaces in the sandstone are filled with calcite or silica cement, which decreases 

the primary porosity and permeability of the formation. Consequently, groundwater flow in 

the Castlegate Sandstone in the study area occurs primarily thorough fracture and joint 

systems and along bedding planes. Although some of the sandstone rocks in the Castlegate 

are sufficiently permeable to transmit appreciable groundwater, groundwater flow through 

the pore spaces in the formation is limited. This is due primarily to the presence oflow-

permeability mudstone drapes and bounding layers that are interbedded in the fonnation. 

Near cliff exposures and in stream bottoms, the Castlegate Sandstone sometimes becomes 

friable due to the dissolution of the carbonate cement and the unit is mor~ :capable of 
t " ' . 

supporting shallow, active groundwater systems. 
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Near-vertical jointing in the Castlegate Sandstone is pervasive and readily observable where 

the fonnation is exposed at the surface in the region (notably in the Pines Tract area east of 

the Greens Hollow Tract). Groundwater flow commonly occurs along the joints and 

fractures, and also locally along bedding planes where penneable strata are sometimes 

underlain by the thin clay or shale perching layers that exist locally in the fonnation. The 

direction of bedding plain groundwater flow in the area is controlled by the local dip of the 

stratigraphic bedding horizons (which is generally toward the north-northwest in the Greens 

Hollow Tract). Because of the discontinuous nature of the shale layers, and the fact that 

individual penneable sandstone strata are not continuous over significant distances, long, 

regional-type flow systems generally do not develop in the Castlegate Sandstone. Rather, 

Castlegat~ Sandstone groundwater systems, where they exist, are typically local in nature 

with small to moderate quantities of groundwater commonly being discharged. 

APR 19 2018 
Where the Price River Fonnation, which generally does not support veqiyffl ffii~~tip~.of I 

fluids, is present above the Castlegate Sandstone, the potential for recharge to the Castlegate 

Sandstone is minimal. This conclusion is supported by the lack of springs in the Castlegate 

Sandstone in the Greens Hollow Tract. Accordingly, in surrounding areas outside the Greens 

Hollow Tract, appreciable groundwater recharge to the Castlegate Sandstone likely occurs 

only where the fonnation is directly exposed at the surface, or where it is covered only by a 

thin covering of sandy sediments (as is the case in the Pines Tract area to the east ofthe 

Greens Hollow Tract). In the Greens Hollow Tract and adjacent area, the Castlegate 

Sandstone is exposed along the rims of the deeply incised canyons (which include the North 

Fork of Quitchupah, South Fork of Quitchupah, Box, and Muddy Creek Canyons), but the 
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total surface area of the exposure is small (Figure 4). Thus the potential for recharge to the 

Castlegate Sandstone within the Greens Hollow Tract is not appreciable. The Castlegate 

Sandstone is underlain by the Blackhawk Formation, which acts as a basal confining layer, 

preventing appreciable vertical migration of groundwater from the unit into deeper strata. 

Consequently, it is common regionally for springs to originate near the base of the Castlegate 

Sandstone (Thiros and Cordy, 1991), or occasionally where thin shaley perching interbeds 

within the Castlegate Sandstone intersect the land surface. 

This conclusion is supported by observations at Castlegate Sandstone monitoring well MW-

15-5-2, which is located in the valley bottom about 280 feet horizontally from Cowboy Creek 

(Figure 2). It is noteworthy that MW-15-5-2 has been consistently dry (other than an initial. 

measurement taken shortly after the well was constructed which was likely influenced by the 

residual presence of well drilling fluid). The absence of groundwater in the Castlegate near 

the creek suggests that the Price River Formation acts as an effective perching layer in that 

area that prevents recharge to the underlying Castlegate Sandstone from the Cowboy Creek 

system. It is likely that the lack of appreciable groundwater in the Castlegate Sandstone in 

the Greens Hollow Lease area is also a result of the presence of the Price River Formation 

atop the Castlegate in most locations within the Greens Hollow Tract (Figure 4). 
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Blackhawk Formation 

Because of the presence of interbedded low-penneability units in the Blackhawk Fonnation 

and the vertical and lateral discontinuity of sandstone horizons, the potential for vertical and 

horizontal movement of groundwater within the Blackhawk Fonnation is limited. For this 

reason, it is observed that groundwater flow in the fonnation occurs primarily through 

sandstone paleochannels, or occasionally through faults and fractures, while regional 

migration of groundwater across lithologies (either vertically or horizontally) is minimal. 

The direction of groundwater flow within penneable sandstone channels is largely 

constrained by the geometry of the sinuous sandstone paleochannel structures and also by the 

structural dip of the strata. Because of the lenticular nature of the penneable strata in the 

Blackhawk Fonnation (both at a micro and macr~ scale), and the fact that individual 

sandstone channels often interpenetrate and are truncated, regional type groundwater flow 

regimes typically do not fonn in the fonnation. 

The Blackhawk Fonnation is known to contain swelling clays that tend to naturally heal 

mining-induced fractures in the fonnation. Well drilling reports and laboratory analysis of 

samples indicate that the claystone layers in the Blackhawk Fonnation contain swelling clays 

which plastically defonn when fractured (Mayo and Associates, 1997). Chempet Research 

Corporation (1989) found that Blackhawk Fonnation claystone layers contain up to 58% 

montmorillonite. 
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Effects of subsidence-related fracturing in the Blackhawk Formation 

In an attempt to substantiate the conclusion that subsidence-related fracturing has not induced 

the downward movement of modem, overlying ground waters into the Sufco Mine, an 

investigation was performed by Mayo and Associates (1997) during which a sample of 

groundwater which drains an old, sealed longwall gob area was collected and analyzed for 3H 

and 14C. As described by Mayo and Associates, the sample site (lL 8E seals) was 

specifically chosen because it underlies a region which is known to have undergone 

substantial ground subsidence, and the rocks at the surface contain abundant subsidence-

related fractures. Mining ceased in this area in 1989, and the outflow from this area has 

steadily decreased since that time. If groundwaters from shallow, overlying active-zone 

systems (which co~tain abundant anthropogenic carbon and tritium) were ~eing intercepted 

by subsidence fractures and flowing downward into the mine, we would expect to find some 

of the modem water in this sample. Mayo and Associates found that this was not the case. 

The groundwater had a mean 14C age of 13,000 years, and contained no tritium (0.00 T.U.). 

The fact that the discharge from this and other abandoned longwall areas consistently 

decrease with time also suggests that there is not good hydraulic communication between 
(" ~. 

groundwater systems immediately overlying the mine and overlying shallow groundwaters. 
APR 1 9 2018 
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Water level hydro graphs for wells completed in the Blackhawk Formation at the Sufco Mine 

area demonstrate that water levels in these deep groundwater systems do not respond to 

seasonal recharge or climatic variability (Mayo and Associates, 1997; Petersen Hydrologic 

2010). These conditions suggest isolation from shallow, seasonal recharge sources and are 

consistent with the deep Blackhawk Formation being part ofthe inactive-groundwater system 
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in the region. However, as mining occurs in areas in close proximity to the locations of deep 

monitoring wells, as anticipated water levels in the wells commonly respond to the mining 

activity. This condition is not unanticipated, as the ancient, inactive-zone groundwater that is 

intercepted by the mine workings is pumped from mining areas, resulting in decreased 

hydraulic head on the groundwater system near the wells. It is noted that the deep, inactive 

groundwater system monitored at monitoring well 01-8-1 (located on Big Ridge as shown on 

Figure 2) responded appreciably to the effects of mining in the vicinity (see Attachment C). 

It is noteworthy that spring discharges on Big Ridge, which are derived from shallow, active-

zone groundwater systems, continued to occur after mining in the area was complete, further 

demonstrating the lack of hydraulic communication between the deep, inactive-zone 

groundwaters encountered in t~e underground mine workings and the shallow, active-z~ne 

systems that support springs and seeps. 

In the general sense, groundwater flow in the Blackhawk Formation is in the down-dip 

direction, with local flow directions being largely constrained by the geometry ofthe 

sinusoidal sandstone paleochannels through which groundwater may flow. Groundwater 

flow may also occur along linear, relatively narrow damaged zones associated with faulting. 

Consequently, because of the discontinuous, isolated nature of saturated strata in the mine, 

and the localized perched groundwater conditions, it is not possible to create a meaningful 

potentiometric surface map of the Blackhawk Formation in the vicinity of the' Sufco Mine, \ , " . 
, . ! ,.;.) 
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Star Point Sandstone 

Groundwater flow in the Star Point Sandstone regionally occurs primarily through joints, 

fractures, and faults. Appreciable groundwater flow through un fractured Star Point 

Sandstone bedrock is generally not observed (Bills, 2000). 

No springs associated with the Star Point Sandstone have been identified in the Greens 

Hollow Tract and adjacent area. However, springs discharging from the Star Point 

Sandstone are present in Convulsion Canyon near the Sufco Mine surface facilities, located 

about five miles south of the Greens Hollow Tract. Discharge from one of these springs 

(Sufco 047) is used for a water supply for the Sufco Mine surface facilities. Sufco 047 

d~scharges from a fracture zone in the south-facing Star P.oint Sandstone c1iffbelow the mine 

surface facilities. Discharge from this spring is collected in a buried collection system and 

stored in a storage tank for use as the mine surface facilities water supply. It is interesting to 

note that the average discharge temperature from Sufco 047 is 26.3° C, which is substantially 

elevated relative to the mean annual air temperature in the region. It is considered most 

likely that the elevated discharge temperature at this spring is a result of interactions with 

bedrock strata that have locally been heated as a result of coal bum near the outcrops. The 

measured carbon-14 content ofSufco 047 (25.27 pmC) indicates a mean group.dwater 

residence time of approximately 7,300 years (Mayo and Associates, 1997). The tr}{j3f 1 9 2018 

concentration at spring Sufco 047 (0.1 to 0.2 TV), which is near the lower laboratory. 
l)jlf . r I :; 

detection limit, indicates that this spring does not have an appreciable modem recharge 

component (within the past approximately 50 years). This finding is consistent with the old 

radiocarbon mean residence time determined with the carbon-14 analysis. 
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As indicated in the Sufco Mine MRP, it was noted during the drilling of four monitoring 

wells in the basal Blackhawk FormationiUpper Star Point Sandstone that these holes did not 

encounter significant quantities of groundwater. Similarly, where the Star Point Sandstone is 

exposed along the canyon walls in lower Muddy Creek, no appreciable discharges of 

groundwater have been observed. 

Masuk Member of the Mancos Shale 

The Masuk Member of the Mancos Shale is composed primarily of fine-grained marine 

sedimentary deposits (claystones and shales). Consequently, the Mancos has poor water-

transmitting properties. No springs associated with the Mancos Shale. have been identified in 

the Greens Hollow Tract and adjacent area. The Mancos Shale is continuous regionally and 

the shales of the formation likely form a basement in the Sufco Mine area that prevents 

vertical migration of groundwater into deeper strata. 

The Mancos Shale is also known regionally to contain appreciable quantities of soluble 

minerals. Consequently, groundwater that interacts with the unit typically acquires elevated 

TDS concentrations through the dissolution of these minerals. 
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10.0 DESCRIPTION OF SURFACE-WATER SYSTEMS 

Baseline infonnation quantifying seasonal variation in water quality and water quality in the 

surface-water resources in the Greens Hollow Tract and adjacent areas is presented in Table 

1. Monitoring site locations are shown on Figure 2 and monitoring site details are listed on 

Table 1. Discharge hydro graphs for streams, together with plots of temperature, pH and 

specific conductance are presented in Attachment B. 

Surface-water drainages in the Greens Hollow Tract and adjacent areas are shown on Figure 

8. All surface waters draining from the Greens Hollow Tract are tributary to the Muddy 

Creek drainage. Muddy Creek flows from its headwaters near the Greens Hollow Tract 

towards the southeast where it combines with the Freemont River to fonn the Dirty Devil 

River near the town of Hanksville, Utah. The Dirty Devil then flows southward to its 

confluence with the Colorado River near the upper extent of Lake Powell. 

Although no land area within the Greens Hollow Tract drains to the Skutumpah Creek 

drainage, lands located southwest of the tract drain to Skutumpah Creek. Skutumpah Creek 

is a tributary to Salina Creek, which flows to the Sevier River just west of the town of Salina, 

Utah. The Sevier River flows into Sevier Lake in the lowest part of the Sevier Desert in 

Millard County, Utah. Sevier Lake has been mostly dry during recorded history with no lake 

outflow. APR 1 9 2018 

The primary surface water sub-drainages in the Greens Hollow Tract are described below. 
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Muddy Creek Drainage 

Surface-water drainage from most ofthe Greens Hollow Tract, including the central and 

northern portions of the tract, flows into Muddy Creek. Sub-drainages in the tract include the 

Cowboy Creek drainage, the Greens Hollow drainage, the South Fork of Muddy Creek 

drainage, and a series of unnamed drainages along the northern margin of the tract that drain 

directly to Muddy Creek. 

The Cowboy Creek sub-drainage includes lands north of Big Ridge and south of the adjacent 

Greens Hollow drainage to the north. The watercourse extends from its headwaters along the 

northern end of White Mountain eastward for a distance of about three and a half miles 

across the North Hom and Price River Formations. The stream channel then flows into the 

Castlegate Sandstone escarpment and down the steep-walled canyon across the Blackhawk 

Formation to its confluence with Muddy Creek (Figure 8). Long-term monitoring ofthe 

stream has occurred since 2001 at site M-STR04 (Table 2). A summary of monitoring data 

collected at surface-water sites by Cirrus for the period 2001-2004 is presented in Table 4. 

Recent monitoring data at M-STR04 indicate that the Cowboy Creek where it enters the 

Castlegate Sandstone gorge has usually been dry. Discharge was observed at M-STR04 on 

only one occasion in the previous five years of monitoring, with a flow of 2.25 gpm on that 

occasion in June of2015 (Table 2). A stream gain/loss study of the Cowboy Creek drainage ! ' ~ 

was performed by Cirrus Ecological Solutions in September of2001 (USFS, 2005). if~s1 9 2018 

and data showing the results of their study are available in the 2005 Ground~~t6i' iu\f ii!, C;", S : ;\ ~ . i: ' 

Surface Water Technical Report (USFS, 2005). Cirrus found that flow was present from the 
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headwaters to regions about mid-way through the stream's traverse through the Price River 

Fomlation. Below that point, the stream was dryas the stream channel crossed the 

Casdegate Sandstone until about 300 feet above monitoring station M-STR05, where water 

entered the channel from beneath a rock outcrop associated with the Blackhawk Formation. 

Below that point, the steam lost flow, and then gained flow from M-STR05 to M-STR02 all 

along the Blackhawk Formation with flow disappearing below M-STR02. 

The Greens Hollow sub-drainage extends from the steep slopes on the northwestern flanks of 

White Mountain in the North Hom Formation, and eastward for a distance of about two and a 

half miles, where the watercourse enters the Castlegate Sandstone gorge near monitoring site 

M-STR06 (Figure 2) . . The stream channel crosses the Castlegate Sandstone fo! a distance of 

about 0.5 miles to the confluence with Cowboy Creek in Greens Canyon. Cirrus (USFS, 

2005) reports that the only inflows to Greens Hollow Creek during their 2001 survey was 

from springs M-SP04, M-SP05, and M-SP06. Above these locations, the stream channel was 

dry. These same conditions were observed by the author during quarterly monitoring site 

visits during 2015 and 2016. Cirrus noted in their gain/loss study that the stream continued 

to flow from this location to below monitoring site M-STR06. Below that point, the 

watercourse was dry to the confluence with Cowboy Creek in Greens Canyon. It has been 

noted during recent monitoring (2015 and 2016) that the stream at M-STR06 was dry on 5 of 

the six quarterly monitoring events during this period. The stream was flow~ng at a low rate 

(0.636 gpm) during the 26 June 2015 monitoring event (Table 2a). 
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The Cirrus study showed losses for both Cowboy Creek and Greens Hollow creek in the 

Blackhawk Formation and Castlegate Sandstone (USFS, 2005). Greens Hollow did not flow 

in the Blackhawk Formation. Cowboy Creek and Greens Canyon had both gains and losses 

in the Blackhawk Formation. Cirrus noted that the results oftheir gain/loss study might not 

be representative of the gains and losses that may occur during other seasons or other years. 

Box Canyon Creek is a tributary drainage to Muddy Creek that is situated a considerable 

distance east of the Greens Hollow Tract boundary. Box Canyon is mostly isolated from the 

Greens Hollow Tract by the upland Big Ridge area and also by the deeply incised Greens 

Canyon. Consequently, groundwater and surface-water systems in Box Canyon should not 

be influenced by proposed mining ,activities in the Greens Hollow Tract. 

Discharge in Muddy Creek is substantial. The long-term average annual flow rate (1952-

2012) at the USGS gauging station near Emery, Utah (station 09330500) is 37.5 cfs (USFS, 

2005). The surface area drained by Muddy Creek at station 09330500 is 105 square miles. 

The headwaters of Muddy Creek are situated north of the Greens Hollow Tract in the upland 

area bounded by White Mountain, Heliotropoe Mountain, and Ferron Mountain. During the 

springtime snowmelt runoff event, discharge in Muddy Creek usually peaks in the late 

springtime (May or June) coincident with the peak of the springtime snowmelt runoff with 
ii'l' 

discharge rates exceeding 100 cfs. During wet climatic cycles, discharge in Muddy Creek 
APR 19 2018 

during the springtime runoffhas exceeded 500 cfs. During the late sununer and fall monsoon 
,1/ (. 'II 

. ' . r. -'.~ ", I~'illi"" 
season, large discharge rates of several hundred cfs also occur occasionally. Dunng '-, 

baseflow conditions, discharges of less than 10 cfs in Muddy Creek are not uncommon. It 
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should be noted that there are several water storage reservoirs in the Muddy Creek 

headwaters area (USFS, 2005). The timing of water releases from these reservoirs can affect 

the discharge rates occurring in Muddy Creek below the headwaters area. 

Historic discharge rates have been measured by the USGS at station 09330500 since 1910. 

Field and laboratory water quality parameters have also been analyzed periodically on water 

samples from Muddy Creek by the USGS. 

Water quantity and water quality in the South Fork of Quitchupah was monitored by Cirrus 

personnel at station M-STR08 from 2002-2004 (Tables 2a, 2b). Water quantity and water 

quali.ty measurements have been performed on behalf of the ~ufco Mine at various 

monitoring stations on Muddy Creek since 1997. 

Petersen Hydrologic 2015 Gain/Loss Study on Muddy Creek 

A gain/loss study of Muddy Creek was performed by Petersen Hydrologic during low-flow 

conditions on 28-29 October 2015. The results of the study, including discharge 

measurement locations and measurement results, are presented in Table 7 and also plotted on 

Figure 9. Field water quality parameters, including temperature, pH, and specific 

conductance, were measured at each of the stream monitoring stations. The':wah~r quality 

information is also provided in Table 7. APR 1 9 2018 

The purpose of the study was to determine whether Muddy Creek gains or loses appreciably 

as the creek flows past the Greens Hollow Tract and downstream to the USGS gauging 
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station near Emery, Utah. Over this reach of Muddy Creek, the stream crosses the 

Blackhawk Formation, Star Point Sandstone, and Mancos Shale. It is acknowledged that 

because of the appreciable flow in Muddy Creek and the inherent margin of error associated 

with conventional discharge measurement techniques, small gains or losses in the stream 

would not be detected in this gain/loss study. 

Discharge measurements were performed using the velocity-area method as described in 

United States Geological Survey Circular (1995). The measurements were performed using 

a Marsh-McBimey model 2000 electromagnetic current velocity meter. Based on our 

professional experience and the prevailing stream conditions we estimate that the discharge 

measurements ar~ accurate to within about 5 to 10 percent of actual valu~s. It should be 

noted that the gain/loss study was performed over a two day period of time. Considerable 

effort was taken to select a time for the performance of the test when optimal weather 

conditions would prevail in the drainage. The dates chosen for the performance of the study 

(28-29 October 2015) were selected after monitoring weather forecasts that predicated a 

precipitation-free window at that time that would include the two testing days as well as 

several precipitation-free days prior to the test. The testing dates were also selected based on 

predicted air temperatures in the area to ensure that air temperatures would remain above 

freezing to minimize the potential influence of freeze/thaw conditions in the watercourse 

during the test. Unfortunately, some intermittent light to moderate intensity rain fell during 

the period ofthe test, which could possibly have influenced the discharge rate~ in the creek. 

However, it is our opinion that the effects of the intermittent light to moderate preABRattdh 2018 

likely did not excessively influence the discharge rates in the Muddy Creek1i¥aiIHl~~U J i' i i :;, "~I 
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Discharge rates measured at Muddy Creek gauging Station #1 and Station #2 were 4,320 

gpm and 4,580 gpm, respectively. These two discharge measurements vary by 5.7 percent, 

which is within the estimated margin of error for the utilized measurement technique. 

Accordingly, there is no statistically significant indication of a gain or loss of flow in this 

reach of Muddy Creek. Between Muddy Creek Station #2 and Station #3, measured inflows 

from side tributaries 2a, 2b, and 2c, totaling 775 gpm, entered Muddy Creek. Thus, ifthere 

was no loss or gain of flow in this reach, the total flow in Muddy Creek anticipated to arrive 

at Muddy Creek Station #3 is 4,580 gpm plus 775 gpm, or 5,355 gpm. The discharge 

measured at Muddy Creek Station #3 was 5,350 gpm, which is very close to the 5,355 gpm 

projected discharge at Station #3. Accordingly, there is no statistical indication of a gain or 

loss in the discharge in Muddy Creek in this reach of the watercourse. The measured 

discharge at Muddy Creek Station #4 was 4,890 gpm. The discharge measurements for 

Station #3 and Station #4 vary by 9.4 percent, which is within the projected statistical error of 

these measurements, although it is near the upper limit of the error range. It is possible that 

the difference in the measured discharge rates between these two stations is a reflection of 

the intermittent light to moderate precipitation that was occurring in the drainage at that time. 

The first occurrence ofrain in the drainage on 29 October 2015 occurred as monitoring at 

Station #4 commenced. The discharge measurement performed at Station #3 occurred about 

four hours later in the day as the light to moderate rain in the drainage had been ongoing. It 

is noteworthy that, based on 20 years of monitoring flows under seasonal conditions in 

Muddy Creek at Station #3 (Pines 405) and Station #4 (Pines 406b), appreci'able gains or 
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losses of discharge in the creek as it flows between these two stations has generally not been 

noted. 

The results of the water quality measurements performed coincident with the discharge 

measurements do not indicate any unanticipated changes in the water quality parameters that 

might be indicative of appreciable groundwater/surface water interactions (gains of water 

with varying water quality). 

Quitchupah Creek Drainage 

The southern portions of the Greens Hollow Tract and adjacent area are within the 

.Quitchupah Creek drainage (Figure 8). Quitchupah Cr~ek flows into Muddy Creek 

approximately 15 miles southeast of the Greens Hollow Tract near the Interstate 70 crossing 

of Muddy Creek. Most of the Greens Hollow Tract area within the Quitchupah Creek 

drainage is within the North Fork of Quitchupah Creek drainage. A small area in the extreme 

southern portion of the Greens Hollow Tract is within the South Fork of Quitchupah Creek 

drainage. Lands adjacent to the southern portions of the Greens Hollow Tr~ct are also within 
!; 

the South Fork of Quitchupah Creek surface water drainage. 

APR 1 9 2018 
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Long-telID monitoring of the North Fork of Quitchupah Creek (1979-2016) has taken place at 

monitoring site Sufco 007 (North Fork Lower) (Figure 2). Long term monitoring of the 

South Fork of Quitchupah Creek (1979-2016) has taken place at monitoring site Sufco 006. 

Additionally, supplemental monitoring at site Sufco 006A on the South Fork of Quitchupah 
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has been performed since 2010. Monitoring at station Sufco 006B occurs a short distance 

below the long-term Sufco 006 station. 

The North Fork of Quitchupah Creek drainage extends from its headwaters area on the White 

Mountain within the Flagstaff Limestone eastward across entire thicknesses of the North 

Hom Fonnation and the Price River Fonnation to monitoring station Sufco 007 (NOlih Fork 

Lower) which at the lower (eastern) margin of the Greens Hollow Tract boundary. A short 

distance further to the east, the stream flows into the steep-walled North Fork of Quitchupah 

Creek gorge. 

Discharge measured at Su.fco 007 (North Fork Lower) on the North Fork is a function of 

seasonal and climatic variability. Yearly discharge peaks are readily apparent in the 

discharge hydro graph for the South Fork (Attachment B). The yearly discharge peaks 

typically occur during the second quarter monitoring event (usually in Mayor June) in 

response to the annual snowmelt event. The minimum flow monitored during a year 

typically occurs during the 4th quarter monitoring event (usually in October or November) as 

seasonal water is gradually drained over the summer and fall months. 

The peak and baseflow discharge rates in the North Fork of Quitchupah Creek increased 

markedly in response to significantly wet periods that occurred in the early 1980s, the late 

1990s, and the mid-2000s (Attachment B). Peak and baseflow discharge rates were low in 

the creek during the early 1990s and early 2000s in response to regA)rt~l drought conditibAs 

that prevailed during these times. 
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The South Fork of Quitchupah Creek extends mostly in the area adjacent to the Greens 

Hollow Tract from its headwaters region in the North Hom Formation along the western 

flanks of White Mountain in a southeasterly direction for a distance of about 2.5 miles to 

monitoring site Sufco 006. Monitoring site Sufco 006 is situated a short distance above the 

contact between the Price River Formation and the underlying Castlegate Sandstone (Figure 

4). To the east of Sufco 006 the drainage enters the deep, steep-walled South Fork of 

Quitchupah Canyon gorge where the stream course initially flows across the Castlegate 

Sandstone and then in the lower reaches of the canyon it flows across the Blackhawk 

Formation that is present in the bottom of the canyon (Figure 4). 

Discharge rates measured in the South Fork of Quitchupah Creek at Sufco 006 are usually 

less than those flowing at the same time in the North Fork of Quitchupah Creek (Table 2a). 

Discharge in the South Fork is a function of seasonal and climatic variability. Yearly 

discharge peaks are readily apparent in the discharge hydro graph for the South Fork 

(Attachment B). The yearly discharge peaks typically occur during the second quarter 

monitoring event (usually in Mayor June) in response to the annual snowmelt event. The 

minimum flow monitored during a year typically occurs during the 4th quarter monitoring 

event (usually in October or November) as seasonal water is gradually dn~ined over the 
r: . 

summer and fall months. o 
APR 19 2018 
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The peak and baseflow discharge rates in the South Fork increased markedly in responsth6 ; 

significantly wet periods that occurred in the early 1980s, the late 1990s, and the mid-2000s 

(Attachment B). Peak and baseflow discharge rates were low in the creek during the early 
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1990s and early 2000s in response to regional drought conditions that prevailed during these 

times. Discharge is sometimes completely absent in the South Fork of Quitchupah Creek at 

monitoring site Sufco 007 during the fall and winter months. The periodic lack of substantial 

discharge in the creek during the fall and winter is likely due to a combination of factors 

including 1) diversion of the water in upstream locations at the crude stream diversion 

(discussed below), and 2) the influence of climatic variability (drought conditions). 

It is noted that the Skutumpah Creek drainage is present to the southwest of the Greens 

Hollow Tract (Figure 2). No portion ofthe Skutumpah Creek drainage is present within the 

Greens Hollow Tract. However, it is noteworthy that the quantities of surface water flowing 

in SkutuPlpah Creek and the South Fork of Quitchupah Creek ar~ influenced by a crude 

stream diversion. The crude undeveloped surface diversion on the South Fork of Quitchupah 

Creek that diverts surface water to the Skutumpah drainage is present in the south-central 

portion of Section 15, T21 S, R4E (Figure 8). Historical information on the magnitude of 

water diverted from the South Fork to Skutumpah Creek at this location is not available. 

Additionally, a United States Forest Service diversion for stock watering use is present 

higher in the drainage. 
APR 1 9 2018 
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Surface waters in both the North Fork and the South Fork of Quitchupah Creek as monitored 

at Sufco 007 (North Fork Lower) and Sufco 006, respectively, are generally ofthe no-

dominant cation - bicarbonate geochemical type. Sodium, Calcium, and Magnesium are all 

present in appreciable quantities. The variability ofthe TDS concentrations of surface waters 
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in the North Fork and South Fork is likely attributable to 1) diluting effects of seasonal low-

TDS snowmelt waters, and 2) the dissolution of soluble minerals commonly known to occur 

in the Price River Formation (Petersen Hydrologic, 2010). 

A gain/loss investigation of the South Fork of Quitchupah Creek was performed on 1 June 

2012. At the time ofthis survey, discharge in the South Fork was essentially absent. The 

absence of flow was likely attributable to the combination of the effects of the prevailing 

drought conditions, and also to likely diversions of water at up-gradient locations. Because 

of the lack of water in the stream channel at that time, observations of areas potentially 

contributing baseflow to the stream channel could readily be observed. It was noted during 

that survey that a m~ager discharge ofless than 1 gpm was present at monitopng site 006A. 

Discharges ofless than 1 gpm were intermittently present in the reach between 006A and 

Sufco 006 (which was considered likely to represent the re-emergence of water originating at 

upstream locations as alluvial seepage into the creek where it was forced to the surface as a 

result ofthe alluvial geometry). 

11.0 PROBABLE HYDROLOGIC CONSEQUENCES DETERMINATION 

The following section describes the Determination of Probable Hydrologic Consequences of 

Coal Mining in the Greens Hollow Tract. 
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728.100 Quality and quantity of surface water and groundwater under seasonalflow 

conditions 

Infonnation on Quantity and quality of surface-water and groundwater under seasonal flow 

conditions in the Greens Hollow Tract and surrounding areas is presented in Tables 2a and 

2b. Additional information on groundwater and surface-water quality and quantity in and 

around the Greens Hollow Tract has been submitted electronically to the Utah Division of 

Oil, Gas and Mining through the on-line coal water quality database, which is freely 

accessible and located at: http://ogm.utah.gov/coal/edi/wgdb.htm. 

Discharge hydrographs for springs and seeps in the Greens Hollow Tract and adjacent areas 

are presented in Attachment A. Discharge hydro graphs for streams in the Greens Hollow 

Tract and adjacent areas are presented in Attachment B. Also included in Attachments A and 

B are plots of temperature, pH, and specific conductance in addition to a plot of the Palmer 

Hydrologic Drought Index. 

728.200 Baseline hydrologic information 

Spring and seep surveys were conducted at the Greens Hollow Tract by Cirrus Ecological 

Solutions, LC for the U.S . Forest Service beginning in 2001. As part of the spring and seep 

surveys, groundwater and surface-water discharge rates and field water- quality parameters, 

. including water temperature, pH, specific conductivity, were measured. Sprin'g and seep 

locations were determined in the field using hand-held GPS receivers. 
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Baseline monitoring of selected springs and streams, including laboratory water quality 

analyses, were performed in the Greens Hollow Tract and surrounding areas during both 

high-flow and low-flow conditions from 2002 to 2004. The results of baseline monitoring at 

the Greens Hollow Tract and adjacent areas are listed in Tables 2a and 2b. 

Additional monitoring of springs, streams, and wells was performed previously by the United 

States Geologic Survey (Thiros and Cordy, 1991) as part of a hydrologic reconnaissance of 

the Quitchupah and Pines areas. Additional baseline hydrologic data for the Greens Hollow 

Tract area have been submitted electronically to the Division of Oil, Gas and Mining Coal 

Water Quality Database, which are available on line at: 

http://omn.utah.gov/coaUedi/wgdb.hun. 

728.310 Whether adverse impacts may occur to the hydrologic balance 

The hydrologic balance is the sum of the flow interactions between surface waters and 

groundwaters and between various groundwater flow systems. This section describes the 

potential for adverse impacts to the hydrologic balance as a result of coal miIilrtg activities in 

the Greens Hollow Tract and adjacent area. 
APR 19 2018 
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For reasons described in previous sections of this report, the potential for the establishment 

of hydrodynamic communication between the shallow, active-zone groundwater systems that 

support spring and seep discharges in the Greens Hollow Tract and the deep, inactive-zone 

groundwater systems that will likely be encountered in the underground mine workings of 

the Sufco Mine is considered remote. Accordingly, while the deep inactive-zone 
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groundwaters held primarily in sandstone paleochannels immediately overlying the mined 

coal seam will be dewatered through mining activities, it is considered highly unlikely that 

surface waters or shallow ground waters could migrate from the near surface into the 

underlying mine workings where the depth of cover exceeds 800 feet (which includes all 

proposed mining areas in the Greens Hollow Tract). 

Active-zone groundwater systems in near-surface sediments and strata in the Price River and 

North Hom Formations, where overburden thicknesses are greater than about 800 feet should 

not be impacted by mining operations. This conclusion is based on the following lines of 

evidence: 

1) The Price Rivt?r and North Hom Formations are known to contain abul!dant, 

relatively thick shale and claystone layers. These low-permeability layers 

inhibit the vertical migration of groundwater into deeper strata. Additionally, 

the Mesa Verde Group shales and claystones in the region are known to 

contain hydrophyllic clays which are of low permeability and swell when 

wetted to effectively seal subsidence cracking. Clays in the North Hom and 

Price River Formations have been determined to contain about 24 percent 
:' " 

':' . 

smectite clay which swells when wetted effectively sealing fractures and 

stopping the downward flow of water (DOGM, 2005). APR 1 9 2018 

2) While surface cracking in these formations (which typica~lY!ehehd ' I~Ssth~ri. ~ '.!i 

about 50 feet below the land surface) can occur as a result of subsidence, the 

presence of uncompromised shale or claystone layers beneath the subsidence 

cracked zone prevents further downward migration of groundwater into 
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deeper fonnations. Additionally, unconsolidated soils and weathered shales 

and clays are known to be present in North Hom- and Price River-derived 

sediments regionally. In areas where these fonnations are present near the 

surface and where tension cracking may occur, the tension cracks would likely 

remain open for only short periods of time. This is because the weathered or 

unconsolidated clayey or shaley sediments derived from these fonnations are 

typically plastic in nature and of low-penneability. These materials, through 

infilling or in-place swelling, tend to rapidly heal all but the largest tension 

cracks, minimizing impacts to local groundwater flow regimes. That this is 

the case is supported by decades of previous experience in the Wasatch 

Plateau and Book Cliffs co.al districts of Utah, where literally hundreds of 

springs discharging from these fonnations have been undennined without 

perceptible or quantifiable impacts occurring to groundwater and surface-

water quality or quantity. 

APR 1 9 2018 
" , 

It should be noted that, while the downward migration of shallow grouhdwater irito', deener" '~ii! i f i',-, 

geologic fonnations is unlikely to occur, the potential exists for the moving of groundwater 

discharge locations at the surface. Occasionally, where near-surface tension cracking is 

extensive, spring discharge locations may be moved to locations a few to several tens of feet 

topographically lower than the original spring discharge location. For example, if a low-

penneability perching layer upon which groundwater was flowing toward a spring were to be 

compromised as a result of extensive tension cracking, the discharge previously flowing to 

the spring could be rerouted through the fractured perching layer downward until a lower 
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uncompromised perching layer was present. Under this scenario, the post-mining discharge 

location for the spring would likely occur where the lower perching layer first intersected the 

ground surface in a down-dip location. 

In considering the proposed coal mining activities in the Greens Hollow Tract, it is 

infonnative to consider the response of Castlegate Sandstone groundwater systems to 

previous coal mining activities in the Pines Tract at the Sufco Mine. At the Pines Tract area, 

the Castlegate Sandstone is exposed at or near the surface over large portions of the 

tract. The pre-existing joints and fractures in the brittle sandstone bedrock are apparent in the 

field are clearly visible in aerial imagery from the area. The thin soil that covers the 

Castlegate ~andstone bedrock in some locations generally consists predominantly ofloose, 

clean sand, which is likely penneable. The potential for groundwater recharge through the 

exposed fractured Castlegate Sandstone bedrock is substantial. The potential for lateral 

perched groundwater flow through the fractured shallow sandstone is also appreciable in the 

gently sloping topography ofthe Pines Tract. Field observations of spring discharge 

mechanisms in the Pines area suggest that the springs discharge from fractured sandstone 

horizons, commonly where a thin (a few inches thick) clay-rich parting that is interbedded 

within the sandstone perches horizontal groundwater flow. Groundwater flows along the 

bedding plane/perching layer down-dip until the flowpath intersects the canyon wall fonning 

a spring. When longwall mining occurred in the Pines Tract area beneath the springs and 

subsidence of the land surface occurred, discharges to the surface at some of the spring 

locations ceased. Based on site observations, it is apparent that discharges at these springs 

ceased when the existing joints dilated and/or additio~al fractures fonned ~n response to 
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subsidence. It is considered likely that the thin, clay-rich layers that perched the groundwater 

flow to the spring were also compromised with the subsidence fracturing. With the perching 

layer compromised, the shallow, perched groundwater that previously flowed to the spring 

likely migrated into deeper strata until encountering impermeable layers within the 

underlying Blackhawk Formation and causing the groundwater to discharge at a new or 

existing discharge point. 

Thus, it is evident that important factors contributing to the responses of the Castlegate 

Sandstone springs to mining in the Pines Tract included: 

o The brittle, jointed characteristics of the near-surface Castlegate Sandstone 

framework at the Pines Tract 

o The shallow depths of groundwater flow in the Castlegate Sandstone - within 

the depths below the surface to which near-surface subsidence fractures 

typically propagate 

o The fact that the thin, clayey perching layers interbedded in the brittle 

sandstone could be compromised by the subsidence-related near-surface 

ground movement. 

o Recharge to the Castlegate Sandstone occurred where the sandstone was at or 

very near the surface under perched conditions. 
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In considering the proposed mining at the Greens Hollow Tract, it is important to note that 

the hydrogeologic conditions described above for the Pines Tract areas are fundamentally 

different from those anticipated in proposed Greens Hollow Tract mining areas. 

The Price River Formation and North Hom Formation are present at the surface in almost all 

of the proposed mining area at the Greens Hollow Tract. Groundwater flow in these 

formations occurs primarily in sandstone units that are interbedded with thick sequences of 

low-permeability shale that generally deform plastically rather than in a brittle manner in 

response to subsidence mining. Additionally, swelling clays have been identified in the 

overburden that swell when wetted (USFS, 2014). Accordingly, impacts to groundwater 

systems in these formations such as those that occl:lrred in the Pines Tract are not anticipated 

for the Greens Hollow Tract. Rather, it is anticipated that groundwater flow conditions 

within the Price River Formation and North Hom Formation will generally be maintained 

during mining, as has been the previous experience elsewhere in mining operations at the 

Sufco Mine and other mining operations in the Wasatch Plateau coal mining di$trict. 

APR 1 9 2018 
Additionally, in order to protect hydrologic resources along perennial streal1};yq.ur~e~" :~h~ 

" . 

lease stipulations for the Greens Hollow Lease specify the use of non-subsidence (full-

support) mining methods in areas within the lease where the Castlegate Sandstone is exposed 

at the surface or covered by less than 50 feet of Price River Formation or North Hom 

Formation sediments. Within the Greens Hollow Tract, these specified areas include 

portions ofthe lower Cowboy Creek, lower Greens Hollow, and Muddy Creek drainages. 
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Consequently, longwall mining and accompanying subsidence in areas where the Castlegate 

Sandstone is exposed at or near the surface - as was the case in portions of the Pines Tract-

is not proposed for the Greens Hollow Tract. 

It is noteworthy that while the discharge locations of some springs were moved as a result of 

subsidence of the drainage, several other springs in and around the subsided areas of the East 

Fork of Box Canyon were not affected by the undermining ofthe drainage. This observation 

suggests that the movement of some spring discharge locations was a likely a local-scale 

phenomenon and apparently not a regional change in the Castlegate Sandstone groundwater 

system in the drainage. 

Mine workings in the Greens Hollow Tract wi11likely intercept primarily ancient, perched 

groundwater systems in sandstone channels in the mine roof. Groundwater inflows along 

fault zones that may be intercepted by the mine workings in the Greens Hollow Tract may 

also occur. Although it is never possible to predict with certainty the nature and magnitude 

of groundwater inflows that will be intercepted in a new coal mining area, based on the 

similarity of the geologic and hydrogeologic conditions at the Greens Hollow Tract to 

adjacent mining areas at the existing Sufco mine, it is considered likely that groundwater 

inflows in the Greens Hollow Tract will be short lived and of magnitudes similar to those 

encountered previously in the Sufco Mine. Mining operations will dewater these ancient, 

perched groundwater systems. However, because these systems are not in good hydniulic 

communication with the ground surface or shallow overlying active-zone groundwatM'R 1 9 2018 
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systems, dewatering of the deep perched systems will likely have no impact on overlying 

groundwater or surface water regimes. 

As discussed previously, inactive-zone groundwater systems in the Blackhawk Formation 

occur in isolated partitions that are not in good hydraulic communication with the land 

surface or shallow overlying active-zone groundwater systems that support springs and seeps. 

Therefore, it is likely that the groundwater that will be intercepted in the Blackhawk 

Formation in the Greens Hollow Tract will be groundwater being removed from storage. 

Because inactive-zone groundwater systems are not in hydraulic communication with the 

land surface or shallow, active-zone groundwater systems, groundwater being removed from 

the Blackhawk Formation is like~y not being replenished to any appreciable extent by 

recharge from adjacent or overlying groundwater systems or from infiltration of surface 

waters. 

At any coal mine, subsidence-related interruption and deformation of strata above longwall-

mined areas has the potential to alter the pre-mining groundwater flow conditions. The 

potential for this impact to affect groundwater and surface-water resources in the Greens 

Hollow Tract is low. Subsidence ofthe land surface overlying coal mining areas is a 

commonly observed phenomenon in the Utah coal mining environment. Surface subsidence 

h h k I . . d . h 'd I ft b hAPR 1 9 2018 can occur were t e roc strata over ymg mme -out areas sags mto t e VOl s e y t e 

Div., (-I i 
extraction of the coal. The United States Mine Safety and Health Administration (MSHA ' 

2009) describes zones of disturbance of geologic strata over mine workings. These zones 

include: 
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• Floor heave - Upward thrust of the floor in the mine working area. 

• Caved zone - Caving of the overburden directly over a mine void and bulking of the 

caved material leading to support of overlying strata generally extending to a height 

of 3 to 10 times the extraction thickness. Assuming an extraction thickness of 10 

feet, the caved zone would extend from 30 to 100 feet above the mining interval. 

• Fractured zone - A zone of vertical fracturing and bed separations. Overburden in 

this zone moves vertically in large blocks along existing joints and new vertical 

fractures. Typically this zone extends no more than 24 times the extraction thickness 

above the mine, but can reach 30 times the extraction thickness. Assuming an 

extraction thickness of 10 feet, the Fractured Zone would be anticipated to extend no 

more than 240 feet above the mine, possibly reaching 300 feet above the mine level. 

• Main roof - This zone, which is sometimes subdivided into the Dilated Zone and the 

Constrained Zone, is an area of no significant increase in vertical hydraulic 

conductivity. This zone has been characterized as extending above the Fractured 

Zone up to 60 times the extraction thickness. Assuming a coal extraction thickness of 

10 feet, the Main roof zone would extend for 600 feet above the mine level. 

• Surface zone - Surface cracks are typically present in this zone and are generally 

limited to areas placed in tension by subsidence. Cracks can be created in dry clayey 

soil and joints can open in massive sandstones. Such cracks can ex~end downward to 

a depth of 50 feet. 
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Similarly, in order to estimate the height overlying mining areas to which subsidence-

induced fracturing may extend, and to project minimum overburden thickness required to 

protect hydrologic resources, the Society for Mining, Metallurgy, and Exploration (SME, 

2011) has developed empirical relationships between the thickness of the extracted coal seam 

and the upward fracture propagation distances (see SME Chapter 10.6, "Mine Subsidence"). 

Utilizing these relationships, the Mining Engineers Handbook recommends that a minimum 

vertical distance between the mine and an overlying water body with the potential for causing 

catastrophic damage should be a minimum of 60 times the coal mining height. The same 

minimum vertical separation distance is recommended for protection of aquifers overlying 

total extraction mining areas. Based on these considerations, it is considered unlikely that 

impacts to grou.ndwater aquifers, springs, seeps and streams will occur ~s a result of 

upwardly propagating fracturing in areas where the overburden exceeds 600 feet. Because 

mining in the Greens Hollow Tract will occur in areas where the overburden exceeds 800 

feet, subsidence-related impacts to shallow groundwater systems that support springs and 

provide baseflow to streams are not anticipated. The presence of a thick zone of unfractured, 

low-permeability bedrock prevents the downward migration of active-zone groundwaters 

into the deeper subsurface. Sealing of subsidence cracks by clays in the Blackhawk 

Formation is expected to minimize long-term effects of subsidence on the hydr010gic systems 

(DOGM, 2013). APR 1 9 2018 

Previous experience at the Sufco Mine suggests that the surface tension fractures commonly 

extend to about 50 feet or less below the land surface. Thus, in the Greens Hollow Tract, a 

sequence of several hundred feet of un fractured rocks wi1llikely exist between the bottom of 
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the shallow tension cracks near the surface and the top of the fractured zone above longwall 

mined regions. This sequence oflow-permeability rock prevents the downward migration of 

active-zone groundwaters into the deeper subsurface. The presence ofhydrophyllic clays in 

the fine-grained rocks of the Sufco Mine area effectively seal fractures that may form in the 

subsurface, preventing appreciable downward migration of groundwater. 

Impacts to groundwater systems in the Star Point Sandstone, which underlie the coal seams 

to be mined in the Blackhawk Formation, are not anticipated. Springs discharging from the 

Star Point Sandstone (spring Sufco 047 and groundwater seepage areas related to Sufco 

047 A) are associated with fractures in the sandstone bedrock that are stratigraphically lower 

than the Upper Hiawatha C<?al seam to be mined. As discussed previously, the Upp.er 

Hiawatha Coal seam is underlain by shaley lagoonal sediments that include the Lower 

Hiawatha Coal seam, which would isolate the Upper Hiawatha coal seam from the 

underlying Star Point Sandstone. Mayo and Associates (1997) indicate that there is no 

known or suspected hydrologic connection between in-mine groundwaters and groundwaters 

discharging from the Star Point Sandstone. We concur with this conclusion. 

APR 19 2018 

In summary, based on the characterization of groundwater and surface-wat~~ ~ysteihs i 

presented above, and on the proposed mining plan, no significant impacts to the overall 

hydrologic balance are anticipated as a result of mining in the Greens Hollow Tract. 

It is noted that discharge from a spring located on the adjacent Pines area of the Sufco Mine 

permit area appears to have been impacted by mining operations at the Sufco Mine. This 
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spring (Pines 303) discharges from a sandstone channel that overlies the mined coal seam by 

only 100 feet. The decreased discharge from this spring is likely attributable to the 

interception of the sandstone paleochannel that supports the spring by the underground Sufco 

Mine workings. It should be noted that the potential for this occurrence was discussed in the 

Pines Tract EIS (1999) prior to coal mining in the Pines Tract. Because there are no springs 

that discharge from sandstone channels in the Blackhawk Formation stratigraphically near 

the coal seams in the Greens Hollow Tract area, this potential impact to springs should not 

occur in the Greens Hollow Tract area. 

Tension cracking of the substrate of a perennial stream has the potential to temporarily divert 

surface waters. The potential for loss of surface wate~s to deeper groundwater systems 

through downward migration of water through subsidence fractures in the Greens Hollow 

Tract area is considered minimal. This is because, as discussed previously, the thick 

perching layers underlying perennial streams would not likely be compromised a~ a result of 
;! 

tension fracturing. This is the case for two reasons. First, the hydraulic conductivites of 

APR 1 9 2018 
underlying bedrock formations are low and permeable horizons are lenticular and 

discontinuous. Thus, the underlying bedrock is not capable of accepting appreciable 

quantities of stream leakage, and rejected recharge occurs. Second, the presence of swelling 

clays in the bedrock formations in the Greens Hollow Tract area causes the rapid healing of 

tension cracks in fine-grained bedrock lithologies. Surface cracks in stream substrates that 

occur in more brittle sandstones would be filled with clay-rich sediment transported from the 

North Hom and Price River Formations by the streams in the Greens Hollow Tract area. 

Because, as discussed previously, active-zone groundwater systems will likely not be 
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impacted by subsidence fracturing, the potential for diminution of base flow in perennial 

streams is considered remote. Thus, the overall potential for detrimental effects resulting 

from subsidence fracturing beneath perennial streams in the Greens Hollow Tract area is 

believed to be low. 

728.320 Whether acid-forming or toxic-forming materials are present that could result in 

the contamination of surface water or groundwater supplies 

Acid- and toxic-forming materials in soil and rock disturbed by mining have to potential to 

impact groundwater and surface water quality. Mine discharge water from the Sufco Mine is 

routinely monitored for indicators of increased acidity (iron, manganese, and pH) and toxic 

materials . . Although the concentrations of iron in mine discharge water are occasionally 

elevated relative to springs in the region, mine discharge waters rarely exceed permitted 

discharge limits. 

No new topsoil or waste rock piles are planned as a consequence of mining in the Greens 

Hollow Tract and no impact from acid- or toxic-forming materials is anticipated. 

APR 19 2018 
,. 
Jf if i'·! , ',', " 

With the exception of modest quantities of pyrite or similar sulfide minerals; no sighilficanf ::. 

quantities of any acid- or toxic-forming materials are believed to be present in the Greens 

Hollow Tract area. Iron pyrite, marcasite, and other iron sulfide minerals are common in 

western coal mines. The oxidation of pyrite and marcasite, when exposed to water and 

oxygen, releases H+ ions (acid) into the mine water. The acid produced from pyrite and 

marcasite oxidation temporarily lowers the pH of the water. However, the acid produced 
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from pyrite oxidation is rapidly consumed by reactions with the carbonate minerals which are 

pervasive in the rocks associated with the coal fields of the Wasatch Plateau. Thus, acid 

mine discharge does not occur. The iron released into the water from pyrite and marcasite 

oxidation is readily precipitated as iron-hydroxide when it contacts oxygenated water. 

Thus, the potential for acid-forming or toxic-forming materials to result in contamination of 

surface-water or groundwater supplies is believed to be negligible. 

728.331 What impact the proposed coal mining and reclamation operation will have on 

sediment yield from the disturbed areas 

The sediment load of streams can be, impacted by increased sediment yield from disturbed 

areas and from land that has undergone subsidence. Canyon Fuel Company has implemented 

a rigorous sediment control program that is designed to minimize the sediment yield from 

disturbed areas. This includes the use of sediment control fences, re-vegetation of previously 

disturbed areas, and the diversion of surface waters around disturbed areas. Runoff from 

disturbed areas is collected near its source and diverted into sediment control ponds for 

retention and settlement of suspended solids before it is discharged to natural drainages. 

Because the Greens Hollow Tract will be accessed through the existing Sufco Mine, the 

potential for additional impacts at the disturbed surface facilities resulting from coal mining 

in the Greens Hollow Tract is minimal. APR 1 9 2018 

Where differential subsidence of the land surface occurs in stream drainages, there is the 

potential for the temporary increase of sediment yield in these drainages. This potential 
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impact is primarily the result of subsidence-induced gradient changes along areas of 

differential subsidence. However, this effect is generally expected to be short lived. This is 

because the channel substrate in areas of increased stream gradients is down-cut while 

sediment is being deposited in areas of decreased stream gradients and the stream gradually 

returns to equilibrium with its channel substrate. 

728.332 What impact the proposed coal mining and reclamation operation will have on 

acidity, total suspended and dissolved solids and other important water quality 

parameters of local impact 

As discussed previously, impacts to the active-zone groundwater systems that support springs 

and seeps and provide baseflow to streams in the. Greens Hollow Tract and adjacent area are 

not anticipated. Thus, detrimental impacts to important water quality parameters such as 

acidity, total suspended solids, and total dissolved solids in creeks and springs in the Greens 

Hollow Tract area are generally considered unlikely. 
: I 

APR 1 9 2018 

I," i" I' " . 
It should be noted that in the event that subsidence fracturing of bedrock horizon~ 'beneatli ~\,I Ii it<: 

stream or near the discharge location of a spring occurs, there is a potential of a modest, 

temporary increase in TDS concentration. This increase could result if the bedrock horizons 

fractured contained pyrite or other sulfide minerals. When subsidence-fractured rock 

surfaces expose pyrite in an aqueous, oxygen-rich environment, sulfide mineral oxidation 

may occur. Under such circumstances, some solutes, primarily sulfate, bicarbonate, calcium, 

and magnesium, can increase. Such reactions typically do not occur in deep groundwater 

environments because of the lack of available oxygen in these systems. Because the pyrite is 
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consumed by the oxidation reaction, the reaction ceases when all the freshly exposed pyrite is 

oxidized. 

Such an occurrence was noted in a short reach of the East Fork of Box Canyon after the 

stream was undermined in 2003-2004 (Petersen Hydrologic, 2004). In that instance, the TDS 

concentration of water increased in the creek by 66 mg/l from 325 to 374 mg/l. When the 

stream reach was again visited in the spring of 2005, it was apparent that the oxidation 

reaction in the creek had ceased. The iron hydroxide deposits that had precipitated in the 

stream channel as a result of pyrite oxidation had been scoured from the channel and 

conditions in the stream appeared normal. 

Fuels, greases, and oils are stored and used in the Sufco Mine permit area. There is the 

potential for spillage of these substances during equipment maintenance and operations, 

during filling of storage tanks and vehicle tanks, and from leakage from potentially leaking 

storage tanks. However, because the Greens Hollow Tract will be accessed through the 

existing Sufco Mine, the potential for increased releases of these materials ~s a result of 

mining activities in the Greens Hollow Tract above is considered minimal. 
APR \ 9 2018 

Ui'·,j. ,"; "\:, "., 

The Sufco Mine has previously implemented a rigorous spill prevention plan that is designed 

to minimize the potential for spillage of these substances and to ensure that any potential 

spills that may occur are promptly cleaned-up. This plan will continue to be followed during 

mining in the Greens Hollow Tract. Because the Greens Hollow Tract reserves will be 

accessed from the permitted existing surface facilities area (including equipment 
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maintenance and fueling areas and chemical storage areas), there should be no additional 

potential for spillage as a result of mining in the Greens Hollow Tract. 

The discharge of Sufco Mine water to surface water drainages will have an impact on the 

water quality of receiving waters. The nature and magnitude of this impact is related to the 

relative quality of the receiving water and the mine discharge water. If the mine discharge 

water is of poorer quality than the receiving water, then the quality ofthe receiving water 

will be degraded proportionally. Ifthe mine discharge water is of better quality than the 

receiving water, the quality of the receiving water will be improved. Historically, the 

discharge water from the Sufco Mine has generally been of relatively good quality and has 

usually met the beneficial use s~andards of the receiving water (DOGM, 2016). 

Based on the fact that the geologic conditions at the Greens Hollow Tract are generally 

similar to those in the adjacent existing Sufco Mine permit area, it is anticipated that the 

character of groundwater inflows in terms of both quality and quantity will likely be similar 

to those that occur in the existing Sufco Mine. Consequently, no impacts to important water 

quality parameters above those that may occur at the existing Sufco Mine area are anticipated 

as a result of mining in the Greens Hollow Tract. The discharge of Sufco Mine water will be 

regulated under a UPDES permit issued from the Utah Division of Water Quality. 
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728.333 What impact the proposed coal mining and reclamation operation will have on 

flooding or streamflow alteration 

There are no kIlown geologic features in the Greens Hollow Tract area that are substantively 

different than those that have been encountered elsewhere in the Sufco Mine (Personal 

communication, Mark Bunnell, 2017). Mining practices to be utilized in mining the Greens 

Hollow Tract will also be similar to those currently implemented at the Sufco Mine. 

Accordingly, it is anticipated that discharge rates from the Sufco Mine during mining in the 

Greens Hollow Tract will likely be of similar magnitude to those that are currently occurring. 

Thus, no significant increase to the flooding or streamflow alteration potential of Sufco Mine 

discharge water to Quitchupah Creek is anticipated above that currently occurring as a result 

of mining in the Greens Hollow Tract. 

728.334 What impact the proposed coal mining and reclamation operation will have on , > ) 

groundwater and surface-water availability APR 1 9 2018 

It has been demonstrated that the active-zone groundwater systems that support springs and 

seeps in the Greens Hollow Tract area are isolated from the inactive-zone groundwater 

systems that will be encountered during mining in the Greens Hollow Tract. As noted above, 

were bedrock springs or their groundwater flowpath areas in the Greens Hollow Tract to be 

directly undermined and subsided, there is the potential for diminished discharge from these 

springs. However, no Castlegate Sandstone springs are to be undermined in the proposed 

mining plan. Also discussed previously, the potential for impacts to springs and seeps in the 
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overlying Price River and North Hom Fonnations is considered minimal. Therefore, the 

availability of these groundwaters and surface waters will likely not be impacted. 

Current mining operations have made available several hundreds of gallons per minute of 

mine discharge water that has previously been unavailable for use. It is anticipated that as 

mining progresses in the Greens Hollow Tract, additional groundwater inflows into the mine 

workings will occur and discharge of groundwater to the Quitchupah Creek surface-water 

drainage will likely continue. It should be noted that the discharge of mine water at current 

discharge rates would likely not be sustained over a long period of time. Historically, 

discharge rates from individual inactive-zone mine inflows decline over time. This is 

because the inactive-zone groundwater is being removed from storag~ and is not being 

actively recharged. Rather, the rate of discharge from the mine is best correlated with the 

rate at which the mine workings are advanced into new mining areas, and not to the total 

cumulative footprint of the mine workings (Mayo and Associates, 1997). It should not be 

assumed that the groundwater discharging from the mine will be a long-term source ofwat~r. "j 

APR 1 9 2018 

It should be noted that discharge in spring Pines 3 03, which discharges !9-iq~,a ~~r?~~oneF f' ': i r' i 

channel only 100 feet above the mined coal seam in lower Box Canyon, was diminished 

coincident with mining in the Sufco Mine. This condition is likely related to the interception 

and draining of the sandstone channel that supports Pines 303 by the Sufco Mine workings. 

The potential for this occurrence was discussed in the Pines Tract EIS (1999). Because there 

are no springs that discharge from sandstone channels in the Blackhawk F onnation 
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stratigraphically near the coal seams in the Greens Hollow Tract area, this potential impact to 

springs should not occur in the Greens Hollow Tract area. 

728.350 Whether the underground coal mining and reclamation activities may result in 

contamination, diminution or interruption of State-appropriated water 

It has been demonstrated that the active-zone groundwater systems that support springs and 

seeps and provide baseflow to perennial streams in the Greens Hollow Tract area are isolated 

from the inactive-zone groundwater systems that will be encountered during mining 

activities. Accordingly, the potential for contamination, diminution, or interruption of 

groundwater systems resulting from dra~ning of active-zone groundwaters into deep horizons 

(or the mine workings) is considered remote. Inactive-zone groundwater systems that will 

likely be encountered during mining in the Greens Hollow Tract include primarily perched 

systems associated with sandstone channels in the Blackhawk Formation beneath the Greens 

Hollow Tract. While deep, inactive-zone Blackhawk Formation groundwater systems will be 

intercepted and dewatered during mining activities, there are no know~',uses or State ' .' 

appropriations of these waters. APR ,9 2018 

Potential for Trans-Basin Diversion 

The deep, inactive-zone groundwater systems that will be intercepted in the Greens Hollow 

Tract are generally not in strong hydraulic communication with shallow active-zone 

groundwater systems. Consequently, while flow paths of surface-water systems and shallow, 

active-zone groundwater systems are usually constrained in large measure by surface 

Probable Hydrologic Consequences of 
Coal Mining in the Greens Hollow Tract 

78 2 October 2017 (Ver. 4.0) 



) 

PETERSEN HYDROLOGIC, LLC 

topography (i.e. drainage basins), the deep, inactive-zone groundwater systems that will 

likely be intercepted during mining operations in the Greens Hollow Tract (away from 

shallow, near-surface outcrop areas) operate independently ofthe surface topography. 

Consequently, the removal of deep, inactive-zone ground waters intercepted in the 

underground mine environment likely does not result in and quantifiable diminution of 

waters from the overlying surface water drainage basin (i.e. trans-basin diversion). Rather, 

the pumping of the ancient, inactive-zone groundwaters intercepted in the mine workings to 

surface drainages likely makes water resources available to downstream water users that 

otherwise would not be available for use. 

12.0 Recommended Monitoring Plan 

The recommended monitoring plans for groundwater and surface-water in the Greens Hollow 

Tract are presented in Tables 8, 9, 10, and 11. Recommended hydrologic monitoring 

protocols are listed in Table 8. Groundwater and surface-water monitoring sites 

recommended for hydrologic monitoring are presented in Table 9. Recommended field and 

laboratory water quality parameters for groundwaters and surface-waters ,are presented for 
:,' ;' ,L) 

groundwaters and surface waters in Tables 10 and 11, respectively. 
APR 1 9 2018 
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These recommended monitoring plans for groundwaters and surface-waters are designed to 

verify that mining-related activities do not adversely impact groundwater or surface-water 

resources in the tract area, and to quantify impacts to water quantity and water quality in the 

event that impacts do occur. Additionally, the plan is designed to collect data to document 
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that the active-zone springs and streams at the surface in the Greens Hollow Tract area 

operate independently of the deep, inactive-zone groundwater systems encountered in the 

Sufco Mine. The proposed monitoring sites are shown in Figure 9. The monitoring plan is 

summarized in below. 

Springs 

We recommend the monitoring of 26 springs in the Greens Hollow Tract and adjacent area. 

This includes springs that discharge from the North Hom Formation, Price River Formation, 

and Castlegate Sandstone and are distributed over the area where spring discharge occurs. 

Of the 26 springs recommended for operational monitoring, seven are currently part of the 

existing Sufco Water ~onitoring Plan. These springs are listed here for clarity regarding the 

specific springs recommended for monitoring in connection with mining activities at the 

Greens Hollow Tract. It is noted that Price River Formation springs M-SP87 and USP-I are 

essentially the same spring. Thus, monitoring of this groundwater discharge source will be 

designated as M-SP87 in the hydrologic monitoring plan. 

Both discharge and laboratory solute water-quality data from the springs proposed for 

monitoring have been collected during baseline monitoring activities from 2001 - 2004. 

Because the baseline discharge and water quality characteristics of these springs have been 

adequately characterized, we do not recommend monitoring for laboratory water quality 

parameters at these springs. We do recommend routine monitoring of thd6<springs for 

discharge and field water-quality parameters. 
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Streams 

We recommend the regular monitoring of Cowboy Creek at site M-STR04. It is noted that 

this has previously been added to the Sufco Mine monitoring plan. M-STR04 is located on 

Cowboy Creek downstream of the Greens Hollow Tract. As surface waters from a large 

portion of the Greens Hollow Tract area drain into Cowboy Creek, monitoring of discharge 

rates at this site can provide useful data on potential impacts to discharge rates in the Cowboy 

Creek drainage above M-STR04. Similarly, potential cumulative impacts to water quality in 

the drainage can be evaluated at this site. Thus, we also recommend the regular monitoring 

ofM-STR04 for field water-quality parameters. 

We recommend the regular monitoring of Greens Hollow Creek at monitoring site M-

STR06. This station is located on Greens Hollow Creek immediately upstream of the 

drainage entering the steep-walled Castlegate Sandstone canyon. We recommend the 

monitoring of discharge and field water quality parameters at this site. 

APR 1 9 2018 

L> \.i ! ': j' I, : j i ~. ~."\ r ' 

We recommend t~e monitoring of Muddy Creek at site V-Mud. V-Mud is focated '" 'i ' " I' ' !i ; i '~ 

immediately below the confluence ofthe North and South Forks of Muddy Creek above 

proposed mining areas in the Greens Hollow Tract. We recommend the monitoring of 

discharge and field water quality parameters at this site. It should be noted that commonly 

during the second quarter monitoring event, and particularly during wet climatic cycles, the 

discharge rates in Muddy Creek can be high (sometimes exceeding several hundred cubic 

feet per second). When the stream flow is considered by the monitoring personnel to be in an 
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unsafe condition to wade to perform the discharge measurement, the flow may be determined 

using alternate methods. Typically, this may be performed by measuring the time it takes for 

a partially submerged object to float over a known distance and using this information to 

calculate an average stream velocity. 

We recommend the monitoring of Muddy Creek below the Greens Hollow Tract area at 

monitoring site Pines 405. This is a previously established monitoring site on Muddy Creek 

with 20 years of monitoring data previously collected. We recommend that Pines 405 be 

monitored for discharge and field water quality parameters. 

