
c-r Canyon Fuel 
'IF Company, llC 

A Subsidiary or Bowie Resource Holdings. LLC 

April 20, 2017 

Permit 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 

Sufco Mine 
jO!ln d Byars 
Ge">8'9. Manager 
397 South 800 West 
Sa lina, Utah 84654 
(435) 28('-'1400 
Fa' (435) 286-44<)(J 

Re: Revision to M&RP to Add Greens Hollow Lease Tract, Sufco Mine, Canyon Fuel Company, 
LLC, Permit Number C/04110002 

Dear Sirs: 

Please find enclosed with this letter two volumes containing text, drawings and appendices with 
information related to the addition ofthe Greens Hollow Lease. A third binder contains 
"Confidential" information. 

Weare working on an A VS update for all the Canyon Fuel Company operation, therefore that 
information will follow in a separate amendment. 

We anticipate this amendment will require major pagination changes in most of the chapters due the 
large amounts of text being add to cover the inclusion of the Greens Hollow Lease. If the review of 
the revised text becomes too onerous, we could submit the complete chapter text including the 
pages with and without changes on a flash drive. 

Since the pagination and in tum the Table of Contents will change with the inclusion and deletion of 
text the page numbers have not been revised or recorded in the Table of Contents. The Table of 
Contents will be corrected when the amendment is approved and clean copies are submitted. 

Although requested Plate 7-3 has remained in the previous form, which includes both historic and 
current hydrology monitoring. The PHC for Greens Hollow has a drawing showing the monitoring 
locations and associated information requested (Appendix 7-28). 

If you have questions or need addition information please contact Vicky Miller at (435)286-448l. 

CANYON FUEL COMPANY, SUFCO Mine 

RECElVED 
General Manager !\I-l\{ 7; I 7.011 

Encl. OIV. OF OIL, GAS & MINING 
cc: DOGM Correspondence File 

SLlfco i\ l illt: 

suzannesteab
Text Box
#5445



APPLICATION FOR COAL PERMIT PROCESSING 

Permit Change X New Permit D Renewal D Exploration D Bond Release D Transfer D 

Permittee: Canyon Fuel Company, LLC 
Mine: Sufco Mine Permit Number: C/041/0002 
Title: Revision to M&RP to Add Greens Hollow Lease Tract 

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 YesDNo 
DYes XNo 
XYes D No 
X Yes DNo 
DYes XNo 
DYes XNo 
X Yes D No 
DYesXNo 
DYesXNo 
DYesXNo 

DYes XNo 
XYesDNo 
X Yes D No 
DYesXNo 
DYesXNo 
DYes XNo 
DYes XNo 
X Yes D No 
X Yes D No 
DYesXNo 
DYes XNo 
X Yes DNo 
D YesXNo 

I. Change in the size of the Permit Area? Acres: 6696.41 Disturbed Area: __ l:8J increase D decrease. 
2. Is the application submitted as a result of a Division Order? 00# __ 
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: 

11. 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? (Modification ofR2P2) 

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 application 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 official 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 Utah in reference to commitments, undertakings and obligations, heroin. 

~ z::,'b-o;b); &.t~r.s (\j ~ (,e'" J"ABY_ q-2l- If 
Imrt Name ~:;JSiiiOJ;~ J 

, \ aY Of ' pd\ ,20ll l __ 
_______ , 20 __ ) 

---------------} ) ss : 

For Office Use Only: 

Form DOGM- Cl (ReVised 9117/2013) 

JACQUELYN NEBEKER 
Notary Public 
State of Utah 

My Commission Expires 0312412019 
COMMISSION NUMBER 681827 

Assigned Tracking Received by Oil, Gas & Mining 
Number: RECE\VED 

'WI) ~ ~ t "\ ,~. 
7ll'l I 

DIV. Or OIl., GAS & MINING 



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: CI041/0002 
Title: Revisions to M&RP to Add Greens Hollow Lease Tract 