We recommend the monitoring ofSufco 006 (South Fork of Quitchupah Creek) and Sufco 

007 (North Fork of Quitchupah Creek). These sites have been monitored by Sufco since 

1979 and are currently part of Sufco' s approved monitoring plan. We recommend that Sufco 

006 and Sufco 007 be monitored for field and laboratory water quality param'eters. 

APR 19 2018 

In contemplating future mining in the Greens Hollow Tract, it is acknowle4~e . ~!la~:: i, ' 

additional hydrologic data from surface streams will be useful in determining impacts in 

specific mining areas. Accordingly, we recommend that one year of quarterly monitoring at 

selected stream sites above and below proposed mining areas be collected prior to the 

commencement of longwall mining in the area. We recommend that the monitoring continue 

on a quarterly basis during the period of active mining and continuing for one year after the 

mining in the area is completed. The locations of these monitoring locations are shown on 

Plates 7-3 and 7-10 in the Sufco M&RP. 
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Wells 

An in-mine monitoring well will be drilled into the Star Point Sandstone below the coal 

seam. The well will be drilled as close to the Greens Hollow Lease boundary as possible 

with the location being determined by safety and access. The location of the well will be 

added to Plate 7-3 of the Sufco Mine MRP once the well has been completed. The well will 

be monitored during the 2nd
, 3rd

, and 4th quarters of the year for water level. 

Using the Groundwater and Surface-Water Monitoring Programs 

The monitoring plans for groundwaters and surface-waters for the Greens Hollow Tract may 

be used to provid.e verification that mining-related impacts to groundwat~r and surface-water 

systems do not occur, and to determine the magnitude and character of potential impacts if 

they do occur. Comparisons between monitoring data (for the parameter of interest or 

concern) collected during baseline pre-mining conditions should be made with monitoring 

data (for the same parameter or interest of concern) collected during the operational and/or 

reclamation phase of mining to determine impacts. When changes to monitored parameters 

subsequent to mining in an area are observed in the monitoring data, an analysis of all data 

should be performed to determine the cause(s) of the change in the hydrologic condition. In 

utilizing the monitoring data to detect or quantify potential mining-related impac~,s, ,it is 
I:, 

necessary to evaluate all factors relevant to the prevailing hydrologic conditions together 
APR 1 9 2018 

with the monitoring data. This is because other factors, which are not related to the mining 
11 . 

L i ( : ,i"i ", ( ,::,1" " 'I 
J - _ _ _ • '. i ;; !; . : ~ 

activity, may cause changes in the prevailing hydrologic conditions. In particular, climatic 

variability (which may result in increased or decreased groundwater and surface-water flow 
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rates, changes in water levels in wells, and changes in water quality) should be carefully 

evaluated together with the monitoring data. Other factors that may influence coal mine 

hydrology include grazing practices, land use, range condition, and potential effects 

associated with other industrial or mining activity in the area. A convenient and useful 

means of evaluating regional climatic data is through the use of the Palmer Hydrologic 

Drought Index (PHDI). The PHDI is a monthly value that indicates the severity of wet and 

dry spells that is generated by the National Climatic Data Center and available on-line at 

http://wwwl.ncdc.noaa.gov/pub/datalcirs/drd964x.phdi.txt. 

The use of Stiff (1951) diagrams is a useful technique that is frequently used to analyze and 

compare groundwater and surface-water quality characteristics from various sources. 

Information required to create Stiff diagrams is available from the Division of Oil, Gas and 

Mining Coal Water Quality Database, which is freely accessible at: 

http://ogm.utah.gov/coalledi/wgdb.htm. Additional information on coal mining hydrology 

and potential mining-related impacts, which can be used to assist in the evaluation of 

monitoring data and potential mining-related impacts, is provided on the Utah Division of 

Oil, Gas and Mining web page at http://ogm.utah.gov/coal/water/default.htm. 

APR \9 2018 
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for the Greens Hollow Tract 
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Figure 6 
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and surface-waters in the 
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Figure 9 
Proposed groundwater and 
surface-water monitoring sites 
for the Greens Hollow Tract. 
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Table 1 Greens Hollow Tract baseline monitoring site details 

Station 10 
Location 

UTM NA027 
Elev. 
(feet) 

North Hom Formation springs 

M-SP04 464246 4319267 

4319133 

4319121 

4317433 

4317178 

4317141 

4317562 

4319958 

4319397 

4318227 

4316685 

4316124 

4316826 

4318041 

4318025 

4317150 

4319780 

4321192 

4317126 

4317186 

4316092 

4322332 

4316719 

4316302 

4316335 

4316280 

4316155 

4315754 

8,812 

8,937 

8,952 

8,709 

8,820 

8,849 

8,778 

9,237 

8,739 

9,584 

8,811 

8,968 

9,395 

9,163 

9,223 

9,599 

8,505 

8,552 

8,941 

8,920 

8,801 

8,666 

8,975 

8,999 

9,052 

8,971 

8,997 

9,224 

M-SP05 

M-SP06 

M-SP07 

M-SP08 

M-SP09 

M-SP10 

M-SPll 

M-SP12 

M-SP14 

M-SP15 

M-SP19 

M-SP20 

M-SP40 

M-SP41 

M-SP44 

M-SP45 

M-SP49 

M-SP53 

M-SP59 

M-SP60 

M-SP63 

M-SP100 

M-SP103 

M-SP104 

M-SP105 

M-SP106 

94-110 

A2S-1 

Divide Spring 

GW-13 

Spring 99 

D Spring 

464212 

464215 

465280 

464754 

464791 

467693 

462772 

464583 

462545 

463884 

462644 

462191 

463677 

463475 

461759 

465156 

461704 

466373 

466357 

462887 

462054 

463616 

463271 

463250 

463233 

462626 

461800 

461387 4316234 9,460 

461297 4314348 8,840 

467720 4317723 8,600 

461609 4315684 9,352 

461296 4315975 9,541 

Price River Formation springs 

M-SP01 465615 4319979 8,420 

M-SP02 

M-SP18 

M_SP36 

M_SP37 

M-SP38 

M-SP39 

M_SP48 

M_SP54 

M_SP55 

M_SP56 

M_SP57 

M_SP67 

466086 

465794 

463401 

463357 

462767 

4319977 8,335 

4320892 8,295 

4321859 8,253 

4321868 8,235 

4321782 8,273 

466990 4318775 8,225 

462471 4321492 8,324 

462320 4321203 8,370 

462585 4321330 8,324 

462792 4321469 8,332 

463278 4321845 8,184 

463654 4323044 8,191 

Geologic Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

North Horn Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Monitoring Period 

2001-2004; 2015-2017 

2002-2004; 2015-2017 

2001-2004; 2014-2017 

2001-2004 

2001-2004; 2006-2017 

2001-2004; 2011; 2015-2017 

2002-2004 

2001-2004; 2015-2017 

2001-2004; 2015-2017 

2001-2004 

2001-2004; 2015-2017 

2001-2004; 2015-2017 

2001-2004; 2015-2017 

2001-2004; 2015-2017 

2001-2004; 2015-2017 

2001-2004; 2014-2017 

2001-2004; 2015-2017 

2001-2004 

2001-2004; 2006-2017 

2001-2004; 2015 

2002-2004; 2014-2017 

2002-2004 

2002-2004; 2015-2017 

2003-2004; 2015-2017 

2003-2004; 2015-2017 

2003-2004; 2015-2017 

2003-2004; 2015-2017 

2013-2017 

2013-2017 

2013-2017 

1995-2017 

2014-2017 

2013-2017 

2001-2004; 2006-2017 

2001-2004; 2006-2017 

2001-2004; 2006-2017 

2001-2004 

2001-2004 

2001-2004 

2001-2004; 2006-2017 

2001-2004 

2001-2004 

2001-2004 

2001-2004 

2001-2004 

2002-2004 

Baseline 
Field 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Baseline Lab solutes/ 
Lab Anal. metals Comments/Use 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

No 

Yes 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Developed spring with trough - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Developed spring with trough - stock/wildlife use 

Undeveloped spring, flows into pond - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Spring with springbox - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use - Seep 

Developed spring with trough - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use ':::. 
Previously developed spring, now defunct - stock/Wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Developed spring with trough - stock/wildlife us~-: 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - no use apparent 

l> 
-U 
:::0 

t.o 

I'.) 

Undeveloped spg. previously cabin water supply_~ ~ .,_.- CO 
Developed spring, flows to nearby trough - stockl~ildlife use 

Developed spring, flows to nearby trough - stocklVo1i1dlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

':1-:: 

Developed spring, flows to nearby trough - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

r.l 

Undeveloped spring - stock/wildlife use/Multiple sources form single flow 

Undeveloped spring - stock/wildlife use 

Undeveloped spring 



Station ID 

M-SP82 

M-SP87 

M_SP109 

USP-1 

USP-2 

Hansen Seep 

006A Spring 

Skutumpah Spring 

94-113 

A Spring 

B Spring 

Location 

UTMNAD27 

Elev. 

(feet) 

465886 4323447 8,106 

470404 4318092 7,931 

462075 4321387 8,467 

465340 4322471 7,810 

465713 4322578 7,810 

462514 4313461 8,399 

462827 4312962 8,330 

460903 4313360 8,400 

469793 4305169 8,317 

460639 4313578 8,520 

460661 4313547 8,520 

Geologic Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price River Fm. 

Price Riller Formation/Landslide springs 

M-SP102 463336 4322997 8,164 

8,276 

Price R. Fm./landslide 

Price R. Fm./Landslide M-SP107 463091 4323024 

M-SP108 

M-SP69 

M-SP70 

Streams 

M-STR01 

M-STR02 

M-STR03 

M-STR04 

M-STR05 

M-STR06 

M-STR07 

M-STR08 

Pines 405 

Pines 406 

S Fork Quitch Upr. 

Skut Creek Upr. 

Sufco 007 

Sufco 006 

Sufco 006A 

U-Mud 

North Fork Upper 

North Fork Middle 

SP60 Creek 

CPC - Upper 

CPC- Middle 

(PC - Lower 

Cowboy Top 

Cowboy Middle 

Cowboy Bottom 

URGH 

ULGH 

GH at Road 

463359 4322999 8,174 Price R. Fm./Landslide 

463388 4323019 8,192 Price R. Fm./Landslide 

463370 4323017 8,196 Price R. Fm./Landslide 

469241 

468670 

468331 

467758 

468320 

467424 

466926 

464513 

471581 

474680 

461329 

461235 

464886 

463784 

462900 

464739 

462185 

463973 

462942 

463527 

463940 

463978 

463410 

463964 

466562 

464322 

464277 

4320776 

4320106 

4319623 

4318904 

4319250 

4319577 

4321557 

4322181 

4320035 

4318165 

4314316 

4314290 

4314993 

4312810 

4312941 

4322439 

4316005 

4315256 

4316040 

7,462 Blackhawk Fm. 

7,740 Blackhawk Fm, 

7,927 Blackhawk Fm, 

8,164 Castlegate S,S, 

7,980 Blckhwk/Cstlgt cont. 

8,170 Castlegate S,S. 

8,015 Price River Fm. 

7,930 Blackhawk Fm. 

7,190 Star Point S5. 

Qa overlaying Mancos 

6,820 Shale 

8,840 North Horn Fm, 

8,840 North Horn Fm, 

8,218 Price River Fm. 

8,220 Price River Fm, 

8,320 Price River Fm, 

7,840 Blackhawk Fm, 

~990 North Horn Fm. ~ 

8,360 Price River Fm. 

8,620 North Horn Fm. 

4316891 9,010 

4315936 8,500 

4315264 8,360 

4318133 9,175 

4315255 8,570 

4318577 8,245 

4319370 8,660 

4319327 8,715 

465619 4319986 8,360 

North Horn Fm, 

Price River Fm. 

Price River Fm. 

North Horn Fm. 

Price River Fm. 

Price River Fm. 
North Horn Fm.-o

North Horn Fmc 

Price Rfver Fm. ~ 

Monitoring Period 

2002-2004 

2002-2004;2009;2014-2017 

2003-2004 

2009 

2009 

2012-2014 

2010-2017 

2010-2017 

2010-2017 

2010-2017 

2010-2017 

2002-2004 

2002-2004 

2003-2004 

2002-2004 

2002-2004 

2001-2004 

2002-2004 

2001-2004 

2001-2004; 2006-2017 

2002-2004 

2001-2004; 2015-2017 

2002-2004 

2002-2004 

1997-2017 

l> 
-0 ;::c 

<.c 

'" ~ 00 

2000 

2013-2017 

2013-2017 

1979-2017 

1979-2017 

2010-2017 

2014-2017 

2017 

2011 

2017 

2017 

2017 

2017 

2017 

2017 

2017 

2017 

2017 

20,1'7 

Baseline 

Field 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

(Dry) 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Baseline Lab solutes/ 

lab Anal. metals Comments/Use 

No 

Yes 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

(Dry) 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

(Dry) 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring in stream bottom - no use apparent 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped seep in channel bottom - no use apparent 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring 

Undeveloped spring - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Undeveloped spring 

Undeveloped spring 

Greens Canyon lower site; stock/wildlife use 

Greens Canyon middle site - stock/wildlife use 

Cowboy Creek above Greens Hollow - stock/wildlife use 

Cowboy Creek below lease boundary - stock/wildlife use 

Cowboy Creek near base of Blackhawk - stock/wildlife use 

Greens Hollow Creek - stock/wildlife use 

Unnamed eph. trib to Muddy Creek in N, tract area - no use apparent 

South Fork Muddy Creek above North Fork - stock/wildlife use 

Muddy Creek below lease area - stock/wildlife use 

Muddy Creek below lease area - stock/wildlife use 

5, Fk. Quitchupah Creek just below Skut. Diversion - stock/wildlife use 

Skutumpah Creek upper - stOCk/wildlife use 

North Fork Quitchupah below lease - stock/wildlife use 

South Fork Quitchupah Creek below lease - stock/wildlife use 

South Fork Quitchupah Creek below lease - stock/wildlife use 

Upper Muddy Creek below forks - stock/wildlife use 

North Fork Quitchupah - stock/Wildlife use 

North Fork Quitchupah - stock/wildlife use 

Tributary to North Fork Quitchupah - stock/wildlife use 

Tributary to North Fork Quitchupah - stock/wildlife use 

Tributary to North Fork Quitchupah - stock/wildlife use 

Tributary to North Fork Quitchupah - stock/wildlife use 

Cowboy Creek - stock/wildlife use 

Cowboy Creek - stock/wildlife use 

Cowboy Creek - stock/wildlife use 

Upper Right Fork Greens Hollow - stock/wildlife use 

Upper Left Fork Greens Hollow - stock/wildlife use 

Greens Hollow Creek at Road- stock/wildlife use 



Station 10 

Muddy Above Horse 

Muddy Below Horse 

Horse Creek 

Wells 

MW-15-5-2 

01-8-1 

~":J 

>:: 
c· --o 

C) 
-J 

£0 
? 
- .:.'" 
:; 
:; 

(.0 

Location 

UTMNA027 

467926 

467956 

467938 

466354 

467150 

l> 
;g 
c.c 

~ 
S 

4322052 

4322038 

4322054 

4318730 

4317092 

-, 
r i 
tJ 

--
Elev. Baseline Baseline Lab solutes/ 

(feet) Geologic Fm. Monitoring Period Field Lab Anal. metals Comments/Use 

7,510 Blackhawk Fm. 2017 Yes Yes Yes Muddy Creek - stock/wildlife use 

7,500 Blackhawk Fm. 2017 Yes Yes Yes Muddy Creek - stock/wildlife use 

7,510 Blackhawk Fm. 2017 Yes Yes Yes Horse Creek - stock/wildlife use 

8,270 Castlegate Sandstone 2015-2017 Castlegate Sandstone well, constructed in 2015 

8,988 Blackhawk Fm. 2001-2017 Deep Blackhawk Formation well, In previously mined area 



Table 2A Discharge and water-quality data for springs and streams In the Greens Hollow Tract area. 
Petersen Hydrologic, LLC 

Stream Monitoring Data 
U-Mud 
U-Mud 
U-Mud 
U-Mud 
U-Mud 
U-Mud 
U-Mud 
U-Mud 
U-Mud 
U-Mud 
U-Mud 
U-Mud 

PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 

PINES 406 
PINES 406 

M-STROI 
M-STROI 
M-STROI 
M-STROI 
M-STROI 
M-STROI 
M-STROI 
M-STROI 

Dale 

30-Jun-14 
16-Sep-14 
5-Nov-14 
26-Jun-15 
29-Sop-15 
26-0ct-15 
23-Jun-16 
26-Sop-16 
7-Nov-16 
26-Jun-17 
30-5ep-17 
14-Nov-17 

26-Jun-97 
27-Aug-97 
22-0cl-97 
1-Jun-00 

21-Aug-00 
6-00c-00 
1-Jun-Ol 
7-Sop-Ol 
27-Nov-01 
18-May-02 
26-Sop-02 
16-Nov-02 
6-Jun-03 

21-Sop-03 
5-Deo.03 
13-Jun-04 
21-Sep-04 
21-00c-04 
23-May-05 
5-Sep-05 

20-0eo-05 
23-Jun-OS 
24-Sep-OS 
8-0ec-OS 
24-Jun-07 
16-Sep-07 
6-0ec-07 
28-Apr-06 
17-5ep-06 
3-Nov-06 

29-May-09 
14-Sop-09 
2-0ec-09 
17-May-10 
13-Sop-10 
27-Nov-l0 
18-Jun-ll 
19-5op-ll 
18-Nov-11 
9-Jun-12 
7-Sep-12 
16-Nov-12 
25-Jun-13 
22-Sep-13 
2-0ec-13 
27-Jun-14 
19-5ep-14 
2-0eo.14 
14-Jun-15 
2D-Sep-15 
29-0cl-15 
13-Jun-16 
26-Aug-16 
18-0cl-16 
19-Jun-17 
25-Sep-17 
13-00c-17 

1-Jun-00 
21-Aug-00 

6-Jun-Ol 
16-Aug-Ol 
30-Aug-01 
25-Sop-01 
29-0cl-01 
18-Apr-02 
l-May-02 
5-Jun-02 

Flow 
gpm 

28,274 
8,707 
5,206 

26,928 
7,315 
4,057 
36,353 
8,572 
4.313 

43,980 
9,370 
4,161 

U 
18.625 
9.874 

U 
9.470 
4,488 

> 22440 
6,324 
4,064 

27,511 
5,520 
5,049 

78,540 
6,777 
4,533 

49,366 
7,091 
3,142 

157,080 
22,440 
5,350 

53,656 
9,510 
6,620 
19,300 
5,840 
4,490 

26,900 
9,170 
5,650 

80,780 
8,580 
4,040 
17,560 
6,340 
4,460 

134,640 
22,090 
6,037 
16,400 
5,470 
5,520 
17,413 
8,078 
4,880 

28,274 
7,271 
5,386 

52,958 
8,864 
5,222 
118 

13,623 
4,416 

103,224 
11,040 
4,905 

o 
9514 

50094 
o 
o 
o 
o 
o 
o 
o 

Fle1d ~as.urQJT\QntGi 
T pH Cond_ DO 

·C S U. ~Slcm mgll 

13,0 876 
132 872 
1.6 6.7 

14.6 6_76 

11.4 672 
3.6 665 
16.1 869 
10.1 875 
46 879 
12.9 669 
6,4 6]7 
25 670 

13.8 
12 

13.8 
11.2 
15.3 
-0.5 
6.6 
9.5 
0.1 
9.3 
10.5 
0.1 
10.2 
7.9 
0 .4 
11 
5.2 

9.7 
14.5 

6.7 
7.1 
0.1 
16.7 
13 
1.6 

10.4 
10.9 
4.1 
11.4 
10.5 
0,4 

11 
11 
0.9 
6,4 

11.9 
0.2 
16.2 
17.6 
0.2 
15.8 
9.7 
0.2 
14.6 
11.8 
0 .3 
13.3 
10.9 
4 .6 
10.6 
13.6 
6.6 
14.2 
5.6 
0.3 

6.4 
6.5 
6.4 

6.57 
6.19 
6,4 

6.49 
6.72 
6.69 
6.36 
6.61 
6.59 
6.6 

6.34 
6.59 
6.72 
6.66 
6,43 
6.15 
6.66 
6.56 
6.65 
8.54 
8.44 
8.79 
8.92 
8.62 
8.58 
8.65 
8.74 
8.64 
8.71 
8,47 

8.73 
8,47 
8.25 
8.81 
8.72 
8.82 
8.93 
8.83 
6.71 
6.63 
6.68 
6.74 
6.82 
8.81 
8.77 
6.7 

6.66 
8.67 
8.53 
8.67 
8.76 
8.52 
8.77 
8.S5 

134 8,36 
182 6.46 

136 6.61 

381 
378 
440 
379 
360 
412 
355 
388 
416 
366 
388 
411 

282 
365 
262 
355 
382 
367 
369 
391 
433 
369 
364 
365 
332 
390 
417 
374 
364 
357 
409 
324 
423 
374 
393 
427 
382 
399 
334 
422 
363 
399 
385 
384 
427 
407 
371 
457 
358 
386 
445 
368 
372 
419 
353 
406 
461 
367 
396 
479 
369 
363 
411 
365 
361 
423 
376 
405 
233 

376 
377 

567 

617 
626 
9_97 
631 
821 
9.86 
754 
8.88 
910 · 
8.20 
8_64 
10.90 

6.5 
6.53 
11.38 
6.42 
7.92 
8.81 

6.69 
8.76 
7.1 

7.62 
8,47 
6.65 
9.3 

7.23 
9.73 
7.4 

8.16 
8.84 
8.17 
9.1 
8.1 

8.22 
10.4 
8.25 
7.89 
9.29 
6.55 
6.6 
10,4 
7.26 
9.35 
9 .91 
7.77 
6.62 
9.29 
7.66 
7.51 
10.43 
8.74 
8.16 
10.8 
6.46 
6.25 
10.56 
7.54 
6.27 
9.46 
8.51 
6.7 

9.49 
6.37 
9.48 
11.65 

6.95 
6.56 

7.53 

Turb 
NTU 

184 

4200 
4017 
98.05 
41.01 
3767 
45.16 

4804 
39.73 
4529 

39 
47 
36 
43 

4655 

46 
34 

43 

Mg" 
mglL 

Major Ions 
Na' K' HCO; 

mglL mglL mglL 

22.00 400 0,55 224,336 
22.76 673 0,66 227993 
53.30 105_66 3.57 427.944 
22.70 5.91 0.63 227.993 
2426 715 0,67 231651 
25.04 8.43 0.74 245.062 

23,79 469 0.77 197 
22.63 4.56 0.77 193 
26.01 8.24 0.91 215 

23 
21 
23 
24 

2747 

21 
23 

35 

10 
4 
6 
10 

954 

54 

<1 
< 1 

< 1-
< 1_ 

0.98 

<1 
<1 

265 
246 
260 
278 

226 

232 
252 

349 

cot 
mglL 

15 

29 
<5 
<5 
<5 

<5 
16 
11 

<5 
< 5, 
<5 
< 5 . 

<5 

1 

50/ cr 
mglL mglL 

6 
173 

10 

6 
<5 

11 

13 

10 
14 

954 

10 

34 

60 
1 

< 1_ 
1 

<I 
1 

24 

Baseline 
TOS TSS T-Fo T-Mn 
mglL mglL mglL mglL 

199 
196 
620 
217 
220 
255 

250 
216 
200 
211 
204 

210 

210 
214 
200 
268 

255 

231 
52 

376 

16 
<5 
11 
13 
11 
5 

24 
7 
13 
<5 
36 

437 
90 

227 
42 

61 
221 

0.12 0006 
011 0007 
036 0_016 
0.05 0009 
006 0003 
0.11 0.003 

017 0006 
<05 <002 
0.12 0.005 
008 <0002 
0_06 <0002 

07 
65 
54 
03 
3.4 
0,4 

01 

04 
34 

05 

<01 
01 

<0 1 
< _1 
< .1 
< 1 

0005 

<01 
<0 1 

N02+ 
mglL 

0_05 
033 
23 
063 

1.54 

0,49 
065 

<003 

N03 
mglL 

066 
0.36 
0.05 
036 
039 
0.51 

1.16 
0_36 

047 

0,47 

Nutrients 
N02 NH3 0-P04 T-P 
mglL mH'L mglL mglL 

<0,05 <0.1 <0.05 <0.05 
<005 02 <005 <005 
<0.05 <0.1 <0 05 <0.05 
<005 <0.1 <0 05 <005 
011 <01 <005 <005 
0_12 0 ,3 <0.05 <005 

038 <01 011 
<0.05 <0.1 <0.05 
009 <01 <005 

<0.01 <05 

0.06 <0.1 <0 05 

<003 <005 005 

D·Fe D·Mn 
mgll mgll 

D·AI 
mgll 

T·AI 
mglL 

<0.03 <0.002 <0.03 0.20 
<003 <0 002 <003 0.14 
<0 03 0.002 <0 03 0.17 
<003 <0.002 <003 009 
<0 03 <0 002 <0 03 0 08 
<0.03 <0.002 <0.03 0.12 

<0 03 <0,002 <0 03 
<0.03 <0.002 <0.03 
<0 03 <0.002 <0 03 

<.1 < 1 

<003 0,004 <003 

<01 <0.1 

003 

D·As 
mgn 

<0.01 
<0.01 
<001 
<001 
<001 
<0 01 

<001 
<001 
<001 

<0 01 

Trace Metals 
D·B 
mgn 

D-Cd 
mgIl 

D·Cr D·Cu T·Hg D·Hg O·Mb D·Ni D·Pb 

man m9'1 mgn ugn U9'1 mgll mgI1 

0.01 <0 001 <0 001 <0 01 
0.02 <0.001 <0.001 <0.01 
007 <0 001 <0001 <0.01 
002 <0 001 <0001 <0 01 
0.02 <0.001 <0 001 <0 01 
0.01 <0 001 <0 001 <0 01 

0 .02 <0.001 <0.01 
0,02 <0 001 <0 01 
0.03 <0001 <001 

< .01 
< 01 
< 01 

002 <0.001 <0 01 

<0.2 
<0 2 
<02 
<02 
<02 
<02 

< 2 
< 2 

0002 <0.01 
<0.001 <0.01 
<0001 <001 
<0001 <001 
<0.001 <001 
0002 <0.01 

<0.01 
<0,01 

<001 

< . 1 
< t 
< . 1 

<0 01 

<001 <01 <0.01 <0.1 

D·Se 
mgI1 

<002 
<0.02 
<0.02 
<002 
<0 02 
<0.02 

0 .02 
005 
0 .05 

< ,01 

007 

00008 <0 0005 0.0034 0 00 13 2E·04 0002 <0,005 00005 

T-So O-Zn 

mglL~ 

<002 <0,004 
<0.02 <0.004 
002 <0.004 

<002 0009 
<0 02 <0.004 
<002 0.005 

<0.004 
<0004 
<0,004 

<0.004 

0 .02 

O&G 

mglL 

<5 
<5 
<5 
<5 
<5 
<5 

<5 

< 2. 
<2 , 

4 

<5 

<2 
<2 

Other Parameters 
Acidly CN T ·Alk 
mgn mgn mgll 

<5 
<5 
<5 
<5 
<5 
<5 

·300 
<5 
<5 

<5 

199 
192 
380 
167 
190 
201 

197 
209 
227 

203 
213 
229 

235 

203 

APR 19 2018 

T-Hard 
mgll 

196 
194 
464 
196 
194 
216 

218 
193 
220 

204 
185 
206 

229 

201 

220 



M·STROI 
M·STROI 
M·STROI 
M·STROI 
M·STROI 
M-STROI 
M-STROI 
M-STROI 
M·STROI 
M·STROI 
M-STROI 

M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 
M·STR02 
M-STR02 
M-STR02 

M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M·STR03 
M-STR03 
M·STR03 
M·STR03 
M-STR03 
M-STR03 
M-STR03 
M·STR03 
M-STR03 
M-STR03 
M-STR03 

M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M·STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M·STR04 
M·STR04 
M-STR04 
M·STR04 
M-STR04 
M·STR04 
M·STR04 
M·STR04 
M-STR04 
M·STR04 
M·STR04 
M·STR04 
M-STR04 
M-STR04 
M-STR04 
M·STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M·STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M·STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 

0,10 
7·Aug-02 

25·Sep·02 
12-Nov·02 
6·May-03 
19·Jun·03 
23-Aug-03 
6·0cl-03 

lO-May-04 
6.Juo-04 
6-Jun-17 

IS·0ec-17 

7-Aug-02 
25-Sep-02 
12-Nov-02 
6-May-03 
IS-Jun-03 
4-Aug-03 
6-0cl-03 

10·May·04 
6 ·Jun·04 
26·Jun-17 
19-0ec-17 

6-Jun-D1 

16·Aug·Ol 
30-Aug-Ol 
25-Sep-Ol 
2S-0cl·Ol 
18-Apr-02 
I·May-02 
5-Jun-02 
7-Aug-02 

25·Sep-02 
12-Nov-02 
6·May-03 
IS·Jun-03 
4-Aug·03 
6·0cl-03 

10-May-04 
26·Jun-17 
19·0ec-17 

7-Jun-01 
22-Jun-Ol 
16-Aug-Ol 
31-Aug-Ol 
27-Sep-Ol 
28-0el-Ol 
17-Apr-02 
3-May-02 
4-Jun-02 

8·Aug-02 
25·Sep·02 
12-Nov-02 
6 ·May.03 
20-Jun·03 
6-Aug-03 
8·0cl-03 

l1-May·04 
13-May·04 
23-Jun-06 
28·Sep-06 
S-Nov-06 

26-Jun·07 
II-Sep-07 
8·Nov-07 
21-Jun-OB 
24-Sep-06 
6-Nov-OB 
27-Jun·OS 
23·Sep-OS 
10·Nov·09 
26·Jun-l0 
23·Sep-1O 
12-Nov·l0 
27-Jun-ll 
30·Sep-ll 
29-0el-ll 
27-Jun-12 
25·Sep-12 
7-Nov-12 

26-Jun·13 
25-Sep-13 
26·0cl-13 
29-Jun-14 

Flow 
gpm 

9715 

460 

NA 

1857 
2925 

74148 
4,235 
1164 
2.379 
460 

36,62 
0_61 

6.052 
0,501 
0967 
9451 
7993 
261 

1.63 

54.9 
2499 
1631 
1362 
4915 
102 

71 .081 
11719 

13.005 
12.245 
3 037 

o 

799 
14231 

717.264 

3.85 
1.01 
3.19 

16.3 

o 
0.67 

142 
3.71 
14.6 
o 

Field Measurements 
T pH Cond 

·C S.U. pStern 

07 6.48 

118 6.64 

62 
08 
33 
13 

149 
93 
118 

7.97 
819 
8.58 
8.46 
811 
9.25 
8.84 

162 6.49 

104 654 
12.1 7.61 

8.7 7,65 
3.6 796 
13 7.67 
3.6 8.29 
6 .3 818 

82 7.87 

8.71 
10.9 8_1 
12 7.72 
79 6.01 
84 673 
14.1 6.39 

19.4 8.55 

443 

509 
416 
591 
705 
722 
495 
443 

712 

527 
405 

395 
202 
311 
409 
365 

405 

621 
659 
647 
398 
307 
656 

386 

62 8,87 470 
12 1 887 8,69 
18 

8 
8.4 

8.83 

874 
865 

11.9 8_82 

19.8 872 
10.4 867 
45 85 

514 

599 
792 

445 

627 
705 
758 

20,7 859 573 

21 2 863 684 

141 848 
145 666 
03 675 

573 
865 
767 

~O, 

mgII 

665 

Turb 

N'IU 

75 

636 39.7 

635 
1119 
988 
7.51 
584 
7.15 
8.36 

6.65 

07 
09 
98 

3,73 
39_9 
299 
397 

7.11 22.5 
403 317 

3.83 2.21 
668 
6.29 1.21 
97 0.67 

4.85 2 

9.37 23 8 
5.2 283 

3.58 43.3 
5.56 729 
6.51 514 
7.02 

6.84 308 

9.19 7.49 

523 

692 

8_12 

644 
792 
873 

6.64 

712 

782 
756 
104 

28 

473 

76 3 

ci' 
mg/L 

45 

50 

77 
72 
51 

66 
74 
48 

Mg" 

mg/L 

27 

19 

53 
47 
28 

36 
46 
16 

Major Ions 
Na' K' HCO; 

mg/L mg/L milL 

42 

32 

54 
47 
41 

45 
46 
28 

2.3 

18 

35 
28 
2A 

41 
36 

350 

284 

370 
380 
340 
354 
350 
411 
280 

67.37 41.74 47.48 363 286 

60 

51 

58 
62 
42 

60.34 

58 

50 

52 

39 

39 42 2,7 

28 50 2.1 

33 41 3.4 
36 38 2,8 
14 28 2,2 

35.11 44.75 3,64 

41 79 

27 49 

18 27 16 

344 
357 

371 
356 
334 

346 

370 

350 
356 
360 
373 
250 
292 

344 

431 

361 

360 
410 

280 

co/" 
milL 

16 

<5 
<5 
6 
14 
<5 
<1 

<5 

<5 

<5 
<5 
<5 

<5 

<1 

<5 
<1 
<5 
<1 
<5 

17 

11 

17 

13 

34 

13 

140 
110 
36 
62 
72 

<0.03 

9.1 

67 

CI 

mill 

18 

7.4 

38 
35 
16 
24 
27 
26 
5,3 

25 

24 22 
41 26 

442 29.4 
458 27 6 
53 26 

55 30 

54 

27 
39 
40 
42 
7.4 
36 

22 

68 

71 

25 
35 

93 

30 

20 
24 
24 
25 
4.5 
22 

23 

47 

60 

18 
35 

5,6 

TOS 
mglL 

401 

570 

531 
477 
391 
435 
457 
507 
271 

430 

364 
383 

390 
414 
406 

418 

399 

415 
379 
361 
406 
247 
405 

353 

548 

513 

399 
429 

280 

Baseline 
TSS T-Fe 
mg/L mg/L 

<0.02 

T-Mn 

mglL 

<0.01 

15 0.57 002 

<5 
30 
13 

83 

28 

<0,02 
0 .08 
0,32 
0,13 
1.2 

0.05 
1.6 

<0.01 
<0.01 

0.01 

005 
001 
007 

26 0.09 0.007 

04 
<01 <005 

10 0 ,1 
63 <01 

<0.1 

<0.1 

042 002 

41 0.5 002 
035 

113 1 7 005 
11 0.11 002 

1.6 0.06 
15 0.31 0017 

< _1 

0.2 <; as 

04 

17 029 002 
0.18 

21 057 0.03 

N02+ 

mill 

<003 

<005 

<003 
0.11 

<003 
<003 
<003 
<003 

<0.05 

N03 

moll 

Nutrients 
N02 NH3 0-P04 
mptL mglL mgIl 

T-P 
mgfl. 

003 

<02 005 
<005 007 

<0.03 
<003 
<003 

<003 
<003 

<0.05 

<0.2 
<02 
<02 

<02 
<02 
<02 

<005 
<005 
<005 
<005 
<005 
<005 

008 

004 

003 
008 
o OB 
006 
0_12 

<0.05 <0 05 <0.05 <01 0_08 

<003 
0.31 

<003 
009 
0.08 

0,11 

<003 

<003 
008 
om 

<003 

<005 

< 03 

< ,03 

< ,03 

< .03 
0.05 

< 03 

<003 
<003 

<005 006 
<005 

0.05 
<005 
<0.05 

OOB 

<003 <0.2 <0 05 003 

<003 <0 2 <0 05 0 05 

<0.05 0.07 
<0 03 <0 2 <0 05 0_05 
<0 03 <0.2 <0.05 0 04 

<02 013 
<005 <005 <01 0 .1 

< 03 < 05 < 05 

11 431 <0.05 < .05 

0.1 

<0.03 < .. 2 <0 05 0 02 
< 05 001 

< 2 005 
< .03 < 05 

D-Fo D-Mn 
mg/l mg/l 

D-A! 
mg/l 

<0_03 

<0.02 <001 <0 1 

<0.02 
<0 .02 
<0 .02 

<0.02 
<002 
<0.02 

<001 
<001 
<001 

002 
<001 
<001 

006 
005 

<0 03 
<003 
<003 
<003 
<01 

<0.03 <0 002 004 

<003 
004 

0.04 
<0_03 

<005 003 

005 

<002 <001 005 

<0 02 <0.01 <0_03 
<0.03 

<0.02 001 <003 
<002 002 <003 
<002 <001 <01 
<0 03 <0.002 <0 03 

0 ,03 

<007 

0.06 

< .02 0.01 < 03 
< ~03 

< 02 001 < .1 

l · A! 
mglL 

Trac:~ Motal5 
D-As 
mg/l 

0-8 O·Cd D-Ct O-Cu T-Hg D-Hg D-Mb D·NI D·Pb O·Se 
mg/l mg/l mg/l mg/l mg/l ugn ugil mg/l my /I mg/l 

0.1 <0.05 <0.005 <0005 <0 01 <0.0002 

o 001 <0 05 <0 005 <0005 <0 01 

o 0009 0 06 <0 005 <0 005 <0.01 
<0 05 <0 005 <0:01 
005 <0005 <0005 <001 

2E-04 

<00002 

<00002 
<01 
<01 

0001 
0,0016 
0001 

<0.0005 <0 ,005 <0.01 <0 ,0002 
o 07 <0.005 <0.005 <0 01 <0 ,0002 
006 <0 005 <0.005 <0.01 <0.0002 

<0.0005 <O~05 <0005 <0 ,005 <0 01 <0 0002 

001 

0001 
0.0009 

0.0008 
<0.1 

0,0011 

<0.1 

0001 

008 <0001 <001 

<0 0005 0 0037 0001 
<0.0005 0.0036 0.0007 

<0_0005 0.001 00008 
<00005 <0.005 <001 
<00005 <0.005 <0005 

<0005 <0.005 <001 

o 07 <0.005 <0.005 <0.01 

0.1 0.05 <0.005 <0.005 <0.01 
00011 <0 0005 <0005 <0 01 
00013 006 <0005 <0005 <001 
00009 005 <0005 <0005 <001 

<00005 <0 ,05 <0005 <0005 <001 
<001 007 <0001 <0.01 

00011 <0.0005 0_0039 0.0011 

< .0005 < 0005 < 005 < .005 

01 <0.005 <0,005 <0.01 

<00002 
<00002 
<0002 

<00004 

<00002 
<00002 
<00002 
<0 ,0002 
<0 ,0002 

<O .OOO~ 

<O .OOO~ 

<001 <007 <0.1 

<0 01 <0,07 0.001 

<001 <007 
<007 

<001 <007 
<0.01 <0.001 
<001 <0.07 
<001 <007 
<001 <007 

<001 

00021 
<01 
<01 

00012 
0_0012 
00007 
00006 

005 

0,002 <0.005 0.0006 
0002 <0005 0.0013 

0 .001 <0005 00012 
<001 <0005 00017 
0.003 <0 001 00021 

<001 <007 <01 

<0 01 <0,07 0 0027 

<0 01 <0.07 <0 1 
001 <0001 00014 

<0.01 <007 00014 
<001 <007 00011 
<0.01 <0.07 0 0005 

<0.01 0,03 

o 002 <0.005 0 0006 

0002 < 001 00016 

<001 <0.07 <01 

< 1 < 05 < 005 < 005 < 01 < 2 < 02 < 01 < 07 < .1 
0,0014 < 0005 < .005 < 01 <0.000; 0,01 < 001 0,0013 

0.0008 < 05 < 005 < .005 < 01 < .2 < 02 < 01 <; 07 00006 

T-Se O-Zn 

mglL ~ 

<0.1 

<0,01 

<0.01 

001 
002 

<0.01 
0.01 

<0.01 
<001 
001 

<0004 

<001 
0,02 

<001 
004 

<001 

<0 01 

<0_01 

<001 
001 
001 

<0.01 
003 

<0.004 

<0.01 

< .01 

<0.01 

001 
< .01 

om 

Other Parameters 
O&G 

mglL 
Acidly CN T -Alk 

<5 

mg/l mg/l mg/l 

<5 

<5 
<5 
<5 

<5 
<5 
<5 

-302 

<5 

<5 

<5 
<5 

290 

250 

297 
303 
290 
300 
310 
337 
230 

286 

293 
293 

304 
292 
274 

284 

293 

290 
292 
300 
306 
210 

310 

< 002 372 

<000; 325 

<5 300 
< 002 358 

<5 <; 002 240 

APR 1 9 2018 
{ \. ;) t'" 

", 

T-Hard 

mg/l 

200 

410 
370 
240 

310 
370 
190 

340 

310 

240 

280 
300 
160 

240 

200 



M-STR04 
M-STR04 
M-STR04 

M-STR04 
M-STR04 

M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 

M-STR05 
M-STR05 
M-STR05 
M-STR05 

M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 

M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 

M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 

M-STR06 
M-STR06 
M-STR06 
M-STR06 

M-STR07 
M-STR07 
M-STR07 
M-STR07 
M-STR07 
M-STR07 

M-STR07 
M-STR07 
M-STR07 

M-STR08 
M-STR08 

M-STR08 
M-STR08 
M-STR08 
M-STR08 

Sufco'007 (North Fork Lower) 
Surco 007 
Sufco 007 
Sufco 007 

Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 

Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 

Sufco 007 

Date 
29-Aug-14 
31-0cl-14 
24-Jun-15 
28-Sep-15 
28-0cl-15 
23-Jun-16 
28-Sep-16 
7-Nov-16 
2-Jun-17 

29-Sep-17 
15-Nov-17 

8-Aug-02 
25-Sep-02 
6-0cl-02 

12-Nov-02 
6-May-03 
19-Jun-03 
5-Aug-03 
6-Aug-03 
6-0cl-03 

ll-May-04 
26-Jun-17 
19-Dec-17 

7-Jun-Ol 
22-Jun-Ol 
16-Aug-Ol 
25-Sep-Ol 
30-0cl-Ol 

17-Apr-02 
l-May-02 
5-Jun-02 
8-Aug-02 

24-Sep·02 
13-Nov-02 

7-May-03 
20-Jun-03 
6-Aug-03 
8-0cl-03 

ll-May-04 
13-May-04 
26-Jun-15 
28-Sep-15 
28-0cl-15 
23-Jun-16 
28-Sep-16 
7-Nov-16 
26-Jun-17 
30-Sep-17 

14-Nov-17 

25-Sep-02 
12-Nov-02 
7-May-03 
8-Aug-03 
6-0cl-03 

13-May-04 
26-Jun-17 
30-Sep-17 

14-Nov-17 

26-Sep-02 
13-Nov-02 
7-May-03 
5-Aug-03 
7-0cl-03 

13-May-04 

5-0cl-79 
l-Nov-80 
9-Jun-61 

26-Aug·81 
27-0cl-81 
22-Jun-82 
12-Aug-82 
20-0cl-82 
21-Jun-63 

16-Aug·83 
12-0cl-83 
21-Jun-84 
9-Aug-84 
11-0cl-84 
13-Jun-85 
14-Aug-85 
22-0cl-85 

Flow 
gpm 

2,25 

1.14 

1412 
1717 

immeas. 
61.6 

2_686 

2043 

1534 
598482 

172 
0,36 

16.85 

5651 

4783 
19 

6438 
18.165 
4.455 
3020 

o 

17836 
3024 

27.400 

0_636 

2,43 

018 

o 
o 
o 
o 
o 
o 
o 
o 
o 

2062 
967 

2447 
7145 

3087 
15644 

3132.624 
40392 
498168 

5771 568 
51612 
2693 

2629968 
35904 

686,664 

2217072 
287.232 
94248 

Field Measurements 
T pH Cond D,O. Turb 

NTU °C S.U ~S/cm mg/l 

177 8.86 605 

19_9 8.83 

9.5 6,5 

8.38 

0.5 8,25 
6,1 8,73 
10,3 8,56 

10.2 835 

8.47 
10 882 
12 838 
0,3 8,21 

725 

346 
353 

329 
616 
605 
610 

356 
446 
616 
720 

7.47 

7,21 

BA5 
8.21 

1.56 
4 

11.18 2,32 
9,04 22_5 

8.04 1 37 
85 

7.23 399 
8,07 17.4 

7.58 
11 .35 

20.10 8.48 80800 654 6750 

124 8,3 439 7,13 81 ,4 

115 7.92 575 3.14 30 
2.7 8.39 446 8.73 11 .6 
9.6 8.77 462 7 16 963 
8,2 8.51 819 8.55 8.32 
233 8.52 569 5.13 40.9 

117 854 
126 866 

15.4 8_65 

22.3 864 

490 
822 

723 

968 

7.01 829 

8.15 128 

6,59 963 

5.43 NM 

18 844 825 6,23 
10,4 836 1008 7,57 

9.2 8,7 
8,72 

3.5 8,69 
16,2 8.74 
5.5 8,88 
4,2 8,9 

16 
12 

14 
15 

12 

21 

78 
13 
05 

82 
8_6 

92 
84 
76 
77 
76 

78 
7.9 
75 

76 

234 9 1 22 
65 1366 15 
247 1022 515 

371 7.51 
232 9,27 1.99 

352 976 681 

654 

460 
690 
446 
593 
640 
525 
555 

621 
409 
680 
638 

co" 
mg/L 

1.19" 
mg/L 

No' K' HCO,-
mg/L mg/L mg/L 

31 .38 4506 7593 339 291 

51 
52 

55 
51 

51 

54 
55 
52 

6063 
65.18 

61 
66 

58 

45 

34 
35 

31 

32 

36 33 
28 52 2.1 
34 37 23 

34 34 2.2 
35 32 2 
18 27 17 

36,5 34.11 2.8 
38.18 30,62 3_17 

3300 

42 
38 
32 

34 

37 
86 

85 

90 

312 
320 

350 
360 

304 
316 
350 
342 
290 
292 
328 

400 

458 
538 

581,565 

439 

412 

co,' 
mg/L 

11 

<5 

<1 

6 
10 

< 5, 
<1 
<5 
<5 

so.' 
mg/L 

54 

37 

37 

39 
20 
33 

36 
34 
9,1 

25 

40 

cr 
mg/L 

34 

26 
27 

29 

17 
22 

25 
23 
5,6 

20 
28 

14 00 35 00 40.00 

<5 
<5 

47 47 
379 579 
442 43.1 
46 40 

53 53 

TDS 
mg/L 

416 

329 
352 

381 

345 
329 

366 
290 

357 
418 

457 

515 
595 
539 
536 

556 

Baseline 
TSS T-Fe 

mg/L mg/L 

T-Mn 
mg/L 

33 017 0005 

< 1 < .05 

6 0_13 < _01 

002 < .01 
31 046 002 

002 

400 
068 002 

11 007 0.01 
49 0,63 0.02 

30 042 003 
<5 0.11 0.077 

1.10 

1.7 
0,3 
0,3 
0.4 <0.05 

0,8 

5500 31/36 80.00 2.70 524.262 02/08 3800 31 00 474.00 2500 0,54 003 
58 40 4645/381 17 36/44 39/44 452 031 

55 25 85 28 512.07 13-Nov 21 21 451 42 14 0.04 

2978 

48 
48 
54 
43 
46 
53 

325 

27 
25 

24 
24 
25 
22 

130 4.17 

9.8 

11 
12 
5.5 
8.1 
7.5 

07 
06 
0_6 

07 
0_6 

06 

363 

250 
280 
280 
230 
255 

270 

<5 

D 
8 

3025 < .01 
40504 < 01 
19764 9.6 

253.76 1.2 
340 36 

246_6 < .01 
2733 < 01 
3562 < 01 

2586 < 01 
2928 2.4 
33916 <01 

283 < 01 

317.2 < .01 
3294 < 01 

493 < .01 
2904 < 01 

3538 < 01 

36 

10 

12 
9,3 

6.6 
8,4 

6.8 

36 

21 
26 
31 

1.4 
16 

18 

45 18 
25.5 101 
27 6 

19.5 15,4 

18 91 
12 6.3 
9 26 

66 199 

28 12 
40 16 
48 20 
28 61 
39 16.8 
46 17 

475 86 

36 197 
47 228 

648 680 5,67 0251 

504 

218 
257 
270 
208 
230 
246 

340 
386 
218 
270 
335 

128 
280 
425 
204 
320 
377 

295 
375 
380 
904 
322 
388 

76 1.37 0031 

003 <001 
0.02 <0_01 

14 014 001 
0.45 002 

10 <0.08 <0 01 
28 0,39 002 

0.02 0014 
01 

0.63 002 

0.29 001 
0.65 0.021 
1.2 014 
1.52 0144 
2.22 0135 
10.3 0285 

12.9 0012 
3.39 021 
0.06 0,01 

3.04 007 
2.06 0_07 
0.66 014 
0.31 < 02 

1.84 01 

N02+ 
mg/L 

N03 

mg/L 

Nutrients 
N02 NH3 0-P04 T-P 
mg/L mg/L mg/L mg/L 

D-Fe D-Mn 

mgll mg/l 

D-AI 
mg/l 

Trace Metals 
T-AI D-As D-B D-Cd D·Cr D-Cu T-Hg D-Hg D-Mb D-Ni D-Pb D-Se 

mllil _~m~gI!'.'I __ m~gn~....!!m!llgJ!:!........!m!!lgJ!i!!!..._m!!!l!gn~....!!.ugI!lI!!.._~ugll!!!...l --,mgI!!!'l!~_mg!!!l!~~_m!!!l!gn~_m!!!l!g:~~_ 

O&G 
mg/L 

<0 as <0 OS <005 <0 1 0.07 <0.03 <0.002 <0 03 <0 03 <001 0 09 <0 001 <001 <001 004 <5 

0.16 
017 

027 
<003 
003 

012 

009 
<; _03 

<0.05 

<003 

<003 
<003 
0_05 

<003 

008 

004/<003 

<0.03 

<0 03 
<003 

<0,05 

057 

067 
0_54 

068 
068 

< _05 

< _03 <0 2 < ~05 0.01 

<03 <2 <as 
<0 03 < 2 <0 as 0,02 

< as 0.02 
< 03 < OS 

< 2 0.05 
< .03 <2 < .05 0.02 
< 03 < 2 < 05 0.05 

<0.05 <0.05 <O~ 1 0.11 
0.34 <0 05 <0 1 <0.05 

<0 03 <0.03 <0.05 <0.05 

<003 0.06 
0.1 

0.06 
0.05 

0.14 

<0 03 <02 <0 05 0,03 
<0,05 0,05 

<0 03 <02 <0.05 0,08 
<003 <0.05 

<005 <005 <01 0.14 

<0.03 <0 2 <0_05 

<003 <02 <005 
<0.03 <0 2 <0 05 
<003 <0 2 <0 05 
<003 <0 2 <0 05 
<003 <0 02 <0 05 

< 01 0.06 

< 02 < 01 003 
< L02 < 01 < 03 

<003 

< 02 < 01 < 03 
< ,02 < .01 < _03 
< .02 < .01 < .1 
<0,03 <0 002 <0 03 

<0.03 0 067 <0 03 

<003 

005 
0.05 

<0.03 
<0,07 

007 
004 

<0.02 0.01 <0.03 
<003 

<0 02 <0 01 <0.1 

0.38 0013 061 

<002 <001 004 

<0.02 <0~01 003 
<002 <001 <003 
<002 <001 <003 
<0 02 <0 01 <0.03 
<0 02 <0 01 <0 1 

002 < 01 < 01 < 001 0.94 
< _01 < _01 < .01 006 
< 01 0_04 
< _01 < 01 0 1 0095 0 018 
028 0005 034 013 
o 11 0.01 0 335 0 13 

012 0.44 004 0045 
< 02 092 008 0003 
008 0_03 011 001 

o 02 0.05 0.12 0.01 
0_06 0 06 0 01 0.01 

0_08 

139 
203 
009 

< 01 

0.1 8 
049 
018 
009 
003 

< .01 
003 003 
004 013 

< .01 < 02 
003 003 

< _002 < _001 0.0034 < .001 < .2 0,007 < ,001 < .002 

00009 006 < 005 < .005 < .01 < 2 < 02 < .01 < .07 0.0035 

< 1 0505 <005 <01 < 02 < .07 < .1 
< . 1 < .05 < 005 < .005 < 01 < 2 <- .02 < .01 < .07 < ,1 

o 0009 <0 0005 <0 005 <0 01 <0 000; 0.01 < .001 0.002 

0_0008 0~05 < _005 < .005 < 01 < 2 < 02 < 01 < _07 0.0022 
o 0006 0_05 < _005 < ,005 < .01 < .2 < .02 0.01 < .07 0.002 
0_0006 < .05 < 005 < .005 < 01 < .2 < 02 < .01 < .07 0.0006 

<0.01 0.06 <0001 <001 <001 0.02 
<001 006 <0 001 <0.01 <0 01 0~09 

000 <0 0005 0 00 0 00 <00002 0.00 <0.005 0.00 

008 
001 

001 

"' _01 
001 

< 01 

< .01 
002 

<0 004 

<0 004 

001 

0_0022 

00025 
<0.1 

<0 001 
<0.1 

<0.1 

<0_0005 0.0051 <0_01 
<00005 0006 0 .0019 
<0.0005 <0.005 <001 
<0 0005 <0.005 <0 005 
<00005 <0005 <001 
<00005 <0,0005 <001 

<0,0002 
<0_0002 
<00002 
<00002 

<00004 
<00004 

0.003 <0,005 0.0011 001 

<0.1 0_06 <00005 001 <001 
0_0015 <0_0005 <0.0005 <0.01 

00016 0.05 <0005 <0.005 <001 

<0 01 0.11 <0001 

0_0009 <0.05 <0.005 
<0 1 J 05<0 005 
<0 1 <0 05 <0005 

00011 105<0005 

00011 0.05 <0005 
o 0009 <0 05 <0005 

<001 

<0.01 
<0 01 
<001 

<0.01 
<001 
<0 01 

< .2 
< 2 

<00002 
<0_0002 

<00002 

0.004 <0_005 0.0009 0.01 

<0.01 <0.005 0.0008 001 
0002 <0.001 0.0009 001 
<001 <007 <0 1 0.0009 0.01 
<0 01 <0 07 <0 1 001 

<001 007 
<001 <0.001 0,0012 

001 <007 0.0014 

<0.01 003 

<0.07 00007 
<007 <01 

<007 <01 
<0.07 00006 
<007 00008 
<007 00006 

<0.1 <0.01 

< 1 

< 1. 
< 1 

< 1 

<0 01 

002 

<0 004 

001 
<0 01 

001 
<0.01 
<0,01 

<0.01 

<5 
<5 

<5 
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Other Parameters 
Acidly CN T-Alk 
mgll mgll mgll 

-310 302 

o 267 
< 5, 267 

< 002 
< 5 277 
<5 < 002 300 

< 002 265 
< 5, 270 

< .002 300 
< 5, < ,002 280 

< 5. < 002 232 
<5 292 
<5 328 

351.00 

378 
441 
391 
373 

350 

T-Hard 

mgll 

264 

300 

290 

240 

270 
280 
200 
302 
320 

<5 360/369 260_00 
341 

<5 

-390 

<5 

5 
<5 
<5 
<5 
<5 

368/370 240 

215 
227 
230 
200 
222 
220 

332 
178 

284.7 
202.1 
224 
292 
220 
244 
278 

232 
260 
270 
404 
238 
290 

208 

230 
220 
230 
210 
220 

220 

244 
168 

244 
178 
210 
288 
192 

240 
262 
210 
260 
335 
720 
208 
264 



) 

Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco007 
Sufco007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sulco007 
Sulco007 
Sulco007 
Sulco 007 
Sulco 007 
Sulco 007 
Sufco 007 
Sulco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sulco007 
Sulco 007 
Sulco 007 
Sulco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 (North Fork lower) 
Sufco 007 (North Fork Lower) 

Sufco 007 (North Fork Lower) 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
S ufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Date 

2-Jun-86 
13·Aug-66 
7-Jun-66 
9-Aug-88 
5-0cl-86 

13-May-92 
4-Aug-92 
6-0cl-92 
9-Jun-93 
6-Jun-95 

23-Aug-95 
3-OcI-95 

27-Aug-96 
22-OcI-96 
2-Jun-97 

lB-Aug-97 
8-0cl-97 
4-Jun-98 
5-Aug-98 
1-0cl-96 

21-Jun-99 
9-Aug-99 
4-0cl-99 

21-Jun-oO 
2-Aug-00 
5-0cl-00 

ll-Jun-Ol 
20-Aug-Ol 
2-0cl-Ol 
8-May-02 
20-Sep-02 
8-0cl-02 

29-May-03 
19-5ep-03 
30-0cl-03 
26-Jun-04 
1-Sep-04 
15-0cl-04 
13-Jun-05 
30-Sep-05 
24-0cl-05 
26-Jun-06 

13-Sep-06 
4-Nov-06 
25-Jun-07 
19-5ep-07 
29-0cl-07 
12-Jun-08 
15-Sep-08 
21-0cl-08 
19-Jun-09 
17-Sep-09 
19-Nov-09 
28-Jun-l0 
15-Sep-l0 
1-Nov-10 

18-Jun-ll 
27-Sep-ll 
29-0cl-ll 
1-Jun-12 

26-Sep-12 
l-Nov-12 
27-Jun-13 
25-Sep-13 
26-0cl-13 
l1-Jun-14 
23-Sep-14 
6-Nov-14 
24-Jun-15 
22-Sep-15 
7-Nov-15 

23-Jun-16 
28-Sep-16 
6-Nov-16 
30-Jun-17 
28-Sep-17 
10-Nov-17 

5-0cl-79 
l-Nov-80 
9-Jun-81 

26-Aug-81 
27-0cl-61 
22·Jun-82 
12-Aug-82 
20-0cl-82 

Flow 
gpm 

3386.44 
246.64 

1297.032 
71.61 
94 .25 

1106.61 
161.579 
85.278 
1683.12 

3751.968 
1122 
188.5 

184.008 
103.224 

664.224 
336.6 

3285.216 
14.8 

94.248 
839.256 
119.8296 

94.248 
0.18 

42.1872 
15.2592 

885 
0.215 
69.2 
559 
72.9 
88.2 
2560 
68.6 
61 .7 
1510 
66.3 
398 

2180 
104 
96 

661 
62.8 
190 
227 
50.7 
78 

1550 
77.4 
71 

716 
79.3 
57 

612 
62.4 
129 

6032 
189 
133 
327 
19.7 
48.8 
261 
253 
216 
1521 
101 
90 

1107 
97 
70 

840 
115 
99 

622 
28 
144 

143616 
462264 
42636 

Field Measurements 
T pH Cond 

· C S .U ~S/cm 

14 7.6 412 
17 
12 
19 

8.3 
8.2 
7.4 

531 
468 
500 

7.3 619 

10.4 8.29 511 
15.2 8.35 419 
13.5 8.37 541 
17.2 8.6 446 
2.1 8.38 568 

16.15 8.58 401 
19.8 8,4 467 
6 .38 8.77 548 
7.61 8.62 473 
19.65 8.08 537 
12.45 8.43 598 
15.99 8.22 441 
22.2 8.37 505 
12.05 8.32 604 
17.97 8.29 473 
21.25 8.52 458 

10 8.24 577 
14 .3 8.29 407 
17.4 8.68 363 
10.3 8.56 431 
9.6 8.45 488 
16.5 8,48 453 
11.7 8.63 477 
12.7 8.54 358 
12.3 8.61 376 
11.4 8.65 465 

11 8.66 336 

DO. 
mgll 

6 .37 
7.5 

8.27 
6.89 
6.39 
8.25 
6.15 
5.65 
6,48 
7.92 
7 .15 
7 .51 
6.42 
6 .88 
8.01 
7.62 
8.14 
7.63 
7.63 

18.7 8.73 343 8.73 
7.2 8.54 439 8.17 
12.7 8.59 373 6.78 
11.4 8.57 369 7.1 
7.3 8.61 470 8.03 
17.1 8.56 337 8.18 
15.9 6.48 375 7.1 
1.5 6.56 478 9.7 

22.5 6.67 304 7.05 
9.4 6.73 361 7 .51 
5.2 8.77 436 7.63 
10.9 8.63 301 7.59 
12 8.54 303 7 .72 
4.3 8.58 442 9.82 
15.7 8.56 358 7.2 
13.5 8.61 362 8.26 
0.3 8.39 515 10.6 
14.5 8.59 351 7.89 
13.4 8.5 328 7.92 
2.7 8.32 449 9.79 

6.79 352 7.88 
11 6.7 405 8.82 
0.8 8.46 492 10.53 

11 .9 8.76 373 7.51 
9.7 8.54 539 8.88 
3.7 8.47 480 9.46 
13.9 8.58 373 8.63 
7.2 8.74 396 8.82 
2.6 8.66 420 10.92 
12 8.67 351 9 .63 

13.5 8.72 419 8 .51 
1.7 8.6 495 9.99 

14.9 8.7 375 8.16 
11.1 8.61 328 8.31 
0.2 8.37 514 10.95 
17.2 8.59 329 7.31 
9.9 8.61 409 8.92 
4.1 8.71 449 9.43 
10 8.65 357 8.43 
6.9 8.6 540 8.89 
0.4 8.47 439 11.57 

12.5 
12 

77 
8.3 
86 

423 
510 
545 

Turb 
NTU 

102 
11.4 

Ca" 
mpl\. 

43 

57 
50 
53 
49 
41 
55 
49 
39 
50 
47 
37 
47 
66 
49 
57 

537 
471 
559 
454 

17 

18 
23 
26 
16 
21 
24 
17 
17 
21 
13 
17 
19 
21 
19 
20 

144 
158 
18_6 
126 

MoJorlons 
No' K' liCO, 

mgIl. mgll mglt 

16 

10 
24 
35 
10 
25 
31 
15 
21 

<1. 
< 1. 

1 
<1. 
< 1. 

1 
< 1. 

< 1. 

200 
258.6 
229 
244 
317 
207 
156 
222 
223 
260 
235 
265 
204 
323 
209 
243 
303 
215 
311 
336 
239 
252 
310 
234 
224 

29 295 
< 1. 197 

18 <1. 200 
24 1 261 
12 <1. 262 
25 <1. 254 
27 1 268 

484 0.743 238 
16 1 0.873 226 
229 1.36 243 
6_14 0.48 156 

41.1 138 13 0.8 157 

CO}' 
mpl\. 

< .1 
< .1 
< .1 
< .1 

3 
2 

2.1 
20 
20 
10 
18 

< 5. 
< 5. 
< 5. 
< 5. 
21 

< 5. 
< 5. 
< 5. 
< 5. 

9 
< 5. 
< 5. 
< 5. 
< 5. 

6 
< 5. 
< 5. 
< 5. 

7 

11 

52.4 16_2 19,4 1.28 204 14 
556 16.9 876 0.85 228 < 5. 
514 192 199 0.99 253 < 5. 
549 19.6 229 0.74 264 < 5. 
484 16.9 102 0.62 210 < 5. 
4247 18.2 23 17 1.06 223 10 
5941 21 .88 22 ,56 0.75 284 < 5. 
41-1 16_8 127 0.64 204 < 5. 
444 16.9 19. 1 1.02 233 < 5. 
5467 2057 2453 1.15 27 1.885 4 .8 
5226 1469 588 0.55 197513 3.6 
4436 1575 1529 0.79 20117 < 5. 
5501 1903 23.67 1.65 26335 < 5. 
5082 1525 751 0.61 185.321 7.8 
454 15.6 15.45 0.99 207.267 5.4 
57_16 19.5 22.18 0.98 288954 < 5. 
5097 1387 6.27 0.78 188.978 7.2 
37.4 121 123 0.7 234.089 3 
576 172 186 0.7 286515 1.8 
52 1 12 8 4,8 0.8 253.597 1.8 
39,7 16 19,7 0.8 280.419 
52 19 246 0.8 309.681 

467 151 12 0.7 208486 1.98 
46.1 22.2 38_9 1.5 304.804 4.2 
484 17 6 264 0.9 275 
461 123 7.3 0.7 246281 1.2 
54 1 149 91 0.9 277 961 3 
533 14 7 11 5 0.7 259693 4.2 

4822 1287 592 0.49 204 828 < 5. 
4614 1685 1819 0.98 224336 < 5. 
5675 2003 2516 0.9 268227 < 5. 
47 27 1697 1378 0.6 207267 < 5. 
3843 14_26 1335 < .14 158 <5 
598 1936 25.11 1.1 297.488 < 5. 

47.38 1268 636 0.76 155 <5 
483 1498 1542 0.97 176 
5269 1592 203 0.75 215 10 
5376 1574 866 0.94 173 14 

28304 
45384 
34404 
26596 
3186 
4546 
2708 
3067 

< .01 
< 01 
72 
12 
38 

< 01 
< .01 
< .01 

sol 
mpl\. 