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 

o Add [gJ Replace o Remove Chapter 1 

[gJ Add o Replace o Remove Appendix 1-1, add information to the back of the existing appendix 

o Add [gJ Replace o Remove Chapter 2, Pages 2-1, 2-8, 2-27 

o Add [gJ Replace o Remove Plate 2-3 

o Add [gJ Replace D Remove Chapter 3, TOe, Pages 3-2,3-5,3-6,3-9,3-10,3-14,3-15,3-16,3-26 thru 3-31, 3-34, 3-61 

o Add [gJ Replace D Remove Plates 3-1, 3-2, and 3-3 

[gJ Add D Replace o Remove Appendix 3-4, Confidential, add information to the back of the existing appendix 

[gJ Add D Replace o Remove Appendix 3-15, Greens Hollow 

o Add [gJ Replace D Remove Chapter 4, Pages 4-ii, 4-1, 4-7, 4-15, 4-22,4-23 

[gJ Add o Replace DRemove Appendix 4-2, Confidential, add information to the back of the existing appendix 

[gJ Add o Replace D Remove Appendix 4-5 and 4-6, add information to the back of the existing appendix 

o Add [gJ Replace D Remove Plate 4-1C 

o Add [gJ Replace D Remove Chapter 5, Pages 5-1 ,5-18, 5-19,5-26, 5-45, 5-48,5-49 

o Add [gJ Replace DRemove Plates 5-1, 5-2C, 5-5, 5-6, 5-7, 5-8, 5-10, 5-11 

o Add [gJ Replace D Remove Plate 5-1 OC Confidential 

o Add [gJ Replace D Remove Chapter 6, Pages 6-iii,6-1 , 6-11 , 6-22, and Plate 6-1 

o Add [gJ Replace o Remove Appendix 6-4, add information to the back of the existing appendix 

o Add [gJ Replace o Remove Chapter 7*, Pages 7-x, 7-1, 7-2, 7-3 , 7-5, 7-6 7-7,7-12,7-15,7-16,7-17,7-19,7-20,7-22, 

o Add [gJ Replace D Remove Chapter 7*, Pages 7-23, 7-23A, 7-23B, 7-25, 7-26, 7-29, 7-32, 7-34, 7-38D, 7-38E, 7-38F, 

o Add [gJ Replace D Remove Chapter 7*, Pages 7-40, 7-40A, 7-41 , 7-41A, 7-42, 7-43, 7-44, 7-47, 7-48A, 7-54, 7-55, 

o Add [gJ Replace D Remove Chapter 7*, Pages 7-57, 7-58, 7-59,7-60,7-65,7-66,7-68,7-72,7-74,7-76,7-77,7-86, 

o Add [gJ Replace o Remove Chapter 7*, Pages 7-92, 7-96, 7-98, 7-100, 7-105,7-106,7-107 

[gJ Add D Replace D Remove Appendix 7-1, add information to the back of the existing appendix 

[gJ Add o Replace o Remove Appendix 7-27 

[gJ Add D Replace o Remove Appendix 7-28 

o Add [gJ Replace DRemove Plates 7-2 and 7-3 

o Add [gJ Replace D Remove Chapter 8, Pages 8ii, 8-6, 8-9 

o Add [gJ Replace D Remove Chapter 9, Pages 9-, 9-4, 9-5, 9-7 and Plate 9-1 

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

Received by Oil, Gas & Mining 

RECE\VED 
April 21, 2017 

* Chapter 7 pagination has been extended by adding letters behind page numbers for years, this 
has caused major problems with paginating extensive changes to text. An effort is being made to 
remove the pages numbered with letter designations (i.e. 7-57A, 7-57B, 7-57C) and have 
exclusively numb eric page numbers . 