88 
31 
20 
31 
125 
27 
20 
27 

20.1 
17 
IS 
21 
23 
21 
83 
22 
26 
36 
20 
23 
15 
20 
26 
21 
19 
23 
18 
19 
22 
53 
25 
36 
29 
19 
23 
16 
13 
21 
22 
20 
23 
16 
21 
37 
20 
17 
26 
24 
IS 

cr 
mgll 
4 ,1 
13.9 
3.5 
33 
16 

5.3 
11.2 
3.53 

10 

12 

11 

15 

12 

10 

5.3 
6.3 

9 
1 

134 26 
23 
15 
25 
21 
17 
33 
25 < 1. 
18 6 
26 
25 
32 14 
28 
35 
26 
26 
19 
22 
28 6 
25 
16 
31 
17 
23 
25 
16 

90 
63 
106 
79.5 
160 
42 
30 
66 

14 
16.1 
24 
11 

7.5 
33.7 
20 

10.4 

TDS 
mgIl 

258 
228 
236 
310 
470 
230 
2 10 
aoo 
234 
290 
220 
250 
234 
302 
220 
250 
320 
265 
290 
330 
228 
262 
3 16 
252 
231 
275 
190 
242 
263 
309 
240 
308 
202 
<t6G 
31 1 
180 
187 
261 
199 
276 
281 
218 
228 
302 
216 
224 
317 
233 
207 
266 
213 
225 
276 
226 
216 
298 
210 
212 
258 
226 
166 
290 
252 
224 
180 
217 
240 
281 
236 
188 
322 
172 
254 
221 
215 

396 
460 
465 
390 
530 
486 
282 
355 

Baselino 
155 T·fa 
mgIl mgil 

T·Mn 

mol\. 
290 
0.38 
0 .91 
0 ,04 
0,05 
2,63 
0,13 
0. 18 
0-85 

2.7 
< .1 
c 1 

< 1 
., I 
., 1 

< I 

3. 1 
0_2 

O.B 
1.9 
I 

0.2 
01 

< I 
< . 1 
0 4 
< .1 
< .1 
8.7 
0.2 
0.2 
9.02 

0,258 
0.128 
0.08 

1.46 
< .Of 

0.08 
<.01 
0.02 
0,09 

< ,01 
0.02 
O()4 

0 ,1 
< I 
< 1 
< I 
< 1 
< 1 
< .1 
01 

< 1 
., ,1 

< I 
< .1 
., I 

< I 

" 1 
< . 1 

< .05 
< 05 
0.26 
< 05 
< .05 
0.282 
0_006 
0 01 

0.003 
< .05 0.002 
0.08 0.009 
1.04 0.028 
0.27 0.007 

< .05 0.005 
< .05 0.002 
0.33 0.004 
1.21 0.015 
0.17 0.004 
0.31 0.01 
0.36 0.014 
2.88 0.074 
0.05 0.003 
0.1 0 .008 

0.42 0.014 
0.25 0.006 
0.11 0.006 
0.56 0.D18 
0.06 < .005 
0.69 0.027 
15.9 0.633 
0.05 < .005 

0.12 0.009 
0.36 0.019 
0.13 0.006 
0.17 0.009 
1.56 0.066 
0.12 0 .009 
0 .03 0.006 
2.67 0.082 
0.16 0.02 
0.06 0.016 
0.37 0.086 

<2 < 5. < ,002 

5 0.05 0.005 
41 0.42 0.022 
15 0.33 0.01 

0.D7 0.006 
21 0.1 0.006 

6 

13 

0.15 
1.6 

0.66 
3.6 

0.71 
2.88 
2.76 

0024 
0,1 
006 
017 
004 
003 
0026 
0_175 

N02+ 
mgll 

< .05 

< 1 
< I 
., I 

., I 

., 1 

< . \ 
< . 1 

005 

N03 
mglL 
015 
0.05 
011 
01 
004 
041 

< .05 

02 

Nutrients 
N02 NH3 O-P04 

mpll mot\. rng/L 

< 02 
< .02 

023 
< .01 
001 
002 
003 
0.02 
002 

T-P 

rng/L 
1.64 
0.02 

< 04 
< .04 
< 04 
0.38 

<:: .02 

0.02 
< .1 

D-f. D-Mn 
mgll mgll 
< ~01 < ,01 
< 01 < .01 
< 03 < .01 
< 03 < ,01 

< 03 0.02 
< 02 < ,02 
0,11 < _01 
0.08 0.02 

<:: 04 < ,02 

1 02 
< 1 < 1 
< I <: 1 
-< , <: 1 

< 1 < 1 

<.' <: .1 
< 1 < 1 
<' . 1 < .1 
< 1 < .1 
< 1 < 1 
<to 1 < .1 
< 1 < 1 
~ 1 <.1 
0( .' < .1 
< 1 < 1 

< . 1 < .1 
< 1 < .1 
... 1 < 1 
or;; 1 < 05 

< 1 < 05 
<: 1 < 05 
< < 05 
< _1 < 05 

0006 < .005 
< 005 < 005 
0009 0009 
< ,03 0.002 
< .03 < 002 
< 03 0009 
< .03 < 002 
< .03 0.004 
< _03 0004 
< .03 < 002 
< .03 0002 
< 03 0004 
<03 <002 
< 03 0003 
< 03 0005 
< .03 < _002 
<03 <002 
< .03 0007 
< 03 0002 
<03 <002 
< 03 0004 
<03 <002 
<:: 02 < .005 
< 02 0.007 
<02 <005 
< 02 <:: .005 

< 02 0.007 
< 02 < ,005 

< 02 < .005 
<02 <005 
002 < 005 

< 02 <005 
< .02 <: 005 
< 03 < .002 
< .03 <:: 002 
< 03 0002 
<03 <002 
<03 <002 
< 03 0002 
< 03 0022 
< .03 < .002 
<0_03 0005 

mgll 

o 05 <0.05 <0.1 <0 05 <0 05 0.1 <0_002 <0_03 

< 01 
004 

< 01 
002 

< ,01 
021 
0. 17 
013 

< 01 
< 01 

< 01 

< 01 
< 01 

01 
012 
007 
07 

01 

0.014 
0015 
057 

046 
021 

024 0028 
0_01 0 ,005 
0075 002 
008 0055 

T-AI 
mgll 

D·A. 
mgll 

D-S 
mgll 

D-Cd 
mgll 

<001 0 .02 <0001 

Trice Melilis 
D-CI D,Cu T.Hg D-lig D·Mb 
mgll mgll ugII "11" mgll 

<001 

01 
< .2 

D-Ni 
mgn 

D-Pb 
mgll 

<001 

O-Se 
mgll 

T-So D·Zn 
mgll ~ 

<0004 

< 1. 
< 1. 

if'! f . '; 

O&G 
mg/l 

<2 
3 

< 2. 
< 2. 
< 2, 
<2 
<2 
<2 
<2 
<2 
<2 
<2 
< 2 

<2 
<2 
< 2 
<2 
< 2. 
<2 
< 2. 
<2 
<2 
< 2. 
<2 
<2 
<2 
< 2 
< 2. 
<2 
<5 
<5 
<5 
< 5. 
<5 
<5 
< 5. 
< 5. 

< 5. 
< 6. 
< 5. 

<6. 
< 5. 

< 5. 

<6. 
< 5. 
< 5. 

< 5. 
< 5. 
< 5. 
< 5. 
< 5. 

< 5. 
< 5. 

<5 

.; 

Other Parameters 
Acidly CN T -Alk 
mgJ! mgll mgll 

-180 

182 
212 
186 
200 
260 
175 

186 
240 
220 
235 
197 
265 
171 
199 
246 
210 
255 
275 
203 
213 
269 
196 
184 
242 
169 
174 
216 
215 

231 
206 
197 
213 
169 
167 
217 
192 
211 
233 
173 
198 
233 
167 
191 
230 
166 
165 
216 
165 
179 
237 
167 
165 
196 
176 
196 
254 
171 
250 
235 

213 

156 

155 
184 
225 
167 

372 
294 

APR 1 9 2018 

87.2 
3726 
222 

2514 

T-Hard 
mgJ! 
2 16 
200 
214 
218 
365 
213 
164 
206 
224 
270 
177 
213 
166 
233 
283 
196 
230 
216 

192 
167 
211 
171 
162 
196 
251 

304 
193 
183 
216 
165 
159 
198 
208 
207 
216 
190 
161 
238 
172 
180 
221 
191 
176 
216 
190 
178 
223 
184 

188 
155 

171 
182 
197 
199 

293 
232 

252 
290 
250 
274 



surco 006 
surco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
surco 006 
surco 006 
surco 006 
surco 006 
SuFco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
surco 006 
surco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 
surco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
surco 006 
surco 006 
Sufco 006 
surco 006 
surco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
surco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
SuFco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Date 
21-Jun-83 
16-Aug-83 
12-0cl-83 
21-Jun-84 
9-Aug-84 
11-0cl-84 
13-Jun-85 
14-Aug-85 
22-0cl-85 
3-Jun-86 

13-Aug-86 
7-Jun-BB 
9-Aug-88 
5-0cl-88 

13-May-92 
4-Aug-92 
6-0cl-92 
9-Jun-93 
6-Jun-95 

24-Aug-95 
3-0cl-95 

27-Aug-96 
22-0cl-96 
2-Jun-97 

18-Aug-97 
8-0cl-97 
4-Jun-98 
3-Aug-98 
1-0cl-98 

21-Jun-99 
9-Aug-99 
4-0cl-99 

21-Jun-OO 
2-Aug-00 
5-0cl-00 
ll-Jun-Ol 
20-Aug-Ol 
2-0cl-Ol 
8-May-02 
20-Sep-02 
8-0cI-02 

29-May-03 
19-5ep-03 
30-0cl-03 
26-Jun-04 
l-Sep-04 
15-0cl-04 
13-Jun-05 

30-Sep-05 
24-0cl-05 
26-Jun-06 
13-Sep-06 
4-Nov-06 
25-Jun-07 
19-5ep-07 
29-0cI-07 
12-Jun-08 
15-Sep-08 
21-0cl-08 
19-Jun-09 
17-Sep-09 
19-Nov-09 
28-Jun-l0 
15-Sep-l0 
1-Nov-10 
17-Jun-11 

21-Sep-ll 
12-0cl-ll 
l-Jun-12 

12-Sep-12 
l-Nov-12 
27-Jun-13 

16-Sep-13 
23-0cl-13 
28-May-14 
17-Sep-14 
28-0cl-14 
21-Jun-15 

22-Sep-15 
B-Nov-15 
1B-Jun-16 
26-Sep-16 
5-Nov-16 
28-Jun-17 
28-Aug-17 
13-0cl-17 

Field Measurements 

Flow 
gpm 

T pH Cond 

oc S,U ~Slcm 

933.504 
623.832 

260.3 
704.667 
569976 
359.04 

704.616 
287.232 
219.912 
825.792 
260.304 
4129 
1122 
70.9 
17.95 
9425 

16 8.4 799 
17 75 726 

7 
45.33 
4488 
426.4 

192.98 
130152 
85272 

10 
11 
18 
6 
14 
13 
1 

16 

79 
7.7 
7 

7.9 
7.7 

17 8.1 
16 7.9 

17 5 74 
155 71 

16 1 8m 
16 8.46 

125 8.2 
159 8.35 
1.02 8.28 

21 53 8.3 
287.232 189 8.44 
184.008 5.5 8.35 
1122 131 8.42 
224.4 22.75 8.08 

71 .808 1154 8.33 
20 1.96 17 3 8.19 

394.944 2204 8.3 
192984 1211 8.3 

833 
920 
688 
824 
712 
884 
729 
610 
662 
715 
648 
782 

977 
578 
636 
635 
398 
805 
574 
629 
901 
577 
626 
625 
592 
647 

08 1532 8.13 627 
192.984 21 .3 8.39 600 
179.52 9 8.12 747 

646.272 17.5 8.34 592 
1790712 163 8.76 512 

D.O 
mgll 

6.21 
6 .19 
9.33 
7.03 
6.54 
8,15 
705 
5_6 

7,28 

676 

88.1 
11 .5 
35.1 

0909 
26.3 

0131 
420 
132 
70.3 
703 
402 
18.8 
363 
155 
90 

10.4 8.28 621 8.42 
16.8 8.47 721 6.24 
10.8 8.2 738 7.51 
20.9 8.42 962 6.02 
13.5 8.53 631 7.91 
8.8 8.58 1228 7.33 
13 8.77 493 7.06 

16.9 8.72 
9.6 8.47 
15.5 8.37 
12.1 8.57 
8.5 8.53 
16.8 8.54 
14.6 8.45 
3.9 8.48 

529 
593 
523 
542 
719 
522 
536 
591 

6.89 
7,05 
6,37 
7,67 
7,91 
7,66 
7.08 
9.09 

160 17.6 8.62 543 8.72 
95 12.3 8.89 515 8.69 

1.23 6.1 8.72 920 7.33 
146 14.9 8.65 649 7.1 
104 11.9 8.63 518 7.82 
1. 18 7.2 8.44 882 8.34 
80.4 16.5 8.46 617 6.99 
100 14.1 8.61 531 7.81 
71 0.3 8.39 612 10.6 

433 18.8 8.43 576 6.68 
499 11.2 8.42 532 7.42 
624 3.2 8.21 585 9.33 
1116 9.5 8.74 525 8.03 
205 11.6 8.62 533 7.62 
155 6.4 8.62 578 8.9 

020819335 17.5 8.43 968 8.08 
45_3 11.1 8.65 557 8.35 
53 9 3.4 8.59 592 9.64 
804 16.1 8.56 566 7.73 
239 13.8 8.56 627 8.27 
116 3.7 8.72 618 10.34 
363 12.2 8.59 574 7.6 
101 14.4 8.76 557 7.5 
o 

142 14.9 8.58 593 8.39 
146 15.1 8.67 1080 7.76 
19 0.2 8.52 753 10.21 

858 17.6 8.58 543 7.02 
89 9.5 8.63 541 8.92 
Dry 
249 12.6 8.64 513 8m 
115 14.5 8.68 499 7.56 
21 .7 8.64 626 9.62 

Turb 
NTU 

468 
53.2 

56 

66 
55 
54 
55 

50 
54 
53 
51 
59 
53 
49 

63 
63 
64 

66.1 
634 
94.7 
509 
54 

565 
63 

522 
63.5 
561 

52.79 
59.61 

Major Ions 
Mg" 

mg/l 
Na' K' HCO; 

n'i! m9iL "'IJIl. 

32 

40 
31 
34 
33 
31 
32 
32 
32 
35 
30 
31 

18 

72 
17 
23 
17 
17 
21 
18 
16 
34 
13 
15 

35 29 
33 37 
35 32 

' 1. 
1 

43.2 801 377 
35.5 28_9 2,25 
564 110 647 
30.4 109 101 
31 .7 
315 

128 159 
202 1 79 

400.2 
370,88 
390.4 
416 

< ~01 

2.4 
< 01 
< .01 

384.3 < 01 
390.4 < .01 
256 < _01 

348.9 < 01 
329.4 < _01 
279 

275.7 
316 
301 
381 
399 

358 
468 
420 
235 
275 
260 
361 
385 
251 
287 
456 
135 
292 
290 
273 
275 
258 
263 
323 
237 
232 

291 
301 
297 
371 
285 
549 
184 
173 
218 

144 
< 1 
< 1 
< 1 

23 

1.7 
20 
20 
10 
14 

< 5, 

< 5. 

< 5. 

< 5. 

< 5. 
72 

< 5. 

5 

< 5, 
< 5, 

8 

< 5. 
10 

< 5. 

16 
21 

< 5. 

348 154 217 282 <5. 
326 145 1_35 215 16 
34 36.9 1 58 314 < 5. 

32 7 12.4 1.05 245.22 < 5, 
31181658148 225 10 
3432 2801 1 2 281 < 5, 

55 1 338 14 3 093 244 < 5, 
502 337 171 172 128 79 
7206 415 6589 25 389 <5. 
6272 3403 2637 1,38 281 639 5.4 
56,09 33.36 14.57 1.36 224336 < 5. 
8124 4553 7647 3.87 412.095 < 5. 
65.11 35.56 25.93 1.64 273104 9,6 
54.06 3298 1437 1.62 212143 10.8 
56 79 34 34 21 27 1.83 256035 < 5, 
576 32.99 148 4.21 249939 < 5. 
55,4 31 5 204 22 297488 4.2 
60 ,4 328 222 1.6 318215 1.2 
55.4 296 14 ,2 1,1 335.284 2.4 
53.4 31 .3 14.5 14 29505 2.4 
55 ,7 322 17.2 1.5 263 ,35 1.98 
64,3 43.1 84.1 3.9 432821 <1, 
55.2 349 244 254 816 4,2 
55 317 238 1.5 263 

48.8 328 175 296269 2.4 
69 3 32 8 24 5 2 4 352 353 4.8 
61.4 327 209 14 285296 
5775 32.68 15_24 1.03 269,446 < 5. 
5185 31.77 1551 168 240. 185 < 5. 

5356 36,54 17 2 1.04 280419 < 5. 
51 61 34,04 17 22 1 17 230432 < 5. 
72 77 43.97 3662 244 374299 < 5, 

58 34,55 1558 11 202 <5 
5127 29.94 1548 187 170 40 

5708 33.4 11 _32 1.35 208 <5 

74 
62 
87 
66 

CI' 
MgtL 

36 
4 
34 

36.4 
405 29.4 
95 34 
75 14,2 
85 28 
87 24.5 
95 20.3 
69 17.2 
73 11.3 
83 32.5 
174 15 
93 26 

33.1 
95 33 
73 
66 
72 
81 
86 
77 
92 
95 
70 
70 
73 
70 
88 
94 
89 
90 
96 
84 

107 
107 
114 
152 
108 
203 
95 
93 
109 
82 
98 
93 
77 
87 
91 
88 
95 
122 
90 
92 
134 
95 
92 
102 
97 
98 
102 
69 
86 
88 
135 
105 
102 
119 
111 
105 
90 
97 

95 
95 
135 
98 
97 

80 

14 
19 

32 

13 

3.3 

11 
10 
34 

45 

13 
4 

25 

26 
7 

27 

TDS 
mglL 
424 
432 
490 
490 
850 
520 
316 
460 
484 
366 
340 
388 
430 
577 
544 

570 
320 
360 
378 
450 
460 
350 
380 
269 
359 
380 
353 
338 
364 
374 
364 
399 
330 
354 

388 
402 
417 
571 
458 
828 
302 
324 
362 
312 
338 
425 
335 
320 
350 

Baseline 
TSS T-Fe 
mglL mglL 

0.81 
5.4 

0,25 
0,07 
1.3 
0.6 

24.6 
0.06 
0.56 
0.62 

T-Mn 
mgll 
0 ,065 
0 ,045 
008 
004 
009 
0.09 
0.73 
003 
009 
0.07 

0.57 0.05 
0.3 009 
0.68 009 
0.75 0.15 
1.33 009 

1 0.04 
0,08 0.02 
0.04 005 

03 ' .1 
02 < .1 
01 
0.3 
0.9 
0_8 
06 
11 
14 
05 
15 
4. 1 
06 

< . 1 
< , I 
< . 1 
< ,1 
c . l 
< . 1 

< 01 
< .1 
< .1 

0.1 
< .1 

3.7 0.1 
29 0.2 
05 <.1 

1.2 <.1 
15 < .05 

1.9 0_07 
< 05 

0.5 < _05 

1.16 0034 
0447 001 
0.162 0.026 

1 9 0046 
0.05 002 
0.37 0,013 
764 0174 
0.77 0.02 
<05 0012 
2,93 0059 
1 66 0025 
0.91 0023 

351 3710095 
330 019 0005 
555 0.23 0_012 
401 095 0.034 
345 02 0007 
578 01 0008 
391 233 0066 
343 1,4 0033 
361 08 0014 
372 1 84 0094 
372 1 26 0_034 
404 141 0048 
322 1.3 0_057 
336 1 1 0037 
366 059 0024 
596 024 001 
338 01 0009 
368 032002 
376 083 0038 
380 2,84 0.111 
388 085 006 
373 1.1 0.072 
372 1 04 0034 

374 1,57 0 145 
331 20 < 05 < 002 
530 79 05 0019 
462 253 286 0168 
369 171 2,45 0.055 

320 284 206 0.071 

N02+ 
mgll 

< 1 
< 1 
< . 1 
< . 1 
< .1 
< .1 
< .1 

0.13 

N03 
mgll 
< .02 
< 01 
0.06 
0.01 
0.02 
0.09 
0.42 
0.03 
0.05 
0.06 
0.03 
0.03 
0.15 

< 02 
1.4 

Nutrients 
N02 NH3 O-P04 
mgll mgll mgll 

003 
0_01 

0.02 
003 
004 
002 
002 

T-P 
mgll 
02 
011 
01 
01 

0.14 
077 
1.12 
028 
002 
0.03 
002 
0.05 
0 .09 
0.1 2 
01 

D·Fc 
mgll 
0.03 
0 .09 

0.044 
0.01 
0,07 

D·Mo 
mgll 
0042 
0,015 
0,07 
0,03 

0 .23 om 
0.03 < ,01 

< .01 < _02 

< .01 005 
< .01 0.02 
< .01 < ~01 
< .03 0.05 
< .03 0.Q3 
< ,03 0.08 
< 02 < 02 
0.13 0.01 
0.05 < 02 

< .04 0029 
0.1 <.1 

<.1 <.1 

<.1 <.1 
< ,1 

< ,1 
< ,1 
< .1 

<.1 <.1 
<.1 <.1 
<.1 <.1 
<.1 <.1 

< ~01 < .01 
<.1 <.1 
<.1 <.1 
<.1 <.1 
<.1 <.1 

<.1 <.1 
<.1 <.1 
<.1 <.1 

<.1 <.1 
<.1 < 05 

< 1 < 05 
< 1 < 05 
< 1 < .05 
0006 0,013 
0009 0.005 
0008 0,021 
< .03 0.006 
< .03 0.005 
< 03 0.003 
< 03 < ,002 
< 03 0 ,007 
< 03 0,006 
< 03 < 002 
< 03 0003 
< ,03 0.007 
< 03 < _002 

< .03 0003 
< 03 0007 
< 03 0004 
< 03 0002 
< 03 0007 

< 03 0007 
0.03 0.007 

< 03 0004 
< .03 < .002 
003 < .005 
002 0.006 

< 02 < .005 
< 02 < ,005 
< 02 < .005 

< 02 < .005 
< 02 < .005 
<02 <005 
< _02 < 005 
< 02 < .005 
< 02 < 005 

< 03 < .002 
009 0003 

<03 <002 

< .03 < 002 
<03 <002 

o 13 <005 02 <005 <0 05 < .03 < 002 
< .03 < 002 

<0,03 <0002 

D-AI 
mgll 

lOA! 
mgll 

503 <01 

D-S 
mgll 

D-Cd 
mgll 

Trace MClals. 
D-Cr O-Cu T·Hg O-Hu D,Mb 
mgll mgll upn ugll mgll 

D-Pb 
mgll 

o 05 001 <0 001 <001 <002 0 007 0 002 <001 

D-Se 
mgll 

0 ,02 

T·Se b,z" 
mgll ~ 

o 02 h Q0475 4, 
~ :' 

O&G 
mgll 

< 2. 
< 2 
< 2 
< 2 , 
< 2. 
< 2. 
< 2 , 
< 2. 
< 2. 
< 2. 
< 2 

< 2. 

< 2 , 
<2. 
< 2. 
< 2 , 

< 2. 
< 2, 

< 2. 
< 2. 
< 2 , 
< 2. 
<2 
< 2 , 
< 2 
<2 
< 2. 
< 2. 
< 5. 
< 5. 
< 5. 
<5 
<5 
<5 
< 5. 
<5 
< 5, 

<5 
<6 
<6 
<6 
<6 

6 
<5 
<5 

< 5. 
<5 
< 5. 

<5 
<5 
<5 
< 5. 

<. 5.~ 

<5 

Other Parameters 
Acidly CN T·Alk 
mgll mgll mgll 

328 
308 
320 
341 
315 
320 
210 
286 
270 
259 
250 
259 
247 
312 
331 

386 
370 
220 
240 
237 
296 
315 
206 
235 
374 
231 
240 
247 
234 
236 
226 
217 

207 
204 

252 

257 
310 
250 
450 
200 
194 
220 
231 
202 
257 
203 
201 
230 
200 
237 
319 
240 
184 
338 
240 
193 
210 
205 
211 
217 
232 
205 
216 
355 
209 
223 

234 

197 

202 2G2 

i / .~, i ; . 
208 

APR 1 9 2018 

T-Hard 
mgll 
298 
280 
328 
307 
610 
390 
246 
284 
346 
264 
278 
286 
300 
425 
355 

351 
330 
272 
278 
294 
329 
310 
265 
272 
330 

264 
259 

256 
250 

301 

227 
343 
304 
469 
252 
265 
271 
301 
265 
299 
275 
260 
290 
277 
264 
351 
297 
277 
390 
309 
271 
283 
280 

260 

284 

287 

280 



) 

Suteo006A 
Sutco 006A 

Suteo 006A 
Sutco 006A 

Sutco 006A 
surco 006A 
Sutco 006A 
Sureo 006A 
surco006A 
surco 006A 
surco 006A 
surco 006A 
surco 006A 
sureo 006A 
Sureo 006A 
Sufco 006A 
Sutco 006A 
Sufeo 006A 
surco 006A 
Sufco 006A 
Sureo 006A 
sureo 006A 
Sufco 006A 

Suleo 006A 

Sufco006B-

S Fk Quitchupah Upper 
S. Fk, Quilehupah Upper 
S . Fk. Quilehupah Upper 
S Fk Quilehupah Upper 
S . Fk Quitchupah Upper 
S. Fk. Quilchupah Upper 
S Fk Quilchupah Upper 

S. Fk Quitchupah Upper 
S. Fk. Quitchupah Upper 
S Fk Quilehupah Upper 

Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 

Cowboy Top 
Cowboy Top 
Cowboy Top 

Cowboy Middle 
Cowboy Middle 
Cowboy Middle 

Cowboy Bollom 
Cowboy BaHam 
Cowboy Bottom 

SP60 Creek 
SP60 Creek 
SP60 Creek 

CPC Upper 
CPC Upper 
CPC Upper 

CPC Middle 
CPC Middle 
CPC Middle 

CPC Lower 
CPC Lower 
CPC Lower 

North fork Upper 
North Fork Upper 
North Fork Upper 

North Fork Middle 
North Fork Middle 
North Fork Middle 

Dale 

19·0c(·09 
26·Jun·l0 
15·Sep· l0 
I·Nov·l0 
17·Jun·l1 
21 · S.p·l1 
12·0el·ll 
I·Jun·12 

12·Sep·12 
I·Nov·12 

27·Jun·13 
16·Sep·13 
23·0el·13 
28·May·14 
17·Sep·14 
28·0el·14 
23·Jun· 15 
23·Sep·15 
6-Nov·15 
28·Jun·16 
25·Sep·16 
26·Jun·17 
28·Aug·17 
2·Nov·17 

12·Sep· 12 

11·Nov·13 
I·Jul·14 

25·Sep·14 
II·Nov·14 
29·Jul·15 
9· Nov·15 
9·Jul·16 

14·Nov·16 
29·Jul·17 
18·0el·17 

II·Nov·13 
2·Jul·14 

25·Sep·14 
II·Nov· 14 
29·Jul·15 
9· Nov·15 
9·Jul·16 

14·Nov·16 
29·Jul·17 
16·0el·17 

29·Jun·17 
29·Sep· 17 
9· Noy·17 

29·Jun· 17 
30·Sep·17 
15·Nov· 17 

29·Jun·17 
30·Sep·17 
15·Nov·17 

30·Jun·17 
28·Sep· 17 
10·Noy·17 

30·Jun·17 
28·Sep·17 
10· Noy·17 

30·Jun·17 
28·Sep·17 
10· Noy·17 

30·Jun·17 
28·Sep·17 
10·Nov·17 

30·Jun·17 
28·Sep-17 
10.Nov·17 

30·Jun·17 
28·Sep·17 
10·Nov·17 

Flow 
gpm 

75 
500 
50.8 
82.2 
1109 
296 
186 

0.949 
59.5 
56 
136 
210 
118 
576 
126 
2.86 
168 
113 
28.6 
339 
122 
321 
117 
13.3 

368 

128 
731 
151 
118 
411 
70 
455 
44 

3540 

59 
81 
78 
129 
27 
67 
75 
101 
14 

1.74 

101 
121 
223 

0.51 
1.41 
0.88 

37.5 
15.7 
10.7 

0.103 

<001 

062 

313 
36 

3.05 

718 
126 
106 

581 
26 
139 

f llDld MeBGUttmOMS 

T pH Cond 0 .0 
' C S.U. ~Slem mgn 

168 8.51 538 7.31 
117 8.44 529 7.33 
34 8.22 560 9.38 
95 8.77 512 7.86 
11.7 8.68 624 7.53 
7.9 8.6 558 8.72 
143 8.5 1162 7.5 
11.8 8.56 547 8.62 
39 8.56 576 9.85 
17 2 8.56 551 7.96 
13 8.52 609 7.88 

8.56 604 1078 
124 8.56 569 7.56 
12.7 8.67 547 8.18 
24 8.61 1123 1008 
87 8.7 573 7.37 

11 7 8.59 518 8.22 
02 8.37 640 105 
185 8.51 536 7. 16 
9 2 8.68 536 9.24 
125 8.62 510 8.04 
15 8.61 509 7.48 
6.3 8.47 660 8.98 

115 8.66 

4.6 663 
12.5 8.61 
13.6 8.72 
0.1 8,43 

13.4 8,77 
0.3 8,42 

14.7 8 ,69 
4 .7 8.33 
14.7 866 

45 8.42 
165 8.24 
155 8A8 
0.9 8.56 
134 8.52 
03 8.45 
153 8.65 
58 8.57 
149 8.59 

13.B 8.43 

15.2 855 
6.5 8.58 
0.6 8.55 

555 633 

514 10 
515 63 
518 605 
593 10.14 
497 61 
503 10.02 
507 803 
611 1005 
485 785 

547 1004 
549 7.3 
527 839 
570 1036 
505 776 
505 1006 
509 761 
540 969 
490 751 

540 

668 
743 
832 

7.49 

75 
8.86 
958 

13 6 66 610 7.49 
7,94 
9.64 

6.9 675 693 
1 1 8.66 643 

145 8.64 545 8.11 
69 867 635 697 
07 6.54 737 11 28 

129 858 645 813 

114 786 1136 81 
77 877 795898 

11 .2 8.3 
75 8.6 
15 8.38 

11.5 864 
6 853 

0.4 853 

10.3 8.66 
6.2 8.6 
0 .4 8.59 

853 
884 
850 

329 
345 
356 

355 
457 
412 

7.78 
913 
121 

854 
693 
11 .9 

844 
945 
124 

Turb 
NTU 

co" 
mgll 

5693 
46 3 
535 
561 
475 
54 

64.7 
452 
527 

485 

52 
5055 
56.1 

4634 

36 

4966 

7324 

4586 
485 

58.36 

Mg' 
mgll 

MaJor Ions 

N.' K' "CO" 
mgll mgll m91l 

co}· 
mg/l 

3242 1289 1 54 224.336 4 .6 
29 161 26 296.269 2.4 

29 .8 17 8 1 3 306.023 1.2 
30.1 132 325.53 2.4 
26.8 12 1.1 249.939 4.6 
31.6 15.3 1.3 256.035 1.996 
37 138 25 513.269 4 .2 

26.6 18 14 251 .158 4.2 
31 204 1 3 251 4 

313 222 19 247 

30 1.16 227.993 
3126 1114 1.14 213.363 
32.43 12.22 1.12 246.281 
32 62 1065 1.01 209.705 

27 34 2 56 257 254 

3338 1047 105 223116 

2877 2426 2 .06 

3651 6658 31 
34 02 68 51 3.09 
39.18 77.06 3.33 

290 

333 
376 
431 

<5 
<5 
<5 

22 

<5 

<5 

6 
12 

26.79 3546 6773 3.4 160 
312 
301 

11 
19 
10 

34.76 34 94 66 59 5.59 
3636 32 85 585 3.49 

3956 

4325 

6716 

5B 66 
5039 
5437 

5411 
4843 
482 6 

3121 4566 1.46 

43.31 50.43 275 

31 49 9629 B 12 

1344 247 064 
1215 269 073 
13.14 591 071 

15.36 775 0 66 
18 69 22.0B 1.36 
1546 1663 107 

256 

307 

326 

261 
157 
210 

170 
212 
211 

16 

29 

10 

21 

<5 

14 

<5 

so/ cr 
mgll mgll 

95 
99 
101 
66 
66 
86 
183 
103 
101 

104 

86 
97 
102 
87 

46 

88 

14 
16 
19 

27 
36 
31 

19 

14 

106 

15 
22 
22 

16 
24 
22 

47 
4 

16 
20 
<1 

22 
27 
22 

16 

29 

<1 

Baseline 
TDS TSS T-Fe 
mg/I. mgl\. mgl\. 

T·Mn 
mgI\.. 

360 
366 
362 
312 
346 
342 
776 
356 
324 

321 

390 

328 
322 
350 
372 
302 

331 
394 
300 
169 

316 
305 

314 

323 
357 
302 
165 

306 

379 
420 
482 

345 
409 
417 

293 

514 

373 

1 27 0.072 
056 0.023 
0.72 0039 
056 om5 
0.78 0,031 
032 0019 

46 074 0016 
16 0.13 0.014 
27 0 .22 0014 

140 0.95 0.042 

16 0.36 0013 

005 <0005 
19 0.27 0.012 
6 <005 0.004 
13 0.12 0.009 
24 0 16 001 

17 028 0012 
23 012 0012 
14 0.23 0009 
11 <0.05 <0.002 

11 0.13 <0.005 
39 053 0014 

42 035 0016 

36 057 0016 
22 022 0007 
30 036 0_015 
20 007 <0002 

<5 <0 as 0008 

<5 <0 05 <0.002 
011 0_003 

16 028 001 

<5 <0 05 <0002 
22 0.61 0032 
12 015 0005 

12 0.06 <0 002 

0.31 0.011 

16 046 0015 

710 665 237 0351 
666 164 265 0.036 

536 153 229 0093 
584 246 2 73 0075 
563 7 0 07 0045 

163 
211 
206 

200 
274 
254 

10 <0 05 <0.002 
6 <0 05 <0002 

13 0.06 0.004 

20 019 0009 
007 <0002 
005 <0002 

NOZ_ 

mall 

< 1 

NM 
0.15 
0.36 
226 

NM 

021 

Nutrients Trace MOlals 
N03 
mgll 

N02 Ntl3 O·P04 T.P c·r. [)..Mn 
mall 1Iljj!I 

D·AI 
mgll 

T·AI 
mgll 

D-As 
mg/l 

D·B 
mgll 

C·Cd 
mgil 

O-Ct D·Cu T·Hg D·HO C·hlb D·NI D-Pb 
mg/l 

D·S. 
mgll mgll mall mgll mg/l man mgll ugI! ugll mgll mgll 

< .2 
02 

<0 2 

< 02 <: 2 <: 01 006 
<: 2 03 <: 01 <: ~01 

< 1 < 2 < .01 0.02 

<02 <02 <001 003 

<: 03 < .002 

0.02 0.006 
002 0013 

< 02 <: ,005 

< .02 < .005 

< .02 < .005 
< 02 0.006 
< 02 <: .005 

< .02 < .005 

<0 02 <0 005 <0.05 0.5 

o 37 <0.05 <0.1 <0.05 <0.05 <0 03 <0 002 <0.03 05 
0.23 <0 05 <0 1 <005 <0 as <0 03 <0 002 <0 03 0.07 
a 36 <0 as <01 <005 <0 05 <0 03 <0002 <0.03 021 
031 <005 <01 <005 199 <003 <0002 <003 027 

<005 <005 <01 <005 006 <0 03 <0002 <0.03 1 03 

029 <005 <01 <005 005 <0_03 <0.002 <0.03 0 52 

<005 <0 05 <0 1 <005 <005 <0 03 <0002 <0 03 

< 05 
< .05 
< 05 

< 005 
< _005 
< .005 

<0 05 <0 05 <0 005 <0 005 <0.005 

<0 01 
<0 01 

<0 01 
<0 01 

0.03 <0 .001 <0001 <001 
004 <0.001 <0001 <0 01 
003 <0.001 <0001 <001 
0.04 <0.001 <0001 <0 01 

<001 004 <0.001 <0001 <001 

<001 0.04 <0.001 <0.001 <001 

<0 01 

<0.05 <0.05 <0 1 <0 05 <0 05 <003 <0 002 <0 03 <0 03 <0 01 am <0001 
0 .07 <0001 
0 .07 <0001 

<001 

<001 
<001 

<0.05 <0 05 <0 1 <0 05 <003 <0 002 <0 03 <0 01 
<005 <0 ,05 03 006 <0.03 <0002 <0 03 <001 

<0 05 <0,05 <0 1 <0 05 <0 05 <0 03 <0 002 <0 03 

<0 05 <0,05 <0 1 <0 05 <0 03 <0 002 <0 03 
<0 05 <0 05 <0 1 007 <0.03 <0.002 <0 03 

<0 05 <0 05 <0.1 <0.05 <0.05 <003 <0 002 <0 03 

307 29 <0 1 <0 05 <0 05 <0 03 <0002 <0 03 

<005 04 <01 <005 022 <0.03 <0 002 <0 03 

009 <0 05 <0.1 <0.05 <0 05 <0 03 <0 002 <0 03 
o 12 <0 1 <0 05 <0.03 <0.002 <0 03 

0.15 <0.05 <0.1 <0 05 <0 03 <0 002 <0.03 

006 <0.05 <0 1 <005 <0 05 <0,03 <0 002 <:0.03 
<0 05 <0 05 <0 1 <005 <0,03 <0002 <0 03 

<0 05 <0 05 <0 1 <0 05 <0 03 <0002 <003 

<0 01 0 .06 <0.001 
<0.01 0 07 <0001 
<0.01 0 .06 <0.001 

<0 01 0 .05 <0001 

<0 01 007 <0001 

<001 008 <0001 

<001 002 <0001 
001 002 <0001 

<001 002 <0001 

<001 
<0.01 
<001 

002 <0 001 
003 <0001 
0.02 <0.001 

<0.01 
<001 
<001 

<001 

<0 01 

<001 

<001 
<001 
<0.01 

<001 
<001 
<001 

< .2 
<.2 
0 .2 

<02 
<02 
<02 
<02 

<02 

<0 2 

<02 

<02 

<02 

<02 

<0.2 

<2 

<0 2 

<02 

< 02 
< .02 
< .02 

< 02 
0.02 
003 

0 .04 

o 002 <001 <0 02 
<a 001 <001 <0 02 
<a 001 <a 01 <0 02 
<0.001 <0 01 <002 

0002 <0 01 <002 

<0001 <001 <002 

0005 <0.01 

0002 <0 01 
<001 
<001 

0002 <0 01 
<o_01 
<0 01 

<0 01 

<001 

<0 01 

<001 
<0 01 
<001 

<001 

<0.01 
<001 

0.03 

009 
0.05 
007 

0.07 
006 
008 

004 
003 

005 
004 

T·Se D-Zn 
mgll ~ 

< 20 
20 
30 

0.02 <001 

<0 02 <0.004 
<0 02 <0.004 
<002 <0,004 
0.03 0.005 

<0_02 <0.004 

<002 <0.004 

<0.004 

<0 004 
<0004 
<0 004 

<0.004 
<0004 
<0,004 

<0 004 

<0004 

<0 004 

! f-~ ~ ;':6:~: 
<0.004 ' 

O&G 
mgll 

~ 5 

~ 5 

< 5 
~ 6 

~ 5 

¢ 5. 
< 6. 
< 5 
< 6 

<6 

<5 
<5 
<5 
<5 

<5 

NM 

<5 

<5 

<5 

<5 

<5 

<5 

<5 

Other Parameters 

Acidly CN T·Alk 
mQll mgll mpl! 

<5 

<5 
<5 
<5 
<5 

<5 

<5 

<5 
<5 

<5 
<5 

<5 

<5 

<5 

206 
210 
226 
205 
210 
421 
206 
213 

210 

193 
175 
202 
172 

232 

163 

290 

339 
368 
440 

171 
331 
311 

273 

335 

336 

<5 282 
<~ ' . ' .. , .. ")164 
~5 ~ I t.:, r 214 

<0 004 <5 <5 184 
222 
214 :AfR 1 9 2nlB 

T-Hard 
mg!1 

314 
251 
259 

260 

253 
255 
274 
255 

203 

262 

230 

265 
261 
307 

213 
231 
226 

227 

266 

297 

202 
176 
190 

198 
198 
184 



) 

ULGH 
ULGH 
ULGH 

URGH 
URGH 
URGH 

GH aL Road 

GH al Road 
GH at Road 

Muddy Creek below Horse 

Muddy Creek below Horse 

Muddy Creek below Horse 

Muddy Creek above Horse 
Muddy Creek above Horse 

Muddy Creek above Horse 

Horse Creek 

Horse Creek 

Horse Creek 

Spring Monitoring Stations 

M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 
M-SPOl 

M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 

Dale 
28-Jun-17 
27-Sep-17 
13-Nov·17 

28-Jun-17 
27-Sep-17 
13-Nov-17 

28-Jun·17 
27-Sep-17 
13-Nov-17 

27-Jun-17 

30·S.p·17 
14-Nov-17 

27-Jun-17 
30-Sep-17 
14-Nov-17 

27-Jun-17 
30-Sep-17 
14-Nov-17 

19-Jun-01 

26-Aug·Ol 
l-May·02 

25-Sep-02 
12-Nov-02 
21-May-03 
8-Aug-03 
7-0cI-03 

ll-May-04 
13-May-04 
26-May-06 
28-Sep-06 
B-Nov-OB 
26-Jun-07 

11·Sep-07 
8-Nov-07 

13-Jun-OB 
24·Sep-08 
7-Nov-OB 
27-Jun-09 
23-Sep-09 
10-Nov-09 
26-Jun-l0 
23-Sep-l0 
12-Nov-l0 
27-Jun-l1 
26-Sep-ll 
29-0cl-ll 
27-Jun-12 

6·Sep-12 
7-Nov-12 

30-Jun-13 

25-Sep-13 
26-0cl-13 
29-Jun-14 
29-Aug-14 
31-0cl-14 
24-Jun-15 

28-Sep-15' 
28-0cl-15 
25-Jun-16 
29-Sep-16 
7-Nov-16 

28-Jun-17 

21-Sep-17 
14-Nov-17 

19-Jun-Ol 
26-Aug-Ol 
l-May-02 

25-Sep-02 
12-Nov-02 
20-May-03 
5-Aug-03 
8-Aug-03 
7-0cl-03 

ll-May-04 
13-May-04 
26-May-06 
28-Sep-06 

Flow 
gpm 
668 
3.49 
3.16 

101 
019 

294 
2.68 
119 

107 cfs 
9620 
4609 

96 cfs 
9030 
3777 

11 cfs 
585 
632 

0.503 
0373 
045 
0324 
0408 
0.517 
0539 
0267 
0.621 

0_89 
019 
062 
039 
026 
047 
0.57 
024 
0.51 
0478 
0254 
049 
0426 
016 

0.408 
111 

0.746 
068 
034 
0246 
0221 
0292 
0377 
0.505 
0_32 

0.241 
0426 
0339 
0.113 
034 
0258 
0_14 

0261 
0.473 
1600 
0387 

9274 
2756 
4348 

6.656 

0992 
o 

2485 

13.4 
4_19 

T pH Cond. 
°C S.U. ~S/cm 

12.6 8.66 902 
8_67 872 

0.6 666 

14.5 646 
5.1 651 

18.6 879 
6.8 8.66 
0.5 851 

834 

770 
944 

847 
874 
981 

~O. 

mg/l 
7.42 
8.45 
1296 

685 
792 

731 
7.73 
10_9 

14.9 876 366 752 
6.7 875 399 693 
1.2 8.77 423 1091 

15.3 8.76 360 7.52 
6.2 876 396 9,08 
1 876 414 109 

16,5 8.77 446 7.46 
85 8.8 476 662 
1 3 8.8 474 1086 

13.7 7.42 532 
7.53 497 

5.1 7.27 451 
757.4 851 
51 733 815 

217 
283 

Turb 
NTU 

024 
0.6 

43 726 435 3.1 9,99 
79 7.1 490 
76732500 
4.5 7.34 489 

7.68 864 
746 777 

5.3 717 772 
10.2 7.48 
11.6 742 
4.7 7.76 
9.2 7.01 
9.5 707 
5.7 723 
11.4 7.46 
10.1 708 
5.1 7.32 
12.6 721 
10.1 7.86 
4.3 7,02 
5.6 752 
6.1 7.72 
6.2 7.49 
11.9 741 
9.6 735 
4.2 7,6 
14 757 
9.5 724 
6.6 728 
12.7 7.24 
11.0 723 
6.0 758 
10.1 737 
12.5 771 
7.1 743 
10.0 775 
8.2 
5.4 
9.5 
10.6 
5.7 

7.46 
779 
7_33 
752 
750 

10.7 743 
10,3 762 
91 757 

6,1 722 

68 721 

6,3 
82 

737 

7.67 
724 

797 
906 
874 
882 
807 
784 
803 
869 
748 
837 
846 
846 
619 
812 
821 
654 
842 
838 
848 
851 
611 
611 
641 
653 
842 
803 
816 
813 
825 
828 
788 
804 
744 

497 
499 
470 

469 

485 

437 

624 
772 

251 0.15 
203 1,82 
3.29 

008 

578 1368 

57 015 

482 025 

Ca" 
mg/L 

Mg" 
mg/L 

No' K' HCO; 
mg/L mg/L mg/L 

44.42 
3797 
34.07 

28,35 
231 
21 ,71 

144.7 4_97 440 
147.5 5.55 510 
1425 349 456 

4527 2796 1077 417 
39.62 2023 161 9 669 

26_67 

38.45 
62.8 

0_015 143_8 5.81 
26,16 118_9 9_37 
42,16 131.7 667 

46 23,74 461 0.7 
4047 23.46 524 077 
4325 27,22 1025 099 

46.78 23,76 3,71 0.7 
42.02 2368 446 0 75 
44.9 25.93 8.47 0_91 

41.99 
37,12 
40.19 

88 
80 
81 
82 
86 
84 

80 

79 

79 

29.01 1445 1.2 
29.52 21 07 1.52 
30.7 1924 153 

44 
40 
40 
40 
42 
42 

34 

34 

33 

48 
43 
45 
45 
47 
49 

56 

54 

60 

1.9 
17 
19 
17 
1_8 

1.9 

21 

370 
489 

371 
413 
507 

192 
204 
224 

165 
200 
217 

215 
234 
247 

472 
473 
490 
480 
470 
510 
484 
492 

451 
470 

450 
459 
520 

462 

co/" 
mg/L 

20 
<5 
12 

25 
22 

35 
18 
<5 

<5 
12 
9 

<5 
14 
11 

<5 
14 
10 

~ 5, 
< 5, .. , 

I 
< I 
<I. 
< 5. 
< 5. 

< 5. 
<5 

< 1 
<5 
< 1 

<5 

SO/' 
mg/L 
23 
21 
19 

15 
17 

33 
37 
49 

11 
12 

10 
11 

19 
21 
22 

26 
26 
26 
27 
26 
27 
26 
30 

35 
38 

37 

35 

36 

CI 
mg/L 

28 
24 
<1 

20 
27 

35 
36 
<1 

<1 
1 

<1 
1 

47 
44 
43 
43 
37 
42 
38 
44 

44 
41 

35 

38 

37 

Baseline 
TOS TSS T-Fe 
mg/L mll'L mgtl 

T-Mn 
mgIL 

546 175 2.27 0.0511 
0222 
0156 

526 500 5.71 
276 82 272 

473 
612 

517 
559 
656 

10 009 0008 
21 0.43 0023 

35 0,6 31 91 
51 0.95 0035 
17 024 0039 

77 0.33 057 0013 
222 55 0.31 0002 
191 136 092 0.023 

200 0.08 0.006 
228 <5 0 06 <0.002 
205 <5 0 05 <0.002 

258 862 6.9 0165 
501 134 3.01 0 042 
196 750 6.19 0,176 

502 
464 
464 

473 
454 
489 
500 

463 

419 

504 
463 

486 
457 

488 

<5 

<5 

< .1 
< .1 

< 02 -< .01 
< 02 0( .01 
< .02 <- .01 
< 02 " .01 
0.02 < 01 

< 02 " .01 

<005 

<005 

< I 

< . 1 

<0002 

<0002 

oe; 02 ,, 01 

<: 02 of: 01 

0_02 .. _01 

N02+ 
ml!!L 

11103 
mgll 
0. 14 
007 
0.07 

Nutrients 
N07 NH3 
mgll mg!l 
0I;01D5 
<0.05 01 
<005 <01 

<0.05 <0.05 
<0.05 <0.05 <0 1 

<O,OS 
006 
173 

O-Fo D·Mn O-AI 

mgll mgll mgll 
<0.03 <003 
<0.03 0035 <003 
<0,03 <0002 <003 

<0,05 <0,03 O.OOB <003 
009 <0.03 0_023 <0_03 

<005 <005 <005 <0 1 <005 <0.05 0 15 30.93 0,29 

..e ,03 
< 03 
< ,03 
.:: .03 

- .03 

< 03 

0.12 
0,09 

0.11 

<0 05 <0.05 <0.1 <0 ,05 <0.03 <0.002 <003 
<0.05 <0.05 <0.1 012 <0.03 <0002 <003 

0.33 <0 05 <0 1 
041 <0.05 <0.1 
045 0.08 <0.1 

O~35 <0 05 <0 1 
043 <005 <01 
048 0.09 <01 

023 <0.05 <0 1 
015 <0,05 <0.1 
750 021 <01 

< .03 <0.2 If: .05 
< .03 < 2 c 05 
< .03 < .2 ~ .05 
<: ,03 .:: 2 ..: 05 
< ,03 .:: 2 < 05 

< 2 
.:: ,03 .:: 05 

< 03 < 2 c 05 
<C .03 < 05 

< .2 

- .2 
<" 03 -< 05 

<0.05 <0,03 <0.002 <0.03 
<005 <0,03 <0.002 <0.03 
0.11 <0 03 <0.002 <0 03 

006 <0,03 <0,002 <003 
<0 05 <0.03 <0 002 <003 
<0,05 <0.03 <0 002 <003 

006 
0_14 

0.97 

<0,03 <0.002 <0.03 
<0,03 <0 002 <0.03 
<0.03 <0.002 <003 

< ,02 < .01 0 ,05 
< .02 .:: .01 0,04 
< .02 .:: 01 < 03 
< 02 .:: 01 .:: 03 
< 02 .:: .01 < 03 
< .02 .:: 01 < 1 

.:: .02 < 01 < 03 

< 02 < 01 .:: .03 

< 02 < 01 .:: 1 

T-AI 
mg/L 

<0.01 
002 
001 

001 
0_02 

O-B D·Cd 
m(!ll m(!ll 
009 <0.001 
006 <0.001 
009 <0,001 

0.09 <0.001 
006 <0001 

Ttl •• Moul. 
O-Cr O·Cu T.Hg 
mQll mgll IJ!!I! 
0002 <0.01 

<001 
<0.01 

<0.01 
<001 

001 
001 
001 

011 <0001 0003 <001 
o 08 <0.001 <001 
006 <0,001 <0.01 

<0 01 0_02 <0.001 
<0.01 002 <0.001 
<0.01 0 03 <0001 

<0.01 0 02 <0.001 
<0,01 0 02 <0001 
<0.01 0 03 <0001 

<0.01 0 03 <0001 
<0.01 0_03 <0.001 
o 01 0 04 <0.001 

0.0012 0.07 < .005 
0.1 006 < .005 

0.0009 < 05 < 005 
00007 006 < .005 
o 0006 0 06 < 005 
0,0008 006 < 005 

0.0012 0.19 < 005 

0.0008 005 < 005 

00009 006 < 005 

<0 .. 01 
<001 
<001 

<001 

<001 
<0.01 

<0.01 
<0.01 
<001 

< 01 
< 01 
< 01 
< 01 
< 01 
< 01 

< 01 

< 01 

O·tlg O-Mb 

"gil mgn 
<0,2 

<0,2 

<0,2 

< .02 
~ 02 
< .02 
< 02 
~ 02 
c: .02 

< .02 

< 02 

< 02 

D· NI O-Pb 
mgn "'in 

<0.001 <001 
<0,01 
<001 

0001 <001 
<001 

0001 <001 
<0,01 
<001 

<001 
<001 
<001 

<001 
<001 

<0.01 

<001 
<001 

<001 

D-Se 
mglt 
003 
0.07 
008 

002 
003 

004 
0.09 
012 

004 
006 
006 

003 
0_05 
0_09 

002 
005 
007 

< .07 00044 
< 07 < 1 
< .07 00037 

07 00026 
< .07 00027 
< .07 0_0024 

< _07 0.0033 

_ 07 00019 

< 07 0,002 

loSe 
mglL 

D-Zn 

mgll 
<0004 
<0.004 
<0004 

<0004 

<0004 

<0004 
<0.004 
<0004 

<0004 
<0004 
<0004 

<0004 
<0.004 
<0004 

<0004 
<0004 
<0004 

< 01 
< 01 
001 

< 01 
013 

< .01 

, 

O&G 
mg/L 

<5 

<5 

<5 

<5 

Other Parameters 
Acidly CN T-Alk 
mgJt mgn mQ!1 

<5 
<5 

<5 

<5 
<5 

·102 
<5 
<5 

-292 
<5 
<5 

<5 
<5 
<5 

33 
35 

24 
36 
17 

460 
510 
468 

396 
510 

406 
431 
511 

192 
215 
233 

185 
214 
227 

215 
248 
257 

387 
388 
385 
374 
380 
420 
397 
403 

ATe 

APR 1 9 2018 

DI';f. (.-ii· ,", 'I ., . t,,)I) 

0.01 

006 

002 14 

370 
385 

370 
376 
420 

379 

T-Hard 

mgn 
228 
190 
174 

227 
182 

189 
204 
330 

213 
196 
220 

215 
202 
219 

224 
214 
227 

400 
360 
370 
370 
390 
380 

340 

340 

330 



M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M· SP02 
M·SP02 
M·SP02 
M· SP02 
M· SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 
M·SP02 

M·SP04 
M·SP04 
M·SP04 
M· SP04 
M·SP04 
M·SP04 
M·SP04 
M·SP04 
M·SP04 
M·SP04 
M·SP04 
M·SP04 
M·SP04 
M·SP04 
M·SP04 
M· SP04 
M·SP04 
M·SP04 

M·SP05 
M·SP05 
M·SP05 
M·SP05 
M·SP05 
M·SP05 
M·SP05 
M·SP05 
M· SP05 
M·SP05 
M·SP05 
M·SP05 
M·SP05 

M· SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 
M·SP06 

Date 
8· Nov-06 
26-Jun-07 
11-Sep-1J7 
8·Nov-07 
13·Jun-08 
24·Sep·08 
7· Nov·08 
27·Jun·09 
23·Sep-oe 
10·Nov-09 
25·Jun·10 
23·Sep·10 
12·Nov·10 
27-Jun·ll 
26-Sep-ll 
29·0cl-ll 
27-Jun-12 
6-Sep-12 
7·Nov·12 
3O·Jun·13 
25-Sop-13 
26-0cl-13 
29·Jun·14 
29-Aug-14 
31·0cl-14 
24-Jun-15 
28·Sop-15 
28·0cl-15 
25·Jun·16 
29·Sop-16 
7·Nov·16 
28-Jun·17 
21·Sop·17 
14·Nov·17 

19-Jun-Ol 
28-Aug-Ol 
3-May-02 
26-Sep-02 
12· Nov-02 
20·May-03 
5·Aug-03 
6-OcI-03 

12·May·04 
26·Jun-15 
30·Sop·15 
I· Nov·15 

25-Jun·16 
28-Sop·16 
31 -0cl·16 
28-Jun-17 
27·Sop-17 
13·Nov-17 

26·Sep-02 
20·May-03 
25·Sep-03 
12·May·04 
26-Jun·15 
3O-Sop·15 
I·Nov-15 

25-Jun-16 
28·Sep-16 
31·0cl-16 
28·Jun-17 
27·Sop·17 
13· Nov-17 

19·Jun-Ol 
4·0cl-Ol 
3·May·02 
26·Sep-02 
20·May·03 
25·Sep-03 
12·May-04 
30·Jun-14 
18·Sep·14 
31 -0cl-14 
26·Jun-15 
29·Sep-15 
I·Nov-15 
25·Jun-16 
28·Sep·16 
31·0cl·16 
28-Jun·17 
27· Sep-17 

Flow 
gpm 
2.26 
4.16 
0046 

5.17 
<.1 
o 

2.01 

1.19 

6.25 
1.76 
0.35 
2.05 
0.872 

0063 
< .1 

< 001 
0005 

< 001 
o 
o 

274 

0.387 

2838 
1832 
2043 
0900 
1.230 
3.226 
0849 
0747 
2921 
181 

0251 
0638 
0987 
0.192 
0.617 
3.92 
173 
146 

0082 
0216 
0.119 
0.264 
0.127 
0085 
0.157 
0.096 
0.130 
0.137 
0130 
0.134 
0142 

2.30 
186 
206 
1549 
1472 
1665 
1,624 
1.47 
145 
133 
145 
1.34 
123 
134 
1.32 
139 
1.62 
1.69 

Field Measurements 
T pH Cond. D.O. Turb 

NTU ·C S .U pSlcm min 
7.8 765 
6.7 7.49 813 
121 772 898 

6.8 727 917 
9.1 7.47 805 
3.3 7.93 783 
108 7.01 829 
10.8 7.92 881 
4.9 8.49 676 
6.7 7.15 835 

5.2 7.41 799 
6.8 7.52 795 
7.8 7.55 826 
10.2 7.55 877 
11 .2 7,45 841 
22 76 1385 
7.8 7.62 865 

10.7 7.99 842 
5.7 8.35 783 
6.8 7.36 848 
11 .4 7.59 847 
5.9 82 721 
IV 7.47 782 

10.6 742 834 

7.1 7-43 812 

5.7 7.5 744 

5.6 8.05 499 
4.7 7.73 379 
4.5 7.61 866 
5.3 7.41 844 
4.8 7.56 885 
4.2 738 929 
5.4 7.40 408 
5.4 750 861 
4.4 7.59 512 
4.9 7.68 986 
6.9 7.69 872 
5.6 7.72 873 
5.5 775 924 
6.9 7.90 923 
5.8 7.77 898 
5.2 758 877 
5.6 7.58 838 
5.4 7.64 829 

77 777 780 
43 760 910 
7.3 7.78 533 
39 7.92 524 
7.8 7.8 934 
89 7.91 870 
66784 888 
73 7.86 889 
79 791 895 
68 792 902 
7 765692 
77789887 
5.5 785 877 

930 
6 30 
490 
54 
46 
53 
47 
5_3 
59 
52 
55 
58 
55 
59 
5.9 
57 
58 
5.9 

755 
762 
7.59 
778 
7.81 
776 
778 
782 
768 
777 
776 
7.78 
779 
7.76 
781 

550 
474 
899 
895 
918 
514 
528 
916 
922 
934 
932 
868 
887 
886 
897 
906 
888 
884 

NM 0.62 
NM 0.47 
NM 0.00 

6.21 0.91 
6.64 5.40 
7.69 0.00 
7.40 0.10 
7.30 1.02 
0.69 0.69 

1900 
0,35 
17.70 
0.16 

75 
132 
088 
o 

1 24 

005 

Ca" 
m~ll 

2981 
2906 
256 
261 
264 

MaJor Ions 
Mg" 
mgll 

Na' K' HCO,' 
mgll mgll mgll 

1602 16653 
1647 16567 
1759 16588 
1659 17666 
1631 172 56 

125 571 812 
1 3 536455 

1 28 571 812 
1 26 551 085 
1.44 582.785 

COa
L-

mgll 

<5 
186 
<5 
<5 
<5 

504
1-

mgll 

15 
15 
15 
15 
15 

cr 
mgll 

15 
15 
15 
12 
15 

Baseline 
TOS TSS T-F. 
mgll mgll mgll 

T·Mn 
mgll 

590 36 0.14 0.007 
550 152 048 0044 
517 109 0.37 0.018 
590 36 014 0007 
581 129 186 0146 
566 83 1 1 0.047 
540 <5 <0.05 <0 002 
640 17 016 0003 

577 34 041 0027 
561 115 038 0078 
548 93 0 83 0 073 

572 117 2.4 0161 
582 93 0.54 0.024 
558 <5 0.11 0002 
304 800 1.69 0153 

559 
566 
557 
559 
542 

566 
568 
552 
269 

23 
16 
11 

25 

67 
12 
36 
<5 

039 0016 
<005 <0002 
017 0032 

<0.05 0002 
01 0.008 

042 0017 
015 0007 
037 0013 
<005 <0002 

N02+ 
mgIl 

014 
143 
0.9 

N03 
mpIL 

016 
017 
013 
0.17 
018 

Nutrients 
N02 NH3 O·P04 
moll mgJI. mgJ!. 

<005 
<005 
<005 
<005 
<005 

<01 

<01 
<0.1 
<01 

<005 
<0.05 
<0 05 
<0.05 
<005 

T·P 
mgJI. 

005 
<005 
0.07 
<005 
<005 

D-Fe 
mgll 

D·Mn 
mgll 

D·AI 
mgll 

<O~03 <0_002 < 03 
<003 <0.002 0.03 
<003 <0.002 <0 03 
<0.03 <0 002 <0 03 
<0 03 <0 002 <0 03 

T-AI 
mgll 

058 
0.05 
019 
008 
0.1 5 

D·As 
mgll 

<0.01 
<001 
<0.01 
<001 
<001 

Trace Metals 
D-8 
mgll 

D·Cd 
mgll 

D·Cr D-Cu T·Hg D-He D-Mb 
mgll mgll ugll ugll mgll 

0.05 <0001 <0001 
002 <0001 <0001 
006 <0001 <0001 
0.06 <0001 <0001 
0.05 <0001 <0001 

<001 
<001 
<001 
<001 
<001 

<02 
<02 
<02 
<02 
<02 

D·Ni 

m2fI 
D-Pb 
mg/I 

<0001 <001 
<0001 <001 
<0001 <0.01 
<0001 <001 
<0.001 <001 

D-Se 
mg/I 

<002 
<002 
<002 
<002 
<002 

T-S. D·Zn 
mgll ~ 

O&G 
mgll 

Other Parameters 

Acidly CN T·Alk 
mgll mgll mgll 

APR 19 2018 

T·Hard 
mgll 

Div. of Oil Gar' & "II: ,,: 
j ;;:. (vHI nne'! 