Fonn DOGM - C2 (Revised March 12, 2002) 

IW \~ ?, '\ 2 (J \ I 

OIV. Or Oil .. GAS & MINING 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
April 2017 JUfle 19, 2015 
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Canyon Fuel Company, LLC 
SUFCO Mine 

LIST OF APPENDICES 

Mining and Reclamation Plan 
April 2017 JURe 19, 2015 
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Canyon Fuel Company, LLC 
SUFCO Mine 

CHAPTER 1 

GENERAL CONTENTS 

Mining and Reclamation Plan 
April 2017 JUfle 19, 2015 

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, SUFCO Mine, Skyline 

Mines, 8ftd- 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, 8ftd- 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, 8ftd- 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, 8ftd- Banning Loadout and other operations. 

1-1 



Canyon Fuel Company, LLC 
SUFCOMine 

Mining and Reclamation Plan 
Aprl12017JuMe19,2015 

112.400 Coal Mining and Reclamation Operation Permit Applications 
Previous, Current or Pending 

The following list describes 8ft permits held by Canyon Fuel Company, LLC, 8ft pending 

applications for permits, and any 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 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 Communications 
Commission 

1-2 

Approved 

Approved 

Approved 

Approved 

Waste Rock Disposal 
Area Construction Plan 

Approved 



Canyon Fuel Company, LLC 
SUFCOMine 

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 
April 2017 JUMe 19, 2015 

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 
Skyline Mine 
Soldier Canyon Mine 
Banning Loadout 
Dugout Canyon 

C/041 1002 
C/007/005 
C/007/018 
C/0071034 
C/0071039 

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

Operations held by subsidiary companies of Arch Coal, Inc. 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 prepared for the Dugout Canyon Mine, Soldier 

Canyon Mine, SUFCO Mine and Skyline Mines and Banning Loadout operations. 

1-3 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
April 2017 JUFle 19, 2015 

112.500 Legal or Equitable Owner of the Surface and Mineral Properties 

Owner of"8tl-the surface under Federal Coal Leases U-062453, SL-062583, U-0149084, U-047080, 

U-063214, U-28297, UTU-76195 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 Coal 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 

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 600 West 
Price, Utah 84501 

1-4 



Canyon Fuel Company, LLC 
SUFCO Mine 

State of Utah 

Mining and Reclamation Plan 
April 2017 JUFle 19, 2015 

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. 

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. 

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 

1-5 



Canyon Fuel Company, LLC 
SUFCOMine 

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 

Mining and Reclamation Plan 
Aprl12017JuRe19,2015 

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 

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 . 

1-6 



Canyon Fuel Company, LLC 
SUFCO Mine 

112.800 Interest in Contiguous Lands 

Mining and Reclamation Plan 
April 2017 dUfle 19, 2015 

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 Dugout 08 1'1 yo 1'1 Mine, Soldier 08 1'1 yo 1'1 Mine, SUFOO Mine, Skyline 

Mines 81'1d B~ml'lil'lg L08dout 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. 

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, 

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. 

1-7 
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Canyon Fuel Company, LLC 
SUFCOMine 

Mining and Reclamation Plan 
April 2017 JUfle 19, 2015 

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-841 02 has been issued to Canyon Fuel Company, LLC a copy of the documents 

are 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 

Sec. 33, W1/2NW1/4 

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

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

Sec. 12, NE1/4 and N1/2SE1/4 

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

Modified January 1973, December 2009 

1-8 



Canyon Fuel Company, LLC 
SUFCO Mine 

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,-inet:-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 

Mining and Reclamation Plan 
April 2017 dUFle 19, 2015 

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 

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 - (8,826.34 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 

1-9 



Canyon Fuel Company, LLC 
SUFCO Mine 

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. 15, '#1/2 

Mining and Reclamation Plan 
April 2017 JUfle 19, 2015 

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. 27, all; 

Sec. 28, N1I2, N1I2SVV1I4, SE1I4SVV1I4, S[1I4 

Sec. 29, [112~~[114, N[1I4S[1I4 

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 2: 

T. 21 S., R. 5 E., SlM, Uta" 

Sec. 10, S[1I4~~V'1I4, [1I2SW1I4, [1I2[1I2SW1I4S'#1I4, 

[1/2[1/2N\\'1/4SW114, [1/2[1/2S'1I\,1/4NW114. 