~, 

<002 <0.004 
<002 <0004 
<002001 
<0.02 <0 .004 
<002 <0004 

<5 
<5 
11 
<5 
10 
<5 

469 
472 
469 
452 
478 

137 
139 
137 
133 
133 



) 

M-SP06 

M-SP07 
M-SP07 
M-SP07 

M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 

M-SP08 
M-SPOB 
M-SPOB 
M-SPOB 

M-SP08 
M-SP08 
M-SPOB 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 

M-SPOB 
M-SPOB 
M-SPOB 
M-SP08 
M-SPOB 
M-SPOB 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 
M-SPOB 
M-SPOB 

M-SPOB 
M-SPOB 

M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 
M-SPOB 

M-SP09 
M-SP09 
M-SP09 
M-SP09 

M-SP09 
M-SP09 
M-SP09 
M-SP09 
M-SP09 
M-SP09 

M-SP09 
M-SP09 
M-SP09 

M-SP09 
M-SP09 
M-SP09 
M-SP09 
M-SP09 

M-SP10 
M-SP10 
M-SP10 
M-SP10 
M-SP10 

M-SP10 

Dale 
13·Nov·17 

20-Jun-Ol 
29-Aug-Ol 
3-May-02 

26-Sop-02 

12-Nov-02 
20-May-03 

S-Aug-03 
7-OcI-03 

10-MaY-04 
13-May-04 

20-Jun-Ol 
29-Aug-Ol 

3-MaY-02 
26-Sep-02 
12-Nov-02 
20-May-03 
5-Aug-03 

7-0cl-03 
10-May-04 
13-May-04 
23-Jun-06 
28-Sep-06 
8-Nov-06 
26-Jun-07 
11-Sep-07 
8-Nov-07 
21-Jun-OB 
24-Sop-06 
6-Nov-06 
22-Jun-09 
23-Sop-09 
10-Nov-09 
26-Jun-l0 

16-Jul-l0 
23-Sep-l0 
12-Nov-l0 
27-Jun-ll 
27-Sep-l1 
29-001-11 
27-Jun-12 
25-Sep-12 
7-Nov-12 
26-Jun-13 
25-Sep-13 
26-0cl-13 
29-Jun-14 
16-Sep-14 
31-0cl-14 
25-Jun-15 
26-Sep-15 

l-Nov· 15 
26-Jun-16 

27-Sep-16 
26-0CI-16 
29-Jun-17 
29-Sep-17 
9-Nov-17 

20-Jun-Ol 
29-Aug-Ol 

3-May-02 
26-Sep-02 
20-May-03 
7-0cl-03 

10-May-04 

27-Sop-l1 
29-0CI-l1 

25-Jun-15 
26-Sep-15 
l-Nov-15 
26-Jun-16 
27-Sop-16 

26-0cl-16 
29-Jun-17 

29-Sep-17 
9-Nov-17 

20-Jun-Ol 
2B-Aug-Ol 
l-May-02 

25-Sep-02 
13-Nov-02 
20-May-03 

Flow 

gpm 
1.60 

1137 
0,249 
0.409 
0211 
0,273 
0_601 

028 
0,283 

0677 

103 

0.433 
0775 
0_023 

079 
0096 
008 
1.1B9 

068 
0_51 

078 
037 

0071 
016 
0,46 

0016 

0.26 
0011 
< 01 

012 
00084 

o 

1.04 
0.49 
073 

o 13B 

0021 
006B9 
0017 
001 

0.014 
0015 

0012 
001 

0_094 

0064 
0074 
0.035 
0050 
0.205 
0131 
0171 

0254 

1430 
1_620 

o 
o 
o 
o 
o 

<0.05 
o 

0532 
0.489 
042 

0.238 
0244 
0243 

Field Measurements 

T pH Cond. D.O. 
°C S.U. ~S/cm mgll 
55 7,B5 877 

Turb 
NTU 

7.B 7.37 491 1.02 
7.3 7,5 541 2.25 
4.6 8,37 530 11.5 
6.5 7.45 678 521 1.8 
3.9 7.46 799 4.94 3.9 
4.6 7,36 854 6.17 6.25 
6.7 7,32 442 603 0.95 
6,3 7.62 865 702 0.56 
4 7,38 500 628 0.53 

84 7.78 424 758 
7.3 7,26 332 2.04 
6 3 8,27 600 3.5 

11 7 7.91 901 58 

39 727 1013 293 0.66 
101 725 541 2.86 21 
7.7 7,33 896 2,54 2.08 
4.B 7.4 557 5.42 

7.8 783 931 
7.3 7.78 837 

5.5 749 B78 
B.6 752 8BB 
13.2 793 

3.6 782 
7.B 735 
12.6 803 

8_1 7_55 

132 794 

59 774 
121 758 
276 71 

6.2 
7.9 
5.5 

7_72 

7.71 
777 

864 
709 
932 
912 

B97 
963 
69B 
930 
951 

912 
930 
941 

10.1 799 954 
12.9 799 996 
5.4 793 934 

23.9 7 93 1037 
9.5 767 715 
13.4 7_9B 953 
20.8 834 1061 

2.6 792 504 
36 B 38 1125 

15.2 B 05 982 

7.8 764 986 
20.4 78 1140 
17.5 8.3B 972 
B,O 791 980 

11.7 768 1.152 
8.3 759 929 
0.3 778 975 

7.9 753 

3.6 855 

5.4 777 

78 799 

14.5 775 
7,B 7.76 
B,5 799 
7.7 7,B4 

3.B 7.55 
5.8 7,56 

484 

429 

794 

916 

610 
526 

490 
B33 
814 
509 

456 
598 

143 

141 

016 

416 171 

Ca" 

mglL 

65 

61 
60 
60 
63 
64 

68 

69 
65 

67 
67 

49 
47 
49 

Mg" 

mg/L 

43 
40 
40 
39 
41 
42 

3B 

3B 
3B 
37 
37 

40 
38 
40 

MaJor Ions 
Na' K' HC03' 

mg/L mg/L "'giL 

86 
80 
81 
81 
B5 
B7 

86 

110 
87 
90 
120 

84 
80 

92 

1.9 
1.8 
1.7 
1.9 

1.8 

2.7 

19 

23 
21 
2.5 

560 
540 
520 
553 
520 
530 
516 
526 

340 
564 

517 

560 
550 
526 
564 

426 

429 
403 
512 
440 

cot 
IllgiL 

< 5. 
<5 
< 5 , 
< 5. 
<I. 
< 1 
<5_ 

<5 

< 5. 
< 5. 
< 5. 

< I . 
<1 

< 5. 
< 5. 

< 5_ 
<5 
<5 
<5 

< 1 

804
i - cr 

mg/L mglL 

27 
26 
29 
30 
27 
26 

27 
37 

26 
33 
23 

34 
28 

24 
44 

29 
29 
25 
27 
28 

35 
32 
31 
30 
26 
29 

27 
30 

53 
52 
43 

46 
40 
37 
60 

65 
75 
66 
73 
66 

Baseline 
TDS TSS T-Fe T-Mn 
mg/L mg/L mg/L mglL 

561 
498 

472 
509 
493 
480 

517 
531 

569 
545 
494 

590 
501 

238 
651 

695 
29 
598 

531 
469 

456 
448 
510 

0.3 
2.2 
0.6 0.01 

0.19 < .01 
0.55 < ,01 
0.36 < .01 
2.5 0,Q3 

< .02 < &01 

0,1 
08 
0,02 < 01 

0.03 < 01 
1.4 005 

0.94 0,03 
0,23 0_01 

<5 <0,05 <0002 
11 <005 <0002 

<005 <0002 

< 1 
< 1 

< 02 < 01 
< 02 c 01 
< 02 .c; 01 

014 
014 
033 
022 
0.21 

0_14 

0.14 

013 
018 
0_07 

011 

019 
022 
017 

N03 

~lg1L 

Nutrients 

N02 NJl3 0-P04 T·P 
mgll. mgll. ",gIl mgIl 

<03 <2 < .05 
<03 <2 <05 
<.03 <2 <05 
< 03 <2 <05 
< .03 <2 <05 

< 2 
<03 <05 

< .03 < 2 < 05 

< 03 < 2 or 05 
< .03 < 2 < 05 
< .03 < _2 < _05 

< .2 
< 03 <05 

< .03 < 2 <05 
< 03 <2 <05 
< 03 <2 <05 

D-Fe D-Mn D-AI 
mg/l mg/l mgll 

< 02 < 01 005 
< .02 < 01 0.04 

< 02 < 01 < 03 
< 02 < 01 < 03 
0.02 002 < .03 

< .02 < .01 < .1 

< 02 <.01 005 

< .02 < .01 < .03 
< 02 001 < 03 
0,07 0.02 < .03 

< 02 < 01 < .1 

,, 02 < 01 006 
< 02 < 01 004 
<: 02 < .01 < 03 

T-AI 

mg/L 

D-As 
mg/l 

D-B D-Cd 

mg/l mgll 

00009 01 < 005 

0_1 0.07 < 005 
o 0009 0.08 < 005 
0.0006 0 07 < 005 
0.0007 0.07 < _005 
o 0008 0.08 < .005 

0.0014 0.09 < 005 

00013 008 < 005 
0.0013 0.08 < 005 

0,0011 0.07 < 005 
00012 0,11 < 005 

00014 0.06 < 005 
< ,1 0.05 < 005 
o 001 0 06 < _005 

Trace Metals 
D-Cr D-Cu T-Hg D-Hg D-Mb D-Ni D-Pb D-Se 

mgl! mgll mgll ug/l ugll mOn mgt! mgll 

< .01 
< ,01 
< .01 
< ,01 
< .01 
< .01 

< .01 

< .01 
< 01 

< .01 
< .01 

< ,01 
< 01 

< .01 

< .02 
< .02 
< .02 
< .02 

< .02 
< .02 

< .02 

< .02 
< 02 

< .02 
< .02 

< 07 00034 
< 07 0.1 
< 07 0.0025 
< 07 0_002 
< _07 00024 
< 07 0_0019 

< .07 0.0034 

< _07 0_0044 

< 07 00028 
< .07 00021 
< 07 00033 

< 07 0.0054 
c 07 < 1 
< 07 0.0036 

T-Se D-Zn 

mglL ....!!!a!L... 

< 01 
0,02 

0.D1 
0.02 
0,02 

< 01 

< .01 

0.01 
< .01 
0,01 

< 01 

O&G 
mg/L 

Other Parameters 
Acidly CN T-Alk 
mgll mg/l mgll 

13 
23 
22 

17 

32 

21 

35 
15 
18 

459 
449 
426 
453 
430 
440 
423 
433 

279 
463 
424 

460 
450 
431 
462 

T-Hard 
mgll 

340 
320 
310 
310 
330 
330 

340 

330 
310 
320 
320 

'N c; n f11 P r, ·'"'A .... E-O --. • '--"/1 I' 
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Div. of Oil Gqc:- & M' , ,<;.;..., lining 

< .01 
0.01 
0.01 

8 
14 
18 

351 
352 
330 
420 
360 

290 
270 
290 



M-SP10 
M·SP10 
M-SP10 
M·SP10 

M·SP11 
M·SP11 
M·SPll 
M·SP11 
M·SPll 
M·SP11 
M·SP11 
M·SP11 
M·SPll 
M·SPll 
M·SP11 
M·SPll 
M·SPll 
M-SPll 
M·SP11 
M·SP11 

M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SPI2 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SPI2 
M-SPI2 
M-SP12 
M-SPI2 

M·SP14 
M·SP14 
M·SP14 
M·SP14 
M·SP14 
M·SP14 
M·SP14 
M·SPI4 

M-SPI5 
M-SP15 
M-SPI5 
M-SPI5 
M-SPI5 
M-SPI5 
M·SPI5 
M·SP15 
M·SPI5 
M·SPI5 
M-SPI5 
M·SPI5 
M·SP15 
M·SP1S 
M·SP15 
M·SP15 

M·SP18 
M·SP18 
M·SP18 
M·SPI8 
M·SP18 
M-SP18 
M-SP18 
M-SPI8 
M·SPI8 
M·SP18 
M·SPI8 
M·SPI8 
M-SPI8 
M·SP18 
M·SPI8 
M·SP18 
M·SP18 
M-SP18 
M-SP18 
M-SP18 
M·SP18 

DolO 
5·Aug·03 
7-OcI·03 

lQ.May-04 
13·May-04 

21-Jun-Ol 
4·0CI·Ol 
2-May·02 
28·Sop·02 
22·May·03 
25·Sop·03 
4·Jun·04 

26·Jun·1S 
30·Sap·1S 
l-Nov-15 
25-Jun-16 
28-S.p-16 
31-OcI-16 
28-Jun-17 
27-S.p-17 
13·Nov-17 

19-Jun-Ol 
4-0cl·Ol 
3-MaY-02 
26-Sap-02 
21-May-03 
27-Sep-03 
3-Jun-04 

26-Jun-15 
30-Sop-15 
6-Nov-15 
25-Jun-16 
29·Sop·16 
31·0cl·16 
28-Jun·17 
27·Sop-17 
13·Nov·17 

21·Jun·Ol 
29·Aug·Ol 
20·May·02 
26·Sop·02 
20·May·03 
4·Aug·03 
9·0cl·03 
6·Jun·04 

II·Jul·Ol 
3·0cl·Ol 
2·May·02 
27·Sop·02 
21-May·03 
8-OcI·03 
5·Jun·04 

27-Jun·15 
29.Sep·15 
7·Nov·15 
23·Jun·16 
26·Sap·16 
6-Nov·16 
3Q.Jun·17 
28-S.p-17 
10·Nov·17 

22·Jun·Ol 
28·Aug-Ol 
I· May·02 

25·S.p-02 
12·Nov·02 
20.May.03 
6·Aug·03 
8·Aug·03 
6·0CI·03 

11·May·04 
26·May·06 
28·Sap·OB 
8-Nov·06 
26·Jun-07 
11-Sap-07 
8·Nov·07 
21·Jun·08 
24·Sap·08 
6· Nov·08 
27·Jun-09 
23·Sap·09 

Flow 
Vpm 
0.224 
0275 
0271 

0408 
0_000 
0548 
0_000 

6.275 
0000 

5.984 
0932 
Damp 
0000 

<1 
0_000 

0000 

0190 
<001 

o 

0746 
0.749 
0472 
0,422 

Immeas 
0263 
0937 
0873 
0.769 
0847 
0781 
0.785 
0817 
0811 
0899 
0943 

11229 
0.865 
195 
Dry 
37,2 
Dry 
Dry 
614 

4822 
1.733 
0548 

0.433 

0268 
0.059 

o 

<0.1 

0.000 
0.000 
0,037 
<0.1 
<025 

0.34 
0212 
0.33 

0,147 

0,344 
0.47 

0.463 
0.65 
0,45 
047 
025 
021 
029 
02 
006 
0252 
0082 
0229 

Field Measurements 
T pH Condo 

'C S.U. pSlcm 
9.9 7.7 500 
67 7.67 846 
61 7.52 

12.8 7.50 

4.4 7.72 

7.6 7.83 

6.0 8.02 
9.3 7.78 

538 

488 

433 

754 

396 
866 

13.0 769 1,060 

111 777 788 
37823627 

220 844 495 
54 7.55 399 
2.8 807 785 
5.5 7.71 714 
3.9 762 779 
55758 443 
44 771 430 
55 7.94 837 
65 796 784 
53 7.75 798 
53784804 
6.1 7.82 808 
58 7.80 814 
5.3 7.87 804 
6.1 781 801 
55 778 757 

48 735 
6.9 7_35 

7,47 

39 742 

44 758 

13.5 8,26 
6,4 834 
54 7.70 

149 765 

295 
340 
542 

304 

309 

621 
433 
448 

509 

155 8,14 930 
129 7.42 1073 

9.9 737 986 

12 7.14 1050 
81 759 978 

Only Pool 

6.6 
8.3 
6.8 

5.5 

10 
6.9 
4.2 
4.2 

4.5 
6 

8.3 
4.1 
5.2 
6.9 
4.3 
6.3 
7.8 

6.96 728 
7_58 726 
7.23 1274 

7.35 

7.34 
726 
747 
7.66 
74B 
7.45 
749 
775 
766 
724 
7.29 
741 
7.11 
725 

748 

748 
1276 
728 
1214 
1174 
1165 
1198 
1435 
1428 
1245 
1227 
1226 
1283 
1264 

0.0. 
mg!l 
5.6 

5.55 
4.02 

465 

474 
5.16 
501 

Turb 
NTU 

082 

69.90 
368 
000 

1407 

252 

036 
032 
046 

98 

46 
49 
51 

79 

77 

130 

120 
120 
130 

Mg" 
mg/L 

38 
39 
41 

25 

24 

45 

41 
42 
44 

Major Ions 
Na' K' HCOJ-

mglL mglL mg/L 
84 23 430 
66 
98 

17 

15 

98 

88 
90 
96 

25 
24 

07 

08 

52 

5.1 
52 
5.2 

415 
468 

526 
392 

390 

360 

431 
346 

350 
344 
350 
350 
329 

COa
l-

mglL 
4 

<5. 
<5 

<5 
<5 

<1 

<5 

< 5 
< 5, 

< 1 
< 5. 
< 1. 
< 5. 
< 5. 

$04
2-

mglL 
27 
24 
30 

6,1 

7.6 

261 
316 

260 

300 
300 
330 

cr 
mglL 

67 
62 
89 

21 

3_3 

833 
70 

73 

78 
72 
81 

TOS 

mgJl 
420 
464 
473 

534 

503 

500 
484 
50B 

459 
498 
485 
590 

358 
300 

349 

338 

528 

575 

526 
598 

865 
868 

879 
830 

876 
883 

Baseline 
TSS T·Fa 
mglL mg/L 

T·Mn 
mg/L 

< .02 
< ,02 
0.11 

<10 .0 1 
< 01 
002 

46 027 0.063 

151 015 0007 

13 <0.05 0_003 
44 0.09 0.006 
26 0.16 0006 

0,28 0.009 
0.08 < 002 

36 0,31 001 
84 0.47 0039 

<0.1 
<0,1 

<002 <001 

<002 <001 

31 029 0.046 

15 022 0052 

60 012 0006 
29 

02 
07 

37 

007 
057 
12 

0.187 

024 

< .01 

001 
< 01 

N02, 
(1'Ig/L 
0.16 
021 

0.18 

0.08 
0.07 

007 
008 

N03 
mg/L 

Nutrients 

N02 NH3 O·P04 
mg/L mg/L mg/L 

< .03 < 2 < .05 
< 03 <2 <.05 

< .2 
< .03 < .05 

< 03 
< .03 

< 03 
< 03 

< 2 

< 2 
< 2 
< 2 

< .05 
< .05 

< 05 
< 05 

T·P 
mg/L 

D-Fe 
mg/l 
< 02 
< 02 
< 02 

003 

004 
008 

< 02 

D-Mn 
mgll 
< .01 
< 01 
< 01 

0.01 

001 
< 01 
< .01 

D·AI 
m911 
< .03 
< .03 
< 1 

< .03 

< 03 
< 03 

.1 

T·AI 
mglL 

D·As 
mgII 

00008 
0.0007 
0.001 

00015 

0.001 
00007 
00029 

D·B 
mgII 
005 
0.05 
0.06 

006 

006 
006 
007 

C·Cd 
m!}~ 

< cOOS 
< 005 
< _005 

< 005 

< .005 
<: ,005 
< 005 

Trac. MOlO'. 
O·c. O·Cu T·Hg D·Hg D-Mb 
mgll mgl! ugI! "on mg!! 

< .01 < .02 
<: .01 
< .01 

< 01 

< 01 
< .01 
< 01 

< .02 
< 02 

< 02 

< 02 
< 02 
< 02 

D·Pb 
mgn 
<: .07 
<: .07 
< .07 

< 07 

O·So 
mgII 

0.0035 
0.0036 
0 .0031 

00044 

0003 
00032 
00086 

T·So D·Zn 
mglL~ 

001 
001 
001 

001 

< 01 
001 
0.01 

IN:: 

O&G 

mglL 

Other Parameters 
Acidly CN T -Alk 
mg.!I f!I5!II mOIl 
22 360 
10 
14 

16 
13 

11 
12 

340 
384 

353 
284 

290 
282 
290 
287 
270 

, - .- , ' ~J.""Tr:: D 
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T-Hard 
mgli 

270 
280 
300 

510 

470 
470 
510 

Oi'.'. d Oq, (32_8 & Mining 



) 

M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 

M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 

M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 

M-SP36 
M-SP36 
M-SP36 
M-SP36 
M-SP36 
M-SP36 
M-SP36 

M-SP37 
M-SP37 
M-SP37 
M-SP37 
M-SP37 
M-SP37 
M-SP37 

M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 

Date 
10-Nov-09 
26-Jun-l0 
23-Sop-l0 
12-Nov-l0 
27-Jun-ll 
26-Sop-ll 
29-0cl-ll 
27-Jun-12 
6-Sap-12 
7-Nov-12 
30-Jun-13 
25-Sap-13 
26-0cl-13 
29-Jun-14 
29-Aug-14 
5-Nov-14 
26-Jun-15 
26-Sop-15 
28-0cl-15 
23-Jun-16 
28-Sap-16 
7-Nov-16 
29-Jun-17 
30-Sap-17 
14-Nov-17 

"-Jul-O' 
3-0cl-Ol 
2-May-02 

27-Sap-02 
21-May-03 
8-0cl-03 
5-Jun-04 

27-Jun-15 
29-Sap-15 
7-Nov-15 
23-Jun-16 
26-Sop-16 
6-Nov-16 
30-Jun-17 
28-Sop-17 
10-Nov-17 

"-Jul-O' 
3-0cl-Ol 
2-May-02 
26-Sap-02 
22-May-03 
8-CcI-03 
5-Jun-04 

25-Jun-15 
26-Sap-15 
1-Nov-15 
26-Jun-16 
27-Sop-16 
26-0cl-16 
29-Jun-17 
29-Sop-17 
9-Nov-17 

20-Jul-Ol 
5-0cl-Ol 

22-May-02 
26-Sop-02 
4-Jun-03 

23-Sap-03 
16-Jun-04 

20-Jul-Ol 
5-0cl-Ol 

22-May-02 
26-Sap-02 
4-Jun-03 

23-Sop-03 
16-Jun-04 

20-Jul-Ol 
29-Aug-Ol 
26-May-02 
26-Sop-02 
13-Nov-02 
20-May-03 
4-Aug-03 
7-0cl-03 
6-Jun-04 

Flow 
gpm 
0.244 
0.227 
0118 
0.257 
077 

0.431 
0.456 
036 

0.149 
0.128 
0.115 
0.145 
0.128 
< 05 

o 
0299 
0225 
0078 
0.151 
0 .131 
0.186 
0229 
0211 
0253 
0201 

2260 
1_976 
3031 
2114 
2866 
2555 
3128 
256 
173 
1.95 
2.53 
174 
205 
449 
328 
311 

3.507 
0.909 
0814 
0706 
1041 
0781 
6.621 
524 
104 
1.21 
190 

0980 
0980 
8060 
1490 
1440 

2270 
1497 
0866 
1559 
1715 
1752 
1930 

1.52B 
1660 
1.827 
1424 
2110 
1540 
2327 

571 
5.538 
2832 
4.956 
4999 
5111 
524 
5764 
5808 

Field Measurements 
T pH Cond D.O. 

·C S.U. ~Slcm mgl/ 
4.5 7.38 1259 
6.9 717 1347 
76 7_1B 1394 
2.2 7.27 1359 
91 752 1228 
78 7.44 1289 
34 7_79 1324 
165 7.49 1317 
142 7.51 152B 
2.2 7.6 1385 
6.3 7_31 1365 
B.2 7.35 1389 
66 7,39 1302 
74 7.51 1356 
81 733 1364 
36 7_53 1380 
89 7.49 1352 
89 7_72 1298 
5_6 7.76 1323 
101 7.54 1314 
7.7 7.52 1336 
5.1 7.67 1,333 
7.7 7.52 1,274 
7.0 7.44 1,295 
30 7.54 1.196 

10.4 8.24 508 
6.1 
5.1 
5.8 
5.2 
6.1 
6.5 
5.7 
8.3 
6 

6.0 
6.4 
6.3 
6.1 
6.3 
6.2 

7_83 443 
828 456 
794 457 
7.86 449 
6.21 480 
8.23 851 
7.97 873 
8.D4 
7.98 
B.OO 
8.00 
8.07 
8.05 
8.01 
8.01 

824 
829 
835 
845 
840 
81B 
822 
813 

142 784 486 
435 12.1 7.85 

10_5 797 432 
7.4 779 435 
76 7.59 420 
110 8.31 494 
106 7.92 814 
B 3 7.78 824 
75 7.38 769 
68769763 
66 7.41 775 
70 7.56 7Bl 
78 7.79 770 
74 7.61 736 

7.52 747 
7.1 7.57 745 

B9 
62 
93 
64 
43 
62 
48 

8.2 
61 
5_9 

64 
52 
61 
54 

84 
M 
78 
87 
84 
77 
B5 
68 
79 

562 
B.07 603 
8.76 688 
8.02 626 
8.36 615 
B.12 619 
B.22 652 

8.46 658 
8.12 667 
8.5B 746 
81 720 

8.33 714 
8.11 725 
8.26 737 

7.99 302 
7.39 303 
7.70 321 
7.59 301 
7.64 276 
7.65 179 
7.47 267 
77 312 
77 313 

Turb 
NTU 

5.90 
0.17 
046 
035 
1230 
0.68 
134 

352 
5.20 
000 
20.00 
1905 
1860 
035 

190 
0_00 
867 
005 
063 
032 
063 

2-98 
000 
397 
010 
041 
045 
000 

2550 

069 

1095 
18 

137 
111 

Ca" 
mglL 

38 
39 
40 
37 
40 
40 
39 
40 

Mg" 
mglL 

22 
23 
24 
23 
24 
23 
24 
24 

Major tons 
Na' K' HCO, -

mglL mglL mg/L 

49 
49 
52 
48 
50 
4B 
52 
4B 

<1 
<1 _ 
11 

12 

11 
12 

353 
332 
327 
322 
330 
329 
339 
336 

cot 
mglL 

<5 
<5 
<5 
<5 
<1 
<5 
<5 
<5 

SO.-2-

mgiL 

14 
15 
17 
18 
16 
17 
16 
17 

ci 
mgiL 

3.3 
3.6 
3.3 
3.2 
3.4 

Baseline 
TDS T55 T-Fa 
mglL mglL mgIL 

T-Mn 
mglL 

90B 

911 

522 
523 
519 

533 
509 
514 
513 
504 

468 
505 
453 

484 
440 
432 
446 
443 

313 
311 
288 
282 
298 
293 
303 
319 

<5 <0.05 <0 002 

<5 <005 <0002 

40 036 0.044 
12 027 0004 
16 0_11 0.004 

25 049 0009 
<5 <0 05 <0 002 
12 0.06 <0 002 
<5 <005 <0002 
<5 <0 05 <0 002 

13 0.15 0_016 
87 037 0049 
23 085 0.042 

13 OIl 0004 
0.13 0.013 
023 0032 

14 049 0047 
46 061 0.047 

<0.1 
<0.1 

<002 <001 
<0.02 <001 
<002 <001 
039 001 
<003 <003 
<002 <001 

N02+ 
mglL 

017 

N03 
mglL 

013 <0.03 
013 <003 
02 <003 

<003 <0,03 
<003 <003 
013 <0.05 

Nutrients 
N02 NH3 O-P04 
mglL mglL mglL 

<002 
<002 <005 
<002 <005 
<002 <005 
<002 <005 
<0_02 0.1 

T-P 
mg/L 

007 

D-Fo 
mgl! 

D·Mn 
mgl/ 

D-AI 
mgll 

<002 <001 003 
<002 <001 003 
<002 <001 <003 
<002 <001 <0.03 
<002 <0.01 <0.03 
<002 <001 <0 1 

T-AI 
mglL 

D-As 
mgl! 

D·B 
mgl! 

D-Cd 
mgl! 

00021 <005 <0005 
0.1 <0 05 <0005 

o 002 <0 05 <0 005 
0.0021 <005 <0005 
0.0023 <0.05 <0.005 
o 0026 <0 05 <0 005 

Trace Metal. 
D-Cr D-Cu T-Hg 
mgl/ mgl/ uglt 

<001 
<001 
<001 
<0.01 
<001 
<0.01 

D-Hg D-Mb 
ugll mgl! 

D-NI 
mg/l 

D·Pb 
mgl! 

D-5e 
mgl! 

<007 0.0009 
<007 <01 
<007 0.0009 
<0.07 00006 
<007 0 0006 
<0.07 00011 

T-Sa D-Zn 
mglL ~ 

005 
002 
002 

<0.01 
<0.01 
<0.01 

O&G 
mglL 

Other Parameters 
Acidly CN T -Alk 
mgll mglt mgl! 

T-Hard 
mglt 
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Oiv. of Oil
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11 
21 
<5 
<5 

289 
273 
268 
264 
270 
290 
278 
275 

200 
190 
200 
190 
200 
200 
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M·SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M·SP39 
M-SP39 
M-SP39 
M·SP39 
M·SP39 

M-SP40 
M-SP40 
M-SP40 
M·SP40 
M·SP40 
M·SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M·SP40 
M·SP40 

M·SP41 
M·SP41 
M-SP41 
M-SP41 
M-SP41 
M·SP41 
M·SP41 
M·SP41 
M·SP41 
M-SP41 
M·SP41 
M-SP41 
M·SP41 
M-SP41 
M-SP41 

Dale 
30·Aug·Ol 
3-May·02 
25-Sep·02 
13·Nov·02 
20·May·03 
6-Aug·03 
9-Aug·03 
7·0cl-03 

12.May·04 
3D-Aug·Ol 
3-May·02 
25·Sap·02 
13. Nov·02 
20.May.03 
9·Aug·03 
7·0cl·03 

12-May·04 
23.Jun.Q6 
28·Sep·00 
8·Nov·00 
26·Jun·07 
11 -Sap·07 
8·Nov·07 
13·Jun·08 
24·Sep·08 
6-Nov·08 
27·Jun·09 
23-Sep-09 
1O·Nov·09 
26·Jun·l0 
23-Sep·l0 
12-Nov·l0 
27-Jun·l1 
26-Sap·l1 
29·OCI· ll 
27.Jun·12 
6·Sap·12 
7· Nov· 12 
28·Jun·13 
25·Sep·13 
26·0cl·13 
29-Jun·14 
29-Aug·14 
31·0cl·14 
26-Jun·15 
26-Sep·15 
28·0cl·15 
25-Jun·16 
29-Sep·16 
7-Nov·16 
28-Jun·17 
21-Sep·17 
15-Nov·17 

26·Sep·Ol 
2·May·02 
28·Sap·02 
22-May·03 
9-0cl·03 
6-Jun·04 
25-Jun·15 
26-Sep-15 
1·Nov·15 
26-Jun·16 
27-Sap·16 
26-0CI·16 
29-Jun·17 
29-S.p·17 
9·Nov·17 

26-Sap·Ol 
2-May·02 
28-Sep·02 
22·May·03 
9·0cl·03 
6·Jun·04 
25·Jun·15 
26-Sap·15 
l-Nov·15 
26-Jun·16 
27-Sap·16 
26·0cl·16 
29·Jun·17 
29-Sep·17 
9-Nov·17 

Flow 
gpm 
1.068 
4663 
0441 
0.566 
2374 

0.509 
0266 
0.446 
1066 
4.663 
0.441 
0566 
2.374 
0.509 
0.266 
0.446 
184 
0.66 
064 
0]2 
0.94 
138 
204 
0.89 
1.2 

204 
111 
19 

0.24 
0753 
112 
271 

0.962 
138 
103 

0_221 
129 
1.44 
106 
1.17 
061 
0987 
0769 
127 

0581 
0.67 
067 
0434 
0434 
0735 
0390 
0_700 

0.657 
0455 
0336 
0314 
0180 
0447 
0102 
0_062 
0093 
0107 
0066 
0087 
0277 
0292 
0391 

0422 
2.253 
0427 
0472 
0402 
0509 
0974 
0313 
0_321 
0210 
0.193 
0245 
0354 
0.364 
0262 

Flold Mouu~n''Onts 
T pH Condo 0 .0 

' C S.U ~S/cm mgil 
7.1 7.16 590 
5,3 748 603 
65 756 1011 563 
5.8 7.36 966 5.04 
5.7 7.43 573 7.39 

6.4 7.4 565 5.76 
62 739 1035 4.5 
5.7 754 604 4.86 
7,1 716 590 
5.3 746 603 
6.5 7.56 1011 5.63 
5,6 7 36 986 5.04 
5.7 7.43 573 7.39 
6.4 740 585 5.78 
62 7.39 1035 4.50 
5.7 7.54 604 4.66 
54759962 
62 787 931 
5.9 7.64 960 
6.7 767 963 
7.6 6.31 1060 
5.9 774 1048 
6.1 739 1086 
6.1 772 954 
5.6 75 941 
68 722 975 
7.1 739 1058 
6.2 7.51 858 
11 .2 7.29 1054 
5.8 765 1029 
4.6 729 994 
41 767 981 
4.6 753 782 
62 772 1007 
92 763 1024 
5.2 7.55 1013 
62 777 1007 
6.1 764 997 
6.6 753 964 
6 ,5 751 942 
6.3 7.51 962 
65 75 1002 
62 752 1021 
6.2 7.59 1026 
6 ,9 765 947 
6.7 756 964 
6.6 744 960 
72 
6.6 
67 

749 
765 
756 

969 
970 
954 

123 811 1.005 
6.1 7.63 904 

7.9 7.64 497 
75792865 
84 772 483 
6.9 777 538 
8.3 776 900 
7.7 810 545 
74 782 959 
9.5 7.77 905 
8 778 925 

774 930 
785 956 
793 943 
779 649 
777 827 
787 818 

5.3 7.85 265 
10.2 8.53 616 
5.1 797 323 
3.9 799 429 
4.9 767 799 
6.0 614 452 
9.7 752 697 
5.9 794 765 

787 789 
4.7 780 786 
5.4 797 795 
5.2 798 796 
4.5 7.86 764 
5.2 787 786 
4.8 794 770 

Turb 
NTU 

325 

0.15 
9.24 

0,11 
0,13 
0.24 

3040 
1160 
070 
15.03 
1900 
0.68 

125 
2690 
450 
2403 
0.86 
0.48 

c;,," 
I1l!JIl 

78 
73 
79 

74 
78 
80 

Mg" 

mull 

49 
48 
50 

46 
48 
50 

Mojo, Ion. 
No' K' ~ICO; 

mglL mg/\. nng/l 

86 
62 
68 

63 
67 
69 

2.2 
2.1 

22 
2,1 

552 
520 
504 
510 
510 
503 
550 
519 
530 

oo} 
mg!l 
~5. 

< 5. 
< 5. 
< 1. 
< 1. 
<5 
< 1. 
<5 
< 1. 

so.$ 
mg!I. 
61 
70 
66 
67 
68 

75 
65 
76 

cr 
mg/\. 
63 
61 
60 
61 
57 

62 
56 
64 

ros 
mg/L 
604 
554 
563 
553 
609 
596 

595 
1214 

558 

Baseline 
TSS T·Fe 
mgll mg/L 

0.1 
0.2 
002 
0.02 

< 02 

< .02 
009 

< 02 

T·Mn 
mg/L 

< ,01 

0.01 
< 01 

14 0.26 0013 

584 283 343 0228 
598 337 113 0253 
554 218 087 0076 

606 
569 
503 
461 
489 

106 0.37 0017 
32 037 0016 
50 051 0042 
<5 0.D7 <0.002 
15 011 0009 

952 28 0.18 0031 
521 435 11 0111 
479 60 0.68 0.016 

503 107 1.62 0068 
490 37 0.47 0.015 
472 79 0.59 0031 
451 103 1.3 0093 
487 94 1.14 0036 

N02+ 
mg/L 

0.1 
0.04 
005 

< 03 

0.03 
0.04 

N03 
mglL 

Nutrients 
N02 NH3 0-P04 
nng/l mg/L mg/l 

<03 <2 <05 
< 03 < 2 <05 
< 03 < 2 <05 
< 03 < 05 

< 2 

< 03 < "2 <05 
< 03 <2 <05 

T·P 
mg/L 

O-Fe 
mgll 

< 02 
< .02 
< ,02 

< .02 
0.06 

< 02 

O-Mn 
mgll 

< 01 
< 01 
< 01 

< 01 
0.01 

< _01 

D·AI 
mg/l 

0.06 
0.05 

< .03 

< .03 
< .03 
< .1 

T·A1 
mg/L 

O·As 
mgn 

0002 
<.1 

00013 

0.0007 
0.0005 
0.0014 

D.B D.Cd 
mgll mg/l 

009 < 005 
0.08 < .005 
006 < 005 

0.07 < .005 
007 < 005 
0.08 < .005 

Ttaca Mc.U.Als 
I).C' o .Cu T·Hg D.Hg I).Mb 
mg/l mgn ug/l ug/l mgll 

< 01 
< 01 
< 01 

< .01 
< .01 
< 01 

< 02 
< 02 
< 02 

< .02 
< .02 
< 02 

D·NI D·Pb 
mgll mgll 

< 07 
< 07 
< 07 

< .07 
< .07 
.< 07 

O·S. 
mgll 

00073 
< .1 

00051 

0.0032 
0.0035 
00044 

T-Se O·Zn 
mg/L ~ 

006 
001 
001 

< .01 
0.07 
002 

O&G 
mgll 

Other Parameters 
Acidly CN T·Alk 
mgll mgll mgn 

15 
23 
23 
13 

16 
16 

453 
427 
413 
330 
420 
413 
450 
425 
430 
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T·Hard 
mgll 

400 
360 
410 

370 
390 
410 
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M·SP44 
M·SP44 
M·SP44 
M·SP44 
M·SP44 
M·SP44 
M·SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 

M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 

M-SP48 
M-SP48 
M-SP48 
M-SP48 
M-SP48 
M-SP48 

M-SP49 
M-SP49 
M-SP49 
M-SP49 
M-SP49 
M-SP49 

M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 

3-0cl-Ol 
2-May-02 
28-Sep-02 
22-May-03 
24-S.p-03 
5-Jun-04 

29-Jun-14 
18-S.1>"14 
31-0cl-14 
25-Jun-15 
26-Sep-15 
l-Nov-15 
26-Jun-16 
27-S.p-16 
26-0cl-16 
29-Jun-17 
29-Sep-17 
9-Nov-17 

4-0cl-Ol 
3-May-02 
25-Sep-02 
21-May-03 
27-Sep-03 
3-Jun-04 

26-Jun-15 
30-Sep-15 
6-Nov-15 
25-Jun-16 
29-S.p-16 
31-0cl-16 
28-Jun-17 
27-Sep-17 
13-Nov-17 

19-0cl-Ol 
22-May-02 
7-0cI-02 
4-Jun-03 

23-Sep-03 
16-Jun-04 

19-0cl-Ol 
22-May-02 
8-0ct-02 
4-Jun-03 

23-S.p-03 
16-Jun-04 

24-0cl-Ol 
24-0cl-Ol 
2-May-02 
27-Sep-02 
21-May-03 
27-Sep-03 
6-Jun-04 
23-Jun-06 
26-S.p·06 
4-Nov-06 
25-Jun-07 
24-Sep-07 
29-0cI-07 
21-Jun-06 
24-Sep-06 
6-Nov-08 
19-Jun-09 
23-Sep-09 
10-Nov-09 
26-Jun-l0 
16-Jul-l0 

23-S.p-l0 
12-Nov-10 
27-Jun-ll 
26-Sep-l1 
29-0cl-l1 
27-Jun-12 
25-S.p-12 
7-Nov-12 
28-Jun-13 
25-Sep-13 
26-0cl-13 
21-Jun-14 
18-Sep-14 
31-0cl-14 
25-Jun-15 
26-Sep-15 

Flow 
gpm 
0_561 
2.018 
0196 
13,029 
0197 
4900 
3.16 
0586 
0.595 
4_21 

0.493 
045 
3.74 
0530 
0495 
5350 
0.760 
0.550 

2.230 
1.637 
1.713 
1.624 
1.541 
0.673 
1.26 
1.21 
1.21 
1.26 
1.29 
1.03 
1.53 
1.49 
1.49 

1.213 
1694 
0959 
1307 
1119 
1462 

0.363 
0.261 
03 

0313 
0211 
0.36 

0.092 
0.109 
0.090 
0.101 
0.48 

0.087 
0.11 

0.104 
0.11 

0.079 
0.087 
0.084 
0.072 
0.27 

0.081 
0.062 
0.065 
0.064 
0.057 
0.056 
0.059 
0.058 
0.124 
0.117 
0.126 
0.11 

0.116 
0.113 
0.091 
0.078 
0.08 
0.07 

0.063 
0.063 
0.055 
0.056 

Field Measurements 
T pH Cond. DO 

'C S.U. lIS/em mgJ! 
9,2 7.52 314 
4.6 7.66 269 
10.3 766 376 
6.1 7.65 276 
12.1 7.93 721 
5.4 7_65 542 
5.9 7.64 554 
8.7 7.78 610 
8.2 7.58 611 
6 7.67 570 

9.2 754 581 
8.3 7.59 594 
6.3 7 .52 547 
8.9 755 593 
8.6 7 .65 597 
6.3 
8.5 
7.9 

5.9 
3.5 
6.0 
3.7 
5.9 
5.0 
5.1 
6.5 
5.9 
5.4 
6.5 
6.1 
5.3 
6.5 
5.7 

7.55 
7.56 
7 .63 

732 
765 
7.58 
7_30 
7.30 
7.42 
7.47 
7.47 
7.38 
7.53 
7,38 
7.46 
75 

7.41 
7.46 

532 
569 
560 

506 
969 
977 
977 
545 
369 
996 
923 
933 
931 
952 
940 
935 
932 
666 

9.7 7.96 311 
7.7 8.08 345 
9.6 8.03 545 
7.1 7.92 321 
9.7 330 
7.6 8.05 341 

9,2 8.29 303 
7.7 8.29 347 
7.9 7.22 538 
6.3 7.55 323 
8.6 7.55 325 
7.4 7.56 328 

2.9 7.82 
4.5 7.61 
7.2 7.61 
6.7 7.66 
8.5 7.68 
6.9 7.77 
10.4 7.79 

368 
15 

402 
361 
694 
417 
696 

8.5 7.93 639 
3.8 7.49 648 
10.2 7.95 697 

5 7.58 580 
5.9 7.51 592 
9.2 7.52 692 
8.7 763 687 
3.2 7.75 644 
6.6 755 683 
8.6 767 686 
5.5 7.46 682 
9.8 7.51 734 
14.3 775 696 
9.1 769 713 
3.1 752 662 
6.2 787 663 
12.9 763 728 
6.4 778 703 
6.3 7.85 730 

769 723 
6.3 1-79 713 
9.5 779 728 
9.5 767 715 
8.6 766 684 
11.6 775 701 
13.8 775 714 
9.5 767 722 
14.3 7.9 722 
14.5 776 684 

Turb 

NTU 
5.39 
0.00 

110.00 
1191 
1530 
0.00 

0.60 
0.00 
0.00 
167 
029 
108 

030 
799 
363 
027 
000 

11.30 
786 
037 
054 
474 
673 

0_17 

075 
084 

66,00 
64.82 
63.52 
68.47 
63.37 
65.95 
68.47 

Mg" 
mgll 

3300 
23.48 
249 

32.10 
2632 
2555 
321 

Major Ions 
Na' K' HCO,' 

mgll mgll mgll 

15.00 0.48 345 038 
27.48 0.58 360.888 
26,29 069 370.641 
9.94 0.57 362 107 

30.97 <0.14 362107 
35.63 064 375.518 
9.94 057 362 

C0
3
l ' 

mgll 

<5 
<5 
<5 
<5 
<5 
<5 
<5 

so." 
mg/l 

19 
25 
26 
14 
18 
26 
14 

cr 
mgll 

TDS 
mgll 

313 
340 
356 
348 
367 
365 
348 
372 
330 
295 
303 
332 

594 
560 
566 

532 
597 
566 
670 

Baseline 
TSS T-Fe T-Mn 
mgll mgll mgll 

<0.05 <0.002 
26 0.22 0.010 
27 0.12 0.010 
37 0.34 0.046 

0.12 0.006 
14 0.13 0.005 
37 0.34 0.046 
35 0.25 0.019 
41 0.61 0.022 
28 0.1 0.002 
30 0.59 0.017 
32 0.5 002 

<5 
34 
25 

<005 <0002 
0.34 0005 
03 0006 

13 1.45 0,021 
55 0.26 0004 
<5 <0.05 <0.002 
<5 0.32 <0 002 

N02+ 
mgIL 

0.34 

<005 
0.14 
0.29 
0.86 
0.14 

N03 
1111111. 

024 
006 
016 
006 
012 
0.16 

Nutl'ients 
N02 NH3 0-P04 
mgl!. mglL mQIL 

<01 <005 
<005 <0 1 <0.05 
<0.05 0 1 <0 05 
<0.05 <0 1 <0.05 
<0.05 03 <005 
<0.05 0_9 0_06 
<0 05 <0 1 <0_05 

T-P 
mQIL 

<005 
<0~05 

<005 
<0.05 
<0.05 

<0 05 

().Fo D·M" D·AI 
mgll moJl mgll 

<0 03 <0.002 <0.03 
<003 <0,002 <0,03 
<0 03 0 002 <0 03 
<0 03 <0.002 <0.03 
<0.03 <0.002 <003 
<0.03 <0.002 <0.03 
<0.03 <0,002 <003 

Tr:tc:e Metals 
T-A' D·A> D·a D-Cd D-C, D·Cu T.fllI D.flg D-Mb D· NI D-Pb (),S. 
mgll __ ~m~g~II __ ~m~.~W~I __ ~m~gl~I __ ~m~g~II __ ~m~gl~I __ ~~~ __ ~ug&II~~m~gl~l __ m~gl~l __ m~gl~I ___ m~gl~l __ 

<0.03 
033 
024 
0.48 
0.2 

0.21 
048 

<001 
<001 
<001 
<0.01 
<0.01 

<001 
<001 

002 <0.001 <0001 <0.01 <02 
0.02 <0.001 <0001 <0.01 <02 

<0.01 <0,001 <0.001 <0.01 <02 
002 <0.001 <0.001 <0.01 <0.2 
0.02 <0.001 <0.001 <001 <02 
0.02 <0.001 <0001 <001 <02 
002 <0 001 <0001 <001 <02 

0.001 <0.01 
<0.001 <0.01 
<0.001 <0.01 
<0001 <0.01 
0002 <0,01 
<0001 <0.01 
<0001 <0,01 

<0.02 
<0,02 

<0.02 
<0.02 
<0.02 
<0.02 
<0,02 

r-s. D-Z11 

mgll ~ 

<0.02 <0.004 
<002 <0.004 
<002 <0004 
<0.02 0.004 
<002 <0004 
<0.02 <0004 
<002 0004 

O&G 
mgll 

Other Parameters 
Acidly CN T·Alk 
mgll mgll mgll 

<5 
12 

<5 

283 
296 
304 
297 
297 
308 
297 

T-Hard 
mgll 

298 
259 
261 
303 
267 
270 
303 
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M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 

M-SP54 
M-SP54 
M-SP54 
M-SP54 
M-SP54 
M-SP54 

M-SP55 
M-SP55 
M-SP55 
M-SP55 
M-SP55 
M-SP55 

M-SP 56 
M-SP 56 
M-SP 56 
M-SP 56 
M-SP 56 
M-SP 56 

M-SP57 
M-SP57 
M-SP57 
M-SP57 
M-SP57 
M-SP57 

M-SP59 
M-SP59 
M-SP59 
M-SP59 
M-SP59 
M-SP59 
M-SP59 

M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 

M-SP63 
M-SP63 
M-SP63 
M-SP63 
M-SP63 

M-SP67 
M-SP67 
M-SP67 
M-SP67 
M-SP67 

M-SP69 
M-SP69 
M-SP69 
M-SP69 
M-SP69 

M-SP 70 
M-SP 70 
M-SP 70 
M-SP70 
M-SP 70 

Date 
l-Nov-15 

26-Jun-16 
27-Sep-16 
26-0cl-16 
29-Jun-17 
29-Sep-17 
9-Nov-17 

25-0cl-Ol 
23-May-02 
7-0cI-02 
4-Jun-03 

23-Sop-03 
16-Jun-04 

25-0cl-Ol 
22-May-02 
7-0cI-02 
4-Jun-03 

23-Sep-03 
16-Jun-04 

25-0cl-Ol 
22-May-02 
7-0cl-02 
4-Jun-03 

23-Sep-03 
16-Jun-04 

25-0cl-Ol 
22-May-02 
26-Sep-02 
4-Jun-03 

23-Sep-03 
16-Jun-04 

24-0cl-Ol 
2-May-02 
27-Sop-02 
21-May-03 
27-Sap-03 
6-Jun-04 

27-Jun-15 

2-May-02 
27-Sep-02 
21-May-03 
B-Ocl-03 
4-Jun-04 
30-Jun-14 
23-Sep-14 
6-Nov-14 
27-Jun-15 
29-Sep-15 
7-Nov-15 
23-Jun-16 
26-Sap-16 
6-Nov-16 

30-Jun-17 
28-Sep-17 
10-Nov-17 

23-May-02 
2B-Sep-02 
5-Jun-03 

24-Sep-03 
15-Jun-04 

24-May-02 
8-0cl-02 
3-Jun-03 

26-Sep-03 
15-Jun-04 

24-May-02 
8-0cl-02 
3-Jun-03 

26-Sap-03 
15-Jun-04 

24-May-02 
8-OcI-02 
3-Jun-03 

26-Sap-03 
15-Jun-04 

Flow 
gpm 
0.06 
0053 
0054 
0.054 
0068 
0072 
0.073 

1131 
1.014 
1092 
1.282 
1051 
L371 

0722 
0.879 
0627 
0853 
0787 
0_898 

3.599 
3910 
3305 
1.590 
2679 
3196 

0.726 
1.296 
0487 
1768 
0,592 
1,631 

0.372 
o 

0.117 
0.216 
0.69 

0.173 
0014 

0_888 
0728 
0_761 
0.600 
0676 
0,72 
0.57 
0.56 
0545 
0.348 
0.39 
0424 
0330 
0299 
0584 
0523 
0423 

0779 
0.430 
1.746 
0949 
2032 

1331 
0,416 
1.023 
0239 
0923 

2973 
1.627 
2145 
1.865 
1098 

1_992 
1886 
1261 
1.518 
1.135 

Fi~ ld Mcasun!mant. 
T pH Cond 

'C S.U ~Slcm 

9.6 7.67 686 
19,2 7.68 711 
14.3 7.59 708 
7.6 7.76 699 
142 7,80 
7.4 7.64 
4.6 7.78 

784 
929 
694 

6 .7 8.11 463 
4.7 8.27 481 
6 .3 7.89 869 
4.2 7.92 488 
6 ,2 793 504 
4.9 7.87 517 

2.9 820 519 
3.8 8.57 607 
5,1 7 ,55 955 
4.5 7.43 572 
5,2 7.51 575 
4.4 7_51 598 

3,7 852 598 
7 ,7 8.66 718 
55 784 1,147 
50 7,87 650 
5,6 797 662 
51 801 682 

57 8.22 790 
66 842 889 
72 8_24 850 
57 7.98 825 
7 1 8.10 833 
58 790 662 

3,4 758 446 

6,4 7.6 451 
85 8.04 478 
71792859 
74808509 
137 787 

5.7 
8.0 
6.5 
7.8 
9.6 
11.5 
8.4 
6 .9 
6.9 
8.5 
6.7 
7.4 
8.3 
7.3 
7.4 
8.0 
6.7 

764 
752 
7_63 

763 
7.79 
768 
7_67 
761 
761 
7.8 

7 .47 
7.72 
7_51 
7.83 
769 
763 
768 

836 

403 
512 
491 
428 
1M3 
931 
935 
932 
960 
876 
893 
889 
909 
896 
858 
870 
863 

6.8 799 282 
6.4 724 515 
7.1 782 512 
6 .2 754 290 
6 .0 766 304 

110 820 
101 738 594 
7_6 7,46 396 
18.1 8,45 623 
118 851 657 

74 838 271 
89 7.40 477 
77 775 286 
125 844 374 
7.8 747 498 

75 7.75 282 
79 7.49 473 
73 
98 
87 

288 
396 
488 

DO 
mgll 

Turb 
NTU 

0.52 
550 
031 
0.01 
000 
1.06 

000 
1410 
055 
014 
022 
0,46 

0.09 
1860 
000 
0.00 
000 
000 

427 
1170 
360 
018 
2.38 
0.38 

1.13 

1.1 
153 
139 
067 

5.70 
010 
1425 
081 
076 

069 
110 
981 
015 
0.26 

052 
022 
012 
6.91 
2370 

471 
0.00 
044 
426 
022 

3.51 
009 
140 
366 
105 

Ca
2
' 

mgll 

54.00 
57,42 
61 .05 
52.96 
53.87 
54.05 

M9" 
mgll 

40 DO 
4329 
4192 
4364 
4174 
39_98 

Major Ions 
Na' K' HCO, ' 

mgll mgll mgll 

89.00 
94,13 
95.59 
92,22 
98,2 

93,24 

200 535235 
1 69 510,851 
1 74 513289 
1.76 507_193 
1 81 518166 
1.68 530.358 

COli. 

mgll 

<5 
<5 
<5 
<5 
<5 
<5 

SO<l1. 

ITllJIl 

27 
26 
26 
26 
25 
25 

cr 
mgll 

39 
39 
39 
39 
36 
38 

TOS 

mgll 

513 
527 
507 
536 
552 
535 

549 
513 
466 
511 
449 

8nellne 
TSS T-Fa 
mgll mgll 

<5 
13 

23 
93 

0 ,08 
0.05 

<005 
014 
0.55 
0.58 

T-Mn 
mgll 

0007 
<0002 
0002 
0017 
0043 
0039 

20 0.07 0003 
<005 <0002 

<5 <0 05 <0 002 
<005 <0002 

26 0.06 0004 

N02+ 
mgil 

<0.05 
276 
136 
141 

N03 
mgll 

0.18 
0.13 
013 
0.11 
017 
03 

Nutrients 
N02 NH3 0-P04 
mgll mgll mgil 

<005 
<0_05 
<005 
<0_05 
039 
032 

<01 
<0 .1 
<01 
<01 
03 
01 

<005 
<005 
<005 
<005 
<005 
<0 05 

T-P 
mgll 

<005 
<0_05 
<0_05 
<005 
<005 
008 

D-Fe 
mgl! 

D-Mn 
mgll 

D-Al 
mgll 

<0.03 <0.002 <0.03 
<0 03 <0 002 0 03 
<0.03 <0.002 <0.03 
004 0004 <003 

<0 03 <0 002 0 03 
<0 03 <0.002 <0 03 

T-Al 
mgll 

0.14 
003 
0.05 
023 
091 
0.89 

D·As 
mgll 

<0.01 
<0.01 
<0 01 
<001 
<001 
<001 

Trace Metals 

D·B 
mgll 

D·Cd 
mgn 

D-Cr D·Cu T-Hg D-H9 D-Mb 
mgn mgil uaf! ugll mgll 

0.07 <0.001 <0001 <0 01 
0.07 <0.001 <0.001 <0.01 
o 12 <0001 <0001 <001 
005 <0001 0009 <0 .01 
0.07 <0 001 <0001 <001 
006 <0001 <0001 <0 .01 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2. 

D-Ni 
mgl! 

D-Pb 
mgn 

0001 <001 
<001 

0001 <001 
0002 <001 

<0001 <001 
0001 <001 

D·Se 

mgil 

<0.02 
<002 
<002 
<002 
<002 
<002 

T-Se D-Zn 

mgll ~ 

<002 
<0.02 
<002 
<002 
003 
003 

<0.004 
<0004 
0009 
0096 

<0004 
<0004 

O&G 
mgll 

Other Parameters 
Acldly CN T -Alk 
mgll mgl! mgl! 

<5 
<5 
8 

<5 
<5 
<5 

439 
419 
421 
416 
425 
435 
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T-Hard 
mgll 

299 
322 
325 
312 
306 
300 



) 

M-SP62 
M-SP62 
M-SP62 
M-SP62 
M-SP62 

M-SP67 
M-SP67 
M-SP67 
M-SP67 
M-SP67 
M-SP67 
M-SP67 
M-SP87 
M-SP87 
M-SP87 
M-SP67 
M-SP87 
M-SP67 
M-SP67 
M-SP67 
M-SP67 
M-SP87 
M-SP67 

M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP 100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 

M-SP102 
M-SP102 
M-SP102 
M-SP102 

M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 

M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 

M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 

M-SP106 
M-SP106 
M-SP106 

Dale 
25-May-02 
7-0el-02 
3-Jun-03 

23-Sep-03 
4-Jun-04 

26-May-02 
29-Sop-02 
22-M.y-03 
7-0el-03 

13-M.y-04 
20-Noy-09 
30-Jun-14 
18-Sep-14 
5-NoY-14 
26-Jun-15 
29-Sep-15 
28-0el-15 
23-Jun-16 
28-Sep-16 
7-Nov-16 
26-Jun-17 
30-Sep-17 
14-Nov-17 

27-Sep-02 
21-M.y-03 
6-CcI-03 
5-Jun-04 

27-Jun-15 
29-Sop-15 
7-NoY-15 
23-Jun-16 
26-Sep-16 
6-NoY-16 
30-Jun-17 
26-Sep-17 
10-Nov-17 

6-0el-02 
3-Jun-03 

25-Sep-03 
15-Jun-04 

21-May-03 
6-CcI-03 
5-Jun-04 

27-Jun-15 
29-Sep-15 
7-NoY-15 
23-Jun-16 
26-Sep-16 
6-NoY-16 
30-Jun-17 
28-Sep-17 
10-Nov-17 

21-May-03 
8-0el-03 
5-Jun-04 
27-Jun-15 
29-Sep-15 
7-NoY-15 
23-Jun-16 
26-Sep-16 
6-Nov-16 

30-Jun-17 
26-Sep-17 
10-Nov-17 

21-M.y-03 
6-0el-03 
5-Jun-04 
27-Jun-15 
29-Sep-15 
7-NoY-15 
23-Jun-16 
26-Sop-16 
6-NoY-16 
30-Jun-17 
28-Sep-17 
10-Nov-17 

21 -May-03 
6-0cl-03 
5-Jun-04 

Flow 
gpm 
2383 
1303 
5384 
1.259 
3.601 

2.193 
2.313 
3.079 
2.52 

2907 
1.65 
114 
0.92 
1.15 
1.08 
0.8 

0.58 
0980 
0.962 
1.05 
0.94 
1.04 
1.00 

0774 
0840 
0.794 
1.076 
0.802 
0.777 
0754 
0826 
0838 
0872 
1.13 
1.13 

0.955 

0253 
2879 

0869 

1.193 
0.939 
1.506 
1.16 

0878 
0.963 
130 

0.591 
113 
220 
1.82 
1.15 

0.115 
o 

0382 

Field Measurements 
T pH Cond 

·C S .U. ~S/cm 

6.6 7.65 667 
4.6 
5.1 
5.9 
5.0 

5.2 
5.2 

4.1 
6.1 
3,6 
3.3 
7.1 
7,6 
3.8 
66 
7.6 
5,1 
66 
7.7 
5.0 
6.6 
6.0 
3,7 

68 
7.9 
67 
9.4 
6.3 

6.8 
64 
74 
7.1 
64 
71 

86 
69 

71 

6.01 
770 
7.96 
787 

8.32 
8.13 
786 
6.14 
6.39 
7_10 
7.16 
784 
765 
776 
777 
778 
775 
7_52 
7_73 
7.76 
7.69 
7.66 

7.25 
735 
7_38 
7.47 
7.51 
747 
746 
748 
759 
753 
7.32 
7.55 
7.53 

766 
75 

7.36 

10.3 6.28 
16.5 8,27 
9.2 7,67 

370 
629 
471 
491 

661 
627 
699 
770 

1.277 
1.203 
1.262 
1.259 
1.301 
1,311 
1,224 
1.262 
1.254 
1.336 
1.254 
1.236 
1.225 
1.200 

388 
373 
292 
683 
695 
651 
661 
669 
677 
673 
684 
669 
661 

498 
283 

477 

377 
416 
706 

9.4 7.59 703 
10.9 7,55 669 
8.6 7.58 675 
9.8 7.85 662 
10.7 7,77 690 
9.6 7.79 680 
9.3 77 670 
9.7 7.6 675 
8.7 7.58 676 

115 851 327 

20.4 626 686 
0279 124 7.94 678 
0279 12 9 7_88 577 
0355 5.7 795 665 
0421 114 769 691 

0.30800621 10 3 6 02 624 
0313 93 824 673 
5.75 8 1 769 669 
071 86 766 961 
1 46 7 5 805 675 

0.795 
0_617 
0.945 
0.652 
0 ,475 
0.566 
0662 
0.566 
0.579 
112 

0.926 
0.785 

0.685 
1.095 
0,476 

8.0 818 363 
12.8 809 381 
10.3 778 696 
9.3 767 700 
11.1 798 646 
8.9 789 665 
9.6 788 663 
10.3 797 667 
9.7 8.04 670 
9.5 766 653 
9.6 776 660 

47 
7 3 
7.6 

791 650 

784 
768 
770 

451 
430 
878 

0 .0 
mg/l 

6.6 

Turb 

NTU 
0.00 
0.00 
1695 
1,47 
0.00 

025 
005 
1617 
5.020 
059 

020 
3878 
0.83 
051 

068 
0.30 

012 

3567 
1.23 
012 

1820 
0.00 
035 

942 
680 
116 

Ca" 
mglL 

101 .00 
1002 7 
4560 
9273 
9884 
103.16 

Mg" 
mgiL 

MaJor Ions 
Na' K' HCO,' 

mg/L mg/L mglL 

5300 109_00 400 441 356 
5333 108 57 393 440137 
2328 890 063 242624 
55-40 10515 3.93 451109 
5452 11431 406 440137 
5253 1113 42 443794 

<5 
<5 
26 
<5 
<5 
<5 

sol' 
mgiL 

279 
261 
10 

265 
297 
272 

cr 
mglL 

59 
99 

60 
61 
55 

TOS 

mglL 

845 
851 
214 
858 
851 
853 

839 
817 

800 
817 

389 
407 
384 

426 
375 
384 

371 
379 

Baseline 
TSS T-Fe 
mg/L mglL 

<5 
68 
<5 
18 
22 

11 
<5 

<5 
<5 

025 
<005 
0.35 
<005 
0.14 
027 

0.28 
0,14 
0.28 
0.38 
0.15 

T-Mn 
mg/L 

0013 
0004 
0.022 
0010 
0.011 
0016 

0.013 
0.006 
0.015 
0.009 
0.008 

12 <005 0.004 
46 02 O.ot6 

87 017 0.012 

13 0_18 0_01 
35 032 0.015 
52 013 0.007 
67 0 35 0.009 
22 023 0,011 

389 145 05 0035 
404 <0.05 <0 002 
387 14 <005 0006 

415 192 1.61 0.1 
374 70 014 001 
356 12 0.08 a 005 
720 234 0.72 0021 
388 11 0.16 0012 

392 39 0.06 0011 
326 67 026 a 023 
355 239 1 03 0274 

379 76 084 a 034 
323 257 1,86 0114 
312 164 061 0.068 
362 542 6.96 a 538 
346 21 036 0.018 

397 64 009 
382 64 0 38 a 025 
397 18 0 09 0.009 

396 232 227 0.14 
332 150 3 73 0.462 
312 46 01 0009 
369 53 038 0014 
367 15 008 0005 

N02. 
mg/L 

048 
283 
179 
0.33 

N03 
mg/L 

0.37 
<005 
0.48 
<0.05 

0.1 
0.08 

Nutrients 
N02 NH3 O-P04 T·P 

mgIL mg/l mgll. mgIL 

014 
022 

<:005 
<:0.05 

031 
025 

<01 
<:0.1 
<01 
<:0.1 
<0,1 

02 

<005 <0 05 
<0,05 <005 
<0.05 <0 05 
<0.05 <005 
<0.05 <0.05 
<0,05 <0_05 

D-Fe 
mg/l 

D-Mn 
mgJ! 

D-AI 
mgl! 