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 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
April 2017 Jutle 19, 2015 

Federal Coal Lease UTU-76195 - (4,148.15 5,694.66 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. 10, E1l2 

Sec. 11, all 

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. 14, all 

Sec. 15, E1!2 

Sec. 22, E1I2 

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.-2a-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 

BLM Right-of-Way UTU-911 08 (70 Acres +/-) - 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 
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BLM Lease UTU-84102 (6,696.41 Acres) 

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

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

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

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

Sec. 24, all. 

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

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

Sec. 20, S1/2 

Sec. 21, W1/2, SW1/4 

Sec. 28, W1/2 

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, Utah 

Sec. 1, Lots 1 - 4, S1/2 

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, Utah 

Sec.6,all 
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SUFCO Mine 

Mining and Reclamation Plan 
April 2017 JUfle 19, 2015 

2004 

State of Utah Coal Lease ML 49443-0BA - (2,294.19553.84 acres +1-) - Approved October 

Modified June 2015, February 2017 

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

Sec. 32: S1/2S1/2 

Sec. 33: S1I2S1/2 

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 

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, NW1I4NE1I4 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. 
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SUFCO Mine 

Mining and Reclamation Plan 
April 2017 JUFle 19, 2015 

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 45:-32 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 20,991.07 23,650.97 acres of Federal coal leases, 70 acres 

of BlM R-O-W, 2,294.19,553.84 acres of State of Utah coal leases, 640 acres of fee coal leases, 

the 240 acres waste rock disposal site and 45:-32 28.5 acres under U.S. Forest Service special use 

permit for a total of 24,310.23 26,923.66 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. 
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SUFCO Mine 

116 Permit Term 

Mining and Reclamation Plan 
April 2017 June 19, 2815 

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 numberoftotal surface acres to be affected over the entire 

mining operation is 48.432 96.42 acres +/- . 

PERMITTED 
DISTURBED 

AREA 
BOUNDARY 

30.210 
0.967 

0.220 
0.784 
1.595 
0.286 
1.774 
0.302 
0.396 
0.287 
0.245 
0.380 
0.45 

10.986 58.52 
0.000 
0.000 

48.432 96.416 

ACTUAL AREA 
CURRENTLY 

DISTURBED TO 
BE RECLAIMED 

17.405 
0.39 

0.075 
0.40 
0.193 
0.017 
0.70 
0.017 
0.017 
0.18 
0.12 
0.18 
0.351 

8:-T33 28.78 
0.00 
0.00 

28.427 48.825 

SITE DESCRIPTION 
Mine Site, East Spring Canyon 
Spring Collection Field, Convulsion Cyn. 
Oal'lYol'I 
Pump House, Convulsion Canyon 
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 Disposal Site* 
North VVater Mitigation Area 
QuitenupaM Fan and SMaft Site 

Totals Acres +/-

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

The legal description of the SUFCO permit area: 

Mining and Reclamation Plan 
April 2017 JUfle 19, 2015 

Mine Site Facility, Water Tank, South Portals, Spring Collection Field, Pump House, 
Pipeline, Leachfield (Approximately 64.403 acres +/- ) 

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 +/-) 
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 4e acres +/-) 
T. 22 S., R. 4 E., SLBM, Utah 
Section 18. N!N1f4~~E1I4 

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 /4NE 1 /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 /2E 1 /2SW1 /4NE 1 /4NE 1/4, NW 1 /4SW 1 /4NE 1/4, W 1 /2NE 1 /4SW 1 /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, S1/2SE1/4NW1/4SE1/4NW1/4, 
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, E1I2SVV1l4SVV1f4, NW1/4SE1/4, S1/2NE1/4SE1/4 
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Section 12: A Portion of the following: 
W1/2SW1/4 

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

Quitcnupan Fan and Shaft Site (Approximately 68.640 acres) 
T. 21 S., R. 5 E., SLBM, Utan 
Section 18: A Portion of tne following: 

S112 
Section 19: A Portion of tne follo'oving. 