<0 03 a 003 <0 03 
<0 03 0.002 a 04 
<0.03 <:O'<Kl2 <:0 03 
<0 03 0.003 <0_03 
<0.03 <0.002 <0 03 
<0 03 0 005 <0 03 

0.011 
0,025 
0.009 

Tr1IetI Me-tels 
T-AI D-As D·B ()'Cd D·c, D·C" T.Ug D-Ug D-Mb D-No D-Pb D-So 

mglL __ ~m~g~/I ___ m~g~~~m~gI!~~m~g~n~~m~g/~I __ ~~~ __ ~u~~~m~g/~l __ m~g/~I __ ~m~~~ __ ~m~gi~l __ 

021 
0.04 
051 
0.03 
0.07 
016 

<0.01 
<0_01 
<001 
<0_01 
<0.01 
<:001 

012 <0001 <0001 <0.01 
0.12 <0.001 <0001 <001 

<001 <0_001 <0_001 <0.01 
0.12 <0.001 <0001 <0.01 
012 <0.001 <0001 <0.01 
01 <0001 <0001 <0.01 

<0.2 
<02 
<02 
<0.2 

<0.2 
<02 

<0_001 <001 
<0.001 <0.01 
<0001 <001 
<0.001 <001 
0001 <0.01 
0002 <001 

<0.02 
0.02 
<002 
<002 
<002 
<002 

T-Se D-Zn 
mglL ~ 

<002 <0004 
0_03 <0004 

<002 <0004 
<0 02 <0004 
0.03 <0.004 
003 <0.004 

O&G 
mg/L 

Other Parameters 
Acidly CN T-Alk 
mgn mgJl mg/l 

<5 
<5 
<5 
<5 
<5 
5 

362 
361 
225 
370 
361 
364 

T-Hard 
mg~ 

470 
470 
210 
460 
471 
474 

'1~1r-'-' ~'"""r ,~, 'J''''.:~-, JRATr-O 
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M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 

M-SP107 
M-SP107 
M-SP107 
M-SP107 

M-SP108 
M-SP108 
M-SP108 

M-SP109 
M-SP109 
M-SP109 

GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 

Date 
27-Jun-15 
29-Sep-15 
7-Nov-15 
23-Jun-16 
26-Sep-16 
6-Nov-16 
30-Jun-17 
28-Sop-17 
H)-Nov-17 

24-May-02 
3-Jun-03 

25-Aug-03 
15-Jun-04 

3-Jun-03 
25-Sep-03 
15-Jun-04 

4-Jun-03 
23-Sep-03 
16-Jun-04 

5-Jun-95 
23-Aug-95 
3-0cl-95 

26-Aug-96 
3-Jun-97 

18-Aug-97 
8-0cl-97 

20-Jun-98 
5-Aug-98 
3-0cl-98 

30-Jun-99 
12-Aug-99 
4-0cl-99 

22-Jun-00 
l-Aug-OO 
6-0cl-00 
12-Jun-Ol 
22-Aug-Ol 
1-0cl-Ol 
8-May-02 
21-Sep-02 
9-0cl-02 
6-Jun-03 
4-Aug-03 
17-0cl-03 
25-Jun-04 
12-Aug-04 
2-Nov-04 
27-Jun-05 
29-Sep-05 
27-0cl-05 
23-Jun-06 
28-Sep-06 
8~Nov~06 

26-Jun-07 
10-Sep-07 
6-Nov-07 
13-Jun-08 
24-Sep-08 
ll-Dec-08 
27-Jun-09 
18-Sep-09 
26-0cl-09 
26-Jun-l0 
23-Sep-l0 
12-Nov-l0 
27-Jun-ll 
26-Sep-ll 
29-0cl-ll 
27-Jun-12 
25-Sep-12 
7-Nov-12 
28-Jun-13 
25-Sep-13 
26-0cl-13 
29-Jun-14 
29-Aug-14 
31-0cl-14 
24-Jun-15 
28-Sep-15 
28-0cl-15 
25-Jun-16 

Flow 
gpm 
0,345 
0.339 
0325 
0.377 
0.586 
0.334 
0,383 
0,342 
0,346 

4,981 
40_65 

35.419 
28302 

039 
0.416 
0,334 

0,809 
0.704 
2.491 

0,52 
0,41 
0,45 
0,449 
0,6 

0,269 
0,898 
1,76 
1.5 

0,804 
0.003 
1,795 
0.898 
0.002 
0,583 
0,583 
0,882 
0,597 
0,316 
0,519 
0,361 
0,332 
0,125 
0,353 
0,359 
0,331 
1.58 

0,247 
0.439 
0.65 
0,72 
0,35 
0,38 
0.46 
0.44 
0,38 
0.45 
0,234 
0,31 

0,323 
0,289 
0,361 
0,16 
0.45 
0,43 
0,59 
0,83 
0,754 
0.9 
0,84 
0,76 
0,688 
0,84 
0,87 
0,83 
0.77 
0,755 
0,688 
0,701 
0,59 
0,62 
0,62 

Field Measurements 
T pH Cond 

°C S,U. ~S/cm 

6,1 767 884 
7 765 824 

5,5 7,64 834 
6,2 774 849 
6.8 7.74 860 
6,0 778 863 
6,2 766 846 
6.7 
5,3 

763 
778 

851 
831 

9,3 7.6 314 
68 7,58 305 
7.5 7,32 522 
7.8 769 450 

83 8.1 298 
10,9 812 454 
13,5 784 465 

7.1 7.82 314 
79 777 318 
6.6 7.84 364 

9 772 1344 
10 785 1325 
10 75 1353 

12,8 822 1351 
8,45 795 1318 
16,13 7,85 1335 
6,65 6 86 1320 
13,62 811 1292 
15,27 761 1335 
7,09 725 1292 
10.89 765 1334 
11.17 769 1337 
9.91 7_58 1328 

7.61 1302 
10 786 1333 
7 724 1310 
6 789 1351 

11,7 762 135 
7,6 786 1205 
4,2 796 1187 
6,9 8.25 1335 
5,7 758 1347 
8,8 8.47 1209 
9,9 818 1243 
6,8 773 1346 
9,6 819 1315 
10,8 819 1358 
1,0 746 1253 
8.8 8,16 1134 
7,8 798 1467 
4.8 8.16 1437 
8,1 805 1227 
6,1 803 1450 
4,5 795 1420 
7,4 824 1475 
9,7 814 1493 
2.1 821 1442 
6,1 8,06 1531 
6.2 8,07 1522 
2,7 782 1258 
8,8 803 1576 
8,1 805 1557 
2,8 806 1262 
14.2 1501 

6 789 1386 
5,2 721 1367 
5,2 791 1333 
5,6 7.84 1409 
5,5 772 1309 
5,6 
6,2 
5,7 
5,8 

766 1474 
745 1399 
766 1413 
764 1603 

6,2 749 1578 
6,3 7.48 1537 
5.9 752 1584 
6,4 7,48 1637 
5.4 75 1663 
5,8 751 1670 
11,5 764 1621 
4,6 771 1648 
13.4 754 1677 

DO 
mg/l 

Turb 
NTU 

0.00 
005 
0.00 
018 

320 
22,90 
733 

1.49 
0,00 
021 

67 

Mg" 
mg/L 

42 

No' K' HCO,-
mg/L mg/L mg/L 

189 
540 
560 
585 
559 

581 
585 
576 

co/ 
mg/L 

20 
10 

< 5. 
8 

< 5. 
< 5 
~ 5_ 

so/ 
mg/L 

140 
142 
175 
142 

150 
150 
185 

Ct

mg/L 

56 
54 
56 
56 

57 
56 
57 

TOS 
mglL 
539 
519 
543 

539 
496 
495 

Ba~ellne 

TSS T-Fu 
mplL !!IgI!. 

32 0.32 
52 0_51 

229 1_92 

75 141 
27 196 
30 027 

T-Mn 
mg!l 
0_017 
0018 
0,089 

0049 
0049 
0,006 

520 34 0 92 0_067 
498 197 1.65 0.145 

850 
770 
790 
801 

780 
800 
830 

14 < 1 

N02+ 
mg/L 

N03 
mg/L 

Nutrients 
N02 NH3 0-P04 
mg/L mg/L mg/L 

T-P 
mg/L 

D-Fe 
mgll 

D-Mn 
mgll 

< .1 < .1 
< . 1 < ,1 
< . 1 < .1 
< . 1 < ,1 

< .1 < .1 
< ,1 < .1 
< . 1 < ,1 

D-AI 
mgll 

T-AI 
mg/L 

D-As 
mgll 

D-S 
mg/l 

D-Cd 
mgll 

Trace Metals 
D-Cr D-Cu T-Hg D-Hg D-Mb 
mgll mgll ugll ugll mgll 

D-Ni 
mgll 

D-Pb 
mgll 

D-Se 
mgll 

T-So D-Zn 
mg/L --.!!!L 

O&G 
mg/L 

Other Parameters 
Acidly CN T-Alk 
mgll mgll mgll 

480 
470 
480 
471 

476 
479 
472 

T-Hard 
mgll 

330 
340 
343 
352 

340 
330 
384 

I N '-.. --. ,..,. ~ -, 
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GW·13 
GW·13 
GW·13 
GW·13 

006A Spring 
006A Spring 
006A Spring 
oo6A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
OOM Spring 

94-110 
94-110 
94-110 
94·110 
94-110 
94-110 
94-110 
94-110 
94-110 
94-110 

94-113 
94.113 
94·113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 

A Spring 
A Spring 
A Spring 
A Spring 
A Spring 
A Spring 
A Spring 
A Spring 
A Spring 

e Spring 
B Spring 
BSpring 
B Spring 
B Spring 
B Spring 
8 Spring 
8 Spring 
e Spring 

o Spring 
o Spring 
o Spring 
o Spring 
o Spring 

A2S-1 
A2S-1 
A2S-1 
A2S-1 
A2S-1 
A2S-1 
A2S-1 
A2S-1 

Dale 
29-Sep-16 
27-Jun-17 
29-Sop-17 
15-Nov-17 

28-Jun-2010 
15-Sep-2010 
l-Nov-2010 
17-Jun-2011 
21-Sop-201 I 
12-001-201 I 
l-Jun-2012 
12-Sep-12 
1-Nov-12 

21-Jun-13 
26-Sop-13 
23-0cl-13 
28-May-14 
23-Sep-14 
28-0cl-14 
23-Jun-15 
21-Sep-15 
8-Nov-15 
28·Jun-16 
25-Sep-16 
11-Nov-16 

l1-Nov-13 
30-Jun-14 
25-Sep-14 
l1-Nov-14 
29-Jul-15 
9-Nov-15 
9-Jul-16 

14-Nov-16 
29-Jul-17 
18-001-17 

1·Jun·12 
27-Jun-13 
26-Sop-13 
23-0cl-13 
28-May-14 
23-Sep-14 
28-001-14 
21-Jun-15 
21-Sep-15 
8-Nov-15 
28-Jun-16 
25-Sep-16 
11-Nov-16 

8-Nov-13 
31-Jul-14 

21-Nov-14 
31-Jul-15 
14-Nov-15 
23-Jul-16 
15-Nov-16 
28-Jul-17 
12-Dec-17 

B·Nov-13 
31-Jul-14 

21-Nov-14 
31-Jul-15 
14-Nov-15 
23-Jul-16 
15-Nov-16 
28-Jul-17 
12-Dec-l1 

11-Nov-13 
30-Jun-14 
25-Sep-14 
29-Jul-15 
9-Nov-15 

l1-Nov-13 
30-Jun-14 
25-Sep-14 
ll-Nov-14 
29-Jul-15 
9-Nov-15 
9-Jul-16 

14-Nov-16 

Flow 
gpm 
063 
1.3 
06 

0,59 

0,28 

0. 19 
0.27 
044 
0.30 
0.37 
0.39 
0.18 
029 
0.19 
0203 
0.303 
0.495 
0373 
0.439 
0.493 
036 
0040 

0.376 
0292 
0.379 

0.115 
0,299 
0.205 
0181 
0253 
0179 
0.192 
0.126 
0.335 
0229 

< 01 
<001 
<0.05 

o 
0000 
0.000 
0000 
Damp 

o 
0000 
0.000 

1.47 
1.76 
142 
160 
083 
101 
106 
221 
150 

431 
537 

0773 
6020 
0340 
3_04 

446 
042 

0545 
o 

0106 
0028 
0063 
0062 
0045 
0100 
0054 

Field Measuromont. 
T pH Cond 

"C S .U ~Slcm 

9,5 7.55 1687 
8.4 7.61 1667 
52 
2,1 

7.65 1670 
7.69 1568 

5.3 7.39 1,302 
6.5 7.29 1,255 
5.6 7.17 1,227 
4.5 7.66 1261 
6.5 7.47 1277 
6 .1 7.68 1298 
4.4 7.36 1263 
7.1 7.56 1216 
6 .1 750 1247 
6.5 7.61 1271 
7.1 765 1246 
4.7 760 1210 
4 7.57 1267 

6 .6 744 1254 
5.6 7.53 1273 
8.5 748 1293 
6.7 749 1174 
5.1 7_53 1221 
6.0 7.37 1247 
6.8 748 1250 
5.8 747 1237 

5.2 
6,1 

9.2 
44 
7 I 
59 
7.3 
5.9 
7. 1 
6,2 

7.59 
752 
7.6 
754 
747 
750 
748 
7.62 
7.46 
7.54 

724 
744 
775 
777 
756 
758 
748 
771 
726 
745 

7.1 799 1808 
5.3 7 69 1,830 

11 .2 7.74 1,761 

6.7 
6.4 
62 
67 
68 
7.0 
7.0 
6.9 
6.2 

6.4 
6.0 
5.3 
6 .1 
6.2 
6 .5 

6.4 
5.8 

7.7 

9.5 
129 
59 

12 I 
72 

11 .9 
83 

7047 
75 
754 
752 
745 
758 
7.51 
7.57 
7.57 

882 
946 
944 
904 
997 
953 
947 
911 
914 

7.5 717 
754 753 
7.59 782 
752 738 
7-48 717 

7.59 733 

7.58 713 
759 744 

9.44 

798 
797 
7.97 
737 
803 
7.99 
824 

235 

832 
882 
909 
832 
902 
819 
878 

0 .0 
mgll 

Turb 
NTU 

632 
593 
59.6 

62.1 

67 
70,64 
67,26 
70.31 
7321 

114 

58,45 
58,42 

6027 

Mg" 

mgll 

248 
234 
23.3 

24.8 

Major Ions 
Na' K' HCO, ' 

mgll mgll mgll 

205 
206 
190 

207 

3.4 
33 
3,4 

605 
644 
713 

629 

28 56 1 48 485 248 
2785 5909 122 481 .59 
2766 6022 I 28 497.44 
30 18 59,92 I 2 475494 
2833 63.93 147 412 

33 

3553 
38.63 
3769 

263 4,2 665 

10035 161 5584 
110.45 155 553524 
11284 207 472 

7169 4052 34.61 128 466 959 
72,84 4401 3312 141 462082 
73,41 4164 3553 163 385 

34 

18 
17,85 
17 92 
18.83 
18,02 

23 43.3 2.8 171 

174 178 499878 
7 ,44 181 1 24 534016 
6.96 205 84 1 34 535 235 
622 18506 143 513289 
7 3 93.792 16 464 

COli. 

mgll 

< I 
<1 
<I 

<I 

<5 
<5 
<5 
<5 
<5 

<I 

<5 
<5 
<5 

<5 
<5 
<5 

<5 
<5 
20 
<5 
<5 

SO,/ 
mgll 

151 
ISO 
135 

137 

8 

306 

47 
48 
50 

32 
31 
32 

3 

16 
19 
19 
46 
19 

cr 
mgll 

37 
38 
36 

37 

10 
II 
II 
11 
11 

122 

15 
15 
15 

5 
3 
4 

14 
14 
14 
3 

IS 

TDS 
mgtl 

Baseline 
TSS T-Fo 
mgll mgll 

T-Mn 
mgll 

1133 <5 <005 <0002 

632 
796 
616 

600 

445 
468 
427 
411 
444 
439 
482 
466 

0.59 0.012 
014 <0005 
0.09 <0.005 

029 <0005 

NM 022 0008 
15 <005 <0002 
91 031 0,019 
10 0.13 0.005 
17 019 0.007 
18 0.13 <0002 
14 <0.05 <0002 

0.13 <0002 
008 <0002 

1120 1040 475 0.043 

576 
595 
595 
563 
575 
520 
567 

<5 
NM 

69 
10 
<5 
12 

0.07 0,005 
<005 <0002 
<005 <0002 
098 0.019 
023 0009 
0_ 12 <0002 
035 0.012 

441 6 009 <0002 
436 NM <005 <0002 
422 38 0.38 0.007 
416 19 <005 <0002 
408 <5 006 <0002 

452 36 061 0,014 

133 648 266 

511 
584 
480 
540 
660 
518 
556 

NM 
137 
357 
158 
372 
59 
76 

086 
066 
203 
203 
254 
063 
3_07 

148 

0031 
0156 
0.074 
0.094 
0.246 
0019 
0.082 

N02+ 
mgll 

NM 
1.47 
0.27 
0.37 
3.06 

316 
013 
35 

N03 
mgll 

Nutrients 
N02 NH3 O-P04 
mgtl mgll mgll 

T-P 
mgll 

032 <005 <0.1 <005 <005 
024 <005 <0,1 <005 <005 
027 <005 <01 <005 <005 
029 <005 <0.1 <005 <005 
0_31 <0.05 0.2 <005 <005 

<0.1 

006 
009 
011 

<0. I <0.2 0.02 

<005 
<005 
<005 

<0.1 
<0.1 
<0,1 

<0,05 
<005 
<0,05 

19 

<005 
<005 
<005 

D-Mn 
mgll 

<002 <0 .005 
<002 <0005 
<Os02 <0 ,005 

<002 <0005 

D-AI 
mgl! 

T-AI 
mgll 

<003 0002 <003 039 
<003 <0002 <003 013 
<003 <0002 <003 08 
<0.03 <0.002 <0.03 0.34 
009 0007 0 24 0.45 

o 02 0 043 <0 05 8.8 

<0 03 <0002 <0 03 
<003 <0002 <0 03 
<0.03 <0.002 0 09 

006 
0.11 
<003 

<0 05 <0 05 <0 05 <0 1 <0 05 <0 05 <0.03 <0.002 <0.03 0.14 
013 <0.05 <0.05 <0.1 <0.05 <005 <003 <0002 <003 0.05 
1 12 <005 <005 <01 <005 0.07 <0_03 <0.002 0.63 0.63 

03 

NM 
102 
031 
337 
3_37 

016 
024 
031 

<0.05 
0.35 

<005 
<005 
<005 
<005 
013 

<0,2 045 

<0.1 
<01 
<01 

0.2 
06 

<005 
<005 
<005 
<005 
<005 

22 

008 
017 

<005 
0_13 
569 

325 0014 73 

<0 03 <0 002 <0 03 
OIl 0003 026 

<0 03 <0 002 <0 03 
<0.03 <0 002 <0 03 
o 26 0.246 4 24 

61 .7 

213 
116 
4.17 
393 
424 

D-As 
mgtl 

<001 
<001 
<001 
<001 
<001 

D-B 
mgll 

D-Cd 
mgtl 

Trace Metals 
O-Cr D-Cu T-Hg 
mgll mgll ugll 

004 <0001 <0001 <0,01 
004 <0001 <0001 <0.01 
003 <0.001 <0,001 <0 .01 
o 05 <0 001 <0001 <0,01 
0.04 <0.001 <0.001 <0 ,01 

<0.05 0.13 <0.005 <0.005 <0.005 

<001 
<0_01 
<001 

007 <0001 <0001 <001 
0.09 <0.001 <0001 <0.01 
0.08 <0001 <0001 <0.01 

<001 003 <0001 <0001 <001 
<001 005 <0.001 <0.001 <0,01 
<001 004 <0001 <0001 <0.01 

<0_05 0.09 <0.005 0_006 <0.005 

<001 
<001 
<0.01 
<001 
<001 

005 <0001 <0001 <0.01 
007 <0001 <0001 <0,01 
0,06 <0001 <0001 <001 
0.07 <0.001 <0.001 <0.01 
007 001<0001 <001 

D-Hg O-Mb 
ugll m9~ 

D-Ni 
mgll 

D-Pb 
mgtl 

<02 
<02 
<02 
<02 
<02 

0001 <DOl 
<0001 <001 
<0.001 <0.01 
<0001 <0 .01 

0001<001 

<0.2 <0.01 <0005 0 02 

<02 
<02 
<0.2 

<0 .001 <0.01 
<0001 <001 

<0 .001 <0 .01 

D-Se 
mgll 

<0.02 
<0,02 
<0 .02 
<0.02 
<002 

002 

<0 ,02 
<0 ,02 
<0 .02 

<02 
<02 
<02 

<0001 <001 <0 .02 
<0 001 <0 01 <0 02 

<0001<001 <002 

<0 2 <0.01 <0005 <002 <0 02 

<02 
<0.2 
<0.2 
<02 
<02 

0001 <001 
<0.001 <0,01 
<0001 <001 
<0001 <0.01 
0001 <001 

<002 
<002 
<002 
<002 
<002 

T-So D·Zn 

mgtl ~ 

<002 <0004 
<002 <0004 
<0.02 <0_004 
0.03 0.012 

<0_02 001 I 

<002 <0004 
0020007 

<0.02 <0004 

<0.02 <0004 
003 <0.004 
003 <0004 

039 002 

[1;.,. 
<002 <0004 
<0.02 <0_004 
<002 <0004 
<0.02 0.014 
<002 0.009 

O&G 
mgll 

NM 
NM 
NM 
<5 

NM 
NM 

NM 
NM 

Other Parameters 
Acidly eN T-Alk T-Hard 

mgn mgtl mgtl mgn 

<5 
IS 
II 
15 

<5 

10 
<5 
5 

<5 
<5 
<5 

<5 

396 
395 
408 
390 
412 

545 

458 
454 
472 

262 
291 
282 
300 
289 

421 

292 
305 
302 

383 346 
379 363 
385 345 

D 
151 18 
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NM 
NM 
NM 
NM 

<5 
<5 
<5 
<5 
<5 

'--, (", Mil .i t 1'.1 
410 71" 
436 75 
459 73 
421 81 
487 75 



A2S-1 
A2S-1 

Divide Spring 

Divide Spring 

Divide Spring 
Divide Spring 

Divide Spring 

Divide Spring 
Divide Spring 
Divide Spring 

Divide Spring 

Divide Spring 

Hansen Seep 

Hansen Seep 

Hansen Seep 

Hansen Seep 
Hansen Seep 
Hansen Seep 
Hansen Seep 

Skulumpah Spring 
Skulumpah Spring 

Skulumpah Spring 

SkuLumpah Spring 
Skulumpah Spring 
Skulumpah Spring 
Skulumpah Spring 
Skulumpah Spring 
Skulumpah Spring 

USP-l 

USP-2 
USP-2 
USP-2 

Spring 99 
Spring 99 
Spring 99 
Spring 99 
Spring 99 
Spring 99 
Spnng 99 

NA = No Access 

Date 
29·Jul-17 
lB·Ocl·17 

1·Jul·14 
25·Sep·14 
11·Nov·14 
29·Jul-15 
9·Nov-15 

14-Nov·15 
9·Jul·16 

14·Nov·16 
29·Jul·17 
18·0cl·17 

23·Apr·12 
27·Jun·13 
26·Sep·13 
23·0cl·13 
2B-May·14 
17-Sep·14 
28·0cl·14 

B·Nov·13 
31·Jul·14 

21·Nov·14 
31·Jul·15 
14·Nov·15 
23·Jul·16 
15·Nov·16 
2B·Jul·17 
12-Dec·17 

20-Nov·09 

20-Nov·09 
30·Sep·17 
14·Nov·17 

11·Nov·14 
29·Jul·15 
9·Nov·15 
9·Jul·16 

14·Nov·16 
29·Jul·17 
lB·Ocl·17 

Flow 
gpm 
0.097 
0.076 

1.63 
DAMP 

o 
0.26B 
0000 

o 
2.36 

0.000 
0564 

0356 
<01 

0.2B4 
0242 
0266 
0.196 
0226 

122 
149 
13-4 
140 
132 
133 
120 
141 
11 B 

0.18 

0.43 
0.35 
0.37 

0.200 
0337 
0229 
0.265 
0130 
0,465 
0.lB5 

Field Measurements 
T pH Condo 

·C S.U. ~Slcm 

12.7 8,01 782 
9.2 B.07 829 

7.4 759 743 

7.9 7.78 703 

10.7 7.52 720 

8.4 7,51 679 

113 
14.9 
8.4 
50 
8.B 
10.9 
6.1 

70 
66 
6.B 
6.7 
17.0 
70 
7,2 
70 
71 

4,2 

5.5 
77 
6,4 

5.0 
8.3 
5.5 
8.2 
5.5 
8.5 
6.2 

7.63 14B9 
7.41 1461 
7.85 1452 
7,57 1,41B 
7.6B 1,431 
7.64 4,590 
7.44 1,473 

7.53 
7.59 
7.63 
739 
7.50 
7.59 
7.58 
7.63 
7.61 

7B5 
805 
819 
786 
777 
785 
793 
786 
782 

759 1,146 

7.46 1,2B7 
7.74 1,321 
7.65 1,277 

7.61 
738 
751 
7.74 
779 
7.56 
768 

660 
584 
620 
560 
637 
615 
627 

D.O. 
mgll 

Turb 
NTU 

Ca" 
mglL 

Mg" 
mglL 

Majorlona 
Na' K' HCO,' 

mglL mglL mglL 

55 43 43 133 402341 

54.48 4741 35,97 123 365764 

127 

114 

114.06 
11303 

55,62 
53.45 
53.76 

384 158 2.9 501 

36.5 150 2.8 467 

3582 15139 2.66 466959 

3042 75.36 
33.52 81.39 
32.85 79.38 

1.2 452329 
1.23 454.767 
1.23 371 

70.98 47 73 90.64 479 434 

90.47 55 85 75,61 4,5 335 

Coa
2-

mglL 

<5 

<5 

<1 

<1 

<5 

<5 
<5 
<5 

<1 

<1 

504
2. 

mglL 

81 

79 

228 

254 

247 

49 
49 
50 

191 

cr 
mglL 

118 

127 

114 

11 
11 
11 

44.2 

222 83.9 

TDS 

mgII. 
544 
294 

Baseline 
TSS T·Fe 
mgIL mgll. 
142 0.8 
221 9.61 

T·Mn 
ml!lL 
0,Q4 
0.519 

429 NM <005 <0002 

419 <5 <005 0.002 

460 300 0.07 <0.002 
374 12 0.31 0.017 

974 

904 

915 
928 

503 
472 
445 
470 
500 
436 
491 

82 

49 
50 

12 

12 
11 
<5 
8 

<5 

1 06 0.279 

0.14 0.06 

0.92 0.389 
0.37 0.228 

0,08 0.002 
<005 <0002 
<0.05 <0.002 
<005 <0002 
<005 <0002 
<0.05 <0002 
<005 0002 

865 103 0.93 0007 
873 201 1,38 0005 

310 
370 
384 
183 

44 1.01 0.075 
30 02 0.013 
<5 0,07 <0.002 
14 0.41 0.028 

N02+ 
mglL 

N03 
mglL 

Nutrients 
N02 NH3 0·P04 
mglL mglL mglL 

T·P 
mglL 

D·Fe 
mgll 

D·Mn 
mgll 

D·AI 
mgll 

T-AI 
mglL 

NM 0 05 <005 <0 1 <0,05 <005 <003 <0 002 <003 0.04 

<005 <005 <0 05 <0 1 <0.05 <005 <003 <0002 <0,03 0.06 

NM 

<0,05 
022 
3.65 

<01 <01 <02 002008 

<0.1 <0.1 <0.2 0.04 0.05 

<0,05 <005 <0.1 <005 008 

0.08 
006 
1.13 

<0,05 <0,1 <0.05 0.1 
<0 05 <0.1 <0.05 <0.05 
<0.05 <0.01 <0.05 <0.05 

0.48 0279 04 17 

<0.02 0,041 <0.05 

<003 0081 <003 0.33 

<0 03 <0,002 <0 03 0.12 
<0.03 <0.002 <0.03 <0.03 
<0.03 <0.002 <0.03 0.07 

Trace Metals 
D·As 
mgll 

D,B 
mgll 

D·Cd 
mgll 

D·Cr D·Cu T·Hg D·Hg D·Mb D·Ni 
mgll 

D·Pb 
mgll 

D-Se 
mgll mgll mgll ugll ugll mgll 

<001 006 <0.001 <0001 <0 01 

<001 0.Q7 <0.001 <0001 <001 

<0 05 

<0,05 

<001 

<0.01 
<0.01 
<0.01 

o 11 <0 005 <0 005 <0 005 

o 09 <0 005 <0,005 <0 005 

o 07 <0.001 <0.001 <0.01 

005 <0.001 <0001 <0.01 
0.07 <0.001 <0.001 <0.01 
0.06 <0.001 <0001 <0,01 

<02 0001 <001 <002 

<02 <0001 <001 <0,02 

<0 2 <0 01 <0005 <002 0.02 

<0.2 <001 <0.005 <002 <0 02 

<02 <0.001 <001 <002 

<0 .02 
<0.2 

<0 ,02 

<0.001 <001 
<0,001 <0,01 

<0001<001 

<002 
<0,02 
<0.02 

T·Se D·Zn 
mglL ~ 

<002 <0004 

0.03 <0.004 

002 <0.01 

<001 

<0.02 001 

O&G 
mglL 

NM 

NM 

NM 

<0.02 <0004 NM 
<0,02 <0,004 NM 
0.03 ).00453.76 

Other Parameters 
Acidly eN T-Alk 
mgll mgll mgll 

11 

<5 

17 

330 

300 

411 

383 

383 

371 
373 
371 

T-Hard 
mgll 

312 

331 

475 

435 

430 

264 
271 
270 

INi'f)P P(.J' nr"" "TED ·V., .•. l ..• /-'\ 
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Groundwater Monitoring Well Data 

Date W.l. (feet toe) 

MW 15-5-2 28-Sep-15 301.37 

MW 15-5-2 1-Nov-15 Dry 

MW 15-5-2 23-Jun-16 Dry 

MW 15-5-2 28-Sep-16 Dry 

MW 15-5-2 7-Nov-16 Dry 

MW 15-5-2 28-Jun-17 Dry 

MW 15-5-2 27-Sep-17 Dry 

MW 15-5-2 13-Nov-17 Dry 

01-8-1 1-0ct-01 1464.8 

01-8-1 30-0ct-02 1491.5 

01-8-1 29-May-03 1487.2 

01-8-1 19-5ep-03 1493.81 

01-8-1 27-0ct-03 1496.65 

01-8-1 24-Jun-04 1498.72 

01-8-1 1-Sep-04 1497.11 

01 -8-1 15-0ct-04 1496.86 

01-8-1 13-Jun-05 1500.33 

01-8-1 29-Sep-05 1501.88 

01-8-1 24-0ct-05 1501.99 

01-8-1 23-Jun-06 1525.33 

01-8-1 3-Aug-06 1535.44 

01-8-1 4-Nov-06 1551.81 

01-8-1 25-Jun-07 1599.11 

01-8-1 24-Sep-07 1641.62 

01-8-1 29-0ct-07 1652.24 

01-8-1 21 -Jun-08 1776.87 

01-8-1 24-Sep-08 1781.18 

01-8-1 6-Nov-08 1778.44 

01-8-1 19-Jun-09 1779.15 

01-8-1 23-Sep-09 1785.54 

01-8-1 10-Nov-09 1786.22 

01-8-1 26-Jun-10 1788.99 

01-8-1 23-Sep-10 1790.07 

01-8-1 12-Nov-10 1790.4 

01-8-1 27-Jun-11 1791.07 

01-8-1 27-Sep-11 1799.36 

01-8-1 29-0ct-11 1798.94 

01-8-1 27-Jun-12 1799.21 

01-8-1 25-Sep-12 1798.95 

01-8-1 7-Nov-12 1798.44 

01-8-1 28-Jun-13 1797.75 

01-8-1 25-Sep-13 1774.51 

01-8-1 26-0ct-13 1765.13 

01-8-1 29-Jun-14 1724.31 APR 1 9 2018 
01-8-1 18-Sep-14 1728.61 

01-8-1 5-Nov-14 1728.99 Div. of Oil, Cd~; i!{ Minina 
~l 

01-8-1 24-Jun-15 1732.41 

01-8-1 26-Sep-15 1735.67 

01-8-1 1-Nov-15 1735.56 

01-8-1 26-Jun-16 1739.45 



) 

01-8-1 

01-8-1 

01-8-1 

01-8-1 

27-Sep-16 

29-Jun-17 

29-Sep-17 

9-Nov-17 

1740.31 

1740.94 

1736.75 

1738.06 

T D 
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Table 28 Discharge and water-quality data for springs and streams in the Greens Hollow Tract area. 

Stream Monitoring Data 
U-Mud 
U·Mud 
U-Mud 
U-Mud 
U·Mud 
U-Mud 
U-Mud 

U-Mud 
U-Mud 
U-Mud 
U-M<Jd 
U-Mud 

PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
P INES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 

l..,) ... 

:J 

;:~ 

"::w' 
.::.. 

:::J 

IQ 

Date 

3Q..Jun-14 
18·Sep·14 
5-Nov-14 
26-Jun-1S 
29-S.p-15 
213-001-15 
23-Jun-16 
26-5ep-16 
7-Nov-16 

21Nun-17 
3O-Sep-17 
14-Nov-17 

26-Jun-97 
27-Aug-97 
22-001-97 
'-Jun-OO 

21-Aug-00 
6-Dee-OO 
'-Jun..Q1 
7-Sepo01 

27-Nov-01 
18-Mayo02 
26-Sep-02 
18-Nov-02 

8-Jun-03 
21-Sep-03 
~3 

13-Jun-04 
21-Sep-04 
21-Dec-04 
23-May-05 
5oSep-05 
20-Dec-OS 
23-Juno06 
24-Sep-06 
8-Dec-Oe 
24-Jun-07 
16-Sep-07 
6-Dec-07 
28-Apro08 
17-Sep-08 
3-Nov-08 

29-May-09 
14-Sep-09 
2-Oec-09,-= 
17-May-10 
13-Sop-10 

:l=i7 -Nov-1 0 
""'US-Jun-11 
:;:09-Sep-11 

l8-Nov-11 
....... 9-Jun-12 

c..o7-Sep-12 
16-Nov· 12 

~5-Jun-13 
~2-S.p-l;l 
OO:!.o_ l3-

27..Jun-1~ " 

Flow 
gpm 

28,274 
8,707 
5,206 

26,928 
7,315 
4,057 

36,353 
8.572 
4.313 

43.980 
9,370 
4 .161 

U 
18,625 
9,874 

U 
9,470 
4,488 

> 22440 
6,324 
4,084 

27,511 
5,520 
5,049 

78,540 
6,777 
4 ,533 

49,368 
7,091 
3,142 

157,080 
22,440 
5,350 

53,856 
9,510 
6,820 
19,300 
5,840 
4,490 

26,900 
9,170 
5,850 

80,780 
8,580 
4 ,040 
17,560 
8,340 
4,480 

134,640 
22,090 
8,037 
16,400 
5,470 
5,520 
17,413 
8,078 
4,880 

28,274 

ReId MeQuromonts 
T pH Condo DO 

'C S.U. ~S/cm mgn 

130 8.78 
13.2 8.72 
16 8.7 

14_B 8.78 
11.4 8.72 
36 865 
16.1 8.69 
101 875 
4.6 8,79 

12_9 869 
8,4 8.77 
2.5 870 

13.8 8.4 
12 8.5 

13.8 8.4 
11.2 8.57 
15.3 8.19 
-0.5 8.4 
8.8 8.49 
9.5 8.72 
0.1 8.69 
9.3 8.38 
10.5 8.61 
0.1 8.59 

10.2 8.6 
7.9 8.34 
0.4 8.59 
11 8.72 
5.2 8.66 
o 8.43 

9.7 8.15 
14.5 8.68 
o 8.56 

6.7 B.65 
7.1 8.54 
0.1 8.44 
16.7 8.79 
13 8.92 
1.8 8.62 

10.4 8.58 
10.9 8.65 
4.1 8.74 

11.4 8.64 
10.5 8.71 
0.4 8.47 
11 8.73 
11 8.47 
0.9 8.25 
6.4 8.81 
11.9 8.72 
0.2 8.82 
16.2 8.93 
17.8 8.83 
0.2 8.71 
15.8 8.83 
9.7 8.88 
0.2 8.74 
14.6 8.82 

381 8,17 
378 8,26 
440 9,97 
379 8,31 
360 8.21 
412 9,B6 
355 7.54 
38B 8.88 
416 9.10 
368 8.20 
388 B.84 
411 1090 

282 
365 
282 
355 
382 
387 
369 
391 
433 
389 

3B4 
385 
332 
390 
417 
374 
364 
357 
409 
324 
423 
374 
393 
427 
382 
399 
334 
422 
383 
399 
385 
384 
427 
407 
371 
457 

358 
388 
445 
368 
372 
419 
353 
408 
461 
367 

6.5 
6.53 

11 .38 
8.42 
7.92 
8.81 

8 
6.69 
8.78 
7.1 

7.62 
8.47 
6.85 
9.3 

7.23 
9.73 
7.4 

8.16 
8.84 
8.17 
9.1 
8.1 

8.22 
10.4 
8.25 
7.89 
9.29 
8.55 
8.8 
10.4 
7.2B 
9.35 
9.91 
7.77 
8.62 
9.29 
7.66 
7.51 
10.43 
8.74 
8.18 
10.8 
8.46 

Turl> 
NTU 

Trace Metals 
D-F. 
mwl 

D-Mn 
mg/i 

D-AI 
mwl 

T·AI D-As D-8 D-Cd D-Cr D-Cu T-Hg D-Hg D-Mb D·Ni D-Pb D-Se 
m9/L mg/l mg/l mg/l mgn mg/l ug/l ug/l mgll mg/l mgtl mg/l 

<0.03 <0 002 <0.03 0 ,20 
<0,03 <0002 <0,03 0 ,14 
<0,03 0.002 <0,03 0 ,17 
<0.03 <0_002 <0.03 0 .09 
<0.03 <0.002 <0.03 0.08 
<0,03 <0.002 <0.03 0 .12 

<0.03 <0_002 <0.03 
<0,03 <0.002 <0.03 
<0.03 <0.002 <0,03 

< .1 < ,1 

1018 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<001 

<0.01 
<0.01 
<0.01 

< .01 
< .01 
< .01 

001 <0.001 <0.001 <0.01 
0.02 <0.001 <0.001 <0.01 
0,07 <0.001 <0,001 <0_01 
0.02 <0.001 <0.001 <0.01 
0.02 <0.001 <0.001 <0 01 
001 <0.001 <0.001 <0.01 

0.02 <0.001 <0.01 
o 02 <0.001 <0.01 
o 03 <0.001 <0.01 

< 01 
< 01 
< .01 

<02 
<02 
<0.2 
<0.2 
<02 
<0.2 

< 2 
< .2 

0002 <0,01 <0.02 
<0.001 <0,01 <0.02 
<0.001 <0 01 <002 
<0.001 <0 01 <002 
<0.001 <0 01 <0.02 
o 002 <0 01 <0.02 

<001 002 
<001005 
<001005 

c . l 

<.' 
0( .1 < ,01 

T-S. D-Zn 
mg/L ~ 

<0.02 <0.004 
<0.02 <0.004 
002 <0,004 

<0.02 0.009 
<0.02 <0.004 
<0.02 0005 

<0,004 
<0,004 
<0004 

O&G 
mg/L 

<5 
<5 
<5 
<5 
<5 
<5 

<5 

< 2. 
< 2. 

4 

Other Parameters 
Acidly CN T-Alk 
mg/l mg/l mg/l 

<5 
<5 
<5 
<5 
<5 
<5 

-300 
<5 
<5 

199 
192 
380 
187 
190 
201 

197 
209 
227 

203 
213 
229 

T-Hard 
mgn 

196 
194 
484 
196 

'94 
216 

216 
193 
220 

204 
185 
206 



PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 
PINES 405 

M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 
M-STR01 

M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 
M-STR02 

M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 
M-STR03 

M-STR04 
M-STR04 
M-STR04 r':~: 

M-STR04 

:J 

» 
-0 
::::0 

c..o 
,....., 
c:::) -00 

Date 
19-5ep-14 
2-Dec-14 
14-Jun-15 
20-Sep-15 
29-0cl-15 
13-Jun-16 

26-Aug-16 
18-Oct-16 
19-Jun-17 

13-D00-17 

6-JurHI1 
16-Aug-01 
3If.Aug-01 
2S-Sep-01 
2~ct-01 

18-Apr-02 
1-May-02 
5-Jun-02 
7-Aug-02 

2S-Sep-02 
12-Nov-02 
6-May-03 
19-Jun-03 
23-Aug-03 
6-0cl-03 

1 ().May-04 
6-Jun-04 
6-Jun-17 

7-Aug-02 
2S-Sep-02 
12-Nov-02 
6-May-03 
19-Jun-03 
4-Aug-03 
6-0cl-03 

10-May-04 
6-Jun-04 

26-Jun-17 

6-Jun-01 
16-Aug-01 
3If.Aug-01 
2S-Sep-01 
29-0ct-01 
18-Apr-02 
1-May-02 
>Jun-02 
7-Aug-02 

2S-S~~2 
12-Nov-D2 
6-May-03 
19-.Jun-03 
4-Aug-03 
6-0ct-03 

1 ()'May-04 
26-Jun-17 

7-Jun-01 
22.Jun-01 
16-Aug-01 
31-Aug-01 

Flow 
gpm 
7.271 
5.386 

52.958 
8.864 
5.222 
118 

13.823 
4,416 

103.224 
4.905 

SO.094 

a 

9.715 

460 

1.857 
2.925 
74.148 
4.235 
1184 
2.379 
460 

36.62 
0.61 

6.052 
0.S01 
0.967 
9451 
7.993 
2.61 
o 

1.83 

54.9 
2499 
1.631 
1.382 
491 ,5 
1.02 

71 .061 
11_719 

a 

A.rd M.aluromonta 
T pH Condo D.O. Turb 

' C S .U. ~S/cm mgn NTU 
11 8 8.81 396 8.25 
0.3 8.77 479 10.56 
133 8.7 369 7.54 
10.9 8.66 363 8.27 
4.6 8.67 411 9.46 
10 6 8.53 365 8.51 
138 8.67 381 8.7 
6.8 8.76 423 9.49 
14.2 8.52 376 8.37 
0.3 8.65 233 11.65 

136 8.61 567 7.53 18.4 

0.7 8.48 8.65 75 

11_8 8.84 443 8.36 39.7 

8.2 7.97 509 8.35 0.7 
0.8 8.19 416 11_19 0.9 
3.3 8.58 591 9.88 9.8 
13 8.46 705 7.51 373 

14.9 8.11 722 5.84 39.9 
9.3 925 495 7.15 299 

11.8 8.84 443 8.36 39.7 

16.2 849 712 

10.4 
12_1 

8.7 
3.6 
13 
3.6 
6.3 

8.2 

4 
10.9 
12 
7,9 
8.4 
14.1 

854 
7.81 

7.85 
7.98 
7.87 
6·29 
8.18 

7.67 

871 
8.1 

7.72 
8.01 
6.73 
8.39 

527 
405 

395 
202 
311 
409 
365 

405 

621 
659 
647 
398 
307 
656 

19.4 8.55 386 

6,65 

7 .11 
4 ,03 

3.83 
668 
629 
9.7 

4.65 

9,37 
52 

3.58 
5,56 
8.51 
7.02 

22.5 
3,17 

2.21 

1.21 
0.67 

23,8 
2.83 
43,3 
729 
51.4 

684 308 

D-Fe D-Mn D-AI 
mgn mg/l mgl! 

<0.03 0 004 ,0,03 

0.Q3 

0.15 <0.01 <0,03 

<0.02 <0.01 <0.1 

<0,02 <0.01 0,06 
<0.02 <0.01 0.05 
<0,02 <0 01 <0.03 

<0.03 
<0,02 a 02 <0,03 
<0 ,02 <0 01 <0 .03 
<0 ,02 <0.01 <0.1 

<0 ,03 <0.002 a 04 

<0.03 
004 

004 
<0,03 

<005 003 

a as 

<0 02 <0,01 0 05 

<0 02 <0,01 <0,03 
<0.03 

<0.02 0.01 <0 ,03 
<0 02 0,02 <0,03 
<0 02 <0,01 <0 1 
<0 03 <0 002 <0,03 

0_03 

T-AI 
mgIL 

Trace Metals 
D-As 
mgn 

D-B D-Cd D-Cr D-Cu T -Hg D-Hg D-Mb O-Ni D-Pb D-Se 
mgn mgll mgfl mgfJ mg/1 ug/t uglJ mgll mg/1 mg/l 

.001 0.02 <0.001 <0.01 <0.01 007 

0.0008 <0.0005 0_0034 0.001 2E-04 

0.1 <0.05 <0.005 <0.005 <0.01 <0.0002 

0.001 <0.05 <0.005 <0.005 <0.01 

0.0009 a 06 <0.005 <0.005 <0.01 
<O~ 1 <0 05 <0 005 <0 01 

0.05 <0.005 <0,005 <0 01 

2E-04 

<0.0002 

<0_0002 <0 1 
0001 

0.0016 
0.001 

<0,0005 <0.005 <0.01 <0 0002 
a 07 <0.005 <0.005 <0.01 <0 0002 
0_06 <0.005 <0.005 <0.01 <0.0002 

<0.0005 <0,05 <0.005 <0.005 <0.01 <0.0002 

0,01 

0001 
00009 

00008 

0_08 <0.001 <0.01 

<0.0005 0.0037 0.001 
<0.0005 0.0036 7E-04 

<0.0005 0001 8E-04 
<0.1 <0.0005 <0.005 <0 01 

0.0011 <0.0005 <0,005 <0,005 

<0 1 <0005 <0.005 <0.01 

a 001 0 07 <0 005 <0.005 <0 01 

0.1 0.05 <0.005 <0.005 <0.01 
0.0011 <0.0005 <0.005 <0.01 
0.0013 0.06 <0.005 <0.005 <0.01 
a 0009 0.05 <0.005 <0.005 <0.01 

<0 0005 <0.05 <0.005 <0_005 <0.01 
<0 01 0.07 <0.001 <0.01 

0.0011 <0.0005 0,0039 0.001 

<0 0002 
<0.0002 

<0.0002 
<00002 
<0.002 

<0.0004 

<00002 

<0 0002 
<0.0002 
<0.0002 
<0.0002 
<0 0002 

<0.0004" 

0.002 <0.005 0.0005 

<0.01 <0.07 <0.1 

<0.01 <0.07 0,001 

<0.01 <0,07 0_0021 
<0.07 <0.1 

<0.01 <0,07 <0 .1 
<0,01 <0 001 0 0012 
<0.01 <0.07 0_0012 
<0,01 <0.07 a 0007 
<0,01 <0,07 0.0006 

<0 .01 005 

a 002 <0 005 0.0006 
a 002 <0.005 0.0013 

0.001 <0.005 0.0012 
<0,01 <0 005 00017 
0.003 <0.001 0.0021 

<0.01 <0.07 <0.1 

<0 ,01 <0.07 00027 

<0,01 <0.07 <0,1 
0.01 <0.001 0.0014 

<0,01 <0.07 00014 
<0,01 <0.07 00011 
<0,01 <0.07 0.0005 

<0.01 0.03 

0.002 <0.005 0.0006 

T-Se o-Zn 
mgJL~ 

<0.004 

0.02 

<0.01 

<0 01 

0.01 
<0.1 0.02 

<0.01 
0.01 

<0.01 
<001 
0.01 

<0.004 

<0.01 
0.02 

<0.01 
0.04 

<0.01 

<0.01 

<0 01 

<0 01 
0.01 
0.01 

<0.01 
0.03 

<0.004 

<0.01 

O&G 
mgIL 

<5 

<5 

Other Parameters 
Acidty CN T-Alk T-Hard 
mg/l mgl1 mgt! mg/l 

<5 

<5 

<5 
<5 
<5 

<5 
<5 
<5 

-302 

<S 

<5 

<5 
<5 

235 

298 

290 

250 

297 
303 
290 
300 
310 
337 
230 

286 

293 
293 

304 
292 
274 

284 

293 

290 
292 
300 
306 
210 

310 

229 

220 

200 

410 
370 
240 

310 
370 
190 

340 

310 

240 

280 
300 
160 



M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 

M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 

M-STR06 

';J .. 
~o 

::J .... 

Date 
27·Sep-01 
28-Ocl-01 
17·Apr·02 
3.-May.02 
4.Jun·02 
8·Aug-02 

25-Sep-02 
12·Nov-02 
6-May-03 
20-Jun-03 
6-Aug·03 
8-0cl·03 

11-May·04 
13-May-04 
23-Jun-06 
28-Sep-06 
8-NIov-06 
26-Jun-07 
11·Sep-07 
8-Nov-07 
21-Jun-08 
24-Sep·08 
6·Nov·06 
27·Jun·09 
2:>-Sop-09 
10-Nov..()9 

26-Jun-l0 
2:>-Sep·10 
12-Nov·10 
27-Jun-' 1 
30·Sop-11 
29·0cl·11 
27-Jun-12 
25-5_p-12 
7·NIov·12 
28·Jun·13 
25-Sep·13 
26·0cl·13 
29-Jun-14 
29·Aug·14 
31·0ct·14 
24-Jun-1S 
28-5ep-15 
28-Oct·15 
23-Jun-16 
28-S_p·16 
7-Nov-16 
2-Jun-17 

8·Aug·02 
25-Sop-02 
6-Oct-02 

12-Nov-OZ -' 
6·May-03 
19·Jun·03 

)::>6.Aug.03 
-o.Aug·03 
::;:O;.Ocl-03 

11-May·04 
~6.Jun.17 
t.Q 9-000-17 

~.Jun'()1 -CO 

--. 

Flow 
gpm 

13.005 
12245 
3_037 

79.9 
14.231 

o 

717264 

3.85 
1.01 
3.19 

16.3 

0.67 

142 
3.71 
14.6 

225 

1.14 

1.412 
1.717 

lmmeas. 
61 .6 

2.666 
2.043 

1.534 
598.462 

1.752 
0.36 

16.85 

Field Measurements 
T pH Condo D.O. 

'C S.U. ~S{cm mgn 

6,2 8 87 470 9 19 
12.1 887 8.69 
18 8.83 514 5.23 

6 8.74 599 
8.4 865792892 

11 .9 882 445 812 

19.8 8.72 627 644 
10.4 6.67 705 792 
4 .5 6.5 758 6,73 

20.7 8.59 573 664 

21 .2 883 664 7.12 

14.1 848 573 7.62 
14.5 866 865 7.56 
0.3 8 75 767 10,4 

17.7 686 605 7.47 

19.9 8.83 725 7.21 

Turb 
NTU 

749 
o 

2.8 

4.73 

763 

9.5 6.5 346 8.45 1.56 

0.5 
6.1 
10.3 
102 

10 
12 
0.3 

8.36 353 

825 
8.73 
856 
8.35 

8.47 
8.82 
8.36 
8.21 

329 
616 
605 
610 

356 
446 
616 
720 

8.21 4 

1118 
9.04 
8.04 
85 

7,23 
8.07 
7.58 

11.35 

2.32 
22.5 
137 

399 
17,4 

20.10 8.48 808.00 6.54 6750 

D-Fe D·Mn D-AI 
mgI1 moll mQn 

<007 

006 

< .02 0,01 < .03 
< ,03 

<: .02 0.01 < 1 

Trace Metals 
T-AI D-As D-B D-Cd D-Cr D-Cu T·Hg D-Hg D-Mb D-Ni D-Pb D-So 
mgIL mgn mgI1 mgIl moll mgI1 ug/l uoll mgn mgI1 mgI1 mgI1 

< .0005 < .0005 < 005 < ,005 

0.1 <0 005 <0.005 <0.01 

<:, < ,05 < 005 < .005 < ,01 
00014 < .0005 < .005 < 01 

0.0008 < 05 < .005 < .005 < .01 

<0.0004 

<0.000' 

< 2 < 02 
<00004 

< .2 < .02 

0002 < .001 

<001 <007 

<: ,01 < .07 
0.01 < .001 

< .01 < .07 

0.0016 

<01 

< .1 
0.0013 

0.0006 

<0.03 <0 002 <0.03 <0 03 <0.01 0 09 <0 001 <001 <0 ,01 004 

004 
< .02 < .01 0.05 

<: 02 <: 01 0.03 
<02 < .01 <03 

<0.03 

<02 < 01 < .03 
< 02 < .01 < .03 
< 02 < .01 < .1 
<0 ,03 <0.002 <0 .03 
<0,03 0067 <0,03 

<0,03 

< .002 < .001 0_0034 < .001 
0.0009 0.06 < .005 < .005 < .01 

< .1 
< .1 

0.0009 

0.0008 
0.0006 
00008 
<0.01 
<0.01 

000 

005 < 005 < .01 
<: 05 < .005 < 005 < .01 

<0.0005 <0,005 <0,01 

0.05 < .005 < .005 < .01 
005 < .005 < .005 < .01 

< 05 < .005 < ,005 < .01 
0.06 <0.001 <0 01 
0.06 <0.001 <0.01 

<0,0005 0 00 0.00 

< .2 0.007 < .001 < .002 
< .2 < .02 < .01 < .07 0 0035 

< .02 
< 2 < .02 

<0 OOO~ 

< 2 < 02 
< 2 < 02 

< 2 < .02 

<00002 

< 07 
< .01 < 07 
001 < 001 

< .01 < .07 
001 < 07 

< .01 < .07 
<0,01 
<0.01 

< .1 
< .1 

0.002 

0.0022 
0,002 

00006 
002 
0.09 

000 <0005 000 

T·So D-Zn 

mg/l ....!!2!.... 

< 01 

<0.01 

001 
< ,01 

0.01 

<0,004 

0,08 
0.01 

0.01 
< .01 
0.01 

< .01 
< .01 
0.02 

<0.004 
<0,004 

0.01 

Other Parameters 
O&G Acidly eN T·Alk T -Hard 
mg/l mgI1 mgI1 moll moll 

<5 

<5 
<5 

< .002 372 

<O.OO~ 325 

<5 300 
< ,002 358 

<5 < .002 240 

·310 302 

o 267 
< 5. 267 

< .002 
<5 
<5 < .002 

< .002 
<5. 

< .002 
< 5. c .002 
< 5. < .002 
-304 
<5 

277 
300 
265 
270 
300 
280 
232 
292 
328 

351 .00 

240 

200 

264 

300 

290 
240 

270 
280 
200 
302 
320 



M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 

M-STR07 
M-STR07 
M-STR07 
M-STR07 
M-STR07 
M-STR07 
M-STR07 

M-STR08 
M-STR08 
M-STR08 
M-STR08 
M-STR08 
M-STR08 

Sufco 007 
Sufoo 007 
Sufoo 007 
Sufco 007 
Sufoo 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufoo 007 
Sufco 007 
Sufoo 001 

~ 

'-

1> 
-0 
::0 

c..c 
,..." 
C) 

CO 

Date 

22-Jun-01 
16-Aug-01 
25-Sep-01 
30-Oct-01 
17-Apr-02 

1-May-02 
5-Jun-02 
8-Aug-Q2 

24-Sop-D2 
13-Nov-02 
7-May-03 
2a-Jun-03 
6-Aug-03 
8-Oct-03 

11-May-04 
1~May-04 

26-Jun-1S 
28-Sep-15 
28-0ct-15 
23-Jun-16 
2S-Sop-16 
7-Nov-16 
26-Jun-17 
30-Sop-17 
14-Nov-17 

25-Sep-02 
12-Nov-02 
7-May-03 
S-Aug-03 
6-Oct-03 
1~y-04 

26-Jun-17 

26-Sep-02 
13-Nov-02 
7-May-03 
5-Aug-03 
7-0cl-03 

13-May-04 

5-0cl-79 
1-Nov-80 
9-Jun-B1 

26-Aug-B1 
27-OcI-81 
22-Jun-B2 
12-Aug-82 
20-0ct-82 
21-Jun-83 

1&-Aug-B3 
12-Oct-B3 
21-Jun-84 
9-Aug-84 
11-Oct-84 
13-Jun-85 
14-Aug-85 
22-0ct-85 
2.Jun-86 

13-Aug-86 
7-Jun-8a 
~Aug-88 

5-Oct-88 

o 

Field Measurements 
Flow 
gpm 

T pH Cond DO_ Turt 
NTU 'C S.U. ~S/cm mg~ 

5651 
4 .783 
19 

6.438 
18.165 
4.455 
3020 

17.836 
3.024 

o 

27.400 

0.636 

12,4 8.3 439 
11 .5 792 575 
2.7 8.39 446 
9.6 8.77 462 
8.2 851 819 

233 8.52 569 

11 .7 854 490 
12.6 8.66 822 

15.4 865 723 

22,3 8.64 968 

713 81.4 
314 30 
8.73 11 .6 
7.16 9.63 
8.55 8.32 
5.13 409 

7.01 8.29 
8.15 12.8 

6.59 96.3 

5.43 NM 

2,43 
0.18 
o 

18 844 825 6.23 
10.4 836 1008 7.57 

o 
o 
o 
o 
() 

o 
o 

2062 
967 

2447 
7145 
3087 
15644 

9.2 

3.5 
16.2 
5.5 
4.2 

3132.624 16 
403_92 12 
498 188 

5771.588 14 
516.12 15 
269.3 12 

2629.968 
359.04 21 

686.664 
2217072 7.8 
287232 13 
94.248 0.5 

3388,44 14 
246.84 17 

1297032 12 
71 .81 19 
94,25 8 

8.7 
8,72 
8.69 
8.74 
8.88 
8.9 

8.2 
86 
92 
8.4 
76 
7.7 
76 
7.8 
7.9 
75 
8 

76 
7.6 
8.3 
82 
74 
73 

234 
65 

247 
371 
232 
352 

654 
460 
690 
446 
593 
840 
525 
555 
621 
409 
680 
638 
412 
531 
468 
SOO 
619 

9.1 
13.66 
10,22 
7_51 
9_27 
9.76 

2.2 
1.5 

5.15 

1.99 
6.81 

D-Fa D-Mn 
mgll mg~ 

D-Al 
mg~ 

005 
0_05 

<003 
<0.07 
0.07 
004 

<0.02 0.01 <0.03 
<0.03 

<0.02 <0.01 <0.1 

0.38 0.013 0.61 
<0.03 <0,002 <0 ,03 

<0.02 <0,01 
<0.02 <0.01 
<0.02 <001 
<0.02 <0,01 
<0.02 <0.01 
<0.02 <001 

0,94 
008 

0.095 0018 
034 013 

0.335 013 
0.04 0.045 
0.08 0.003 
0_11 001 
0_12 001 
0.01 001 

< ,01 
0.03 0.03 
0.04 013 

< 01 < .02 
003 003 

< .01 < .01 
< _01 < _01 
< .03 < 01 
< 03 < 01 
< 03 002 

0.04 
0.03 

<0.03 
<0,03 
<0_03 
<01 

T-AI 
mglL 

Trace Malals 
O-As 

m\lfl 
D-B 

~gll 

D-Cd 
mgII 

DoC, DoCu T-Hg 
m~ m\lfl ugll 

0.0022 
0.0025 

<0,1 
<0,001 

<0.1 
<0.1 

<0.0005 0 ,0051 <0.01 
<0.0005 0.006 0.002 
<0.0005 <0 005 <0 ,01 
<0.0005 <0 005 <0.005 
<0.0005 <0_005 <0 01 
<0.0005 <0.0005 <0.01 

<0,1 0.06 <0,0005 0,01 <0.01 
0_0015 <0,0005 <00005 <001 

o 0016 0.05 <0005 <0.005 <0_01 

<0.01 0.11 <0.001 
<0.01 0.09 <0 001 

0,0009 
<01 
<01 

0,0011 
0,0011 
0,0009 

<005 <0005 
105<0.005 

<0.05 <0005 
105<0.005 

005 <0005 
<005 <0005 

<0.01 
<0.01 

<001 
<001 
<001 
<0.01 
<001 
<0.01 

< .2 
< .2 

D-Hg D-Mb 
ugll mgtJ 

<00002 
<00002 
<00002 
<00002 
<0.0004 
<0.0004 

<0.0002 
<00002 

<0.0002 

D-Ni 

m\lfl 
D-Pb 

m\lfl 
D-Se T-S. D-Zn 

mgII mgIL ~ 

o 003 <0005 0.0011 0_01 
0.004 <0.005 0 0009 0.01 
<0 01 <0.005 0.0008 0.01 
o 002 <0.001 0.0009 0.D1 
<0.01 <0.07 <0.1 0.0009 0,01 
<0.01 <0.07 <0 1 0.01 

<0.01 0.07 <0.1 <0 01 
<0.01 <0.001 0.0012 <0.01 

0.01 <0_07 0.0014 

<0_01 
<001 

<0.07 
<0.07 
<0.07 
<007 
<0.07 
<0.07 

0,03 
005 

0.0007 
<0,1 
<0.1 

00006 
0.0008 
0.0006 

< 1. 
< 1 
< 1. 
< 1. 

0.02 

<0 004 
<0004 

0.01 
<0,01 
0.D1 

<0 ,01 
<0 ,01 
<0.01 

O&G 
mglL 

<5 

Other Parameters 

Acidly CN T-Alk 
mgII mgII mg/l 

378 
441 
391 
373 

350 

T-Hard 
mg~ 

<5 3601369 260 00 
341 

<5 

<5 
<5 

<5 
5 

<5 
<5 
<5 
<5 

3681370 240 

363 
452 

215 
227 
230 
200 
222 
220 

332 
178 

284,7 
202.1 
224 
292 
220 
244 
278 
232 
260 
270 
404 
238 
290 
182 
212 
188 
200 
260 

208 
266 

230 
220 
230 
210 
220 
220 

244 
168 

244 
178 
210 
288 
192 
240 
262 
210 
260 
335 
720 
208 
264 
216 
200 
214 
218 
365 



Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufce 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufce 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Surco 007 
Sufco 007 
Sufco 007 
Sufco 007 
surco 007 
surco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufoo 007 "" 
Sufco 007 
Sufco 007 
Surco 007 ~~ 

oJ 
S· 
'::} 

l> 
-0 
;::0 -<..0 

,..."" 
c::::I -00 

Date 
1:>-May-92 
4-Aug-92 
6-0cl-92 
9-Jun-93 
6-Jun-95 

23-Aug-95 
3-0cl-95 

27-Aug-96 
22-0cl-96 
2-Jun-97 

18-Aug-97 
8-0cl-97 
4-Jun-98 

~Aug-98 

1-Oct-98 
21 -Jun-99 
9-Aug-99 
4-Oct-99 

21-Jun-OO 
2-Aug-OO 
5-Oct-00 

11-Jun-01 
20-Aug-Ol 
2-0ct-Ol 
8-May-02 

2IJ..Sep-02 
8-0cl-02 

29-May-03 
19-5ep.()3 
3O-Oct-03 
26-Jun...()4 
l-Sep-04 
1~I-04 

13-Jun-05 
3~-Sop-OS 

24-0cl-05 
26-Jun-06 
1:>-S.p-06 
4-Nov-06 
2~Jun-07 

19-5ap-07 
29-0cl-07 
12-Jun-08 
1~Sep-08 

21-Ocl-08 
19-Jun-09 
17-Sap.()9 
19-Nov-09 
28-Jun-10 
1~S.p-10 

1-Nov-10 
18-Jun-11 
27-Sep-ll 
29-0ct-l1 
,-Jun-,2 

26-Sep-12 
1-Nov-12 
27-Jun-13 
2~Sep-13 

26-0ct-13 
1~-Jun-14 

2:>-50p-14 
&-Noy-14 

A. 'd M RiUUrOmGnla 

Flow 
gpm 

T pH Condo D.O_ 
'C S.U. ~Stcm mgtl 

1108.61 
161.579 
85.278 
1683.12 

3751.968 10.4 8.29 511 
1122 15.2 8.35 419 
188.5 13.5 8.37 541 

184.008 17.2 8.6 446 
103.224 2.1 8.38 568 

16.15 8.58 401 
664.224 19.8 8.4 467 

338.6 6.38 8.77 548 
3285.216 7.61 8.62 473 6.37 

14.8 19.65 8.08 537 7.5 
94.248 12.45 8.43 598 8.27 

839.258 15.99 8.22 441 6.89 
119.8296 22.2 8.37 505 6.39 

94.248 12.05 8.32 604 8.25 
0.18 17.97 8.29 473 6.15 

42.1812 21.25 8.52 458 5.65 
15.2592 10 8.24 577 6.48 

885 14.3 8.29 407 7.92 
0.215 17.4 8.68 363 7.15 
69.2 10.3 8.56 431 7.51 
559 9.6 8.45 488 8.42 
12.9 16.5 8.48 453 6.88 
88.2 11 .7 8.63 477 8.01 
2560 12.7 8.54 358 7.62 
66.6 12.3 8.61 376 8.14 
61.7 11.4 8.65 465 7.63 
1510 11 8.66 336 7.63 
66.3 18.7 8.73 343 8.73 
398 7.2 8.54 439 8.17 

2180 12.7 8.59 373 6.78 
104 11.4 8.57 389 7.1 
96 7.3 8.61 470 8.03 

661 17.1 8.56 337 8.18 
62.8 15.9 8.48 375 7.1 
190 1.5 8.58 478 9.7 
227 22.5 8.67 304 7.05 
50.7 9.4 8.73 381 7.51 
78 5.2 8.77 436 7.63 

1550 10.9 8.63 301 7.59 
77.4 12 8.54 303 7.72 
71 4.3 8.58 442 9.82 

716 15.7 8.58 358 7.2 
79.3 13.5 8.61 362 8.26 
57 0.3 8.39 515 10.6 

612 14.5 8.59 351 7.89 
62.4 13.4 8.5 328 7.92 
129 2.7 8.32 449 9.79 
6032 9 8.79 352 7.88 
189 11 8.7 405 8.82 
133 0.8 8.46 492 10.53 
327 
19.7 
48.8 
261 
253 
216 
1521 
101 
90 

11.9 
9.7 
3.7 
13.9 
7.2 
2.6 
12 

13.5 
1.7 

8.76 
8.54 
8.47 
8.58 
8.74 
8.66 
8.67 
8.72 
8.6 

373 
539 
480 
373 
398 
420 
351 
419 
495 

7.51 
8.88 
9.46 
8.83 
8.82 
10.92 
9.63 
8.51 
9.99 

Turb 
NTU 

102 
114 

D-Fa 
mgtl 
< 02 
0.11 
0,08 

D-Mn 
mgn 
< 02 
< .01 
0.02 

<04 <02 
1 0.2 

< .1 < .1 
< .1 ':: .1 
< .1 < .1 
< .1 < .1 
< .1 < .1 
< .1 < .1 
< .. 1 < .1 
< .1 < .1 
< .1 < .1 
< .1 c .1 
< .1 < .1 
< ~1 4i: .1 
< .1 < .1 
< .1 < .1 
< .. 1 < ,1 
< .1 < .1 
< .1 < .1 
< .1 < .05 
< .1 < .05 
< .1 < .05 
< .1 < .05 
< .1 < .05 
0.008 < .005 

< 005 < 005 
0.009 0009 
< .03 0002 
< .03 < .002 
< _03 0009 
<03< 002 
< ,03 0004 
< .03 0004 
< .03 < .002 
< .03 0_002 
< .03 0.004 
< .03 < .002 
< .03 0.003 
< .03 0005 
< .03 < .002 
< .03 < .002 
< .03 0007 
< .03 0.002 
< .03 < .002 
< .03 0004 
< .03 < ,002 
< .02 < ,005 
< 02 0007 
< .02 < .005 
< ,02 < ,005 
< .02 0.007 
< .02 < .005 
< .02 < ,DOS 
< .02 < .005 
002 < 005 

< ~02 < .005 
< .02 < .005 
< .03 < 002 
< 03 < ,002 
< 03 0.002 

D-AI 
mgn 

Trace Metals 
l · AI D-As 0-8 O-Cd O-Cr D-Cu T·Hg D-Hg D-Mb D-Ni D-Pb D-S. 
mg/L mg/l mgil mgn mgn mgil ugll ugll mgn mgn mgll mgn 

T-S. D-Zn 

mgtL ....!!!L 
O&G 
mg/L 

<2. 
3 

< 2 
<2 
< 2 
< 2. 
<2 
<2. 
<2. 
<2. 
<2_ 
<2 
<2 

<L 
< ~ 

<L 
<L 
<L 
<L 
<L 
<~ 

<L 
<~ 

<L 
<L 
<~ 

<2 
<L 
<L 
<5 
<~ 

< ~ 

<5 
<~ 

< ~ 

<~ 

<~ 

<5 
<L 
<~ 

8 
<L 
<~ 

9 
<~ 

<6 
<~ 

<~ 

<~ 

<~ 

Other Parameters 
Acidly CN T-Alk 
mgil mgtl mg/l 

175 

186 
240 
220 
235 
197 
265 
171 
199 
248 
210 
255 
275 
203 
213 
269 
196 
184 
242 
169 
174 
218 
215 

231 
206 
197 
213 
169 
167 
217 
192 
211 
233 
173 
198 
233 
167 
191 
230 
168 
165 
216 
165 
179 
237 
167 
165 
198 
176 
196 
254 
171 
250 
235 

213 

T-Hard 
mgtl 
213 
164 
208 
224 
270 
177 
213 
186 
233 
283 
196 
230 
216 

192 
167 
211 
171 
162 
196 
251 

304 
193 
183 
216 
165 
159 
198 
208 
207 
218 
190 
181 
238 
172 
180 
221 
191 
176 
216 
190 
178 
223 
184 



Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufoo 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufoo 006 
Sufoo 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufoo 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufoo 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

-~, 

~ 

"" 

' • .J' 

Date 
24.Jun-15 
22-5e".15 
7-Nov-15 
23-Jun-16 
26-Se".16 
6-Nov-16 
30-Jun-17 

5-Oc1-79 
l-Nov-60 
!l-JurHIl 

26-Aug-81 
27-Qct.81 
22.Jun-82 
12-Aug-82 
2~ct-82 

21-Jun-83 
16-Aug-83 
12-0cl-83 
21-Jun-84 
9-Aug-84 
11 -0cl-84 
13-Jun-85 
14-Aug-85 
22-OcI-85 
3-Jun-86 
1~Aug-86 

7-Jun-88 
!l-Aug-88 
~c>-88 

1~May-92 

4-Aug-92 
6-Ocl-92 
9-Jun-93 
6-Jun-95 

24-Aug-95 
~Ocl-95 

27-Aug-96 
22-0cl-96 
2-Jun-97 

16-Aug-97 
8-Oct-97 
4-Jun-98 
~Aug-98 

1-0ct-98 
21-Jun-99 
!l-Aug-99 
4-Oct-99 
21-Jun-OO 
2-Aug-OO 
5-Ocl-OO 

ll-Jun-Ol 
20-Aug-ol 
2-0cl-ol 
8-May-02 

l> 2Q.Sop-(I2 
""'"t. 8-0<1·02 
;:c29-Ma~3 

1!l-Se p-03 
_ 30-Oct-03 

<.CI 26-Jun-04 
l-$ep-04 

~ 16-lXt-04 
<=:) 

SO 

'-~ 

Flow 
gpm 
1107 

97 
70 

840 
115 
99 

622 

143616 
462264 
426.36 

933.504 
623.832 
260.3 

704 667 
569976 
35904 

704 616 
287232 
219.912 
825792 
260.304 

412.9 
112.2 
70.9 
1795 
9425 

45.33 
4488 
426.4 
192.98 

130.152 
8.5272 

Field MeiilSurements 
T pH Cond DO. 

' C S.U. ~S/cm mgn 
14.9 B.7 375 8.16 
111 861 328 8.31 
02 8.37 514 1095 

17 2 8.59 329 7.31 
9.9 8.61 409 8.92 
4.1 B.71 449 9.43 
10 B65 357 B43 

12.5 7.7 
12 B.3 

B.6 
16 B.4 
17 7.5 
10 7.7 
11 
lB 7.9 

7.7 
14 
13 7.9 

7.7 
16 
17 8.1 
16 7.9 

17.5 7.4 
15.5 7.1 

16.1 8.07 
16 B.46 

125 B.2 
15.9 B.35 
1.02 B.2B 

21 .53 8.3 

423 
510 
545 
799 
726 
833 
920 
6BB 
B24 
712 
884 
729 
610 
662 
715 
648 
782 

977 
57B 
636 
635 
398 
805 

Tum 
NTU 

287232 18.9 8.44 574 46.8 
184008 5 ,5 8.35 629 53.2 

112,2 131 8.42 901 6.21 
224.4 22]5 8.08 577 6.19 

71 .808 11 .54 8.33 626 9.33 
20196 17.3 8.19 625 7.03 

394.944 22 04 8.3 592 6.54 
192984 12.11 8 .3 647 8.15 

0.8 1532 8.13 627 7.05 
192.984 21 .3 8.39 600 56 
179.52 8.12 747 7,28 

646.272 17.5 8.34 592 5 
179.0712 16.3 8.76 512 6,76 

88_1 lOA 8.28 621 8.42 
11 .5 16.B 8.47 721 6 ,24 
351 10.8 8.2 738 7 ,51 
o 909 20,9 B.42 962 6 ,02 
26.3 13.5 B.53 631 7 .91 

0.131 8.8 8.58 1228 7 ,33 
420 13 8.77 493 7 .06 
132 16.9 8.72 529 6 .89 
70_3 9.6 8.47 593 705 

O-Fe D-Mn D-AI 
mgn mgn mgn 

<: .03 <: .002 
< .03 <: .002 
< .03 0.002 
< .03 0022 
< .03 < .002 
<003 0005 

0.1 <0.002 <0.03 

0.46 
0.21 

0.24 0028 
0.01 0005 

0.075 0.02 
008 0.055 
0_03 0.042 
0.09 0.015 
0044 0.07 
0.01 0.03 
007 
0.23 0,07 
0.03 < .01 

< .01 <: 02 
< .01 0.05 
< .01 0.02 
< 01 < 01 

< .03 0.05 
< .03 0.03 
< 03 008 
< .02 <: .02 
013 0.01 
0.05 < 02 

<.04 0.029 
0.1 < .1 

<.1 " ,' 
<.1 < , 1 
<:.1 it ,1 

<.1 < .1 
<:.1 < ,1 

<.1 < .1 
<.1 < .1 
<:.1 <" " 

< .01 < .01 
<.1 < ,1 
<.1 < .1 
<.1 < .1 
< .1 < .1 
< .1 C ~, 

<.1 < .1 
<.1 < , 1 

<.1 <, 
<.1 < ~05 

< .1 < _05 
< .1 < ,05 
< ,1 < 05 

0.006 0.013 
0.009 0005 
0.008 0.021 
< .03 0.006 
< 03 0005 
< 03 0003 

T-AI 
mgIL 

O-As 
mgli 

<0.01 

D-8 D-Cd 
mg/l mgn 

0.02 <0.001 

Trace Metals 
D-Cr D-Cu T-Hg 
mgli mgil ugll 

<0.01 

0_1 

< .2 

D-Hg D-Mb 
ugll mgn 

D-Ni 
mgn 

D-Pb 
mgn 

<0.01 

D-Se 
mg/l 

T-5e D·Zn 
mg/L ~ 

< 1. 
< 1. 
<1. 

<0.004 

O&G 
mgIL 
< 5. 
< 5. 
<5. 
<5. 
<5. 

<5 

<2. 
<2 
<2 
<2 
<2 
<2. 
<2. 
<2 
<2. 
<2. 
<2 

<2 

<2. 
<2. 
<2 
<2 
<2 
<2. 
< 2. 

Other Parameters 
Acidly CN T-Alk 
mgil mg/l mgn 

158 

155 
184 
225 

-180 187 

372 
294 

267.2 
372.6 
222 

251 .4 
328 
308 
320 
341 
315 
320 
210 
286 
270 
259 
250 
259 
247 
312 
331 

386 
370 
220 
240 
237 
296 
315 
206 
235 
374 
231 
240 
247 
234 
236 
226 
217 

207 
204 

252 

257 
310 
250 
450 
200 
194 
220 

T·Hard 
mgn 
188 
155 

171 
182 
197 
199 

293 
232 

252 
290 
250 
274 
298 
280 
328 
307 
610 
390 
246 
284 
346 
264 
278 
286 
300 
425 
355 

351 
330 
272 
27B 
294 
329 
310 
265 
272 
330 

264 
259 

256 
250 

301 

227 
343 
304 
469 
252 
265 
271 



Sufco 006 
Sufco 006 
Sufco 006 
Sufco DOS 
Sufco DOS 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
SufcoOO6 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
SufcoOO6 
Sufco 006 
Sufco 006 

Sufco 006A 
Sufco 006A 
Sufco OOSA 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco OOGA 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 
Sufco 006A 

O.oto 
13.Ju~5 

3GoSep-05 
24-001-05 
26-Jun.()6 
13-S .... oo 
+NO'I/-06 
26-Ju~7 

19-5 ..... 07 
2!).(k1~1 

12-Jun-08 
15-Sop-08 
21-Oot.-08 
19.Ju...09 
17o$op-09 
19-Nov~ 

2s..iu .... l 0 
Uio$op-l0 
l-Nov·l0 
'Nun-II 
2,o$ep.11 
12-001·11 
1.J(m·12 

120$ • .,.12 
I·Nov·12 
2704un-13 
16-Sop-13 
23-001·13 
28-M.)'"'1 • . 
170$ • .,.,4 

28-0<:1·" 
21.Ju"'15 
22-Sep-15 
8-NbV-15 
18.Jun-16 
26-5_16 
S-Nov-16 
28-Jun-17 

19.<Jct-09 
28-Jun-10 
1S-S.p-l0 
1-Nov-10 
17-Jun-11 
21-Sep·l1 
12-001·11 
1-Jun-12 

12-Sep-12 
1-Nov-12 
27-Jun-13 
16-S • .,.13 
23-0ct-13 
28-Ma)'"'14 
17-S.p-14 
28-0ct-14 
23-Jun-15 
23-S • .,.15 
8-Nov-15 
28-Jun-1S 
2S-S.p-16 

1> . 
Sufco 0068 -0 12-S • .,.12 

• :::0 
s. Fk. Quitchupah Upper 11-Nov-13 

<.0 

~ 
C) -CO 

t 

Flow 
Ilpm 
103 
402 
18.8 
383 
ISS 
90 
160 
95 

1.23 
146 
104 
1.18 

SO.' 
100 
71 
433 
49.9 
62.4 
1116 
2D5 
ISS 

0-20l1193.35 
45.3 
53.9 
SO.4 
239 
116 
383 
101 
o 

142 
146 
19 

8.58 
89 
Dry 
249 

75 
500 
50.8 
82,2 
1109 
296 
186 

0,949 
59,5 
56 
136 
210 
118 
576 
126 
2,86 
168 
113 
28,6 
339 
122 

368 

128 

FJold Me;asuremonta 
T pH Co<)d. 

'C S.u. ~S1cm 

15.5 8.37 523 
12,1 8.57 542 
8.5 B.53 719 

1 e.8 B.54 522 
14,6 BAS 530 
3.9 8A8 591 
17.6 8 ,62 543 
12.3 8,89 515 
6.1 8.n 920 

14.9 8 .65 649 
11.9 8.83 518 
7,2 8A' 862 

16,5 M6 517 
14.1 8,61 5:11 

0.3 8,39 612 
18.8 8,43 576 
11 ,2 8A2 53l! 
3.2 8.21 565 
9 .5 8.74 $2Ii 
11.8 8.62 533 
6.4 8,62 578 
17,5 8.43 968 
11 ,1 8,85 557 
3.4 8.59 592 
16.1 8.56 566 
13,8 856 627 
3.7 8.n "8 
12.2 8.59 57' 
14.' 8 .76 SS7 

14,9 8.58 593 
15-1 8.G7 1080 
0.2 8.52 753 

17.6 8.58 543 
9.5 8.83 541 

12.6 864 513 

0 ,0 
mg,II 
6,37 
7 ,67 
7 ,91 
1.88 
7.08 
9 ,09 
8,72 
8.69 
7.33 
71 
1.82 
8.34 
6,99 
7.81 
10.6 
8,68 
7A2 
9.33 
8.03 
1.62 
8.9 
a,DB 
US 
9,64 
1,13 
8.27 
10.34 

7.6 
7.5 

8.39 
1.76 
10.21 
1.02 

8·92 

807 

16,8 8,51 538 7.31 
11,7 8.44 529 7.33 
3.4 8,22 560 9.38 
9,5 8.n 512 786 
11,7 8,68 624 7,53 
7,9 8,6 558 8.72 
14.3 8.5 1182 7,5 
11.8 8.56 547 862 
3,9 8,56 578 985 
17,2 8,56 551 7.96 
13 8,52 609 7.88 
4 8,56 604 10.78 

12,4 8.56 569 756 
12,7 8.67 547 818 
2,4 8.61 1123 1008 
8,7 8.7 573 7.37 
11,7 8,59 518 8.22 
0,2 8,37 640 105 

18,5 8,51 536 716 
9,2 8,68 536 9.24 

11.5 8.66 555 8.33 

46 8 ,63 514 10 

Turb 
Nl'U 

O-Fb D-Mn 
mgI1 mg/1 

<: .03 < .002 
< .03 0.007 
< .03 0.006 
" .03 < ,002 
< .03 0 .003 
< ,03 0,001 
< .03 < .002 
< ,03 0.003 
< ,03 0 ,007 
< .03 0 ,004 
< 03 0 ,002 
< .03 0 ,007 
< .03 0 ,007 
0.03 0 ,007 

< .03 0 ,004 
< ,03 < ,002 
0.03 < ,005 
0 .02 0.006 

<. ,02 c .005 
'4i- .02 < .005 
c .02 < .005 
< .02 < ,005 
< .02 < .005 
< .02 < .005 
< ,02 < .005 
< ,02 < .005 
< .02 < .005 
< .03 <..002: 
0.09 0 ,003 

c .03 c ,002 
" .03 < ,002 
" ,03 " ,002 
0( .03 < .002 
< .03 < ,002 

<0,03 <0.002 

< ~03 < .002 
002 0.008 
002 0.013 

< 02 < .005 
< ,02 <: .005 
<: .02 <: ~005 

< .02 0.006 
< ,02 < .005 
< ,02 < .005 

[).AI 

mgII 

TrKOMor.~ 

~-~~~~~~~~~~ 
~mgI1mg11mg11mg11mg11~~mgI1mg/1mg11mg,11 

5.03 <0.1 

<: .05 
< 05 
< 05 

0.05 .001<0.001 

< .005 
<: .005 
<: ,005 

<0_01 <0,02 0,007 0,002 <0.01 

< .2 
< 2 
0.2 

< .02 
< 02 
< 02 

0.02 

< .02 
0,02 
0,03 

<0.02 <0.005 <0 05 0.5 <0,05 <0,05 <0,005 <0,005 <0.005 <0,2 <0.01 <0 005 <002 0.04 

To$. [),,In 

01gI\. ....!!2L 

0.02 ),00475,4; 

<20. 
20 
30 

0.02 <001 

O&G 
mgII. 
<2-
<t. 
<2. 
<2. 
<2. 
<t. 
< 2. 
<2. 
<2. 
<5-
< S. 
<s, 
c$, 

<-5-
<5-
< 5. 
<5. 
<$. 
<5. 
<6. 
<8. 
<6. 
<6. 

6 
< 5. 
<5. 
< 5-
<5. 
<5 

< 5-
<So 
<5-
<5. 
<5 

<5 

c5 
< 5. 
<5. 
<6 
<5 
<5 
< 6. 
< 5. 
<6 

<6 

Other Patamot.r-. 
Acidly CN T·A!l< 
mg,II mg,II mgI1 

231 
202 
257 
203 
201 
230 
200 
231 
319 
240 
184 
338 
240 
193 
210 
205 
,211 
217 
232 
205 
216 
3SS 
20g 

223 

234 

197 

202 202 

<5 

208 

206 
210 
226 
205 
210 
421 
206 
213 

210 

T-.H21d 
mgI1 
301 
265 
299 
275 
200 
290 
2n 
284 
351 
291 
In 
390 
309 
271 
283 
280 

260 

284 

w 

280 

314 
251 
259 

260 



S Fk. Quitchupah Upper 
S Fk, Quitchupah Upper 
S~ Fk. Quitchupah Upper 
S Fk. Quitchupah Upper 
S~ Fk. Quitchupah Upper 
S~ Fk. Quitchupah Upper 
S Fk. Quitchupah Upper 
S_ Fk. Quitchupah Upper 

Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 

Cowboy Top 
Cowboy Top 
Cowboy Top 

Cowboy Middle 
Cowboy Middle 
Cowboy Middle 

Cowboy Bottom 
Cowboy Bottom 
Cowboy Bottom 

SP60 Creek 
SP60 Creek 
SP60 Creek 

CPC Upper 
CPC Upper 
CPC Upper 

CPC Middle 
CPC Middle 
CPC Middle 

CPC Lower 
CPC Lower 
CPC Lower 

North Fork Upper 
North Fork Upper 
North Fork Upper 

North Fork Middle 
North Fork Middle 
North Fork Middle 

ULGH 
ULGH 
ULGH 

URGH 
URGH 
URGH 

l> 
-V 
::::0 

c.o 
~ 
Q 
CO 

Dot. 
1·Jui·14 

25-Sep-14 
l1-Nov-14 
29-Jul-15 
9-Nov-15 
9-Jul-16 

14-Nov-16 
29-Jul-17 

11-Nov-13 
2-Jul-14 

25-Sep-14 
11-Nov-14 
29-Jul-15 
9-Nov-15 
9-Jul-16 

14-Nov-16 
29-Jul-17 

29-Jun-17 
29-Sop-17 
9-Nov-17 

29-Jun-17 
30-Sep-17 
15-Nov-17 

29-Jun-17 
3()-Sep-17 
15-Nov-17 

30-Jun-17 
28-Sep-17 
10-Nov-17 

30-Jun-17 
28-Sep-17 
10-Nov-17 

30-Jun-17 
28-Sep-17 
10-Nov-17 

30-Jun-17 
28-Sep-17 
10-Nov-17 

30-Jun-17 
28-Sep-17 
10-Nov-17 

30-Jun-17 
28-Sop-17 
10-Nov-17 

28-Jun-17 
27-Sep-17 
13-Nov-17 

28-Jun-17 
27-Sep-17 
13-Nov-17 

-

Field Moasuromonts 
Flow T pH Condo D~O. 

9pm ' C S.U. ~S/cm mgII 
731 12.5 8 .61 S15 8.3 
151 13.6 8.72 518 8.05 
11.8 0.1 8.43 593 10.14 
411 13.4 877 497 8.1 
70 03 842 503 10.02 
455 14.7 8.69 507 8.03 
4.4 4.7 833 611 1005 

354.0 14.7 866 485 7.85 

59 
81 
7.8 
129 
27 
67 
75 
101 
14 

1.74 
o 

101 
12.1 
223 

0.51 
141 
0.88 

37.5 
15.7 
10.7 

0103 
o 

<0.01 
062 

313 
3.6 

3.05 

718 
128 
106 

581 
26 
139 

6.88 
3.49 
3.16 

101 
0.19 
o 

4.5 8.42 547 10.04 
16.5 8.24 549 7.3 
1 s.s 8 48 527 8.39 
09 856 570 10.36 
134 852 505 7.76 
0.3 8 45 505 10.06 

15.3 8.65 509 7.81 
5.8 8.57 540 9.89 

14.9 859 490 7.51 

138 843 540 7.49 

15.2 855 668 7.5 
8.5 858 743 8.86 
0.6 8 55 832 9.58 

13.6 8.8 610 7.49 
89 875 693 7.94 
1.1 8 66 643 9.64 

14,5 8.64 545 
6.9 8_67 635 

8.11 
8.97 

0.7 854 737 1128 

129 858 645 8.13 

11.4 7.86 1136 8.1 
7 7 8 77 795 8.98 

11 .2 8.3 853 7.78 
7.5 8.6 884 9.13 
1 5 8.38 850 121 

11 ,5 8.64 329 
6 8_53 345 

0.4 8.53 358 

10.3 8.66 355 
6.2 8.6 457 
0.4 8.59 412 

126 866 
867 

08 866 

902 
872 
834 

8.54 
8.93 
11 .9 

8.44 
9.45 
12.4 

7.42 
8.45 
12.98 

145 848 770 6.85 
5.1 851 944 7.92 

Turb 
mu 

D-Fe D-Mn D-AI 
mgt! mgII rngIt 
<0.03 <.0,002 <0.03 
<0.03 <0 002 <0.03 
<0.03 <0.002 <0.03 
<0~03 <0 002 <0,03 

T-AI 
m91L 
0.5 

0.07 
021 
0.27 

<0_03 <0 002 <0.03 1.03 

<0.03 <0 002 <0,03 0~52 

<0.03 <0 002 <0.03 

<0.03 <0 002 <0,03 
<0.03 <0.002 <0.03 
<0.03 <0.002 <0.03 

<0~03 <0~002 <0.03 
<0.03 <0 002 <0,03 
<0.03 <0.002 <0.03 

0.06 <0.002 <0.03 

<0.03 <0 002 <0,03 

<0.03 <0 002 <0~03 

<0~03 <0.002 <0.03 
<0.03 <0_002 <0.03 
<0.03 <0~002 <0.03 

<0.03 <0.002 <0.03 
<0.03 <0 002 <0.03 
<0,03 <0.002 <0,03 

<0.03 0,058 <0.03 
<0.03 0,035 <0.03 
<0,03 <0 002 <0,03 

<0.03 0_08 <0.03 
<0,03 <0.002 <0,03 

-
D-As 
mgtl 
<0.0 1 
<0.01 
<0.01 
<0.01 

D-S 
rngIt 

am 
0.04 
0.03 

Trace Metals 
D-Cd D-Cr D-Cu T-Hg D-Hg D-Mb D-Ni D-Pb 
mgII rngIt rngIt ugII ugII "'9'1_ "'lJI! _ "'W'I 

<0,001 <0.001 <0.01 <0.2 0.002 <0.01 
<0001 <0 001 <0.01 
<0.001 <0.001 <0.01 

004 <0001 <0 001 <001 

<02 
<02 
<02 

<0.001 <0.01 
<0.001 <0.01 
<0001 <001 

D-Se 

mfJII 
<0.02 
<0.02 
<0.02 
<002 

T·Se D-lo 
mglL mgll 
<0.02 <0:004 
<0.02 <0.004 
<002 <0.004 
003 0005 

<0.01 0.04 <0_001 <0.001 <0.01 <0.2 0.002 <0 01 <0 02 <0 02 <0.004 

<0.01 004 <0001 <0 001 <001 

<0.01 003 <0001 

<0 01 0 07 <0 001 
<0.01 0.07 <0 001 
<0 01 0.07 <0 001 

<0.01 0.08 <0.001 
<0,01 0 07 <0001 
<0.01 0.06 <0001 

<0.1 0.05 <0.001 

<0.01 0 07 <0001 

<0_01 0 08 <0.001 

<001 0.02 <0.001 
0_01 0.02 <0_001 

<0.01 0.02 <0.001 

<0.01 0.02 <0 001 
<0.01 0 03 <0 001 
<0.01 0.02 <0.001 

<001 

<001 
<001 
<001 

<0.01 
<001 
<001 

<0.01 

<001 

<0.01 

<001 
<0.01 
<0~01 

<0.01 
<001 
<0.01 

<001 
0.02 
0.01 

009 <0,001 0 002 <0.01 

0_02 
0.02 

o 08 <0 001 <0 01 
o 09 <0 001 <0 01 

0.06 <0_001 0.002 <0_01 
0.06 <0.001 <0.01 

<02 

<02 

<02 

<0.2 

<0.2 

<02 

<0.2 

<02 

<02 

<0.001 <0.01 <0.02 <002 <0.004 

0.005 <001 

0.002 <0.01 
<0.01 
<001 

0.002 <0.01 
<001 
<0.01 

<0.01 

<0,01 

<001 

<001 
<0.01 
<0.01 

<0.01 
<001 
<0,01 

<0,001 <001 
<0,01 
<0.01 

0.001 <0.01 
<0.01 

0.03 

0,Q9 
0.05 
0.07 

0.D7 
0.06 
0.08 

0.03 

0.05 
0,04 

0.03 
0.07 
0.08 

0.02 
0.03 

<0.004 

<0004 
<0.004 
<0004 

<0.004 
<0.004 
<0.004 

<0.004 

<0.004 

<0.004 

<0004 
<0.004 
<0.004 

<0.004 
005 

<0.004 

<0004 
<0.004 
<0.004 

<0.004 
<0.004 

O&G 
mglL 

<5 
<5 
<5 
<5 

<5 

NM 

<5 

<5 

<5 

<5 

<5 

<5 

<5 

<5 

Other Parameters 
Acidly CN T·Alk 
rngIt mol! mol! 

<5 193 
<5 175 
<5 202 
<5 172 

<5 

<5 

<5 

<5 
<5 

<5 

<5 

<5 

<5 
<5 
<5 

<5 
<5 
<5 

<5 
<5 

<5 
<5 

232 

183 

290 

339 
388 
440 

171 
331 
311 

273 

335 

336 

282 
164 
214 

184 
222 
214 

460 
510 
468 

396 
510 

T-Hard 

mol! 
253 
255 
274 
255 

203 

262 

230 

265 
261 
307 

213 
231 
226 

227 

286 

297 

202 
176 
190 

198 
198 
184 

228 
190 
174 

227 
182 



GH at Road 
GH at Road 
GH at Road 

Muddy Creek below Horse 
Muddy Creek below Horse 
Muddy Creek below Horse 

Muddy Creek above Horse 
Muddy Creek above Horse 
Muddy Creek above Horse 

Horse Creek 
Horse Creek 
Horse Creek 

Spring Monitoring StatJon. 

M·SPOI 
M-5POI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-5POI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-5POI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-5POI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 

-.::-~ 

-.~ 
~ 

'"J 

l> 
-0 
:::0 

to 

~ 
C) 

CO 

Dote 
28-Jun .. 17 
27-5"",17 
13-Nov-17 

27-Jun-17 
30-Sop-17 
14-Nov-17 

27-Jun-17 
3O-Sop-17 
14-Nov-17 

27-Jun-17 
30-501"17 
14-Nev-17 

19-Jun-01 
28-Aug-Ol 
l-May-02 

25-501"02 
12-Nov-02 
21-May.()3 
8-Aug-03 
7-Oct-03 

ll-May-04 
13-May-04 
26-May-08 
28-Sop-06 
8-Nev-06 
26-Jun-07 
11-5ep-07 
8-Nov-07 
13-Jun-08 
24-Sop-08 
7-Nev-08 
27.Jun-09 
23-501"09 
IO-Nev-09 
26-Jun-10 
23-5ep-l0 
12-Nov-l0 
27-Jun-11 
26-Sop-l1 
29-0ct-ll 
27-Jun-12 
6-Sop-12 
7-Nov-12 
3O-Jun-13 
25-5ep-13 
26-Oct-13 
29-Jun-14 
29-Aug-14 
31-0ct-14 
24-Jun-15 
28-501"15 
28-0ct-15 
25-Jun-16 
29-S~16 
7-Nov-16 
28-Jun-17 

D 

Flow 

gpm 
2.1).1 

2.68 
1 .. '9 

107 cfs 

9620 
4609 

96cfs 
9030 
3777 

11 cfs 
585 
832 

0.503 
0373 
0.45 

0.324 
0408 
0.517 
0.539 
0.287 
0.621 

089 
019 
0_62 
0.39 
0.28 
0,47 
0.57 
024 
0.51 

0,478 
0.254 
0,49 

0,426 
0.16 

0.408 
1.11 

0.746 
0.68 
034 

0.246 
0.221 
0.292 
0.377 
0.505 
0.32 

0,241 
0.426 
0 ,339 
0113 
0.34 

0.258 
0.14 

0261 
0473 

Field Measurements 

T pH Cend. 0 .0 . 
'C S.U. "Stem mg!I 

18.8 8.79 847 7.31 
8.8 8 .66 87~ 7.73 
0 ,5 8.51 9.81 10.9 

14,9 8.76 366 7,52 
67 875 399 8.93 
1.2 8.77 423 10.91 

15.3 876 360 7.52 
6.2 8 76 396 9.08 

8.76 414 10.9 

16.5 8.77 446 7.48 
8 5 8.8 476 8.62 
13 8.8 474 10.88 

Turb 
Nl1J 

13.7 7.42 532 0,24 
7.53 497 06 

5.1 7.27 451 
7.5 7.4 851 2_17 
5.1 7.33 815 283 
4.3 7.26 435 3.1 9.99 
7.9 71 490 251 0.15 
7.6 7,32 500 203 1.82 
4.5 7.34 489 329 

7.68 864 
7 7.46 777 

5.3 7.17 772 
10.2 7.48 797 
11 .6 7,42 906 
4.7 776 874 
9.2 7.01 882 
9.5 7.07 807 
5.7 7.23 784 
11.4 7.46 803 
10.1 7.08 869 
5.1 7.32 748 

12.6 7.21 837 
10.1 7.86 646 
4.3 7.02 846 
5.6 7.52 819 
6.1 7.72 812 
6.2 7.49 821 
11.9 7.41 854 
9.6 7.35 842 
4.2 76 838 
14 7.57 648 
9.5 7.24 851 
6.6 7,28 811 
12.7 7,24 811 
11.0 7.23 
6.0 7 ,58 
10.1 7 ,37 
12.5 7 .71 
7.1 743 
10.0 7.75 
8.2 7.46 
5.4 779 
9.5 733 

841 
853 
842 
803 
816 
813 
825 
828 
788 

D-Fo 
mg/I 
0 .15 

<0.03 
<0.03 

D-Mn 
mgJ1 
30093 

<0.002 
<0.002 

D-AI 
rngII 
0.29 

<0.03 
<o.ol 

<0.03 <0.002 <0,03 
<0.03 <0.002 <0,03 
<0.03 <0.002 <0,03 

<0.03 <0002 <0,03 
<0.03 <0.002 <0.03 
<0.03 <0.002 <0,03 

<0.03 <0.002 <0.03 
<0,03 <0 002 <0,03 
<0.03 <0.002 <0,03 

< 02 < 01 0.05 
< .02 < 01 0.04 
< 02 < 01 < 03 
<02 <01 < .03 
< .02 < .01 < .03 
< .02 < .01 < .1 

Trace Metals 

T-AI D-As D-S D-Cd D-Cr D-Cu Htg D-Hg D-Mb D-Ni D-Pb 0-50 
m91L mgll mgJ1 mgJ1 mgll mgJ1 ugll ugll mgn mgJ1 mg/I mgJ1 

am 0.11 <0.001 0.003 <001 <0.2 0 001 <0.01 0 04 
0.01 0.08 <0,001 <001 <0.01 0.09 

<0.01 0.11 <0,001 <0.01 <0.01 0.12 

<0 01 0.02 <0 001 
<0 01 0.02 <0.001 
<0.01 0.D3 <0_001 

<0.01 0 03 <0 001 
<0.01 0.02 <0.001 
<0.01 0 03 <0.001 

<0.01 0 03 <0.001 
<0 01 003 <0 001 
0,01 004 <0001 

0.0012 0.07 < .005 
0.1 0.06 < .005 

0,0009 < 05 < .005 
0.0007 0 06 < .005 
o 0006 0 06 < .005 
0.0008 0.06 < .005 

<001 
<0.01 
<0.01 

<0.01 
<001 
<001 

<0.01 
<0.01 
<001 

< ,01 
< .01 
< ,01 
< .01 
< ,01 
< ,01 

< ,02 
< 02 
< .02 
< .02 
< .02 
< .02 

<0.01 
<0.01 
<0.01 

0.03 
0.06 
006 

<0.01 0.06 
<0.01 005 
<0.01 009 

<001 
<0.01 
<001 

0,02 
0.05 
0.07 

< 07 00044 
< .07 < .1 
< .07 0.0037 
< 07 00026 
< 07 00027 
< 07 00024 

T-5o 
mgIL 

D-Zn 
mgll 

<0.004 
<0.004 
<0_004 

<0004 
<0004 
<0004 

<0.004 
<0004 
<0.004 

<0004 
<0.004 
<0.004 

< 01 
< .01 
0.01 

< .01 
0.13 

< 01 

O&G 
mgIL 

<5 

<5 

<5 

Other Parameters 

Acidly CN T-Alk 
mg/I mgJ1 mgJ1 

406 
<5 431 
<5 511 

-292 
<5 
<5 

<5 
<5 
<5 

-298 
<5 
<5 

33 
35 

24 
36 
17 

185 
215 
233 

233 
214 
227 

215 
248 
257 

387 
388 
385 
374 
380 
420 
397 
403 

T-Hard 
mgJ1 

189 
204 
330 

215 
198 
220 

220 
202 
219 

224 
214 
227 

400 
360 
370 
370 
390 
380 



M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-SP02 
M-5P02 
M-5P02 
M-SP02 
M-SP02 
M-SP02 
M-5P02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-5P02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-SP02 
M-5P02 

M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 
M-5P04 

-
") 

:0 
., 
. ., 

"J 

Date 

19.Jun-Ol 
28-Aug'()l 
l-May'()2 

25-Sep'()2 
12-Nov'()2 
20-May.()3 
5-Aug'()3 
8-Aug'()3 
7.Qct.()3 

"-May.()4 
1:HMy.()4 
26-May.()6 
28-Sep-06 
8-Nov.oo 
2&-Jun'()7 
11-5ep.()7 
8-Nov-07 
13.Jun.()8 
24-5ep-08 
7-Nov-08 
27.Jun'()9 
2~ep.()9 

10-Nov-09 
26.Jun-l0 
2~.p-l0 

12-Nav-10 
27.Jun-11 
26-Se~11 

29.Qct-ll 
27.Jun-12 
6-Sep-12 
7-Nav-12 
3O-Jun-13 
25-Sep-13 
26-0cI-13 
29-Ju~14 

29-Aug-14 
31-Ocl-14 
24-Jun-15 
28-50p-15 
26-Dcl-15 
25-Jun-16 
28-5.p-16 
7-Nov-16 
28-Jun-17 

19-Jun.()1 
28-Aug.()1 
:HMy.()2 
28-5ep.()2 
12-Nov-02 
2!H>.1ay.()3 
5-Aug.()3 
6-Oct-03 

lH,,'ay-04' 
26-Jun-15 

l> 30-$_' 5 
~ ' ·Nov·1S 
;::0 25.Jun-16 

26-Se"",6 
- 31-OcI:is; 
c.c 28-Ju.t"'1j 

~ cs;a 
1--
~ . . 
o 

Flow 
gpm 

9.274 
2.756 
4.348 

o 
6.856 

0992 
o 

2.465 

13.4 
4.19 
2.26 
4.16 
0.046 

5.17 
<.1 
o 

2.01 

1.19 
o 

6.25 
1.76 
0.35 
2.05 

0.872 
o 

0.063 
<.1 

< .001 
0.005 

o 
< .005 

< .1 
o 

<.D01 
o 

2.74 

2 B38 
1.832 
2.043 
0900 
1230 
3.226 
0849 
0.747 
2.921 
I.Bl 

0.251 
0.638 
0.987 
0.192 
0.617 
392 

~lGld M ••• ur.menl. 
T pH Cond 0.0 

'C S.U. ~S/cm mg~ 

Tum 
NTU 

10.7 7.43 497 0.08 
10,3 7.62 499 
9.1 7.57 470 

D-Fe D-Mn D-Al 
m~ m~ mgn 

6.1 722 469 5.78 13.68 < .02 < .01 < .03 

88 721 485 5.7 0.15 < .02 < 01 < 03 

7.37 437 4.B2 0.25 < .02 < .01 < .1 

6.3 7.67 824 
8.2 724 m 
7.8 765 
6.7 749 813 
12.1 7_72 898 

6.B 7.27 917 
9.1 7.47 805 
3.3 793 783 

10.8 7.01 B29 
10.8 7_92 681 
4.9 8.49 676 
6.7 7.15 835 

5.2 7.41 799 
6.8 752 796 
7.8 7.55 826 

10.2 7.55 8n 
11.2 7.45 841 
2.2 76 1385 
7.8 7.62 865 
10.7 7.99 842 
5.7 8.35 783 
6.8 7.36 848 
11.4 7.59 847 
5.9 8.2 721 
12.1 7.47 782 

10.6 7.42 834 

7.1 743 B12 

5.6 805 499 NM 0.62 
4.7 7.73 379 NM 0.47 
4.5 7.61 866 NM 0.00 
5.3 7.41 844 6.21 0.91 
4.8 756 685 6.64 5.40 
4.2 7.38 929 7.69 0.00 
5.4 740 408 7.40 0.10 
5.4 7.50 861 7.30 1.02 
4.4 7.59 512 0.69 0.69 
4.9 7.68 986 
6.9 789 872 
5.6 7.72 873 
5.5 7.75 924 
6.9 7.90 923 
5.8 7.n 898 
5.2 756 8n 

T-AI 
mg/L 

D-A. 

m~ 

D-B D-Cd 
m~ mgll 

0.0012 0.19 < .005 

0.0008 005 < .005 

0.0009 0.06 < .005 

Trace M.tal. 
D-Cr D-Cu T -Hg D-Hg D-Mb D-Ni D-Pb D-5e 

mgn ~ mgn ugll ugn mgn mgn mgn 

< .01 < .02 < .07 0.0033 

< .01 < .02 < .07 0.0019 

< ,01 <: .02 < .07 0.002 

T-5. D-Zn 

mg/l ~ 

0.Q1 

0.06 

0,02 

Other Parameters 
O&G Acidly CN T-Alk 
mg/l mpII mgn mgn 

56 
23 

14 

370 
385 

370 
376 
420 

379 

T-Hard 
mgn 

340 

340 

330 



M-SP05 
M-SP05 
M-SP05 
M-SP05 
M-SP05 
M-SP05 
M-SP05 
M-SP05 
M-SP05 
M-SP05 
M-SP05 

M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 

M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 

M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 
M-SP08 
M-SPOB 
M-SP08 
M-SP08 
M-SP08 

::; 

1> 
-C 
::::c 

to 

~ 
C) -... 
CQ 

Date 

26-Sep-02 
20-May-03 
25-Sep-03 
12-May-04 
26-Jun-15 
30-Sep-15 
1-Nov-15 
2S-Jun-16 
28-Se1'"16 
31-0ct-16 
28-Jun-17 

19-Jun-01 
4-0ct-01 
~May-02 

26-Sep-02 
2()'May-03 
25-Sep-03 
12-May-04 
3O-Jun-14 
18-Sep-14 
31-0ct-14 
26-Jun-1S 
29-Sep-15 
1-Nov-15 
2S-Jun-16 
28-Sep-16 
31-0ct-16 
2B-Jun-17 

20-Jun-01 
29-Aug-01 
~May-02 

26-Sep-02 
12-Nov-02 
2()'May-03 
5-Aug-03 
7-0ct-03 

1 ()'May-04 

20-Jun-01 
29-Aug-01 
~May-02 

26-Sep-02 
12-Nov-02 
ZD-May-03 

5-Aug-03 
7-0ct-03 

1 ()'May-04 
13-May-04 
23-Jun-Oe 
2B-Sep-06 
a-Nav-06 
26-Jun-07 
11-Sep-07 
a-Nov-O? 

21-Jun-08 
24-Sep-08 
6-Nov-OB 
22-Jun-09 
2~ep-09 

1 ().Nov-09 

Flow 
gpm 

0.082 
0,216 
0,119 
0,264 
0,127 

0.085 
0.157 
0096 
0.130 
0.137 
0,130 

230 
1 B6 
2.06 
1549 
1.472 
1.665 
1624 
1.47 
1.46 
1.33 
145 
1.34 
123 
1.34 
1.32 
1.39 
162 

1,137 
0,249 
0.409 
0.211 
0,273 
0,601 
0.28 

0,283 
0.677 

103 
0,433 

0.775 
0,023 

0.79 
0,096 
0.08 
1.189 

068 
051 
0.78 
0.37 

0,071 
016 
046 

0,016 
o 

026 
0,011 
< .01 

Fklld M88l1UrlIIm.nta 
T pH Cond, D.O. Turb 

NTU °C S,U. uS/cm mg/I 

7,7 7.77 7BO 

4,3 7,60 910 
7,3 7.78 533 
3.9 7.92 524 
7,8 7.8 934 
8,9 7.91 870 
6,6 7.B4 888 
7.3 7.86 889 
7.9 7.91 895 
6.8 7.92 902 

9.30 
6.30 

7,B5 892 

550 
474 

4.90 899 
54755895 
46 7.62 918 
5.3 7,59 514 
4.7 7.7B 528 
53 7,B1 916 
5.9 7.76 922 
5,2 7.7B 934 
5.5 7,82 932 
5.8 7,68 868 
55 7,77 887 
5.9 7.76 886 
5.9 7.7B 897 
5.7 7,79 906 
58 7,76 888 

7,8 7,37 491 
7,3 7.5 541 
4,6 8,37 530 
6.5 7,45 878 
3,9 7.46 799 
4,6 7,36 854 
6.7 7.32 442 
6,3 7,62 865 
4 7.38 500 

8,4 7.78 424 
7,3 7,26 332 
6,3 8,27 600 
11,7 7,91 901 

19.00 

0.35 
17.70 
0.16 

7.5 
132 
088 

124 
o 

0.05 

1.02 
2.25 
11.5 

5.21 1.8 
4.94 39 
617 625 
6.03 0.95 
7.02 0_56 
6.28 0.53 

5.B 

758 
204 
3_5 

3.9 7,27 1013 2.93 0.66 
10.1 7,25 541 2.86 21 
7,7 7,33 896 2.54 2,08 
4,8 7.4 557 5.42 

7.8 783 931 
7.3 7.78 837 
5.5 7,49 878 
8.6 7.52 888 
13,2 7.93 864 
3.6 782 709 
7.8 7,35 932 
12.6 803 912 

81 7.55 897 
132 7.94 963 
5.9 774 698 

D-Fe D-Mn D-AI 
mg/I mg/I mg~ 

T-AI 
mg/L 

<0.03 <0.002 <.03 0.58 
<0.03 <0.002 0.03 0.05 
<0 03 <0,002 <0.03 0 19 
<0.03 <0.002 <0.03 0.08 
<0 03 <0,002 <0 03 0 15 

< .02 <:: .01 0.05 
< .02 < .01 0.04 
< .02 <:: .01 <:: .03 
< .02 <:: .01 < .03 
0_02 0.02 < .03 

< .02 < .01 < .1 

< .02 < .01 O~05 

<:: .02 < .01 < .03 
< ,02 0,01 < .03 
0,07 0.02 < 03 

< .02 < ,01 <:: 1 

Trace Metals 
D-As 
mgtl 

D-8 D-Cd D-Cr D-Cu T-Hg D-Hg D-Mb D-Ni D-Pb D-Se 
mg~ 

T-Se D-Zn 
mgtl mgtl mg/l mgtl ug/l ug/l mg/l mgtl mgll mg/L ....!!!L 

<0.01 0.05 <0,001 <0.001 <0.01 
<0,01 0,02 <0,001 <0.001 <0,01 
<0.01 0,06 <0 001 <0001 <0 01 
<0.01 0,06 <0 001 <0 001 <0 01 
<0.01 0,05 <0 001 <0001 <0 01 

00009 0_1 < 005 
0.1 0.D7 < _005 

o 0009 0,08 < 005 
0.0006 0.D7 < .005 
0.0007 0.D7 < _005 
o 0008 0,08 < _005 

0.0014 0,09 < .005 

0.0013 0,08 < _005 
0,0013 0,08 < 005 
0,0011 0,07 < ,005 
0.0012 0.11 < .005 

c 01 
< ~01 

< 01 
oC .01 
< ,01 

< 01 

<: .01 

< ~01 

< 01 
< ,01 
< 01 

<0.2 

<0"2 
<02 
<02 
<02 

< .02 
c .02 
<' .02 
< .02 
< _02 
< ' 02 

<: .02 

<: .02 
< 02 
< .02 
< ,.02 

<0.001 <0.01 <0.02 <0.02 <0.004 
<O~001 <O~01 <O~02 <0.02 <0.004 
<0_001 <0 01 <0_02 <0 02 0 01 
<0.001 <0.01 <0.02 <0.02 <0 004 
<0.001 <0 01 <0.02 <0 02 <0 004 

< ,07 0,0034 
< ,07 0.1 
< ,07 0,0025 
< ,07 0_002 
< ,07 0,0024 
< ,07 0,0019 

< ,07 0,0034 

< ,07 0,0044 
< ,07 0,0028 
< ,07 0,0021 
< .07 0,0033 

< 01 
002 
001 
0_02 
0_02 

< 01 

<: .01 

0.01 
< 01 
0,01 

< .01 

Other Parameters 

O&G Acidty CN T -Alk 
mg/L mg~ mg/I mg/I 

<5 
<5 
11 
<5 
10 
<5 

13 
23 
22 
17 

32 

21 

35 
15 
18 

469 
472 
469 
452 
478 

459 
449 
426 
453 
430 
440 
423 
433 

279 
463 
424 

460 
450 
431 
462 

T-Hard 
mg/I 

137 
139 
137 
133 
133 

340 
320 
310 
310 
330 
330 

340 

330 
310 
320 
320 



M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-5P08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-5P08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-5P08 

M-SP09 
M-SP09 
M-SP09 
M-SP09 
M-5P09 
M-5P09 
M-5P09 
M-5P09 
M-SP09 
M-SP09 
M-SP09 
M-SP09 
M-SP09 
M-5P09 
M-5P09 

M-SP10 
M-SP10 
M-SP10 
M-SP10 
M-SP10 
M-5P10 
M-5P10 
M-5P10 
M-SP10 
M-SP10 

M-SP11 J 
M-SP11.; 
M-SP11 -· 

M-5P1~ 
M-SPU~. 

M-SP11-.. 
M-SP11-' 
M-SP1'::: 

M-SP) 1.. 
M-SP:tv 
M-sPiJ 
M-Sp:.f~ 

:2:'0 
;311 -.. 
J 

1> 
-0 
;;0 

-to 

~ 
Q 
S 

Date 
26-Jun-10 
16-Jul-10 
23-501>-10 
12-Nov-10 
27-Jun-11 
27-So1>-11 
29-Oct-11 
27-Jun-12 
2~ep.12 

7-Nov-12 
28-Jun-13 
25-So1>-13 
26-OcI-13 
29-Jun-14 
18-So1>-14 
31-0<*14 
25-Jun-15 
26-5ep.15 
1-Nov-15 
2(;'Jun-16 
27-501>-16 
2&-OcI-16 
29-Jun-17 

2O-Jun-01 

29-Aug-01 
~y.02 

2(;,So1>-02 
20-May-03 
7-OcI-03 

1 (}'May-04 
27-501>-11 
29-0<*11 
25-Jun-15 
26-5ep.15 
1-Nov-15 
26-Jun-16 
27-Sop-16 
2&-OcI-16 

ZO-Jun-01 
2S-Aug-01 
1-May.02 
2~ep-02 

13-Nov-02 
2(}'May-03 
5-Aug-03 
7-Oct-03 

1 (}.May.04 
1J.May-04 

21.Jun-01 
4-0<1-01 
~y-02 

~'Sep-02 
2;!,May-03 
2s,Sep-03 
4.Jun-04 
28-Jun-15 
·~ep.15 

'-'-Nov-15 
25.Jun-16 
28-50p-16 -,.--: .... ~; 

'-,).-.~ 

---.1 
r;! 
o 

Fiaw 
gpm 
0.12 

0.0084 
o 

1.04 
0.49 
0.73 

0.138 
0021 
00689 
0_017 
0.01 
0014 
0.015 

0_012 
0.01 
0.094 
0.064 
0,074 
0.035 
0.050 
0.205 

1 
o 

0,254 
o 

1.430 
1,820 

o 
o 
o 

0000 
0.000 
0.000 

0532 
0489 
0.42 

0,238 
0,244 
0.243 
0.224 
0.275 
0.271 

0.408 
O,ODD 
0.548 
0.000 
6275 
0.000 
5.984 
0.932 
Damp 

O.ODD 
<1 

O.ODD 

flold MouuAtmonl5" . 
T pH Cond 0 .0 
'C S.U. ~S/cm mgJ1 
12.1 7.58 930 
27.6 7.1 951 

6.2 7.72 912 
7.9 771 930 
5.5 7.77 941 
10.1 7.99 954 
12.9 7.99 996 
5.4 793 934 

23.9 7.93 1037 
9.5 7_67 715 
13.4 7.98 953 
20.8 8.34 1061 

2 ,6 7.92 504 
36 8.38 1125 

15.2 805 982 
7.8 7,64 988 

20.4 7.8 1140 
17.5 8.38 972 
8.0 7.91 980 

11 .7 7.68 1.152 

7.9 7,53 464 

3.6 8,55 429 

5.4 7 ,77 794 

145 
7.8 
85 
7.7 
3.8 
5 .8 
9.9 
67 
6.1 

7,75 
776 
7.99 
7,84 
7.55 
7.56 
7.7 

7.67 
7.52 

610 
526 
490 
833 
814 
509 
500 
846 
538 

12.8 7.50 488 

4.4 7.72 433 

7.6 7.83 754 

6.0 8.02 396 
9.3 7.78 866 

13.0 7.69 1,060 

4.56 
5.98 
4.16 
5.6 

5.55 
4.02 

Turb 
NTU 

1.43 

141 

0.16 

1.71 

0.82 

D-Fo O-Mn [}.AI 
mgJ1 mgJ1 mgJ1 

< .02 < ,01 
< .02 < .01 
< .02 < ,01 
< ,02 < .01 
< ,02 < ,01 
c .02 < .01 

0,06 
0,04 

< .03 
< .03 
< .03 
< .1 

Trace Metals 
T-AI [}'As [}.8 O-Cd O-Cr O-Cu T -!-ig O-Hg O-Mb DoNi O-Pb O-So 
mgIl. mgJ1 mgJI mgJ1 mgJ1 mgJ1 ugJI ugJI mgJ1 mgJ1 mgJ1 mgJ1 

00014 
< .1 

0.001 
0.0008 
0.0007 
0.001 

0.06 < .005 
0.05 < .005 
0.06 < .005 
0.05 < .005 
005 < .005 
006 < .005 

< .. 01 
< .01 
< .01 
< .01 
< 01 
< .01 

< ,02 
< 02 
< .02 
0( .02 
< ,02 
< .02 

< .07 
< .07 
< .07 
< .07 
< .07 
<: .07 

0.0054 
< ,1 

0.0036 
0,0035 
0,0036 
0,0031 

T-5o [}'Zn 

mgll.~ 

< .01 
001 
0.01 
0.01 
001 
001 

Other Parameters 
O&G Acidly CN T-Alk 
mgll. mgJI mgn mgJ1 

14 
18 
22 
10 
14 

351 
352 
330 
420 
360 
360 
340 
384 

T-Hard 
mgJ1 

290 
270 
290 
270 
280 
300 



~P11 

~P11 

M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12-
M-SP12 
M-SP12 
~P12 

~P12 

~P12 

~P12 

~P12 

M-SP12 
M-SP12 

M-SP14 
M-SP14 
M-SP14 
~P14 

~P14 

M-SP14 
~P14 

M-SP14 

M-SP15 
~P15 

~P15 

~P15 

~P15 

~P15 

M-SP15 
~P15 

M-SP15 
~P15 

M-SP15 
M-SP15 
M-SP15 
M-SP15 

'-

M-SP18 
M-SP18 
M-SP18 
~P18 

~P18 

~P18 

~P18 

M-SP18 
~P18 

~P18 

~P18 

~P16 

~P16 

M-SP18 
M-SP18 
M-SP18 
~P18 

~P18 

~P18 
M-SP18 _ 
M-SP18-,j 

J 
:) 

~ -I{.' 

~ 
: . .:. 

.:J 
S" 
n 

1> 
-0 
::::0 

(.Q 

~ -CO 

Date 
31-oet-16 
2s-Juo-17 

19-Jun-01 
4-Oct-01 
3-May-02 

2&-SBp-02 
21-May-03 
27-Sep-03 
:hJun-04 

26-Jun-15 
3O-Sep-15 
6-Nov-15 
2!Nur>-16 
29-Sep-16 
31-Oet-16 
28-Jun-17 

21-Jun-01 
29-Aug-01 
2()'May-02 
2&-Sep-02 
2()'May-03 
4-Aug-03 
lI-oct-03 
&-Jun-04 

11-Jul-01 
3-Oet-01 
2-May-02 
27-Sep-02 
21-May-03 
8-Oet-03 
5-Jun-04 

27-Jun-15 
29-SBp-15 
7-Nov-15 
23-Jun-16 
26-Sep-16 
&-Nov-16 
3().Jun-17 

22-Jun-01 
28-Aug-01 
1-May-02 

25-Sep-02 
12-Nov-02 
20-May-03 
6-Aug-03 
8-Aug-03 
&-Oet-03 

11-May-04 
2&-May-06 
28-Sep-06 
8-Nov-06 
21h1un-07 
11-5ep-07 
8:NQv-07 
21-Jun-08 
24-Sep-08 
6-Nov-08 
29-oJun-09 
23;S:ep-09 

C'" 
"-~ . 

", ... ) 
.,:- -

[i 

C 

Flow 
gpm 
0.000 
0190 

Field MeuurBments 
T pH Condo D.o 

·C S.U. ~S/em mgll 

11.1 777 766 

0746 22.0 644 495 
0.749 5.4 7.55 399 
0.472 2.6 8.07 765 
0.422 5.5 7 71 714 

Immeas. 3.9 7.62 779 
0.263 5.5 7.56 443 
0937 4.4 7.71 430 
0.673 5.5 7.94 837 
0769 6.5 7.96 784 
0847 5.3 7.75 798 
0.761 5.3 784 604 
0.785 6.1 7.62 808 
0.817 5.8 7.60 814 
0.611 5.3 7.87 804 

11.229 4.8 7 35 295 
0.865 6.9 7.35 340 
1.95 4 747 542 
Dry 
37.2 3.9 7.42 304 
Dry 
Dry 
61.4 4.4 758 309 

4.822 
1.733 
0.548 

0.433 

0268 
0059 

<0.1 
0.000 
0.000 
0.037 

0.34 
0.212 
0.33 

13.5 8.26 621 
6.4 6.34 433 
5.4 7.70 44B 

149 7.65 509 

15.5 8.14 930 
129 742 1073 

9.9 7.37 966 

12 7.14 1050 

6.6 6.96 726 
6.3 7.56 726 
6.6 7.23 1274 

Tum 
NTU 

69.90 
3.68 
0.00 

1407 

2.52 

036 
0,32 
0.46 

0.147 55 7.35 746 4.65 96 

0.344 
0.47 

0,463 
0.65 
0.45 
0.47 
0.25 
021 
0.29 
02 

0.06 
0.252 
0082 
0.229 

10 7.34 746 4.74 1.3 
6.9 726 1276 5,16 0.38 
4.2 7.47 728 5,01 2.62 
4.2 7.66 1214 

7.46 1174 
4.5 7.45 1165 
6 7.49 1198 

8.3 7.75 1435 
4.1 7.66 1426 
5.2 7.24 1245 
6.9 729 1227 
4.3 7.41 1226 
6.3 711 1283 
7.8 7.25 1264 

[HOB D-Mn D-AI 
mgtl mgn mgn 

003 001 < .03 

0.04 0.01 < .03 
008 < .01 <.03 

< .02 <01 < .1 

-
Trace Metal. 

T-AI D-As D-B ~d ~r ~u H1g D-Hg D-Mb D-Ni rH'b D-S. 
mg/L mgtl mgn mgII mgII mgn ugli ug/l mgn mgn mg/l mgn 

0,0015 0.06 < .005 

0001 0.06 < .005 
0.0007 0.08 < .005 
0.0029 0 07 < .005 

<.01 

< .01 
< ,01 
< .01 

<.02 

< .02 
< 02 
< .02 

< _07 0.0044 

< .07 0.003 
< .07 00032 
< .07 00088 

T-SB D-Zn 

mgIL ~ 

0.Q1 

< .01 
0.01 
0,01 

Other Parameters 
o&G Acidty CN T-Alk T·Hard 
mg/L mgII mqn mg/l mgtl 

16 
13 

11 
12 

353 
284 

290 
282 
290 
287 
270 

510 

470 
470 
510 



M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-5P18 
M-5P18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP1B 
M-SP18 
M-SP18 
M-SP18 
M-SP18 

M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-5P19 
M-5P19 
M-SP19 
M-5P19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 

M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-5P20 
M-5P20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 

M-SP36 
M-SP36 
M-SP36 
M-SP36 
M-SP36 
M-SP36 
M-SP36 

M-SP37 

1> 
-0 
:::0 

(,Q 

r-.,) 
c::;) -CO 

Date 
1Q-Nov-C9 
2~un-10 

23-5e1>-10 
12-Nov-10 
27-Jun-11 
2&-Se1>-11 
2!H:lot-11 
27-Jun-12 
6-Sep-12 
7-Nov-12 
3()'Jun-13 
25-Sep-13 
2&-Oct-13 
29-Jun-14 
29-Au9-14 
5-Nov-14 
26-Jun-15 
2&-5e1>-15 
2&-Oct-15 
23-Jun-16 
28-5e1>-16 
7-Nov-16 
29-Jun-17 

11.Ju!-01 
3-Oct-01 
2-May-02 
27-SeJ>-02 
21-May-03 
&-Oct-03 
5-Jun-04 

27.Jun-15 
29-501>-15 
7-Nov-15 
2Q.Jun-16 
2&-58J>-16 
6-Nov-16 
3O-Jun-17 

11.Jul-01 
3-Oct-01 
2-May-02 

2&-5eJ>-02 
22-May-03 
&-Oct-03 
5-Jun..{)4 

23.Jun-15 
26-5e1>-15 
1-Nov-15 
26-Jun-16 

27-5e1>-16 
26-Oct-16 
29.JuJ>-17 

2().Jul-01 
5-0ol.(l.1 

22-Mi)i.ll2 
2&-S~2 
4.J1Io-03 
2~sep.ij3 

16-JUP-\l4 

2().J~1 

;" 
(. 

Flow 
9pm 
0244 
0.227 
0.118 
0.257 
0.77 

0431 
0.456 
0.36 
0.149 
0.128 
0.115 
0.145 
0.128 
< .05 

o 
0.299 
0.225 
0.078 
0.151 
0.131 
0186 
0.229 
0211 

2260 
1.976 
3_031 
2114 
2.866 
2.555 
3.128 
256 
173 
1,95 
2.53 
174 
2.05 
4.49 

3.507 
0.909 
0.614 
0.706 
1.041 
0781 
6.621 
5.24 
1.04 
1.21 
1.90 

0.960 
0.960 
8.060 

2270 
1497 
0866 
1.559 
1.715 
1.752 
1930 

1.528 

Fiold "'CIIUUhlllmOnls 

T pH Cond. D.O. 
'C S.U. pSlcm mg/1 

45 736 1259 
69 7.17 1347 
76 7.18 1394 
2.2 7.27 1359 
9_1 7.52 1228 
78 7.44 1289 
34 7.79 1324 
16.5 749 1317 
142 7.51 1528 
22 7.6 1365 
8.3 7.31 1365 
8.2 7.35 1389 
6.6 7.39 1302 
74 751 1356 
8.1 7.33 1364 
3.6 7.53 1380 
89 7.49 1352 
8.9 7.72 1296 
5.6 7.76 1323 
10.1 7.54 1314 
77 7.52 1336 
51 7.67 1.333 
7.7 752 1.274 

10.4 824 508 
6.1 7.83 443 
5.1 8.28 456 
5.8 7_94 457 
5.2 7.86 449 
6.1 B.21 480 
6.5 8.23 851 
5.7 7_97 873 
6.3 8.04 824 
6 796 829 

6.0 6.00 635 
6.4 800 845 
6.3 8_07 640 
6.1 8.05 818 

14,2 7.64 486 
12,1 7.65 435 
10,5 7.97 432 
7.4 7.79 435 
7.6 7.59 420 
11 ,0 8.31 494 
10,8 792 614 
63 776 824 
7.5 7.36 769 
6.8 7.69 763 
66 741 775 
70 7.56 781 
78 7.79 770 
7.4 7.61 736 

B.9 
6.2 
9.3 
6.4 
4.3 
6.2 
4.8 

807 
876 
8.02 
8.36 
8.12 
622 

562 
603 
688 
626 
615 
619 
652 

8.2 8.46 656 

Turn 
NTU 

5.90 
0.17 
0.46 
035 
12.30 
0.68 
1.34 

3.52 
5.20 
0.00 

20.00 
19.05 
16.60 
035 

1.90 
0.00 
8.67 
0.05 
0.63 
0.32 
0.63 

2,96 

G-Fe 

mg/1 

G-Mn 
mg/1 

G-AI 
mg/1 

Trace Metals 
T-AI-----o:As [>,8 D-Cd D-Cr D-Cu Hig G-Hg [>.Mb G-Ni G-Pb G-Se T-5e G-Zn 
mgIL mg/1 mg/1 mg/1 mg/1 mg/1 ug/1 ug/1 mg/1 mg/1 mg/1 mgll mgIL ~ 

O&G 
mgIL 

Other Paramet.rs 
Acidly eN T-Alk 

mg/1 mg/1 mg/1 

T-Hard 
mg/1 



M-SP37 
M-SP37 
M-SP37 
M-SP37 
M-SP37 
M-SP37 

M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 
M-SP38 

M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 -
M-SP39 
M-SP39 
M-SP39 
M-SP39 . ::. 

M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 

., 

l> 
-0 
:::0 

c.o 
~ 
t:) -CO 

Date 

5-Oct~1 

22-May~2 

26-Sep~2 

4-Jun-03 
2~Sep~3 

16-Jun-04 

2()-Ju\-01 
29-Aug~1 

26-Ma~2 

26-Sep-02 
1~Nov~2 

20-May-03 
4-Aug~3 

7-Oct-03 
6-Jun-04 

3O-Au9~1 

~Ma~2 

25-SoJ>-02 
1~ov~2 

20-May-03 
6-Aug-03 
9-Aug-03 
7-Oc1~3 

12-May-04 
3O-Aug~1 

~Ma~2 

25-5op~2 

13-Nov-02 
20-May-03 
9-Aug-03 
7-0cl~3 

12-May-04 
2~Ju~6 

28-S0J>-06 
8-Nov~6 

26-Jun-07 
11-Sep~7 

8-Nov-07 
13-Jun-08 
24-SeJ>-08 
6-Nov~8 

27-Ju~ 

2~op~ 

1~ov-()9 

26-Jun-10 
2~Sep-10 

12-Nov-10 
27-Jun-11 
26-SeJ>-11 
29-0cl-11 
27-Jun-12 

~'!I?;:12 
7-Nov-12 
28-Jun-13 
25-5eJ>-13 
26-0ct-13 
29-Jun-14 
29-Aug-14 
31-Oct-14 
26-Jun-15 

2il-SeJ>-15 

Flow 
gpm 

1660 
1827 
1.424 
2_110 
1.540 
2327 

5,71 
5.538 
2_832 
4.956 
4999 
5111 
5.24 

5.764 
5.808 

1068 
4663 
0.441 
0566 
2.374 

Q509 
0268 
0.446 
1.068 
4663 
0.441 
0.566 
2.374 
0.509 
0268 
0446 
1,84 
0.66 
0.64 
0.72 
0.94 
1.38 
2.04 
089 
12 
204 
1.11 
19 
024 
0753 
112 
271 

0_962 
1.38 
1.03 

0.221 
129 
1.44 
1.06 
117 
061 

0987 
0769 
1.27 

0581 

Field Measurements 

T pH Condo D O. 
'C S.U. ~S/cm mgll 
61 812 667 
5,9 8.58 746 
6,4 8,1 720 
5.2 8.33 714 
6.1 8.11 725 
5.4 826 737 

8.4 799 302 
8.5 7.39 303 
7.8 7,70 321 
8.7 7,59 301 
8.4 764 276 
7.7 765 179 
8.5 7.47 267 
8.8 7.7 312 
7.9 7.7 313 

7.1 716 590 

Turn 
NTU 
0.00 
3.97 
010 
0.41 
0.45 
0.00 

25.50 

0.69 
o 

10.95 
18 

1.37 
111 

5.3 7 48 603 3 25 
6.5 756 1011 5.63 
5.8 7.36 986 5.04 0.15 
5.7 7.43 573 7.39 9.24 

6.4 7.4 585 5.78 011 
6.2 739 1035 4.5 013 
5.7 7.54 604 4.86 0.24 
7.1 7.16 590 
5.3 7.48 603 
6.5 7.56 1011 5.63 
5.8 7.36 986 5.04 
5.7 7.43 573 7.39 
6.4 7,40 585 5.78 
6.2 7.39 1035 4.50 
5.7 754 604 4.86 
5.4 7.59 982 
6.2 7.87 931 
5.9 7.64 960 
6.7 7.67 983 
7.8 8.31 1080 
5.9 7.74 1048 
6.1 7.39 1086 
6.1 7.72 954 
5.8 7.5 941 
6.8 7.22 975 
7.1 739 1058 
6.2 751 858 
11.2 7.29 1054 
5.8 7_65 1029 
4.6 7.29 994 
4.1 767 981 
4.8 753 782 
6.2 772 1007 
9.2 7.63 1024 
5.2 7.55 1013 
6.2 7.77 1007 
6.1 764 997 
6.8 753 984 
6.5 7.51 942 
6.3 751 982 
6.5 75 1002 
6.2 752 1021 
6.2 759 1026 
6.9 765 947 

~Fe 

mgll 
~Mn 

mg/l 
~AI 

mgI\ 

<0.02 <0.01 0_03 
<0.02 <0.01 0.03 
<0_02 <0.01 <0.03 
<O~02 <0.01 <0 03 
<0.02 <0,01 <0 03 
<0.02 <0.01 <0.1 

< 02 < .01 006 
< .02 < .01 0.05 
< .02 < 01 < .03 

< .02 < 01 < .03 
0.06 0 01 < .03 

< .02 < 01 <.1 

Trace Metals 
T-AI ~As ~B ~Cd ~r ~u T-Hg ~H9 ~Mb ~Ni ~b 0-50 
mgIL mg/l mgI\ mgfl mgll mgI\ ugll ug/l mgI\ mgI\ mgII mgJI 

0.0021 <0.05 <0.005 
0.1 <0.05 <0 005 

o 002 <0,05 <0 005 
00021 <0,05 <0005 
0_0023 <0.05 <0 DOS 
0.0026 <0.05 <0.005 

a 002 0 09 < .005 
< .1 008<005 

0.0013 0.06 < .005 

o 0007 0 07 < _005 
o 0005 0 07 < .005 
00014 008 < 005 

<0.01 
<0.01 
<001 
<001 
<001 
<0.01 

< .01 
< 01 
< .01 

< .01 
< .01 
< .01 

< _02 
< .02 
< .02 

< .02 
< 02 
< .02 

<0.07 0.0009 
<0.07 <0.' 
<0.07 0.0009 
<0,07 00006 
<0.07 00006 
<0.07 00011 

< 07 0.0073 
< 07 < .1 
< .07 0.0051 

< 07 00032 
< .07 0 0035 
< 07 00044 

T-So ~Zn 

mgJ\. ....!!!l!!L. 

0,05 
0 ,02 
0 ,02 

<001 
<0.01 
<001 

006 
0.01 
0,01 

< .01 
om 
0.02 

O&G 
mgJ\. 

Other Parameters 
Acidly CN T -Alk 
mgII mgI\ mg/l 

11 
21 
<5 
<5 

15 
23 
23 
13 

16 
18 

289 
273 
268 
264 
270 
290 
278 
275 

453 
427 
413 
330 
420 
413 
450 
425 
430 

T-Hard 
mgI\ 

200 
190 
200 
190 
200 
200 

400 
380 
410 

370 
390 
410 



M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 

M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 
M-SP40 

M-SP41 
M-SP41 
M-SP41 
M-SP41 
M-SP41 
M-SP41 
M-SP41 
M-SP41 
M-SP41 
M-SP41 
M-SP41 
M-SP41 
M-SP41 

M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 
M-SP44 

M-SI;'~ 
M-SRl{5 
M-SP45 
M-SP45 
M-SP45 
M-~5 
M-SP'I5 
M-SP45 
M-Sp<lo 
M-s~oi5 
M-sP45 
M-S1'45 

l> 
-0 
;:0 

<.0 

~ 
c:::l -CO 

Date 
28-0ct-15 
25-Jun-16 

29-So1>-16 
1-Nov-16 
2&-Jur>-17 

26-So1>-01 
2-May-02 

2&-Se1>-02 
22-May-03 
9-001-03 
6-Jun-04 
25-Jur>-15 
26-Sej>-15 
1-Nov-15 

26-Jun-16 
27-Sep-16 
26-0ct-16 
29-Jun-17 

26-Sej>-01 
2-May-02 
28-Soj>-02 
22-May-03 
9-0ct-03 
6-Jun-04 
25-Jun-15 
26-Se1>-15 
1-Nov-15 
26-Jun-16 
27-S0j>-16 
26-Oc1-16 
29-Jun-17 

3-0ct-01 
2-May-02 
28-Sop-02 
22-May-03 
24-Sop-03 
5-Jun-D4 

29-Jun-14 
18-Se1>-14 
31-0ct-14 
25-Jun-15 
26-So1>-15 
1-Nov-15 
26-Jun-16 
27-S0j>-16 
26-Oct-16 
29-Jun-17 

4-Dct-01 

~''''May-02 
·':.2!>-S01>-02 

2)-May-03 
27-S01>-03 
. 3-Jun-04 

-. 26-Jun-15 

3O-Sop-15 
S-Nov-15 

25-Jun-16 
29-So1>-16 
~1-Oct-16 

~::'} 

Flow 
gpm 
067 
0.87 
0-434 
0.434 
0.735 

0.657 
0.455 
0336 
0.314 
0.180 
0.447 
0102 
0082 
0093 
0.107 
0.068 
0087 
0277 

0422 
2.253 
0.427 
0.472 
0402 
0.509 
0.974 
0 .313 
0321 
0210 
0193 
0245 
0..354 

0.561 
2018 
0196 
13029 
0.197 
4.900 
318 
0.588 
0.595 
4.21 

0.493 
045 
374 
0.530 
0.495 
5.350 

2.230 
1.837 
1.713 
1.824 
1.541 
0.673 
126 
121 
1.21 
1.28 
1.29 
103 

Ruld ... "'u ... m.nts 
T pH Cond D.O 

'C S.U. ~Sfcm mgtl 
67 7.58 964 
66 744 960 
72 7-49 969 
6.6 765 970 
6.7 7.58 954 

7_9 7.64 497 
7_5 7.92 865 
84772483 
6_9 777 536 
6.3 7.76 900 
7.7 8.10 545 
74782959 
95 7_77 905 

778 925 
8.0 7.74 930 
9_1 7.85 956 
84793943 
72 779 849 

5.3 785 285 
10.2 8.53 616 
5.1 7.97 323 
3.9 7.99 429 
4.9 767 799 
6.0 814 452 
9.7 7.52 897 
5.9 794 765 
5 7.87 789 

4.7 7 ao 786 
5.4 797 795 
5.2 798 796 
4.5 7.86 764 

9.2 7.52 
4.8 7.66 
10.3 766 
6.1 765 
12.1 7.93 
5.4 7.65 
5.9 7.64 
8.7 7.78 
8.2 7.58 

7.67 
9.2 7.54 
8.3 7.59 
6.3 7.52 
8.9 755 
8.6 7.65 
6.3 7.55 

314 
269 
376 
276 
721 
542 
554 
610 
611 
570 
581 
594 
547 
593 
597 
532 

5.9 7.32 508 
3.5 7.85 969 
6.0 7.58 977 

3.7 7.30 977 
5.9 7.30 545 
5.0 7.42 369 
5.1 7.47 996 
6.5 747 923 
5.9 7.38 933 
5.4 7.53 931 
6.5 736 952 
6.1 7.46 940 

Turb 
NTU 

30.40 
11 .60 
0.70 
1503 
19.00 
0.68 

1,25 
28.90 
4,50 
24.03 
0.86 
0.48 

5,39 
0,00 

11000 
11 .91 
15.30 
0,00 

060 
0.00 
0.00 
1,67 
0.29 
1,08 

~Fe D-Mn D-AI 
mg~ mgtl mg~ 

T-AI 
mgtL 

<0.03 <0.002 <0.03 <0 03 
<0_03 <0.002 <0.03 0 33 
<0.03 0.002 <0.03 0.24 
<0.03 <0.002 <0.03 0 48 
<0.03 <0.002 <0.03 0.2 
<0.03 <0.002 <0.03 0 .21 
<0 03 <0.002 <0.03 0 48 

Trace Metals 
D-As 
mg~ 

D-B D-Cd D-Cr D-Cu T-Hg D-Hg D-Mb D-Ni D-Pb D-So 
mgfl mgll mgfl mgfl mg~ ug~ ug/I mgJl mg~ mgfl 

<0.01 0.02 <0 001 <0,001 <0 01 
<0.01 0 02 <0 001 <0 001 <0.01 
<001 <0,01 <0 001 <0001 <0 01 
<0.01 0.02 <0.001 <0.001 <0.01 
<0 01 0.02 <0.001 <0,001 <0 01 
<001 002 <0 001 <0001 <0 01 
<001 002 <0.001 <0001 <001 

<02 
<02 
<02 
<0.2 
<02 
<02 
<02 

0,001 <0 01 <0.02 
<0,001 <0,01 <002 
<0,001 <0,01 <0,02 
<0001 <0 01 <0.02 
0.002 <001 <002 

<0.001 <0.01 <0 02 
<0001 <0.01 <002 

T-So D-Zn 

mg/L ~ 

<0.02 <0.004 
<002 <0004 
<002 <0004 
<002 0.004 
<002 <0004 
<002 <0.004 
<002 0004 

Other Paramet&rs 
O&G Acidly CN T-Alk 
mg/L mg~ mg~ mgtl 

<5 
12 
7 
5 

<5 

283 
296 
304 
297 
297 
308 
297 

T -Hard 
mgtl 

298 
259 
261 
303 
267 
270 
303 



~P45 

M-SP48 
M-SP48 
M-SP48 
M-SP48 
M-SP48 
M-SP48 

~P49 

~P49 

M-SP49 
~P49 

M-SP49 
~P49 

'-

~P53 

M-SP53 
~P53 

~P53 

~P53 

~P53 

M-SP53 
~P53 

~P53 

~P53 

~P53 

M-SP53 
~P53 

~P53 

~P53 

~P53 

~P53 

~P53 

~P53 

M-SP53 
M-SP53 
M-SP53 
M-SP53 
M-SP53 
~P53 

M-SP53 
M-SP53 
~P53 

M-SP53 
M-SP53 
M-SP53 
~P53 

~P53 

~P53 

~P53 

~P53 

~P53 

~P53 .-:J 
~P53 _ 

M-SP53 >
M-SP53 :; 

~P54 

~P54 

~P54 

~P54 

~P54 

--.J 

:.J 
}) 

. ~ 

? 
.~ 

J 
.J 
-l 

l> 
-0 
:::0 -CD 

r-.,) 
C) -CO 

Date 
28-Jun-17 

19-Dct-Ol 
22-May-02 
7-Dct-02 
4-Jun-03 
2~01>-03 

1&-Jun-04 

19-OcI-Ol 
22-May-02 
6-OcI-02 
4-Jun-03 
2~Sop-03 

1&-Jun-04 

24-Oct-Ol 
24-Oct-Ol 
2-May-02 

27-Sop-02 
21-May-03 
27-Sop-03 
6.Jun-04 

23-Jun-06 
28-Sep-06 
4-Nov-06 
25-Jun-07 
24-Sep-07 
29-Oct-07 
21-Jun-08 
24-Sep-08 
6-Nov-08 
1!kJun-D9 
2~0p-09 

1()·Nov-09 
26-Juo-10 
16-Jul-l0 
2~So1>-10 

12-Nov-10 
27-Ju,,"11 
2&-So1>-11 
29-Oct-ll 
27-Jun-12 
25-581>-12 
7-Nov-12 
28-Jun-13 
25-5ep-13 
26-Oct-13 
21~un-14 

18-Sep-14 
31-Oct-14 
25-Jun-15 
26-Sep-15 
1-Nov-15 
26-Jun-16 

27-S01>-16 
26-Oct-1 6 

2s-Oca:Ol 
2~Ma~2 
7-a.:t-02 
<-Jur>-03 
2~op-03 

..,. .. ~ . 

... ; .. ... 
< • 

F 
C 

Flow 
gpm 
1. 53 

1213 
1.694 
0.959 
1.307 
1.119 
1,482 

0.363 
0261 

0.3 
0.313 
0.211 
0.38 

0.092 
0109 
0.090 
0.101 
0.48 

0.087 
011 
0104 
011 

0.079 
0.087 
0.084 
0072 
027 

0.081 
0.062 
0.065 
0.064 
0.057 
0058 
0.059 
0.058 
0.124 
0117 
0126 
0.11 

0.116 
0113 
0091 
0078 
0.08 
0.07 

0.063 
0.063 
0.055 
0.056 
0.06 

0.053 
0.054 
0054 

1131 
1014 
1092 
1.282 
1051 

Ft.ld M.uurem'nts 
T pH Cond. D D. 

·C S .U. ~Stcm mgli 
5.3 7.5 935 

9.7 7.96 311 
77 8.08 345 
9.6 8.03 545 
7.1 7.92 321 
97 330 
7.6 8.05 341 

9.2 8.29 303 
7.7 8.29 347 
7.9 7.22 538 
6.3 7.55 323 
8.6 7.55 325 
7.4 7.56 328 

2.9 7.82 368 
4.5 7.81 15 
72 7.61 402 
67 7.66 381 
8.5 7.68 694 
6.9 7.77 417 
10.4 779 696 
8.5 7.93 639 
3.8 7.49 648 
10.2 7.95 697 

7.58 580 
5.9 7.51 592 
9.2 7.52 692 
8.7 763 687 
32 7.75 644 
8.6 7.55 683 
8.6 7.67 686 
5.5 7.46 682 
98 7.51 734 

14.3 775 698 
9.1 7.69 713 
3.1 7.52 682 
62 7.87 663 
12.9 7.63 728 
6.4 778 703 
83 7.85 730 
6 7.69 723 

6.3 7 .79 713 
95 7.79 728 
95 7.67 715 
86 7.66 684 
11 .6 7.75 701 
13.8 7.75 714 
9.5 7.67 722 
14.3 7.9 722 
145 776 684 
9.6 7.67 686 
19.2 7.68 711 
14.3 7.59 708 
76 776 699 

6.7 
4.7 
63 
4.2 
62 

8.11 
8.27 
7.89 
792 
7.93 

463 
481 
869 
488 
504 

Tum 
NTU 

0.30 
7.99 
3.63 
0.27 
000 

11 .30 
7.86 
0.37 
0.54 
4.74 
6,73 

017 

0.75 
0.84 

0.52 
5.50 
0.31 
0.01 
000 

D-F. D-Mn D-AI 
mgli mgli mgn 

T-AI 
mg/l 

D-As 
mgll 

D-8 D-Cd 
mgn mgil 

Trace Metals 
D-Cr D-Cu T ~g D-Hg D-Mb D-Ni D-Pb 
mgll . mgn ugll ugll mgn mgn mgtl 

D-So 
mgn 

T-So D-Zn 

mg/l ~ 

Other Parameter. 
D&G Acidty CN T -Alk 
mg/L mgn mgn mgtl 

T-Hard 
mgn 



M-SP54 

M-SP55 
M-SP55 
M-SP55 
M-SP55 
M-SP55 
M-SP55 

M-SP56 
M-SP56 
M-SP56 
M-SP56 
M-SP 56 
M-SP 56 

M-SP57 
M-SP57 
M-SP57 
M-SP57 
M-SP57 
M-SP57 

M-SP59 
M-SP59 
M-SP59 
M-SP59 
M-SP59 
M-SP59 
M-SP59 

M-SPSO 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SP60 
M-SPSO 

M-SP63 
M-SP63 
M-SP63 
M-SP63 
M-SP63 

M-SP67 
M-SP67 
M-SP67 
M-SP67 
M-SP67 

M-SP69 
M-SP69 
M-SP69 
M-SP69 

:--

":: 
.---<.i 

.;) 

:l> 
-0 
;:0 

--} (.Q 

:.:Q 

? 

. 0" 

J 

r-.,) 
c:::::;) -CO 

Date 
16-Jun-04 

25-0cHl1 
22-May-{)2 
7-Oct-02 
4-Jun-03 

23-Sep-{)3 
16.Jun-04 

25-0ct-{)1 
22-May-02 
7-Dct-{)2 
4.Jun-{)3 

23·Sep-03 
1&-Jun-{)4 

25-Oc1-01 
22·May-02 
2&-Sep-02 
4-Jun-03 

23-Sep-{)3 
16-Jun-D4 

24-Oct-01 
2-May-{)2 

27-Sep-{)2 
21-May-03 
27-SeJK)3 
&-Jun-{)4 

27.Jun-15 

2-May-{)2 
27-Sep-02 
21-May-03 
8-Oct-03 
4-Jun-04 
30.Jun-14 
23-Sep-14 
6-Nov-14 
27-Jun-1S 
29-Se1>-15 
7-Nov-15 
23-Jun-16 

2&-5e1>-16 
&-Nov-16 
3O-Jun-17 

23-May-02 
211-Sep-02 
5-Jun-{)3 

24-Se1>-03 
15-Jun-04 

24-May-{)2 
&-Dct-02 
:!-Jun-03 . 

26-S.;ij3 
15-Jun-04" 

24-May-02 
8-0ct;ll2 
3-Juod)3 

2&-5op.o3 

[ 

Flow 
gpm 
1-371 

0722 
0879 
0.627 
0.853 
0.787 
0898 

3599 
3.910 
3.305 
1.590 
2679 
3.196 

0.726 
1296 
0.487 
1768 
0592 
1.631 

0.372 

0.117 
0.216 
0.69 

0.173 
0.014 

0.868 
O.72B 
0.761 
0.600 
0676 
0.72 
0.57 
0.56 

0.545 
0.34B 
0.39 
0424 
0.330 
0299 

584.000 

0.779 
0.430 
1.746 
0.949 
2.032 

1.331 
0.416 
1.023 
0.239 
0.923 

2.973 
1.627 
2.145 
1865 

Field Measurements 
T pH Cond D,O 

'C S.U. ~S/cm mgll 
4.9 7.87 517 

2.9 820 519 
3.B 857 607 
5.1 7.55 955 
4.5 7.43 572 
5.2 7.51 575 
4.4 7.51 598 

3.7 852 59B 
7.7 B.66 718 
5.5 7-84 1.147 
5.0 7.B7 650 
5.6 7.97 662 
5.1 8.01 682 

5,7 8.22 790 
6.6 842 869 
72 B24 850 
5.7 7.98 825 
7.1 B 10 833 
5.8 7.90 862 

34 758 446 

6A 7.6 451 
85 8.04 478 
7.1 7.92 859 
7.4 8.08 509 
13.7 7.87 838 

5.7 7,64 403 
8.0 7.52 512 
6.5 7.63 491 
7.B 7.63 428 
9.6 779 943 
11.5 7.68 931 
8.4 767 935 
6.9 7.61 932 
6.9 7.61 960 
8.5 7.8 876 
6.7 7.47 893 
7.4 772 BB9 
8.3 7.51 909 
7.3 783 896 
7.4 769 858 

6.8 7.99 2B2 
6.4 7.24 515 
7.1 7.82 512 
6.2 7.54 290 
6.0 7.66 304 

11 .0 B20 4 
10.1 7.38 594 
7.6 7.46 396 
18.1 8.45 623 
11 .8 8.51 657 

7,4 
8.9 
7.7 

12.5 

8.38 
7.40 
7.75 
844 

271 
477 
2B6 
374 

Turb 
NTU 
106 

000 
14.10 
055 
0.14 
0.22 
OA6 

0.09 
1B60 
0.00 
0_00 
0.00 
000 

4.27 
11.70 
3.60 
0.18 
238 
0.38 

1.13 

1.1 
153 
13.9 
0.67 

570 
0.10 
14.25 
0.81 
0.76 

0.69 
110 
9.81 
0.15 
026 

052 
0.22 
0.12 
691 
2370 

471 
000 
044 
426 

-
Trace Metals 

D-F. 
mgn 

D-Mn D-AI T·AI D-As D-8 D-Cd D-Cr D-Cu T·Hg D-Hg D-Mb D·Ni D-Pb D-Se 
mglt mgli mgIL mgll .mglJ mglt mgll mglt ug/l uen mgli mg/l mgn mgIt 

<003 <0002 <0.03 0.14 <001 0 07 <0001 <0.001 <0 01 
<0.03 <0 002 0 03 0.03 <001 0 07 <0.001 <0.001 <0.01 
<0.03 <0002 <0.03 0 05 <0.01 0.12 <0.001 <0.001 <0.01 
0.04 0004 <0.03 0.23 <0.01 0.05 <0.001 0.009 <0.01 

<0.03 <0002 0.03 0.91 <0.01 0.07 <0.001 <0.001 <0.01 
<0 03 <0002 <0.03 0 B9 <0 01 006 <0 001 <0.001 <001 

<02 
<0.2 
<0.2 
<0.2 
<0.2 
<02 

o 001 <0.01 <002 
<0.01 <002 

0.001 <0.01 <002 
0.002 <0.01 <0.02 

<0.001 <0.01 <0.02 
0001 <0.01 <002 

T·Se D-ZI1 

mglL ~ 

<0.02 <0.004 
<002 <0.004 
<002 0009 
<0.02 0.096 
0.03 <0.004 
0.03 <0.004 

O&G 
mgIL 

Other Parameters 
Acidly CN T-Alk 

mgIt fTl!IIl moll 

<5 
<5 
8 

<5 
<5 
<5 

439 
419 
421 
416 
425 
435 

T-Hard 
mg/l 

299 
322 
325 
312 
306 
300 



M-SP69 

M-SP 70 
M-SP 70 
M-SP 70 
M-SP 70 
M-SP 70 

M-SP82 
M-SP82 
M-SP82 
M-SP82 
M-SP82 

M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 
M-SP87 

M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 

M-SP102 
M-SP102 
M-SP102 
M-SP102 

M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-SP103 

'-

M-SP104 ~, 

M-SP104 
M-SP104 

M-SP104 :\ 

~?O 

':;;, 
:J 
::J 

'J:l 

Date 
15-Jun-04 

24-May-02 
8-0cl-02 
~Jun-03 

21>-Sep-03 
15-Jun-04 

25-May-02 
7-0cl-02 
3-Jun-03 
2~Sep-03 

4-Jun-04 

26-May-02 
29-Sep-02 
22-May-03 
7-0ct-03 

13-May-04 
20-Nov-09 
3O-Jun-14 
18-Sep-14 
5-Nov-14 
26-Jun-15 
29-Sep-15 
28-0cl-15 
23-Jun-16 
21l-Sep-16 
7-Nov-16 
26-Jun-17 

27-Sep-02 
21-May-03 
8-Oct-03 
5-Jun-04 

27-Jun-1S 
29-Sep-15 
7-Nov-15 
2~un-16 

26-Sep-16 
6-Nov-16 
3~un-17 

Il-Oct-02 
3-Jun-03 

25-Sep-03 
15-Jun-04 

21-May-03 
Il-Oct-03 
5-Jun-04 

27-Jun-15 
29-Sep-15 
7-Nov-15 
23-Jun-16 
26-Sep-16 
6-N,ov'16 
3O-Jun-17 

l> 21-May-03 
~ Il-Qct-03 
::0 S-Jun-04 

c.c 
ro..,) 
C) -CO 

27'3"",-15 

to"' 

r.... 

Flow 
gpm 
1.098 

1992 
1886 
1261 
1.518 
1.135 

2.383 
1.303 
5.384 
1.259 
3.601 

2.193 
2.313 
3.079 
2.52 
2907 
165 
114 
092 
115 
1.08 
08 
058 

0.980 
0.962 
1.05 
0,94 

0.774 
0.840 
0.794 
1.076 
0802 
0_777 
0754 
0.826 
0.838 
0.872 
113 

0253 
2.679 

0869 

1. 193 
0.939 
1.506 
1,16 

0_878 
0963 
1,30 

0.591 
1,13 
220 

0.115 
o 

0382 
0279 

Field Measurements 
T pH Cond D.O 

'C S.U_ ~S/cm mgll 
7.8 7.47 498 

7.5 775 282 
7.9 749 473 
7.3 802 288 
9,8 8.33 396 
8.7 8.37 4B8 

6.8 765 667 
4.6 801 370 
5.1 7.70 629 
5.9 7_98 471 
5.0 7.87 491 

5.2 832 681 
5,2 813 627 
4.1 7.86 699 

Turb 
NTU 
022 

351 
0.09 
1.40 
3.66 
1.05 

0.00 
0.00 
16.95 
1.47 
0.00 

025 
005 
16.17 

6.1 8.14 770 66 5.020 
3.6 8 39 1,277 
3.3 7.10 1,203 
7.1 778 1,282 
7.6 7 84 1,259 
3,8 7.85 1,301 
6,6 7.78 1,311 
7,6 7 77 1,224 
5.1 7_78 1,262 
6,6 7 75 1,254 
7.7 7.52 1,336 
5.0 7.73 1,254 
6.8 7_76 1,236 

6.8 7.25 388 
7.9 7.35 373 
6.7 7.38 292 
9.4 7.47 683 
6,3 7.51 695 
7 7.47 651 

6,8 7.46 661 
6,4 7,48 689 
7.4 7.59 677 
7.1 7_53 673 
6,4 732 684 

8.6 7_68 498 
6.9 7.5 283 

7.1 738 477 

10.3 8.28 377 
16.5 8.27 416 
9.2 7.67 706 
9.4 759 703 
10.9 7_55 669 
8.6 758 675 
9.8 7.85 682 
10.7 7.77 690 
9.6 7.79 680 
9.3 7,7 670 

115 851 327 

20.4 8.26 686 
12.4 794 678 

0.59 

020 
3878 
0.83 
0.51 

0.68 
0.30 

012 

35.67 
123 
0.12 

D-Fe 
mg~ 

D-Mn 
mq/l 

D-AI 

m~1 

T·AI 
mgfl 

<0.03 0003 <0 03 0.21 
<0.03 0 002 0.04 0.04 
<0_03 <0.002 <0_03 0_51 
<0.03 0.003 <0.03 0.03 
<0,03 <0 002 <0 03 0.07 
<0.03 0.005 <0 03 0.16 

-
D-As 
mg~ 

D-B 
mg/l 

D-Cd 
m~ 

Trace Metals 
D-Cr D-Cu T-Hg 
mg/l mgll ug/l 

<0.01 012 <0001 <0.001 <001 
<0.01 0.12 <0.001 <0.001 <001 
<0.01 <0.01 <0_001 <0.001 <0_01 
<0.01 0.12 <0.001 <0.001 <0.01 
<0 01 0.12 <0 001 <0 001 <0.01 
<0.01 0.1 <0.001 <0001 <0.01 

D-Hg D-Mb D-Ni D-Pb D-Se T·Se D-Zn 
ugil mg/l mgll m~ mgll mglL ~ 

<02 
<02 
<0.2 
<0.2 
<02 
<02 

<0 001 <0,01 <0 02 <0,02 <0004 
<0 001 <0.01 0.02 0.03 <0 ,004 
<0_001 <0.01 <0_02 <0.02 <0,004 
<0.001 <0.01 <0.02 <0,02 <0.004 
o 001 <0.01 <0.02 0 03 <0,004 
0.002 <0.01 <0 02 0.03 <0 ,004 

O&G 
mg/L 

Other Parameters 
Acidly CN T-Alk 
mg~ mg~ mgll 

<5 
<5 
<5 
<5 
<5 
5 

362 
361 
225 
370 
361 
364 

T-Hard 
mgll 

470 
470 
210 
460 
471 
474 



M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 
M-SP104 

M-SP105 
M-SP105 
M-SP105 
M-5P105 
M-SP105 
M-5P105 
M-5P105 
M-5P105 
M-SP105 
M-SP105 

M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 

M-5P107 
M-SP107 
M-5P107 
M-SP107 

M-SP10B 
M-SP10B 
M-SP10B 

M-5P109 
M-SP109 
M-SP109 

GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 

--""I 
_J 

> .. 
.~-j 

<, 

-) 

J 

~ 
0" 

:1 

:J 
"J 

Date 

2!<-S01>-15 
7-Nov-15 
23-Jun-16 
2&-50J>-16 
6-Nov-16 
3(}-Jun-17 

21-May-03 
8-Oct-03 
$-JurHl4 
27-Jun-15 
29-S0J>-15 
7-Nov-15 
23-Jun-16 
2&-S0J>-16 
6-Nov-16 
3O-Jun-17 

21-May-03 
&-Oct-03 
$-Jun-04 
27-Jun-15 
2!<-S01>-15 
7. Nov-15 
23-Jun-16 
2&-50J>-16 
&-Nov-16 
3O-Jun.-17 

24-May-02 
l-Jun-03 

2$-Aug-03 
1$-JurHl4 

3-Jun-03 
2$-501>-03 
1$-Jun-04 

~un-03 

23-SeJ>-D3 
1&-Jun-04 

$-Jun-95 
23-Aug-95 
3-Oct-95 

2&-Aug-96 
3--Ju~97 

1&-Aug-97 
s-Oct-97 

20-Jun-98 
$-Aug-98 
3-Oct-98 

3().Jun-99 
12-Aug-99 
4-0ct-gg 

22-Jun=09 
1-AuiiiJ 
6-0cl-OO' 

1> 12-Jun-01 

" 22-Aug-01 
:;;0 1-OcI-01 

CD 
,....., 
~ -CJC) 

&-MaI';Ol! 
21-Sep{l2 

f" 
L 

Flow 
gpm 
0.279 
0.355 
0.421 

0.3080082 
0.313 
5.75 

0.795 
0.617 
0.945 
0.652 
0.475 
0.568 
0.682 
0.586 
0.579 
1.12 

0.685 
1.095 
0.476 
0.345 
0.339 
0.325 
0.377 
0.586 
0.334 
0.383 

4.981 
40.65 
35.419 
28.302 

0.39 
0.416 
0.334 

0.809 
0.704 
2.491 

0.52 
0.41 
0.45 
OM9 

0.6 
0.269 
0.898 
1.76 
1.5 

0.804 
0.003 
1.795 
0.898 
0.002 
0.583 
0.583 
0.882 
0.597 
0.316 
0.519 
0.361 

Field Measurements 
T pH Cond. D.O. 

'C S.U. ~Slcm mgll 
129 7.B8 577 
5.7 7.95 665 

11.4 7.89 691 
10.3 8.02 624 
9.3 8.24 673 
B.1 7.69 669 

B_O 8.18 363 
12 B 8.09 381 
103 7.78 696 
93 7.67 700 
11.1 7.98 646 
B 9 7.89 665 
9.6 7.88 663 
10.3 7!J7 667 
9.7 8.04 670 
9.5 7.68 653 

4.7 7.84 451 
7.3 7.68 430 
7.6 7.70 878 
6.1 7.67 884 
7 7.65 824 

5.5 7.64 834 
6.2 7.74 849 
6.8 7.74 860 
6.0 7.78 863 
6.2 7.66 846 

93 7.6 314 
68 7.58 305 
7.5 7,32 522 
7.8 7.69 450 

8.3 8.1 298 
109 8.12 454 
135 7,84 465 

7.1 7.82 314 
79 7.77 318 
6.6 7.84 364 

10 
10 

7.72 1344 
7.85 1325 
7.5 1353 

12.8 8.22 1351 
8.45 7.95 1318 

16.13 7.85 1335 
6.65 6.86 1320 
13.62 8.11 1292 
1527 7.61 1335 
7,09 7.25 1292 
10.89 7.65 1334 
1117 7.69 1337 
9,91 7.58 1328 

7.61 1302 
10 7.86 1333 
7 7.24 1310 

7.89 1351 
11 .7 7.62 135 
7.6 7.86 1205 
42 7.96 1187 
69 8.25 1335 

Turb 
NTU 

1820 
000 
0,35 

9.42 
6,80 
116 

0.00 
0.05 
0.00 
0.18 

3.20 
22 90 
7,33 

1,49 
0,00 
0.21 

D-Fo D-Mn 
mgn mgII 

0.011 
0.025 
0.009 

<.1 C. l 
<., c . 1 

< 1 < .1 
< 1 < .1 

< 1 < 1 
< .. 1 < .1 
<., < .1 

D-AI 
mgll 

T·AI 
mglL 

Trace Matals 
D-As D-B D-Cd D-Cr D-Cu T -Hg D·Hg D-Mb D-Ni D-Pb D-So 
mgll mgn mgn mgn mgn ugn ugll mgll mgn mgn mgli 

T-So D-Zn 
mglL ~ 

O&G 
mglL 

Other Parameters 
Acidty CN T-Alk 
mgll mgn mgll 

480 
470 
480 
471 

476 
479 
472 

T-Hard 
mgll 

330 
340 
343 
352 

340 
330 
3B4 



GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 
GW-13 

'--

006A Spring 
006ASpring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006A Spring 
006ASpring _ 
006ASpri~ 

006ASprinrK 
006A Spring 
006A Spring-' 
006ASpring 
006ASprin{) 
006A Spring:;: 
006ASpring 
006ASpring , 
006A Spring 
006A Spri"\l'! 

;'p 

~ 
. ..: .. 
.J 

"l 

l> 
-0 
:::0 -(..Q 

"-l 
c::» -CO 

03'. 
9-Oct.Q2 

6-Jun~3 

4-Aug~3 

17-0ct-03 
2!NuOo04 
12-Aug-04 
2-Nov~ 

27-Jun-05 
2~e~5 

27-0ct~5 

23-Jun-06 

2~.~ 
8-Nov~ 

26-Jun-07 
1()·.s~7 

6-Nov-07 
13-Jun-{)8 
24-S~ 
11-Dec-OB 
27-Jun-OQ 
1B-5ep~9 

2&-Oct~9 

26-JuOo10 
23-5"1>"10 
12-Nov-10 
27-Ju~11 

2&-Sep-11 
29-0ct-11 
27-Jun-12 
25-Sep-12 
7-Nov-12 
211-JuOo13 
25-Sep-13 
26-0ct-13 
29-Jun-14 
2!t-Aug-14 
31.{}ct-14 
24-Jun-15 
28-5ep-15 
211-0cl-15 
25-Jun-16 
2!t-Sep-16 

28-Jun-2010 
15-Sep-2010 
1-Nov-2010 
17-Jun-2011 
21-5ep-2011 
12-0c1-2011 
1-Jun-2012 
12-Sep-12 
1-Nov-12 
27-JuOo13 
2&-S0RU,3 
23-o-c'k1'3 
2I1-May.."14 
23-5~i4 
2B-QcI-14 
23-Jurt-15 
21~15 

II-Nov-f5 
2!l-Ju.;.'16 
~op-18 

:~: ~~ 
- ', 
r:-; 
o 

Flow 
gom 
0.332 
0.125 
0.353 
0.359 
0.331 
1.58 

0.247 
0.439 
0.65 
0.72 
0.35 
0.38 
0.46 
0.44 
0.38 
0.45 

0.234 
0.31 

0.323 
0.2B9 
0.361 
0.16 
0.45 
0.43 
0.59 
0.B3 

0.754 
0.9 

0.84 
0.76 
0.688 
0.84 
0.87 
0.B3 
o.n 

0.755 
0.688 
0.701 
0.59 
0.62 
0.62 
0.63 

0.28 
0.19 
027 
0.44 
030 
0.37 
0.39 
0.18 
0.29 
0.19 
0203 
0 .303 
0.495 
0.373 
0439 
0.493 
036 
0.40 

0.376 
0.292 

Fjeld Measurements 

T pH Cond. D.O. 
'c SoU. ~Slcm mgII 
5.7 7.511 1347 
8.B 8.47 1209 
9.9 B.1B 1243 
6.8 773 1346 
9.6 8 .19 1315 
10.8 8.19 1358 
1.0 7.46 1253 
B.B 8.16 1134 
7.8 7.98 1467 
4.8 B.16 1437 
8.1 B05 1227 
6.1 803 1450 
4.5 795 1420 
7.4 824 1475 
9.7 814 1493 
2.1 B.21 1442 
6.1 B.06 1531 
6.2 8.07 1522 
2 .7 7.B2 1258 
8.8 B.03 1576 
8.1 805 1557 
2.8 8.06 1262 
14.2 8 1501 

6 7.89 1386 
5.2 721 1367 
5.2 7.91 1333 
5.6 784 1409 
5.5 7.72 1309 
5.6 7.66 1474 
6.2 7.45 1399 
5.7 7.66 1413 
5.B 764 1603 
6.2 7.49 1578 
6.3 7.48 1537 
5.9 7.52 1584 
6.4 7.48 1637 
5.4 7.5 1663 
5.8 7.51 1670 
11.5 7.64 1621 
4.6 7.71 1648 
13.4 7.54 1677 
9 .5 7.55 1667 

5.3 
6.5 
5.6 
4 .5 
6.5 
6.1 
4.4 
7.1 
6.1 
6.5 
7.1 
4 .7 
4 

6.6 
5.6 
8.5 
6.7 
5.1 
6.0 
6.8 

7.39 
7.29 
7.17 
7.66 
7.47 
7.68 
7.36 
7.56 
7.50 
7.61 
7 .65 
7.60 
7.57 
7.44 
753 
7.48 
7.49 
7.53 
7.37 
7.48 

1.302 
1.255 
1.227 
1261 
12n 
1298 
1263 
1216 
1247 
1271 
1246 
1210 
1267 
1254 
1273 
1293 
1174 
1221 
1247 
1250 

Turb 
NTU 

D-F. I).IJn 
m~ mgli 

<0.02 <0.005 
<0.02 <0005 
<0.02 <0.005 

<0.02 <0.005 

D-A1 
mg/l 

T·AI 
mglL 

D-IU 
mgn 

0-8 
mgII 

D-Cd 
mg/l 

Trace Metals 

D-Cr D-Cu T -Hg D->iy O-Iolb D-Ni 
mgli mgII USn ug/I mgli mgII 

D·P~ 

mgII 

0-5. 
mgII 

r-5. D-Zn 
mgll ~ 

O&G 
mgll 

Other Parameters 

Acidly CN T-Alk 
mg/l mgII mg/l 

T-Hard 
mgII 



006A Spring 

94-110 
94-110 
94-110 
94-110 
94-110 
94-110 
94-110 
94-110 
94-110 

94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 
94-113 

A Spring 
A Spring 
A Spring 
A Spring 
A Spring 
A Spring 

A Spring 
A Spring 

B Spring 
8 Spring 
B Spring 
8 Spring 

8 Spring 
B Spring 
B Spring 
B Spring 

D Spring 
o Spring 
o Spring 
DSpring 
DSpring 

A2S-1 
A2S-1 
A2S-1 
A2S-1 
A2S-1 
A2S-1 .:: 
A2S-1 ~ 

A2S-1 
A2S-1 

Divide Spring 
Divide Sp.rjng 
DivideS~ng 

,~ ..! 

l> 
-0 
;0 

<.0 

r-..l 
c;:::) -CO 

Date 
11~Nov-16 

l1-Nov-13 
30-Jun-14 
25-Sep-14 
l1-Nov-14 
29-Jul-15 
9-Nov-15 
9-Jul-16 

14-Nov-16 
29-Ju~17 

l-Jun-12 
27-Jun-13 
~6-Sep-13 
23-Oc1-13 
28-May-14 
23-Sep-14 
28-0cl-14 
21-Jun-1S 

21-Sep-15 
8-Nov-1S 
28-Jun-16 
25-Sep-16 
l1-Nov-16 

8-Nov-13 
31-Ju~14 

21-Nov-14 
31-Ju~15 

14-Nov-15 
23-Ju~16 

1~ov-16 

28-Jul-17 

a-Nov-13 
31 -Jul-14 

21-Nov-14 
31-Jul-15 
14-Nov-15 
23-Jul-16 
15-Nov-16 
28-Jul-17 

l1-Nov-13 
3O-Jun-14 
25-Sep-14 
29-Jul-15 
9-Nov-1S 

l1-Nov-13 
30-Jun-14 
25-Sep-14 
l1-Nov-14 
29-Jul-15 
9:Nov-15 
9-Jut-16 

14-Nov-16 
29-Jul-17 

1-Jul-14 
25-Sep-14 
11,Nov-14 

t.:. 

Flow 
gpm 
0.379 

0.115 
0.299 
0,205 
0.181 
0253 
0.179 
0.192 
0.126 
0.335 

o 

< 01 
<O~Ol 

<O~05 

o 
0,000 
0.000 
0.000 
Damp 

o 
0.000 
0.000 

1~ 

In 
1~ 

180 
O~ 

1m 
1~6 

2~ 

4.31 
537 

0,773 
6,020 
0,340 
304 

4,460 

0.545 

o 

0.10£ 
0.Q28 
0 ,063 
0.062 
0.045 
0 ,100 
0 ,054 
0 ,097 

1.63 
DAMP 

o 

F .. ld Mauuraments 
T pH Condo DO 

'C S.U. ~Stcm mgtl 
5.8 7.47 1237 

5.2 7.59 724 
6.1 7.52 744 
9.2 7.6 775 
4.4 7.54 777 
7.1 747 756 
5.9 7.50 758 
7.3 7.48 748 
5.9 7.62 771 
7.1 7.46 726 

71 7,99 1808 
5.3 7.69 1,830 

112 7.74 1,761 

6.7 7.47 882 
6.4 75 946 
6.2 7.54 944 
6.7 752 904 
6 .8 7.45 997 
7.0 7.58 953 
7.0 7 ,51 947 
6.9 7 ,57 911 

6.4 75 717 
6,0 7 ,54 753 
5,3 7 ,59 782 
6.1 7,52 738 
6.2 7.48 717 
6,5 7 ,59 733 

6,4 7 .58 713 

7.7 9 .44 235 

95798832 
129 797 882 
59 7.97 909 

12.1 7.37 832 
72 8 ,03 902 
119 7.99 819 
83 8 ,24 878 
12.7 8,01 782 

7.4 7.59 743 

Tum 
NTU 

-
Trace Metals 

D-Fe D-Mn D-AI T·AI 
mg/L 

D-As 
mgtl 

D-B D-Cd D-Cr D-Cu T-Hg D-Hg D-Mb D-NI D-Pb D-Se 
mgn 

T-Se D-Zn 
mgtl mg/I mgn mg/l mgll mgtl mgtl ugll ugtl mgtl mg/l mgll mg/L ~ 

<003 0.002 <003 039 <0 01 0.04 <0.001 <0.001 <0.01 
<003 <0002 <003 0.13 <0 01 Oe04 <0.001 <0.001 <0.01 
<0.03 <0_002 <0.03 0.8 <0.01 0.03 <0.001 <0.001 <0,01 
<0.03 <0.002 <0.03 0.34 <0.01 0.05 <0.001 <0.001 <0.01 
0.09 0.007 024 0.45 <0 01 0.04 <0.001 <0.001 <0.01 

0.02 0 043 <0 05 8 8 <0 05 0.13 <0,005 <O.ODS <O.ODS 

<0.03 <0.002 <0.03 0.0£ <0.01 0.07 <0.001 <0.001 <0.01 
<003 <0.002 <003 0 11 <0.01 0.09 <0.001 <0.001 <0.01 
<0.03 <0002 0.09 <003 <0.01 0.08 <0.001 <0.001 <0.01 

<0,03 <0<002 <0 03 0,14 <0,01 0.03 <0.001 <0 ~Ol <0,01 
<0 03 <0.002 <0 03 0 05 <0,01 0.05 <0.001 <0 DOl <0.01 
<0.03 <0.002 0.63 0.63 <0 ,01 0.04 <0 ,001 <04 001 <0 ,01 

3.25 0.014 7.3 61 .7 <0,05 0.09 <0.005 0 006 <0.005 

<0 03 <0.002 <0 03 2 13 <0,01 0.05 <0 ,001 <0001 <0 ,01 
011 0.003 0.26 116 <0.01 0.07 <0,001 <0001 <0.01 

<0.03 <0.002 <04 03 4.17 <0.01 0.06 <0,001 <0.001 <0,01 
<0 03 <0.002 <0.03 3.93 <0.01 0.07 <0,001 <0.001 <0,01 
028 0.246 4.24 4.24 <0,01 0.07 .001 <0.001 <0,01 

<0.03 <0.002 <0.03 0.04 <0,01 0.06 <0 .001 <0.001 <0 .01 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

0.001 <0.01 <0.02 
<0.001 <0.01 <0.02 
<0.001 <0.01 <0.02 
<0.001 <0.01 <0.02 

0001<001 <002 

<0.02 <0.004 
<002 <0004 
<0.02 <0,004 
003 0,012 

<0.02 0.011 

<0,2 <0 01 <D.005 0.02 0.02 002 <0.01 

<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 

<0.001 <0.01 <0.02 <0.02 <0.004 
<0 DOl <0.01 <0 02 0 02 0.007 

<0.001 <0.01 <0.02 <0 02 <0 004 

<0 001 <0.01 <0 02 <0.02 <0.004 
<0.001 <0.01 <0.02 0,03 <0.004 

<0.001 <0.01 <0.02 0,03 <0.004 

<0 ,2 <0.01 <0.005 <0.02 <002 0,39 002 

<0,2 
<0,2 
<0,2 
<0,2 
<0,2 

<0.2 

0.001 <0 01 <0,02 
<0.001 <0.01 <0.02 
<0.001 <0.01 <002 
<0.001 <0.01 <0.02 
0.001 <0.01 <0.02 

0.001 <0.01 <002 

<002 <0004 
<002 <0004 
<002 <0004 
<0.02 0,014 
<0.02 0,009 

<002 <0004 

Other Parameters 
O&G Acidly CN T -Alk 
mg/L mgt! mgtl mgtl 

NM 
NM 
NM 
<5 

NM 
NM 

NM 
NM 

NM 
NM 
NM 
NM 

NM 

<5 
15 
11 
15 

<5 

10 
<5 
5 

<5 
<5 
<5 

<5 

<5 
<5 
<5 
<5 
<5 

11 

398 
395 
408 
390 
412 

545 

458 
454 
472 

383 
379 
385 

151 

410 
438 
459 
421 
487 

330 

T-Hard 
mgtl 

282 
291 
282 
300 
289 

421 

292 
305 
302 

346 
363 
345 

18 

77 
75 
73 
81 
75 

312 



Field M6asuramonts Trace Metals Other ParametenJ 
Flow T pH Cond. DO. Turb D-F. D-Mn D-AI T·AI D-As D-<! D-Cd D-Cr D-Cu T-Hg O-Hg D-Mb D-Ni D-Pb D-S. T-5. D·Zn O&G Acidly CN T·Alk T-Hard 

Date gpm 'C S.U. ~S/cm !!!j!n NTU mg/l mgn mgn mgiL mg/l mgn mgli mgn mgli u2n ufil mgn mgn mgn mgn mg/L mg/I mg/L mgn mg/I mgn mgn 
Divide Spring 2~u~15 0.268 79 7.78 703 <0 03 <0.002 <0 03 0.06 <0,01 0.07 <0.001 <0.001 <0.01 <0,2 <0001 <0.01 <0.02 0.03 <0.004 NM 8 300 331 
Divide Spring 9-Nov-1S 0.000 
Divide Spring 14-Nov·15 
DiVide Spring ~ul·16 2.36 10.7 7.52 720 
Divide Spring 14-Nov-16 0.000 
Divide Spring 29..Jul·17 0.564 8.4 7.51 679 

Hansen Seep 23-Apr·12 0.356 113 763 1469 046 0.279 0.4 1.7 <0.05 0.11 <0.005 <0005 <0005 <0,2 <0 01 <0.005 <0.02 0.02 0,02 <0.01 <5 411 475 
Hansen Seep 27..Jur>-13 <0.1 14.9 7.41 1461 
Hansen Seep 26-5.1'"13 0.284 8.4 7.85 1452 <0.02 0.041 <0.05 <0,05 0.09 <0,005 <0005 <0005 <0.2 <0.01 <0005 <0.02 <002 <001 383 435 
Hansen Seep 23-Oct·13 0.242 5.0 7.57 1,418 
Hansen Seep 28-May-14 0.266 8.8 768 1,431 
Hansen Seep 17-5op-14 0.196 109 764 4.590 
Hansen Seep 28-<)ct·14 0226 61 744 1,473 <003 0.081 <0.03 0.33 <0.01 0,07 <0,001 <0.001 <001 <0.2 <0.001 <0.01 <002 <002 0.01 NM 17 383 430 

SkubJmpah Spring 8-Nov·13 12.2 7.0 7.53 785 
SkubJmpah Spring 31..Jul·14 14.9 6.6 7.59 805 
SkubJmpah Spring 21·Nov·14 13.4 6.8 7.63 819 <0 03 <0.002 <0 03 0.12 <0.01 0.05 <0,001 <0001 <001 <002 <0001 <0.01 <002 <002 <0.004 NM 371 264 
Skutumpah Spring 31..Jul·15 14,0 6.7 7.39 786 <0.03 <0.002 <0.03 <0.03 <0.01 0.07 <0.001 <0.001 <0,01 <0.2 <0.001 <0.01 <002 <002 <0004 NM 373 271 
SkubJmpah Spring 14-Nov-15 13,2 17.0 7.50 T77 <0.03 <0.002 <0 03 0.07 <0.01 0,06 <0 001 <0.001 <0.01 <002 <0001<001 <0.02 0.03 ).00453.76 371 270 
SkubJmpah Spring 23..Jul·16 13.3 7.0 7.59 785 
Skutumpah Spring 1$-Nov·16 12.0 7.2 7.58 793 
SkubJmpah Spring 28-Ju~17 14.1 70 7.63 786 

USP·1 2().Nov·09 018 42 7.59 1,146 
USP·2 2()'Nov·09 0.43 5.5 7.46 1,287 

Spring 99 11·Nov·14 0200 50 7.61 660 
Spring 99 2g.Ju~15 0337 83 738 584 
Spring 99 9-Nov-15 0,229 5.5 751 620 
Spring 99 9-Jul-16 0.265 8.2 7.74 560 
Spring 99 14-Nov·16 0.130 5.5 7.79 637 
Spring 99 29..Jul·17 0.465 8.5 7.56 615 
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Table 3 Precipitation data from the Salina 24E Weather Station. 

YEAR 

1984-85 

1985-86 

1986-87 

1987-88 

1988-89 

1989-90 

1990-91 

1991-92 

1992-93 

1993-94 

1994-95 

1995-96 

1996-97 

1997-98 

1998-99 

1999-00 

2000-01 

2001-02 

2002-03 

2003-04 

2004-05 

2005-06 

2006-07 

2007-08 

2008-09 

2009-10 

2010-11 

2011-12 

2012-13 

2013-14 

2014-15 

2015-16 

OCT NOV 

2.87 0.00 

1.00 1.69 
1.05 1.34 

1.95 1.86 

1.05 0.91 

0.20 0.06 

1.36 0.32 

0 .60 1.08 
1.01 1.77 

2.44 1.48 

1.56 2.17 

0.14 0.67 

1.24 1.74 

0.76 0.51 

3.08 0.74 

0.14 0.06 

2.94 0 .25 

0.32 1.77 

1.52 1.64 

0.53 0.95 

2.09 1.98 

0.85 0.75 

4.44 0.52 

0.66 0.04 

0.82 0.64 

0.43 0.31 

4.3~ 1.22 
1. i 3 0.39 

" 

1.14 l> 0.20 
'" -0 

1,:16 ;:0 1.79 
026 _ 0.69 

1 ~66 <.Q 0.38 
rv 
C) -00 

DEC 
0.90 

1.40 

0.18 

1.41 

1.35 

0.70 

0.87 

0 .94 
1.04 

0.52 
0.37 

1.59 

1.52 

0.33 

0.17 

0.47 

0 .47 

0.40 

0.52 

1.34 

0.75 

0.72 

0.75 
2.02 

0.86 

1.51 

3.28 

0.64 

1.54 

0.51 

3.50 

1.36 

JAN 
0.69 

0.61 

0.99 

1.58 

0.84 

0.41 

0.88 

0 .15 
2.13 

0.53 

1.08 

2.22 

1.95 

1.07 

0.95 

0.99 

1.45 

0.60 

0.23 

0.43 

1.69 

1.21 

0.08 

1.58 

0.84 

1.03 

0.32 

0.86 

0.69 

0.49 

1.02 

1.33 

Monthly total precipitation (inches) 

FEB MAR APR MAY 

0.59 

1.80 
0.82 

0.10 

0.81 

0.83 

0.41 

1.04 

2.61 

0.98 

0.44 

1.31 

1.34 

2.62 

0.76 
1.32 

1.49 

0.57 

0.79 

1.69 

0.81 

0.45 

0.54 

1.55 

0.62 

1.08 

1.05 

0.80 

0.28 

1.35 

0.46 

0.30 

2.07 

0.96 

1.52 

1.12 

1.38 

0.90 

1.78 

2.27 

1.80 

0.31 

2.33 

1.12 

0.27 

0.98 

0.14 

0.77 

0.67 

0.51 

0.77 

0.08 
0.66 

1.92 

0.60 

0.57 

0.88 

1.07 

1.11 

0.82 

0.83 

0.41 

0.52 

0.38 

2.13 

2.27 

0.45 

1.98 

0.29 

1.23 

1.47 

0 .70 

0.07 
1.57 

1.52 

0.30 

2.10 

0.45 

2.23 

0.02 

0.39 

0.04 

0.34 

2.03 

0.47 

1.22 

0.45 

0.18 

1.17 

1.56 

2.16 

0.59 

0.72 

0.31 

1.11 

1.32 

0.99 

1.94 

2.45 

0.73 

1.11 

0.08 

1.14 

2.86 

1.79 

0.15 

3.28 

0.66 

1.33 

0.79 

1.32 

1.22 

1.24 

0.05 

0.92 

0.18 

1.45 

0 .13 

0.34 

0.70 

2.16 

0.92 

2.68 

0.00 

1.25 

1.00 

2.52 

1.11 

JUNE 
0.99 

0.31 

0.60 

0.50 

0.40 

0.87 

0.48 

0.65 

1.03 
0.09 

1.27 

0.42 

0.95 

1.76 

1.55 

0.86 

1.32 

0.40 

0.14 

0.47 

4.05 

0.00 

0.20 

0.37 

1.47 

0.76 

0.78 

0.00 

0.00 

0.24 

1.24 

0.09 

JULY 
2.74 

1.86 

2.21 

1.78 

1.35 

0.59 

1.76 

0 .56 

0.23 

0.41 

0.54 

0.85 

1.64 

1.89 

1.75 

0.84 

0.74 

1.16 

0.90 

1.14 

0.28 

1.21 

0.60 

0.10 

0.64 

1.96 

2.82 

2.75 

0.53 

1.67 

2.05 

0.74 

AUG 
0.05 

1.80 

1.38 

2.31 
1.82 

1.08 

3.02 

1.16 

1.29 

1.43 

1.92 

0.80 

3.16 

2.34 

1.89 
2.28 

1.31 

0.21 

2.86 

0.80 

1.87 

1.60 

0.95 

0.84 

0.22 

1.38 

1.45 

1.04 

2.50 

3.08 

1.65 

1.42 

SEPT 
0.99 

1.47 

0.65 

1.24 
0.89 

2.20 

2.17 

1.16 

0.23 

1.17 

0.58 

1.68 

4.79 

4.47 

1.40 

0.98 

0 .16 

3.47 

0.51 

0.47 

0.95 

1.64 

1.12 

0.32 

0.76 

0.00 

1.04 

0.62 

5.17 

2.49 

0.84 

2.72 

TOTAL 
15.01 

17.11 

13.64 

16.56 
12.20 

9.15 

15.66 

13.17 

15.00 

11.08 

17.06 

11.76 

22.03 

17.97 

15.98 

9.95 

12.43 

9.50 

11.14 

10.11 

17.05 

11.70 

10.59 

8.93 

11.08 

12.01 

22.30 

9.64 

14.85 

14.50 

15.86 

12.81 



Field monitoring summary for Greens Hollow tract surface water monitoring stations. 

M_ STR M_STR M_ STR M_STR M_STR M_ STR Sufco 006 Sufco 007 
Station ID ] 2 3 4 5 6 M STR7 M_STR8 M_STR9 M_STRIO 

South S. Fork of UpperN. 
Lower Upper Fork N . Fork Fork 

Greens Greens Cowboy Cowboy Cowboy Greens Unnamed Muddy QlIitchlipah Quitchupah 

Location Canyon Canyon Creek Creek Creek Hollow Drainage Ck. Ck. Ck. 
Start 6/6/01 817102 6/6/01 617101 8/8/02 617101 9/25/07 9/26/02 10/5179 10/5179 
End 5/10/04 5/10/04 5/10/04 9/25/12 5/11/04 5111104 5/13/04 5/13104 9/ 12112 9/26112 
# Visits 16 8 16 37 8 16 6 6 94 98 
Flow (GPM 
#NOF 13 1 2 21 1 5 6 0 1 0 
# Samples 3 7 14 16 7 11 0 6 90 91 
Maximum 672 460 491 717 598 27 0 15.644 1,116 6032 
Minimum 9.7 1.2 0.5 0.7 1.4 1.9 0.0 967.7 0.1 0.2 
Medion 50.1 '.92.612.62 05.7 0.02 r,67.0112.2 88.5 
Avemge 243.9 78.1 44.2 69.2 95.6 10.0 0.0 5.225.5 196.5 715.9 
pH - Criteria: 6.5-9.0 
# Samples 3 7 13 15 7 10 0 6 90 91 
Maximum 8.92 8.84 8.73 8.87 8.82 8.77 0.00 8.90 8.89 9.20 
Minimum8.4 7.977.72 .48 6.50 7.9 ' 0.00 8.(:9 7.10 7.30 
Median 8.61 8.25 8.01 8.72 8.47 8.52 0.00 8.73 8.34 8.40 
Average 8.7 8.3 8.1 8.7 8.3 8.5 0.0) 8.8 8. 8 .. 
Dissolved Oxygen (mull) - CriCuia >4 (or >8 when early life stages are resent) 
# Samples 3 7 13 14 7 10 0 6 43 44 
Moximum 8.65 11.19 9.70 10.40 9.04 8.73 0.00 13.66 10.60 10.60 
Minimum 7.53 5.84 3.58 5.23 7.23 3.14 0.00 7.51 5.00 5.65 
Median 8.6 8.4 5.6 7.9 8.2 7.1 0.0 9.5 7.4 7.7 
Average 8.3 8.3 6.1 7.8 8.2 6.8 0.0 9.9 7.5 7.8 
Water Temr erature (Dcerec C) - Criteria: <20 
# Samples 3 7 13 15 7 10 0 6 90 91 
Maximum 13.6 14.9 13 .0 21.2 10.3 23 .3 0.0 16.2 22.8 22.5 
Minimum 0.7 0.8 3.6 0.3 6.0 2.7 0.0 1.0 0.3 0.0 
Median 9.9 9.3 8.4 12.1 9.5 12. 1 0.0 4.9 14.7 12.5 
Average 8.1 8.8 8.4 12.6 8.4 12.8 0.0 6.6 13 .5 12.5 
Specific Conductivity (uS/em) 
II Samples 2 7 13 7 7 10 0 6 58 63 
Moximum 567 722 659 869 616 822 0 371 1.300 1.384 
Minimum 448 416 202 386 346 439 0 65 398 294 
Medion 507.7 509.0 404.7 514.0 445.8 572.0 0.0 240.4 710.0 490.0 
Average 507.7 554.5 434.6 582.1 475.9 615.3 0.0 250.0 729.6 500.8 

APR 1 9 2018 
Table 4 Summary of stream monitoring data from the Greens Hollow :rract il (. 'j ... " 1
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Table 5 Average discharge rates, chemical compositions, and mineral saturation indices of groundwaters and surface-waters. 

Field measurements 

Flow 
gpm 

T 

°c 
pH Sp. Condo D.O. 
S.U. ~S/cm mg/L 

Groundwater 

North Horn Formation Springs 
M-SP04 1.41 5.3 7.66 

6.9 7.83 M-SP05 0.14 
M-SP06 
M-SP07 
M-SP08 
M-SP09 
M-SP10 
M-SP11 
M-SP12 
M-SP14 
M-SP15 
M-SP19 
M-SP20 
M-SP40 
M-SP41 
M-SP44 
M-SP45 
M-SP53 
M-SP59 
M-SP60 
M-SP100_, 
M-SP103 :::~ 
M-SP104 '" 
M-SP105 ' ~, 

M-SP106 . 
Spring 94c110 
A25-1 
Divide Spring 
GW-13 
Spg 99 
D Spring 

l> 
-0 
::0 

<.0 

I'.) 
CI -00 

North Horii fm. Avg. 

1.55 5.7 7.88 
0.46 5.7 7.54 
0.25 11.0 7.77 
0.30 5.6 7.95 
0.33 7.9 7.70 
1.09 8.9 7.76 
0.65 6.5 7.83 
16.1 4.8 7.43 
0.71 11.2 7.84 
2.35 6.3 8.05 
2.13 9.0 7.76 
0.24 8.1 7.82 
0.56 5.9 7.94 
2.35 7.9 7.64 
1.43 5.5 7.46 
0.10 8.7 7.70 
0.26 6.6 7.84 
0.56 7.8 7.65 
0.84 7.2 7.45 
1.07 10.6 7.82 
02 7 11.7 8.09 
0.66 10.0 7.94 
0 .51 
0.19 
0.06 
0.53 
0.60 
0.23 
0.11 

6.4 7.72 
6.4 7.54 
9.7 7.94 
8.7 7.63 
7.7 7.80 
6.5 7.61 
7.7 9.44 

1~?3 7.67 7.81 

Price River Formation Springs 

777 
813 
808 
656 
863 
562 
630 
666 
684 
358 
714 

668 
631 
787 
644 
517 
835 
644 
549 
786 
578 
622 
615 
606 
764 
757 
865 
722 

1,385 
612 
235 
689 

Major ions 

Ca2+ Mg2+ Na + K+ HC03' cot sot cr 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

27.4 16.6 169.5 1.3 
62.2 40.8 83.3 1.9 
67.2 37.2 98.6 2.3 

48.5 39.3 87.3 2.4 

563 
530 
523 

436 

78.0 24.5 16.0 0.8 417 

65.8 28.2 22 .2 0.5 363 

<5 
<5 
<5 

<5 

<5 

<5 

15.0 14.4 
29.1 30.0 
29.8 47.0 

27.3 70.6 

6.4 2.9 

20.3 1.4 

Solids and total metals 

TDS TSS T-Fe T-Mn 

mg/L mg/L mg/L mg/L 

566 
568 
560 
508 
513 

471 

91 
90 
23 

0.68 
0.91 

0.04 
0.07 

0.18 0.01 
0.86 0.01 

0.01 0.00 
534 46 0.27 0.06 
489 19 0.12 0.00 

Mineral saturation indices 

SI SI SI SI 
Calcite Dolomite Gypsum Halite 

Ratio 
CI:Na 

0.27 0.36 
0.25 0.35 
0.58 1.04 

0.26 0.50 

-2.77 -7.15 0.06 
-2 .18 -7.15 0.23 
-2.17 -6.90 0.31 

-2.31 -6.76 0.52 

336 0.00 0.00 0.16 -0.18 -2.68 -8.87 0.12 
552 
521 

23 0.26 0.05 
19 0.25 0.01 

470 29 0 .32 0.02 
582 195 1.23 0.12 
589 133 0.81 0.05 
349 31 0.24 0.02 0.28 0.27 -2.26 -9.04 0.04 
578 25 0.47 0.01 

55.6 41 .8 93.7 1.8 519 <5 25.8 38.3 529 26 0.18 0.01 0.33 0.62 -2.29 -7.00 0.27 

69.7 28.4 
18.1 7.6 
54.7 45.2 
67.0 42.0 

3.4 2.3 

59.8 
188 
39.5 
189 

43.3 

1.3 
1.4 
1.3 
3.0 

2.8 

470 
513 
384 
569 

171 

<5 
<5 
<5 
5 

7 

8.2 
23.8 
80.0 
155 

3.0 

10.8 
12.0 
7.5 

56.0 

2.0 

396 39 0.17 0.01 
394 86 0.45 0.03 
355 136 0.81 0.09 
381 106 1.31 0.16 
527 
445 
550 
436 
803 
340 
133 

83 1.22 0.04 
28 0.14 0.01 
194 1.69 0.10 
150 0 .02 0.00 

1.40 0.00 
37 0.61 0.04 

848 26.60 1.48 

0.28 
0.18 
0.19 
0.54 

0.43 

0.22 
0.10 
0.40 
0.97 

0.81 

-2.65 -7.73 0.12 
-2.75 -7.19 0.04 
-1 .80 -8.08 0.12 
-1 .51 -6.54 0.19 

-4.25 -8.57 0.03 
51.5 29.5 90.9 1.73 455 <5 35.3 24.4 481 107 1.53 0.09 0.31 0.45 -2.47 -7.58 0.17 



Field measurements 

M-SP01 
M-SP02 
M-SP18 
M-SP38 
M-SP39 
M-SP82 
Hansen Seep 
Sufeo 006A Spring 
Skutumpah Spring 
Spring 94-113 
A Spring 
B Spring 
M-SP87 
USP-1 
USP-2 

Price River Fm. Avg. 

Surface Water 

Cowboy Creek 
M-STR03 
M-STR04 
M-STR05 

Greens Hollow Creek 
M-STR06 

Flow 
gpm 

0.41 
1.57 
0.25 
5.11 
1.14 

T pH 
·C S .U. 
8.1 7.40 
8.1 7.56 
6.9 7.44 
8.3 7.65 
6.3 7.53 

2.79 5.5 7.84 
0.22 9.3 7.60 
0.33 6.0 7.49 
13.3 8.3 7.54 
0 .00 7.9 7.81 
1.31 6.7 7.51 
2 .84 6.1 7.54 
1.55 5.6 7.85 
0.18 4.2 7.59 
0.43 5.5 7.46 
2.09 6.85 7.59 

39 8.4 8.13 
22 13.0 8.70 
96 7.5 8.26 

5.0 13.6 8.49 

Greens Hollow Creek in Greens Canyon 
M-STR01 32 8.7 8.64 
M-STR02 68 8.8 8.49 

Sp. Condo 

!-IS/em 
771 
772 

1,241 
286 
908 
525 

1,902 
1,252 

793 
1,800 

939 
740 

1,116 
1,146 
1,287 

1032 

435 
624 
458 

647 

505 
554 

Unnamed ephemeral tributary to Muddy Creek 
M-STR07 0.0 

Muddy Creek (Main Fork) 
U-Mud 14,414·:: 9.8 
PINES 405 20,615 ~ 8.2 

Muddy Creek (South Fork) 

8.73 
8.62 
l> 
-0 
.::0 

c.o 
,...." 
c:::::J 
00 

· 390 
386 

D.O. 
mg/L 

6.2 
7.7 
8.6 

6.7 

8.2 
8.3 

8.7 
8.5 

Ca2+ Mg2+ 

mg/L mg/L 
83.5 41 .3 
79.3 33.7 

125.0 43.0 

77.0 48.5 

117.0 36.9 
61.1 24.1 
54.3 32.3 
114.0 33.0 
59.0 37.3 
72.6 42.1 
90.3 48.7 
71.0 47.7 
90.5 55.9 

84.2 40.3 

Major ions 

Na+ K+ 

mg/L mg/L 
46.2 1.8 
56.7 2.0 
92.5 5.2 

86.2 2.1 

153 2.8 
202 3.4 
78.7 1.2 
263 4.2 
108 1.7 
34.4 1.4 
92.9 3.5 
90.6 4.8 
75.6 4 .5 

106 2.97 

HC03" 

mg/L 
479 
467 
356 

509 

478 
648 
426 
665 
528 
438 
410 
434 
335 

475 

54.6 30.0 39.7 2 .6 347 
53.3 28.7 51 .7 1.9 364 
52.6 31 .8 34.8 2.0 327 

56.9 34.9 77.2 4.8 483 

46.0 27.0 42.7 2.0 328 
64.7 38.0 43.5 3.3 355 

50.7 28.3 
41.3 22.8 

23.0 
8.0 

1.1 
<1 

264 
268 

cot 
mg/L 
<5 
<5 
<5 

<5 

<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 

<5 
12 
<5 

7 

11 
<5 

8 
<5 

sot 
mg/L 
27.1 
36.2 
295 

69.3 

cr 
mg/L 
42.1 
39.0 
201 

60.4 

243 120 
143 37.0 
49.3 11 .0 
306 122 
48.3 15.0 
31.7 4.0 

230.7 56.0 
191.0 44.2 
222.0 83.9 

146 64.3 

Solids and total metals 

TDS TSS T-Fe 
mg/L mg/L mg/L 
474 0.00 
480 0.00 
867 6.62 

661 0 .05 

T-Mn 
mg/L 
0.00 
0.00 
0.06 

0.00 

930 47 0.62 0.24 
811 0.28 0.00 
478 9 0.02 0.00 

1,120 1,040 4.75 0 .04 
581 22 0.26 0.01 
429 22 0.12 0.00 
766 17 0.18 0.01 

691 193 1.17 0.03 

Mineral saturation indices 

SI SI SI SI Ratio 
Calcite Dolomite Gypsum Halite CI:Na 

0.23 0.24 -2.10 -7.26 0.59 
0.36 0.43 -1.99 -7.21 0.45 
0.20 0.02 -1.02 -6.30 1.41 

0.30 0.45 -1 .75 -6.84 0.45 

0.50 0.63 
0.22 0.10 
0.15 0.16 
0 .78 1.13 
0.20 0.26 
0.25 0.31 
0.53 0.85 
0.19 0.23 
0.06 -0.03 

0.31 0.37 

-1.13 -6.32 0.51 
-1.56 -6.69 0.12 
-1.99 -7.61 0.09 
-1 .08 -6.08 0.30 
-1.99 -7.34 0.09 
-2.06 -8.40 0.08 
-1.21 -6.85 0.39 
-1.36 -6.95 0.32 
-1.23 -6.76 0.72 

-1.58 -6.97 0.42 

39 24.4 382 41 0.43 0.03 0.66 1.15 -2.07 -7.56 0.40 
38 31.4 420 19 0 .27 0.02 1.28 2.48 -2.13 -7.34 0.39 
31 21.8 342 84 0.25 0.01 0.73 1.32 -2.18 -7.66 0.41 

40 41.6 522 249 1.25 0.08 1.21 2.40 -2.12 -7.06 0.35 

27 16.5 450 
61 25.0 438 

36 
11 

11.0 
1.8 

297 
220 

11 0.36 0.01 
28 0.48 0.02 

11 
199 

0.12 
2.78 

0.01 
0.02 

1.08 2.03 -2.30 -7.69 0.25 
1.06 2.00 -1.84 -7.51 0.37 

1.13 
0.93 

2.13 
1.70 

-2.14 -8.14 0.31 
-2.67 -9.38 0.14 



Field measurements Major ions Solids and total metals Mineral saturation indices 

Flow T pH Sp. Condo D.O. Ca2+ Mg2+ Na+ K+ HC03- CO/- sot cr TDS TSS T-Fe T-Mn SI SI SI SI Ratio 
gpm °c S.U. IlS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L Calcite Dolomite Gypsum Halite CI :Na 

M-STR08 5,225 6.6 8.77 250 9.9 48.7 24.5 9.0 0.6 261 5 9 2.1 238 13 0.17 0.01 1.11 1.98 -2.71 -9.25 0.15 

Quitchupah Creek (South Fork) 
S. Fk. Quitch. Up. 245 8.0 8.58 532 9.1 51.7 31.6 10.8 1.1 224 <5 94 2.0 343 15 0.14 0.01 0.86 1.61 -1.71 -9.20 0.12 
Sufco 006A 207 10.1 8.56 622 8.5 53.2 30.9 29.3 1.6 297 <5 102 8.6 394 30 0.59 0.03 0.99 1.88 -1.69 -8.15 0.19 
Sufco 006 211 12.7 8.34 656 7.7 58.4 34.3 26.7 1.9 302 6 97 12.5 410 80 1.53 0.06 0.88 1.72 -1 .69 -8.03 0.30 

Quitchupah Creek (South Fork) 
Sufco 007 712 11.4 8.42 456 8.1 49.5 17.2 17.3 0.7 254 <5 34 8.8 269 10 1.58 0.06 0.83 1.36 -2.13 -8.35 0.33 

Skutumpah Creek 
Skutumpah Ck. Up. 68 9.0 8.49 532 9.0 42.8 30.2 22.2 1.8 240 11 67 5.0 323 30 0.36 0.01 0.79 1.55 -1.93 -8.49 0.15 

Note: For laboratory results where a "less then" value was reported, a zero value was used in the average palculations . 
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Table 6 Isotopic compositions of groundwaters and surface waters. 

02H 0180 Tritium 013C 14C Groundwater "age" 
(%0) (%0) (TU) (%0) (pm C) radiocarbon years 

Springs, Muddy Tract Area 
M-SP07 9/26/2001 -123 -16.4 12.7 -10.8 93.31 modern 
M-SP08 9/26/2001 -120 -16.4 13.3 -11.2 95.69 modern 
M-SP10 10/4/2001 -125 -17.1 11.6 -12.2 91.15 modern 
M-SP39 10/4/2001 -123 -16.6 7.7 -10.5 88.34 modern 
M-SP01 10/4/2001 -120 -16.1 5 -11.9 96.27 modern 
M-SP02 10/4/2001 -120 -16.1 14.6 -12.6 98.15 modern 
M-SP04 10/4/2001 -124 -16.3 7.7 -11.1 84.4 modern 
M-SP14 9/26/2001 -117 -15.7 8 -14.1 107.73 modern 
M-SP18 10/4/2001 -129 -17.4 -0.7 -12.4 78.89 modern 
M-SP38 10/5/2001 -127 -17.2 9.6 -12.5 62.11 modern 
USP-1 11/20/2009 2.8 -10.98 63.02 modern 
USP-2 11/20/2009 4.2 -11.48 67.67 modern 
GW-13 10/3/1995 8.57 modern 
GW-13 6/10/1996 5.63 modern 

Streams, Muddy Tract Area 
Sufco 007 (North Fork Quit) 10/3/1995 15.6 modern 

Sufco Mine underground 

Greens Hollow Area 
XC51 2 South Bleeder 5/6/2015 <0.5 -10.3 28.31 5,000 
3 Right 2 South Bleeder 5/6/2015 <0.5 -9.0 12.15 12,200 
5 West #4 Entry R.D. 5/6/2015 <0.5 -9.0 9.00 13,300 
XC51 2 South Bleeder 9/1/2015 0.03 -9.9 28.39 4,600 
3R 2S Bleeder Gob Drain 9/1/2015 0.05 -4.8 24.2 
5 West #4 Entry R.D. 9/1/2015 0.00 -8.9 9.87 12,500 

Big Ridge Area 
5 Left XC57 Roof Drip 1/25/2010 0.1 -10.37 28.45 5,000 
6 Left XC16 Roof Drip 1/25/2010 0.1 -10.39 22.36 7,000 

Box Canyon Area 
14 Left Setup Room 9/20/2000 0.07 -9.9 31.42 4,000 
14 Left E2 XC101 9/20/2000 0.01 -10.2 24.45 6,000 

Quitchupah Area 
12L 4E E3 C74 1/2 9/18/1997 -120.06 -16.22 -0.07 -11.2 21.07 7,500 
12L 4E fault 9/18/1997 -118.55 -16.12 -0.02 -7.1 20.38 7,500 
13L 4E E2 C53 12/7/1998 -0.02 -7.2 6.28 15,000 
2 Right 2 South Fracture 12/16/2011 -0.01 
2 South Bleeder 16 12/16/2011 0.09 
1 RT 2STH E1XC45 Fault 2/23/2012 0.00 
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Table 7 Results of gain/loss study of Muddy Creek, 28-29 October 2015. 

Discharge Discharge T pH Sp. Condo 
Station Site Date/Time (cfs) (gpm) (0C) (S.U.) (IlS/cm) 

1 Upper Muddy Creek (U-Mud) 10/28/2015 12:30 9.63 4,320 3.6 8.65 412 

2 Muddy Creek above Horse Creek 10/28/2015 16:00 10.20 4,580 3.8 8.68 407 
2a Horse Creek tributary to Muddy Creek 10/28/2015 15:00 1.56 700 4.8 8.7 488 
2b Cowboy Creek and Greens Hollow Creek tributaries to Muddy Creek 10/28/2015 18:30 0.00 0.00 
2c Box Canyon Creek tributary to Muddy Creek (Pines 403) 10/29/2015 11:20 0.17 75 5.1 8.42 951 

3 Muddy Creek below Box Canyon Creek (Pines 405) 10/29/2015 12:00 11.92 5,350 4.6 8.67 411 

3a Last Water Canyon tributary to Muddy Creek (Pines 302) 10/29/2015 13:30 0.00 0.04 7.2 8.85 446 

4 Muddy Creek at USGS gauging station 09330500 (Pines 406b) 10/29/2015 8:00 10.90 4,890 4.5 8.57 422 
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Table 8 Recommended hydrologic monitoring protocols. 

Discharge and water level measurements 

Protocol Applies to Parameter Frequency 
D Springs Discharge Quarterly when reasonably accessible 
C Streams Discharge Quarter~ when reasonably accessible 

Water quality 

Protocol Applies to Parameters Table Frequency 
1 Stream Quarterly surface-water quality field 11 Quarterly when 

measurements only reasonably 
accessible 

2 Stream Quarterly surface water quality 11 Quarterly when 
operational laboratory measurements reasonably 

accessible 
3 Spring Quarterly groundwater quality field 10 Quarterly when 

measurements only reasonably 
accessible 

4 Spring Quarterly groundwater quality 10 Quarterly when 
operational laboratory measurements reasonably 

accessible 
8 Stream Quarterly surface water quality field Field Quarterly when 

measurements and analysis for total Measure reasonably 
dissolved solids , total suspended ments on accessible 
solids, total iron, total manganese 11 

9 Spring Quarterly groundwater water quality Field Quarterly when 
field measurements and analysis for Measure reasonably 
total dissolved solids, total iron, total ments on accessible 
manganese 10 
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Table 9 Recommended discharge, water level, and water quality plan for 
springs, streams and wells (Greens Hollow). 

Site Protocols Comments 

SDrinas 
M-SP01 0,3 Price River spring in Greens Hollow 

Canyon, previously cabin supply 
(currently in Sufco mono plan) 

M-SP02 0,3 Price River spring in Greens Hollow 
Canyon, developed with trough 
(current~ in Sufco mono ~Ian) 

M-SP04 0,9 North Horn spring in Greens Hollow 
Canyon 

M-SP05 0,9 North Horn spring in Greens Hollow 
Canyon 

M-SP06 0 , 9 North Horn spring in Greens Hollow 
Canyon 

M-SP08 0,3 North Horn spring on Big Ridge 
(currently in Sufco mon. _~lanJ 

M-SP09 0,9 North Horn sQril}R on Big Ri<!ge 
M-SP11 0 , 9 North Horn spring on flanks of White 

Mountain 
M-SP12 0,9 North Horn spring in Greens Hollow 

Canyon 
M-SP15 0,9 North Horn spring in Greens Hollow 

Canyon 
M-SP18 0,3 Price River spring in the Muddy 

Creek drainage (currently in Sufco 
mon·2lanj 

M-SP19 0,9 North Horn spring in N. Fork of 
Quitchu~ah drainage 

M-SP20 0,9 North Horn spring in N. Fork of 
Quitchupah drainage 

M-SP39 0 , 3 Price River spring at base of Big 
Ridge (currently in Sufco mono plan) 

M-SP40 0 , 9 North Horn spring in Cowboy Creek 
drainage 

M-SP41 0,9 North Horn spring in Cowboy Creek 
draina_ge 

M-SP44 0,9 North Horn spring in N. Fork of 
APR Quitchupah drainage 

M-SP45 0,9 North Horn spring 
M-SP53 0,3 North Horn spring on Big Ridge ' . 

(currently in Sufco mon plan) 
M-SP60 0,9 North Horn spring in N. Fork of 

Quitchu~ah Creek 
M-SP87 0,9 Castle_gate s2f'in,.Y in Muddy Crk Cyn 

9 2018 



Site Protocols Comments 
M-SP100 0,9 North Horn spring 
M-SP103 0,9 North Horn spring in N. Fork 

Quitchupah Canyon 
M-SP104 0,9 North Horn spring in N. Fork 

Quitchupah Canyon 
M-SP105 0,9 North Horn spring in N. Fork 

Quitchupah Canyon 
M-SP106 0,9 North Horn spring in Greens Hollow 

Canyon 
GW-13 0,3 North Horn spring on Big Ridge 
Proposed In-Mine Well Refer to Table 7-2 in M&RP 
USP-2 0,9 Price River Spring 
Streams 
M-STR01 C, 1 Cowboy Creek 
M-STR04 C,1 Cowboy Creek (currently in Sufco 

man. plan) 
M-STR06 c,a Top Greens Canyon 
Muddy ABF C, a Lower Muddy Creek 
U-Mud C, a Confluence N&S Forks Muddy Creek 
Pines 405 C, 4-- 2 Cowboy Creek (currently in Sufco 

man. plan) 
Pines 406 C, 1 Lower Mudd~ Creek 
Pines 406B C, 1 Lower Muddy Creek (Currently in 

) Sufco mono plan) 
Sufco 006 C,2 South Fork of Quitchupah Creek 

(currently in Sufco man. plan) 
Sufco 007 C,2 North Fork of Quitchupah Creek 

(currently in Sufco man. plan) 
Cowboy Top 
Cowboy Middle C,2 

Cowboy Bottom 

SP-60 Creek C,2 
North Fork Upper 

CPC Upper C,2 
CPC Middle C,2 
CPC Lower C,2 
North Fork Middle 
North Fork Lower (007) 
ULGH 

URGH C, 2 
GH at Road 
Muddy Creek below Horse C,2 
Muddy Creek above Horse 
Horse Creek I N,~ .'0, '\.1 o 
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Table 10 Recommended field and laboratory operational water quality 
monitoring parameters for Groundwater (Greens Hollow). 

FIELD MEASUREMENTS 

Flow or Water Level 
pH 
Specific Conductivity 
Temperature 

LABORATORY MEASUREMENTS 

Total Dissolved Solids 
Bicarbonate (as CaC03) 
Carbonate(as CaC03) 
Calcium (dissolved) 
Chloride 
Iron (total) 
Iron (dissolved) 
Magnesium (dissolved) 
Manganese (total) 
Manqanese (dissolved) 
Potassium (dissolved) 
Sodium (dissolved) 
Sulfate 
Cations 
Anions 

REPORTED AS 

gpm or feet 
pH units 
!.IS/cm @ 25°C 
°C 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
meq/I 
meq/I 
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Table 11 Recommended field and laboratory operational water quality 
monitoring parameters for Surface Water (Greens Hollow). 

FIELD MEASUREMENTS REPORTED AS 

Flow gpm 
pH pH units 
Specific Conductance ~S/cm @ 25°C 
Temperature °C 
Dissolved Oxygen mg/L 

LABORATORY MEASUREMENTS 

Total Dissolved Solids mg/L 
Total Suspended Solids mg/L 
Bicarbonate (as CaC03) mg/L 
Carbonate(as CaC03) mg/L 
Calcium (dissolved) mg/L 
Chloride mg/L 
Iron (total) mg/L 
Iron (dissolved) mg/L 
Magnesium (dissolved) mg/L 
Manganese (total) mg/L 
Manganese (dissolved) mg/L 
Potassium (dissolved) mg/L 
Sodium (dissolved) mg/L 
Sulfate mg/L 
Oil and Grease mg/L 
Cations meq/l 
Anions meq/l 
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Attachment A 

Discharge hydrographs for selected springs 

Plots of temperature, pH, specific conductance, 

and Palmer Hydrologic Drought Index. 

, ~ f ,"", -, - -," , I'.:' ' !,,:', ,,'.' ,1-1-"-0' 
..... J -' r i· - r: "\ t~ . 

APR 1 9 2018 



.-... 
E 
a. 
Ol -Q) 
Ol .... 
co 

J:: 
u 
I/) 

(5 

Q) 
::J 

ro 
> 
is 
I 
a... 

Spring M-SP01 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 
5 
4 
3 

a 
-1 
-2 
-3 
-4 
-5 
-6 

~------------------------------------------------------------------------. 6 
5 
4 
3 
2 
1 

___ -.--...-lO 
-1 
-2 
-3 
-4 
-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1200 .-.. 
E 
(.) --C/) 

2-
-c 
c 
0 
() 

ci. 
C/) 

1000 

800 

600 

400 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013,: 2014 2015 2016 2d~7 

9.0 .---------------------------------------------------------~~~*'Mffrr___r 

8.5 

I 8.0 Dlv. ni 
0.. 

7.5 

7.0 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

Q: 10 
l-

S 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



-E 
u --en 
2-
-c 
c 
0 
0 
ci 
en 

Spring M-SP02 

14 
---. 

12 E 
c. 10 Cl ........ 
Q) 8 
Cl 
'- 6 co 
.c 4 (.) 
I/) 

is 2 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~--------------------------------------------------------------------~ 6 

Q) 
::::l 

~ 
B 
:r: 
c.. 

5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'~..1 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1200 

1000 

800 • 
600 

400 --. .. • 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

:r: 8.0 
a. 7.5 

7.0 
.. • • 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2Q~ 2015 2016 2017 

AI"'R 1 9 2018 
20 

15 

8 10 • I-
5 • 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-.. 
E 
u 
---C/) 

2-
-0 
c 
0 
u 

Spring M-SP04 

8 
.--.. 
E 
a. 6 
C) 
"--' 
Q) 

4 C) .... 
ro 

J:: 
u 2 (Jl 

0 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Q) 
::s 
"iii 
> 
(5 
I 
a.. 

6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 
-6 

~------------------------------------------------------------------------. 6 
5 
4 

-3 
-4 
-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1200 

1000 

800 

600 
~ 

C/) 

400 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

I 
8.0 

~ 0.. 7.5 APR 1 9 2018 
7.0 

~ ~,;",- ,: " 1 .:~:' I '; l ) ,. 

c . .::; I ' ~ It ' I I , •• I~ I .- • I • ii i ' ii i I I i. i , i ii i • f i i' i , , , i ' , i , , , ii' , i i • , , iii iii ii' Ii' i • iii i , iii i i' , i ' i • iii 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 ~----------------------------------------------------------------------. 

15 

§: 10 
I--

5 ~ 
o +r~~~~~~Tn~~~~~~~~~~~~~~~~~~~~~~~~~~.~~~~ 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



) 

.-... 
E 
0-
0> ........ 
Q) 
0> .... 
ro 

J:: 
u 
If) 

is 

(!) 
:::J 

"ii'i 
> 
£5 
I 
a. 

-E 
u 
---C/) 

2-
-c 
c:: 
0 
() 

ci. 
C/) 

I 
c. 

Spring M-SP05 

1.0 

0.8 

0.6 

004 

0.2 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~----------------------------------------------------------------------~ 6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-.~-" a 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1200 

1000 ...... 
800 

600 

400 +r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 APR 1 9 2018 
8.0 ... -
7.5 

7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

Q: 10 
I-

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



"'C 
c:: 
o 

Spring M-SP06 

4 
---E 
c.. 3 
Ol -Q) 

2 Ol .... 
co 
..c 
u 1 (J) 

..... , .. 
is 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Q) 
:::J 
"iii 
> 
is 
I 
a... 

6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 
-6 

,-------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 

~ __ __i 0 

-1 
-2 
-3 
-4 
-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1200 

1000 

800 
...... -

o 600 
0.. 

(f) 

I 
0.. 

~ 
I-

400 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 APR 1 9 2018 
8.0 

7.5 I ), II.' • 'I: . ....... 
7.0 
a,,-

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

10 

5 ---......... -' .... 
0 I 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-... 
E 
a. 
C> 
'-' 
(]) 
C> .... 
ro 
.c 
(.) 
I/) 

is 

(]) 
::I 
m 
> 
CS 
J: 
0... 

-E 
u --C/") 

2-
-ci 
c: 
0 

0 
ci. 

C/") 

J: 
c.. 

Spring M-SP08 

2.0 

1.5 

1.0 

0.5 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,----------------------------------------------------------------------,6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'~rI 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1200 

1000 • 
BOO 

600 

400 ~~~~~~~~~~~nT~on~~~~~~~~~~~~~~~~~~~~~ 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 
~;" , ) II ... Ll\Tr-n 

B.5 

B.O 

7.5 

7.0 

APR 192018 ~~ 
_:" ".' (~ . ,. ~ " .-i r ";'.'gJ'.-. 

. ,;<~ , )j;;.f f ~ 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

30 

~ 20 J 10 .. ? .---. 
O +r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.--. 
E 
a. 
C) ........-
a.> 
C) .... 
ell 

J:: 
0 
If) 

(5 

Q) 
::J 
ro 
> 
15 
I 
c.. 

-E 
(J --C/) 

2.-
-c 
c 
0 
() 

ci.. 
C/) 

I 
a. 

Spring M-SP09 

2.0 

1.5 I 
1.0 

0.5 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~----------------------------------------------------------------------~ 6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

__ -'~..-l 0 

-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~·,~~=~.~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1200 ) 

1000 

800 APR' 9 2018 • 
600 

400 • 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 • 
8.0 • 7.5 • 
7.0 
~ I:; ....1...-_--:-_---:----;-..,..,...,,--;-_. , ~ . • • ...• , • ..... , ..... • ..... 1 ••• • • • • • •• ' 11°'.' 1 •• 11 .' • . '1.' I-r-TT~ 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

30 

Q: 20 
I-

• • 10 • 
o +r~~~~~~~~~~~~~~~~~~~~~~~no~~~~~~~~no~~ 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



..-.. 
E 
0-
0> ......... 
Q) 
0> ... 
ro 

..t:: 
t) 
II) 

i:5 

Q) 
:l 
m 
> 
0 
I 
a... 

Spring M-SP10 

1.0 

0.8 

0.6 

0.4 

0.2 ~ .... 
0.0 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,-------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 
-6 

5 
4 
3 
2 
1 

-'~ori a 
-1 
-2 
-3 
-4 
-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1000 
E 
u --U) 

. :l ,-
-c 
c:: 
0 
u 
ci. 

U) 

I 
a. 

S 
I-

900 
800 
700 
600 
500 
400 

2001 

9.0 

8.5 

8.0 

7.5 

7.0 

6.5 
2001 

20 

15 

10 

5 

0 
2001 

APR 1 9 2018 

I I I 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

~ ..... 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

• 
• ••• 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Spring M-SP11 

.-
6 E 

a. 
Ol -Q) 4 
Ol .... 
ro 

.s:::. 2 u 
If) 

is 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~------------------------------------------------------------------------, 6 

Q) 
::J 

"'iii 
> 
(5 
I 
0.... 

5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'--..-1 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1200 

• E 
1000 u 

---C/) 

2- 800 
-ri • APR' 9 20\8 • 
c 600 0 u • ci 400 • • C/) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

I 
8.0 

c.. 7.5 • • • • • • 
7.0 

0.;:) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

~ • 10 
l- • 5 • 

• • • 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-... 
E 
0. 
en 
'-' 
Q) 

e> 
~ 
~ 
(.) 
C/) 

is 

Q) 
::J 
m 
> 
is 
:::c 
a.. 

Spring M-SP12 

2.0 

1.5 

1.0 a,- •• 
0.5 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~---------------------------------------------------------------------. 6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 
-6 

5 
4 
3 
2 
1 

-'-.-,..-1 a 
-1 
-2 
-3 
-4 
-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1000 -E 
(.) 

800 --C/) .... 
2-
-0 600 
c: 
0 
l) 400 
ci. 

C/) 

200+r~~~~~~~~~~~~~~~~~~~~~~~~~on~~~~~~~~ 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

:::c 8.0 APR 1 9 2018 
Q. 

7.5 Ill. ()f '-;11 r:", 
I I' 

7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

25 
20 

~ 15 
~ 10 

5 -' .-
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Spring M-SP14 

..-.. 
60 E 

a. 
OJ ......... 
Q) 40 
Ol .... 
ell 

.s:::. 20 u 
en 
(5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~----------------------------------------------------------------------~ 6 

Q) 
:::J 
ro 
> 
(5 
I 
a... 

5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'~.-I 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1200 ---E 
1000 ~ 

CI) 

2- BOO 
-c 
t:: 600 0 

./ u 
ci. 400 

CI) • • 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

B.5 APR' 9 2018 
I 

8.0 
c.. 

7.5 • • 
7.0 
., ~ 
v.oJ 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

£ 10 
I-

~ 5 • • 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



) 

Spring M-SP15 

5 
.-.. 
E 4 0. 
01 - 3 Q) 
01 .... 2 Cll 
.c 
(.) 
I/) 1 
is 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,-------------------------------------------------------------------------. 6 
5 
4 

Q) 3 
:l 2 rn 1 > a 
is -1 
:r: -2 
a.. -3 

-4 
-5 
-6 

2001 

1200 -E 
1000 (.) --en 

2- 800 
-c 
r::: 600 0 
0 
ci 400 
en 

200 
2001 

9.0 

8.5 

:r: 8.0 
Q. 

7.5 

7.0 

6.5 
2001 

25 
20 

~ 15 
I- 10 

5 
0 
2001 

5 
4 
3 
2 
1 

~_...._I 0 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

• • • 

\-.. 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

• 
• 

Tr:D 

APR 1 9 2018 
• • 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

• • • • 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-... 
E 
c. 
C) ......... 
Q) 
C) .... 
ro 

..r:::. 
(J 
en 
is 

Q) 
:J 
(ij 
> 
is 
I 
c... 

-E 
(J --C/) 

2-
-c 
c 
a 
() 

ci.. 
C/) 

I 
c. 

Spring M-SP18 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 
-6 

,-------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 

-.~.., 0 
-1 
-2 
-3 
-4 
-5 

~~~~~~~~~~~~~n'~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1600 

1400 

1200 

1000 

800 J1\ 
600 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2016 2017 

9.0 

8.5 

8.0 

7.5 P ........ 
7.0 

i •• , •• I • • I • I I I I Itt I ' f t I • It t I • I I I I • f I I I I I I I r"1 ..-.-.-..,.,....-.--,.-. I ' iii • I ' , •• , , i , , , , , iii , iii , iii i i j i i • iii Iii i 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

8 10 
I-

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



E 
u 

""-
C/) 

2-
"tJ 
c: 
0 
u 
ci. 

C/) 

Spring M-SP19 

5 
.-.. 
E 4 a. 
C) ......... 

3 Q) 
C) .... 

2 ro 
..c: 
u 
en 1 
is 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,----------------------------------------------------------------------, 6 

<1l 
::J 

iii 
> 
0 
I 
0.. 

5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-.~.; 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1000 
900 
800 .. .. 
700 
600 
500 
400 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 IN 

I 
8.0 

APR 1 9 2018 
.- .. 

0.. 
7.5 

7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

~ 10 
r 

5 •• •• 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.--.. 
E 
a. 
C) ........ 
(]) 
C) ..... 
ro 

..c:. 
(,) 
II) 

is 

(]) 
:::J 

"ii5 
> 
(5 
I 
Il. 

Spring M-SP20 

10 

8 

6 

4 

2 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 
-6 

2001 

5 
4 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1000 -E 900 u 
---C/) 800 2- ... .. 
-0 700 
c 
0 600 u 
ci 500 

C/) 

400 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 -, 

9.0 

8.5 

I 
8.0 

a. 7.5 

7.0 

V.V -r-r •• 1 I I I , • i • , I i I I ' , I , i , • , , i , I Iii i , , ' iii , iii • , • I • i ii • I i i' , , ii, ) , , I • i • I j I I Ii, , I J , i i • i' Iii. i ii ' , , I 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 
§: 10 
I-

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Spring M-SP38 

10 
.-.. 
E 8 0-
0> 
'-" 6 Q) 
0> .... 4 ro 
..c 
u 
VI 2 
is 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~-----------------------------------------------------------------------------------, 6 
5 
4 

Q) 3 
:l 2 
iii 1 > a 
is -1 
:c -2 
0... -3 

-4 
-5 
-6 

2001 

1200 -E 
u 1000 --en 
2-
"ri 800 
c: 
0 
() 600 
ci. 

en 
400 

2001 

9.0 

8.5 

:c 8.0 
Q. 

7.5 

7.0 

6.5 
2001 

20 

15 

?l 10 
I-

5 

0 
2001 

5 
4 
3 
2 
1 

-'~.-l a 
-1 
-2 
-3 
-4 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

APR 1 9 2018 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

. ...... -e 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



E 
u -. 
(f) 

2-
~ 
c: 
0 u 

Spring M-SP39 

6 
........ 
E 5 
c. 
01 4 '-' 
Q) 

3 01 .... 
co 

2 .c 
u 
(/) 

1 (5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Q) 
:::::J 
"iii 
> 
£5 
I 
Il.. 

6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 
-6 

,-------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 

~_r.._I 0 
-1 
-2 
-3 
-4 
-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1200 

1000 

800 

600 
ci. 

(f) 

400 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

I 
8.0 

c.. 
7.5 

7.0 

U.oJ Iii iii I' i I I I, " i •• I' " i " • •• i , ii"'" , I "' iii' i , ii i ' , , " '1 ii i ii i ii i, i ii i j' I , . i' i 'I i f ' ii i ' ii ' I I j ii i .1 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

APR 1 9 2018 
20 

15 
§: 10 
I-

5 -----........ ~~ .. .... -.. 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



..-.. 
E 
Q. 

.9 
(J) 
0') 
'-ro 
.c 
t,) 
If) 

(5 

<1> 
~ 

ro 
> 
C5 
I 
a... 

Spring M-SP40 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 •••• 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~---------------------------------------------------------------------. 6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 
-6 

5 
4 
3 
2 
1 

-" __ ..-10 
-1 
-2 
-3 
-4 
-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1200 
E 
u 1000 --C/) 

2-
'0 800 
c: 
0 

(,,) 600 
ci. 

C/) 

400 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 D 

I 
8.0 

a. 7.5 
APR 1 9 2018 .... 

7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 
0 10 -l- .... 

S 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-... 
E 
a. 
Cl 
'-' 
Q) 
Cl .... 
m 

.s= 
u 
(J) 

(5 

Q) 
:l 
ro 
> 
0 
I 
a.. 

Spring M-SP41 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 
·6 

~----------------------------------------------------------------------~ 6 
5 
4 
3 
2 
1 

~_.....-lO 

-1 
-2 
-3 
-4 
-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1000 -E 
u 800 -. 

C/) •• 
2-
-c 600 
c:: 
0 
u 400 
ci. 

C/) 

200 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 APR 1 9 2018 
I 

8.0 
Cl. 7.5 f il 

7.0 

0.;) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

~ 10 
I-

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-.. 
E 
a. 
OJ 
'-'" 
Q) 
OJ .... 
ro 
.c 
(,) 
I/) 

is 

Q) 
::J 
rn 
> 
Ci 
:::c 
0-

Spring M-SP44 

14 
12 
10 
8 
6 
4 
2 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 
-6 

,--------------------------------------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 

-..--.-" a 
-1 
-2 
-3 
-4 
-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1000 .-.. 
E 
u 800 --C/) 

2-
-c 600 
I:: 
0 u 400 
ri. 

C/) 

200 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

:::c 8.0 
a. 7.5 APR 1 9 2018 

7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

Q: 10 
f-

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



E 
u --U) 

2-
-c 
c 
0 
0 
Ii 
U) 

Spring M-SP45 

4 
.-
E 
a. 3 
0> ........ 
Q) 

2 0> 
~ 

C'\l 
.c 
() 1 III 

.. .,. 
i:5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 201 3 2014 2015 2016 2017 

6 ~------------------------------------------------------------------------, 6 

Q) 
;::, 
ro 
> 
is 
J: 
a.. 

5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

~_rWrI 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1200 

1000 .... 
800 

600 

400 

200 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

J: 
8.0 

Q. 
7.5 APR 1 9 2018 
7.0 
,.. ,... 
U . .J I I Il--r-I- rr i I •• r I I - I f I J' t f • , Iii i , i I •••• , i •••• ii' ••• j i • i I • , iii I • iii , , • iii i , iii ii i ii' i ii i ii' , , , , i i • iii I 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 
Q: 10 
t-

5 ~ 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



..-.. 
E 
a. 
C) -Q) 
C) .... 
ro 
.c 

C,,) 
rJ) 

is 

Q) 
:::l 
iii 
> 
is 
:::c 
c... 

Spring M-SP53 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
... 1\ .•.• A .• .. --. •• •• •• •• •• 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 .-------------------------------------------------------------------------------------------------------~ 6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 ____ ..1 0 

-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1000 .--.. 
E 
u 800 --C/) 

2-
-c 600 
c:: 
0 
() 400 
ri-

C/) 

200 
2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 2011 2012 , 201'9 2014 2015 2016 2017 

9.0 

8.5 
I)/v 0 

:::c 8.0 
0-

7.5 

7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 
§: 10 
I-

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



..---
E 
0.. 
0) ......... 
Q) 
0) 
L-

C\l 
.c 
t.l 
III 

is 

Q) 
::J 
"iii 
> 
£5 
I 
a... 

Spring M-SP59 

1.0 

O.B 

0.6 

0.4 

0.2 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~----------------------------------------------------------------------~ 6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 
-6 

2001 

5 
4 
3 
2 
1 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1200 
E 1000 u -.. 
C/) BOO ::J • ~ 

-ci 600 
c: 
0 400 u • 
r::i 200 

C/) 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

B.5 

I 
B.O 

0.. 
7.5 • APR 1 9 2018 • 
7.0 I h ~, t·· ,:! 11 

0.'-' ii i' i I Iii iii I' i i •• , ii" iii" iii , i' "1 iii, i i" '" , ii'" i i' i., Ii" i, Ii' •• ii" j, I Iii i I I," ; iii i' iii I 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 • Q: 10 
I- ~ 5 • o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Spring M-SP60 

1.0 
.-.. 
E 0.8 c.. 
Ol ......... 

0.6 Q) 
Ol .... 

0.4 co 
..c: 
u 
II) 0.2 (5 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 T----------------------------------------------------------------------. 6 
5 
4 

Q) 3 
:J 2 m 1 > 0 
(5 -1 
:r: -2 
a... -3 

-4 
-5 

5 
4 
3 
2 
1 

-'--.orl 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 

1200 
E 1000 u --(J') 800 '2-
-c 600 
c 
0 400 () 

ri. 200 
(J') 

0 
2001 

9.0 

8.5 

:c 8.0 
c. 

7.5 

7.0 

6.5 
2001 

20 

15 
§: 10 
~ 

5 

0 
2001 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

...... .. 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

I I'. , 

" 0 

APR 19 2018 ~ 
, ' 
'.1 _. , , 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-.. 
E 
~ 
(/) 

2-
-0 
c 
0 
() 

ci 
(/) 

Spring M-SP82 

6 
---E 5 
c.. 
C> 4 '-" 
Q) 

3 C> .... 
C'O 

2 ..c: 
u 
en 1 is 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,-------------------------------------------------------------------------, 6 

Q) 
:::J 

"'iii 
> 
0 
I 
a... 

5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

... -.--...-! a 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1600 
1400 
1200 
1000 

BOO 
600 
400 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

B.5 

I 
B.O APR 1 9 2018 

c.. 
7.5 

7.0 

v.v I" , ii, I • i i' i"'" I"'" f", iii iii i', ii' ii i iii" iii» ii " ,., ii'" i' ii" iii' I. "" , i , ii i ' iii i' I I, , I 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

£ 10 
I-

~ 5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



E 
u --CJ) 

2-
-c 
t: 
0 
() 

ci. 
CJ) 

Spring M-SP87 

5 -E 4 0-
OJ 
'-" 3 Q) 
OJ 
~ 2 m 

..c: 
0 
II> 1 (5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,-------------------------------------------------------------------------, 6 

Q) 
::J 
m 
> 
is 
I 
0... 

5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

""""'I_....-l O 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1600 
1400 
1200 
1000 

BOO 
600 
400 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

B.5 

I 
B.O .... --: 0.. 
7.5 APR 1 9 2018 
7.0 

6.5 
" I 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

~ 10 
I-

~ 5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



-E 
Q. 
Cl ........ 
(J) 
Cl .... 
ro 

.s:::. 
() 
(/) 

is 

Q) 
::J 
ii5 
> 
(5 
I 
a... 

-E 
u 
---(f) 

2-
"ri 
c 
0 
u 
ci. 
(f) 

I 
a. 

§: 
l-

Spring M-SP100 

2.0 

1.5 

1.0 

0.5 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

6 ,-------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'_....-1 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 201 2 2013 2014 2015 2016 2017 

800 

700 

600 

500 

400 

300 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 APR 1 9 2018 
8.0 

7.5 O IV. OI in 
7.0 

0 .0 I' , t , , iii i , • i i • , I I r I , , I ii' , • , I I. ii' 'i' , • , , iii' iii iii iii' i' I • ii' •• ' i ' ii i I Iii i, , I • i , , , I i. , ii' i • iii F 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

10 

S .- .. 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



-E 
0-
C) .......... 
Q) 
C) ... 
nl 

..s:::. 
u 
III 

i:S 

Q) 
::J 
iii 
> 
is 
I 
c.. 

E 
t) --CJ) 

2-
-c 
c 
0 
() 

ci. 
CJ) 

I 
a. 

8 -I-

Spring M-SP103 

2.0 

1.5 

1.0 

0.5 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~---------------------------------------------------------------------. 6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'--...-i 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

800 

700 

SOD 

500 

400 J 
... .. 

300 
I 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

8.0 

7.5 APR 1 9 2018 
7.0 

S.5 j ' L 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

10 

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



E 
a. 
E! 
Q) 
Cl .... 
co 

..c:. 
u 
IJ) 

is 

Q) 
::J m 
> 
£5 
I 
a... 

E 
u --CI) 
::J -
-ci 
c 
0 u 
ci. 

CI) 

I 
0.. 

~ 
I-

Spring M-SP1 04 

2.0 

1.5 

1.0 

0.5 

0.0 . -
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,-------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'~.-l a 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

800 

700 • 
600 

500 

400 

300 • 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 • • 8.0 APR 1 9 2018 
7.5 

7.0 r I J r,' ,f 

~ ... 
V.V 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

10 • 
5 

a 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-... 
E 
Q. 
C) ......-
(!) 
C) 
~ 

co 
..c 
C,,) 
II) 

is 

(]) 
:J 
'iO 
> 
is 
J: 
Q... 

E 
~ 
CI) 

2-
-c 
c: 
0 
() 

ci. 
CI) 

J: 
0.. 

Q: 
I-

Spring M-SP1 05 

2.0 

1.5 

1.0 

0.5 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,----------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

--'--...-10 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

800 

700 

600 

500 

400 
j ~ .. 

300 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

8.0 

7.5 APR 1 9 2ot8 
7.0 

6.5 ; .:: 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

10 

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



---E 
0.. 
C) 
'-' 
Q) 
0> ..... 
ca 

..s:: 
<..) 
(/) 

(5 

Q) 
::J 
m 
> 
0 
I 
a... 

E 
(J --C/) 
::J -
-ci 
c: a 
U 
ci.. 

C/) 

I 
0-

S 
I-

Spring M-SP1 06 

2.0 

1.5 

1.0 

0.5 •• .A 
0.0 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,-------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'-...-10 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

900 
800 
700 
600 
500 
400 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

8.0 APR 1 9 2018 
7.5 

'f 'j i: 9 
7.0 

G.G J ' " i ' I ' i i • ii' iii i" I " . i" I ii,'" i' j'" i. , i , i "1 ii i ii " ii, j i"»' i , iii.» i ••• ' I Iii" i i"" I I " i i' I 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

10 

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Spring GW-13 

3.0 
..-... 
E 2.5 
0. 
Cl 2.0 -(I,) 

1.5 Cl .... 
co 

1.0 .!:: 
t.) 
I/) 

0.5 0 
0.0 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~----------------------------------------------------------------------~ 6 
5 
4 

Q) 3 
::l 2 ro 1 > 0 

B -1 
I -2 
0... -3 

-4 
-5 

5 
4 
3 
2 
1 

--'--...-l 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1800 
----E 1600 ~ 
C/) 

2- 1400 
-c 
r::: 1200 0 
t) 

ci.- 1000 
C/) 

800 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

I 
8.0 

0.. 7.5 

7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2QP9": 2010 2011 201:2:i ~013 2014 2015 2016 2017 

20 

15 -~ 10 
,iiin:.1Q 

I-
5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-
E 
a. 
C) ........ 
Q) 
C) .... 
ro 
.c 
() 
If) 

i:5 

Q) 
::::J 

"iii 
> 
is 
I 
a... 

-E 
u 
---C/) 

2-
-c 
c 
0 
() 

ci. 
C/) 

I 
c-

Spring Sufco 006A 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,-------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'~.-l 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1400 
1200 
1000 
800 .- ........ ----
600 
400 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

8.0 
APR 1 9 2018 

7.5 "I ;, 
I : .. \ f 

7.0 

0.0 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

Q: 10 
l-

S 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



---E 
0-
C) ........ 
Q) 
C) .... 
ro 
~ 
t) 
II) 

is 

Q) 
::J 
m 
> 
is 
I 
Il.. 

-E 
u --CI) 

2-
-c 
c 
0 

c..> 
ci.. 

CI) 

I 
c.. 

Q: 
l-

Spring 94-110 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,----------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 
a 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 ____ ,., a 

-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

800 

780 

760 

740 

720 

700 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 D 
8.0 

7.5 APR 1 9 2018 
7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

10 

S 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Spring 94-113 

0.25 
.......... 
E 0.20 Q. 
Cl ......... 

0.15 Q) 
Cl .... 

0.10 ro 
.I::. 

_ U 
(/) 0.05 
0 • 

0.00 -- - -- --
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~------------------------------------------------------------------------. 6 
5 
4 

Q) 3 
::J 2 m 1 > 0 
(5 -1 
I -2 
0.... -3 

-4 
-5 

5 
4 
3 
2 
1 

~_rwi 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

2000 
E 

1800 u --(f) " . 
2- 1600 
'ri 
c: 1400 0 
0 
c:i. 1200 
en 

1000 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 r 
I 

8.0 
c.. 7.5 APR 1 9 2018 \ . 

7.0 
II 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

~ 10 • 
I-

5 
, 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Spring A 

3.0 -E 2.5 
a. 
C) 2.0 ........ 
Q) 

1.5 E> 
co 

1.0 .c 
(.) 
II) 

0.5 is 
0.0 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~------------------------------------------------------------------------. 6 
5 
4 

Q) 3 
;:, 2 
(ij 1 > a 
0 ·1 
I -2 
a.. -3 

-4 
-5 

5 
4 
3 
2 
1 

-'~orI a 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

1200 -E 
u 1000 --C/) 

2-
-c 800 
c 
0 
l) 600 
ci.. 

C/) 

400 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

I 
8.0 D 

0.. 7.5 APR 1 9 2018 
7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2014 2015 2016 2017 

20 

15 

Q: 10 
I- .. --- ... -5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Spring B 

8 
........ 
E 
c. 6 
C> -Q) 

4 C> ..... 
co 

..c: 
(.) 2 rJ) 

i5 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,-------------------------------------------------------------------------, 6 
5 .. 

Q) 3 
::J 2 

"'iii 1 > 0 
(5 -1 
I -2 
c... -3 

-4 
-5 

5 
4 
3 
2 
1 

-'_...-10 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1200 
E 
u 1000 --(f) 
::J 
~ 

-0 800 
c: 
0 

• ---. • • u 600 
ci 

(f) 

400 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

I 
8.0 

c.. 7.5 APR 1 9 2018 ..... --
7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

~ 10 
l-

S -----.... 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Spring 0 

1.0 
---. 
E 0.8 Q. 
OJ ........ 0.6 Q) 
C) .... 

0.4 "' ..c::: 
u 
en 0.2 
(5 

0.0 \ -- -- --
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~----------------------------------------------------------------------~ 6 
5 
4 

Q) 3 
:J 
iii 
> 0 
(5 -1 
I -2 
a... -3 

-4 
-5 

5 
4 
3 
2 
1 

-.~., 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1200 
E 
u 1000 --C/) 

2-
-c 800 
c: 
0 
l) 600 
ci. 

C/) 

400 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.5 
9.0 
8.5 

I 8.0 a. 
7.5 APR 1 9 2018 
7.0 
6.5 011}. t I 

, I I 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 201 3 2014 2015 2016 2017 

20 

15 
§: 10 
~ • 5 

) 
0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



.-.. 
E 
0.. 
C) ......,. 
Q) 
C) .... 
III 

..c: 
(.) 
I/) 

Ci 

Q) 
::J 

"ii'i 
> 
is 
I 
c.. 

~ 

E 
u -. 
(f) 

2-
-ci 
c 
0 
(J 

ci. 
(f) 

I 
c.. 

~ 
I-

Spring A2S-1 

1.0 

0.8 

0.6 

" A U.'+ 

0.2 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~------------------------------------------------------------------------. 6 
5 
4 
3 

a 
-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'_....-10 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 7 

950 

900 

850 

800 

750 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

8.0 
APR 1 9 2018 

7.5 

7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

10 

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



---E 
0. 
0> ........ 
Q) 
0> .... 
co 

.t= 
<.) 
If) 

i:5 

Q) 
::::I 

~ 
CS 
:::r:: 
0... 

.-... 
E 
u --C/) 

2-
-c 
I:: 
0 u 
ci. 

C/) 

:::r:: 
0. 

Q: 
I-

Divide Spring 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~----------------------------------------------------------------------~ 6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'--.orl 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

850 

800 

750 • • 700 • 
650 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

8.0 

7.5 • • APR 1 9 2018 • 
7.0 

6.5 
, j 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 ~2014 2015 2016 2017 

20 

15 

10 • • • 5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



Hansen Seep 

1.0 
..-.. 
E 0.8 0.. 
C) ........ 

0.6 (]) 
C) .... 

0.4 co 
..c:. 
u 
III 0.2 
is 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~------------------------------------------------------------------------. 6 
5 
~ 

(]) 3 
:::J 2 

"ii'i 1 > 0 
(5 -1 
I -2 
0... -3 

-4 
-5 

5 
4 
3 
2 
1 

-'--..-i 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

2000 -E 
1800 u --C/) 

2- 1600 
-u 
c 1400 0 u 
ci.. 1200 

C/) 

1000 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

I 
8.0 

0.. 7.5 
APR 'I 9 2018 

7.0 ,. 
I 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

~ 10 
l-

S 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



---E 
Q. 
OJ 
'-" 
Q) 
OJ 
L.-
eo 

..r:::. 
(.) 
If) 

is 

Q) 
::J 

"iii 
> 
is 
::c a... 

Spring Skutumpah Spring 

20 
18 
16 
14 
12 
10 

8 
6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ,-------------------------------------------------------------------------, 6 
5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 

5 
4 
3 
2 
1 

-'--...-t 0 
-1 
-2 
-3 
-4 
-5 

-6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1000 ---E 
u --C/) 

2-
-ci 
c:: 
0 

0 
ci. 

C/) 

::c 
a. 

S 
I-

900 -
800 
700 
600 
500 
400 

2001 

9.0 

8.5 

8.0 

7.5 

7.0 

6.5 
2001 

25 
20 
15 
10 
5 
a 
2001 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

APR 1 9 2018 

Iv. I f "I 
6 ' ; " 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

.... -- --. ..... ,. - ----- -
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



---E 
a. 
Ol 
'-" 
Q) 

Cl .... 
co 
~ 
0 
(/) 

(5 

Q) 
:::J 
Iii 
> 
15 
I 
a.. 

Spring Spg 99 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

6 ~------------------------------------------------------------------------. 6 
5 
.: 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 
-6 

5 
4 
3 
2 
1 

"'-'--..-1 0 
-1 
-2 
-3 
-4 
-5 

+-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1000 .-.. 
E 

800 ~ 
C/) 

2- 600 
-ci 
c 400 0 
() 

ci. 200 
C/) 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

9.0 

8.5 

I 
8.0 

APR' 9 2018 
c.. 

7.5 I: 1 

7.0 

6.5 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

20 

15 

~ 10 
I-

5 

0 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 



) 

Attachment B 

Discharge hydrographs for selected streams 

Plots of temperature, pH, specific conductance, 

and Palmer Hydrologic Drought Index. 
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The surety bond for the applicant has been executed per the documentation within the reclamation 

agreement. The surety bond will be noncancellable during its term except with the prior consent 

of the Division of Oil, Gas and Mining (UDOGM). 

Greens Hollow Lease 

Much of the information presented for the permitting of the Greens Hollow Lease (GHL) was 

prepared with a conceptual mine plan assuming full extraction mining, associated subsidence and 

represents maximum impacts in the Bureau of Land Management's Environmental Impact 

Statement (FSEIS). The information in the text represents the permittees accepted obligations 

and commitments, the information provided in appendices from the (FSEIS) unless reference 

specifically is provided as background 9r baseline for the obligations and commitments within t8e 

text. 

APR 1 9 2018 
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Certificates of Insurance issued to Canyon Fuel Company LLC, SUFCO Mine are submitted to the 

Division upon renewal. The policy provides for personal injury and property damage protection 

concurrent with the amounts designated in R645-301-890.1 00. Said Certificates of Insurance are 

applicable to coal mining and reclamation operations as proposed in the SUFCO Mine M&RP. 

The insurance policy will be maintained in full force during the life of the permit including the liability 

period necessary to complete all reclamation operations. The policy will include a rider stating that 

the UDOGM be notified of any changes in the policy including termination or failure to renew. 
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All coal mining operations must provide to the UDOGM a determination that the regulations of 

R645-302-320 do not apply. 

3.2.1 Alluvial Valley Floor Determination 

This Alluvial Valley Floor (AVF) determination includes field investigations of geologic, hydrologic, 

land use, soils, and vegetation for all areas where the mine permit or adjacent areas have a valley 

holding a stream. 

3.2.1.2 Studies Performed During Investigation 

The studies for AVF determination may.include: 

o Mapping of unconsolidated stream-laid deposits of areas holding streams, including 

but not limited to geologic maps of unconsolidated deposits and stream-laid 

deposits, maps of streams, delineation of surface watersheds and directions of 

shallow groundwater, topography showing local and regional terrace levels, and 

topography of terraces, flood plains, and channels showing surface drainage 

patterns; 

o Mapping of all lands included in the permit and adjacent area subject to agricultural 

activities, showing the areas of different types of agricultural lands, such as flood 

irrigated lands, pasture lands, and undeveloped rangelands. Also, the productivity 

measurements for each vegetative type should be included; 

o Mapping of all lands that currently are or were historically flood irrigated, showing 

the location of each diversion structure, ditch, dam, and related reservoir, irrigated 

land, and topography of those lands; 

o Identification of areas which are or are not subirrigated, based on groundwater 

monitoring data, representative water quality, soil moisture measurements, and 

measurements of rooting depth, soil mottling, and water requirements of vegetation; 

) APR 1 q 2018 
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o Identification of areas which are or are not flood irrigable, based on stream flow, 

water quality, water yield, soils measurements, and topographic characteristics; and 

o Analysis of a series of aerial photographs, including color infrared imagery flown at 

a time of year to show any late summer and fall differences between upland and 

valley floor vegetative growth. 

Greens Hollow Lease 

Much of the information presented for the permitting of the Greens Hollow Lease (GHL) was 

prepared with a conceptual mine plan assuming full extraction mining, associated subsidence and 

represents maximum impacts in the Bureau of Land Management's Environmental Impact 
, 

Statement (FSEIS). The information in the text represents the permittees accepted obligations 

and commitments, the information provided in appendices from the (FSEIS) unless reference 

specifically is provided as background or baseline for the obligations and commitments within the 

text. 

3.2.1.3 Determination of Alluvial Valley Floor Existence 

Based on these studies, the UDOGM will determine that an AVF exists if it finds that: 

o Unconsolidated stream laid deposits holding streams are present; and, 

o There is sufficient water to support agricultural activities as evidenced by: 

The existence of flood irrigation in the area in question or its historical use; 

The capability of an area to be flood irrigated, based on stream flow water 

yield, soils, water quality, and topography; or, 

Subirrigation of the lands in question, derived from the groundwater system 

of the valley floor. 

As shown on Plate 9-1, the mine permit area consists of plateaus and deep canyons. Evaluation 

of the mine permit area and UDOGM rules for AVF's show: 

1. Unconsolidated stream laid deposits holding streams are present in the follpwing drainages: _ 
, ,./:\ ~ f . LJ 
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Mine Permit Area, Mine Plan Area and Affected Area (see Plate 9-1) 

A. North Fork Quitchupah Creek. This drainage is deep and very steep and is narrow 

at the bottom. Stream laid deposits are present only in small, discontinuous narrow 

patches. Bedrock is exposed in much of the canyon bottom and the stream 

cascades over exposed bedrock outcrops. 

B. East Spring Canyon. Characteristics of unconsolidated alluvium are the same as 

in North Fork Quitchupah Canyon. 

C. Duncan Draw. This drainage within the permit boundary is narrow and steep with 

a few small (less than 1 acre) patches of alluvium present. Bedrock is exposed in 

much of the drainage. 

D. Unnamed tributary to Duncan Draw. (T21 S, R5E, Section 31 E1~). This drainage 

is steep, but contains narrow patches of unconsolidated alluvium. This drainage 

has not been investigated in detail, but areas underlain by unconsolidated alluvium 

are estimated to aggregate a few acres in size. 

E. Unnamed tributaries to East Spring Canyon. These small drainages are east of 

Section 1, R4E, T22S, and are tributaries to East Spring Canyon (Plate 9-1). These 

drainages are narrow and steep, but have a few scattered patches of 

unconsolidated alluvium. No detailed investigation of these drainages has been 

made, but areas underlain by unconsolidated alluvium are estimated to aggregate 

only a few acres in size. 

F. North Fork Quitchupah Creek downstream from mine permit area. While the 

canyon is steep and narrow, there are unconsolidated alluvial deposits toward the 

lower end. Similarly, in the adjacent area at the upper end of North Fo(k 
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Quitchupah Canyon and its South Fork tributary are small narrow areas underlain 

by consolidated alluvium. None of these deposits have been mapped in detail. 

G. Duncan Draw and Mud Springs Hollow. The segments of Duncan Draw and Mud 

Spring Hollow in the adjacent area contain some small areas underlain by 

unconsolidated alluvium. Both these canyons are narrow and steep, and probably 

there are no areas in the canyon where unconsolidated alluvium underlies more 

than 10 acres. 

H. Convulsion Canyon and Quitchupah Creek. These drainages contain narrow 

deposits of unconsolidated alluvium. The canyon bottoms are narrow, but alluvium 

may be as much as 75 feet thick. Streams are deeply incised into the alluvium 

creating ~teep banks with a narrow stream channel in the bottoms. These 

unconsolidated deposits have not been mapped in detail. 

I. Muddy Creek Canyon. The portion of the Muddy Creek Canyon that is within and 

adjacent to the Pines Tract is relatively narrow with unconsolidated alluvium. 

Alluvium in the bottom of the narrow canyon varies in depth from 0 to more than 50 

feet thick. Side drainages are deeply incised into the alluvium creating steep banks 

with narrow stream channel bottoms. These unconsolidated deposits have not 

been mapped in detail. A few miles downstream of the Pines Tract the alluvial 

deposits have been irrigated and cultivated in the past. 

J . Box Canyon. The drainages associated with Box Canyon have a relatively steep 

gradient and contain limited very narrow deposits of unconsolidated alluvium. The 

canyon bottoms are narrow and alluvium is typically less than 15 feet thick. Much 

of the floor of the channel rests directly on bedrock. These unconsolidated deposits 

have not been mapped in detail. 
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K. Canyons of Greens Hollow Tract. The drainages have a relatively steep gradient 

and contain limited very narrow deposits of unconsolidated alluvium. The canyon 

bottoms are narrow and alluvium is shallow. Much of the floor of the channel rests 

directly on bedrock. These unconsolidated deposits have not been mapped in 

detail. Refer to the Geologic Fence Diagram in Appendix 6-4. 

2. There is no flood irrigation in the mine plan area or the adjacent area and no evidence of 

historical use of flood irrigation. 

3. Flood irrigation may be possible on a few small patches of alluvium in drainages in the mine 

permit area. Mud Springs Hollow, Duncan Draw, and the uppermost segment of East 

Spring Canyon all have small areas underlain by alluvium that could be flood irrigated. Due 

to small size, steepness, water availability, land ownership, and short growing season, 

these areas are not practical for flood irrigation. In this region, flood irrigation is not 

practiced in such high mountain drainages. 

4. In the adjacent area, flood irrigation may be possible in a few locations. This includes: 

A. North Fork Quitchupah Creek and Quitchupah Creek. In the lower segments of 

these drainages are narrow alluvial deposits. Due to their small size, steepness, 

deeply incised streams and rough terrain, flood irrigation is not feasible. Regionally, 

relatively flat, wide drainage bottoms are flood irrigated. Alluvium in drainages with 

characteristics similar to Quitchupah Creek and its North Fork, however, are not 

flood irrigated. 

B. Duncan Draw, Mud Spring Hollow and small tributaries of the upper segment of 

North Fork Quitchupah Creek and its South Fork. These drainages may have small 

areas capable of flood irrigation. Due to small size, steepness, land ownership, and 

short growing season, these areas are not practical for flood i ~r.igation. In th is 

region, flood irrigation is not practiced in such high mountain drai ~ages: " :'/\'; L 'J 
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C. Muddy Creek Canyon. This drainage may have small areas capable of flood 

irrigation. These areas are located at least 1 mile downstream of the Pines Tract. 

Due to the limited areal extent, limited access, steepness, land ownership, short 

growing season, and difficulty in maintaining a diversion, these areas would not be 

practical for flood irrigation. 

5. Subirrigated lands are present in both the mine permit and adjacent areas where 

agriculturally useful vegetation is dependent on moisture supplied by groundwater or 

frequent flood flows. In the mine permit area, small areas (less than 2 acres) are present 

along Duncan Draw and the uppermost end of East Spring Canyon. Limited subirrigated 

lands are also present in Box Canyon and its tributaries. There are small, narrow areas 

where riparian vegetation is present along stream banks that are subirrigated. 

In the adjacent area, small areas of subirrigated rangeland are present. The upper segmentof 

Duncan Draw, Mud Spring Hollow, Convulsion Canyon, and North Fork Quitchupah Creek and its 

South Fork, and portions of Muddy Creek contain small subirrigated areas. Narrow strips of 

riparian vegetation present along stream banks are subirrigated. 

General Area 

A potential AVF exists along portions of Quitchupah Creek from the adjacent area boundary 

downstream to the general area boundary. This area has not been investigated in detail; however, 

flood irrigation is practiced on approximately 110 acres and an additional 25 acres may have been 

irrigated in the past (Plate 9-1). Quitchupah Creek in this segment is deeply incised into the 

alluvium creating steep banks with a narrow stream channel. Thickness of the alluvium is 

unknown, but probably is greater than 50 feet. 
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3.2.2 Operations Affecting Designated Alluvial Valley Floor 

Based on hydrology and geology of the mine permit area and the adjacent area, there appear to 

be no alluvial valley floors in these areas. A possible AVF exists in the general area along 

Quitchupah Creek downstream of the adjacent area boundary. Approximately 110 acres are being 

irrigated at this location (Plate 9-1). There appear to be no other potential alluvial valley floors in 

the general area. 

All of the surface on the Quitchupah Lease is owned by the United States. The surface 

management agencies (USFS and BLM) have determined that no alluvial valley floors exist on the 

lease. Their finding is documented on page 6 in the Environmental Assessment for the Quitchupah 

Lease Tract included as Appendix 9-1. 

All of the surface on the Pines Tract Lease is owned by the United States. Based on the above 

discussi9ns, the Natural Resources Conservation Service De.termination on the Pines Tract 

(located in Appendix 2-1), and the information provided in Chapters 2, 3, 6, and 7, alluvial valley 

floors are not present within the Pines Tract. 

All of the surface on the SITLA Muddy Tract Lease is owned by the United States. Based on the 

above discussions, and the information provided in Chapters 2,3,6, and 7, alluvial valley floors are 

not present within the SITLA Muddy Tract. 

The Greens Hollow Tract Lease is owned by the United States. Based on the above discussions, 

and the information provided in Chapters 2,3,6, and 7, alluvial valley floors are not present within 

the Tract. 
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