NW1/4NEV4NE1/4 
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 portions of Federal coal 

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

areas for a total of 720.483 691. 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 Dugout Canyon Mine, Soldier Canyon Mine, SUFCe Mine, 

Skyline Mines and Banning Loadout operations and in Appendix 8 1. on file with the Division. 
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SUFCO Mine 

Mining and Reclamation Plan 
April 2017 dUfle 19, 2015 

The 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. 

3 Right 4 East Panel(s) 

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 
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Mining and Reclamation Plan 
April 2017 dUFIe 19, 2015 

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 forthe 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. 

140 Maps and Plans 

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 

Tne A~~lieant believes tne information in tnis ~ermit a~~lieatiofl to be eom~ete a~d eorreet. 

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. 
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REFERENCES: 

Mining and Reclamation Plan 
April 2017 JURe 19, 2015 

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 
Expiration 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 

F~27~(10AJ9) 
OMB No. 0596-0082 

CANYON FUEL COMPANY, LLC. C/O BOWIE RESOURCE PARTNERS. LLC ATIN: scon KEHRER 225 N 5TH 
STREET, SUITE 900 GRAND JUNCTION CO 81501 (hereinafter "the ho/de") 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., R 4 E., SALT LAKE MERIDIAN, ("the permit area"), 
as shown on the map attached as Appendix A. This permit issued for 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 power1ine, 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 CFA Part 
251, Subpart B. as amended, and is subject to ~ir provisions. 

8. 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. 

o. RENEWAL This permit Is not renewable. Prior to expiration of this pennit, the holder may apply for a naw 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 thls permit, the 
authorized officer shall require that (1) the use and occupancy to be au1hOrized 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 clscretion 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 ptan, or projects and activities Implementing a 
land managE:lment plan pursuant to 36 CFR Part 215. 

F. COMPUANCE WITH LAWS, REGULAnONS, AND OTHER LEGAL REQUIREMENTS. In exercising the rights and 
privileges granted by this permit, the holder shall comply with aI/ present and future federal laws and regulations and all 
present and fUMe state, county, and municipal laws. regulations, and other legal requirements that apply to the permit 
area, to the extent they do not conflict with faderallaw, regulation, or policy. The Forest Service assumes no respOllsibility 
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 of access to the permit area, Including a continuing right of physical entry to the pennit area for inspection, 
monitoring, or any other purpose consistent wi1h any right or obligation of the United States under any law or regulation. 
The Forest Service reserves the right to allow oltlers to use the permit area in any way that is not inconsistent with the 
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 temporary 
improvements, the /8.nds and waters covered by this permit shall remain open to the public for all lawful purposes. 
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H. ASSIGNABIUTY. 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 01 titl~ 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 permit. The party who acquires title to the Improvements must submit an application for a 
permit The Forest Service is not obligated to issue a new permit to the party who acquires tiUe 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 Control. The hoIde,r shall notify the authorized officer when a change in control 
of the business entity that holds this permit 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 permit the exercise of managerial authority over the actions 
and operations of the corporation or eiection of a majority of the board of dlrectOf'S 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 Change in Control. Any change in control of the business entity as defined in paragraph 1 of 
this clause shall result in termInation 91 this permit. The party acquiring control must submit an application 
for a special use permit. The Forest Service is not obligated to issue a new permit to the party who 
acquires control. The authorized officer shall determine 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 hotdets consent, the Forest 
Service may convey the lands covered by this permit without reserving the right-of-way granted by this permit. If the 
holder does not consent to conveyance without reservation of the right-of·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 aclivity, unle.ss specifically authorized by this permit. Any use not specifically authorized by this permit 
must be proposed in accordance with 36 CFR 251.54. Approval of such a proposallhrough 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 
plan revisions must have written approval from the authorized officer before they are Implemented. The authorized officer 
may require the holder to fumish as-built plans, maps, or surveys upon completion of the work. 

B. CONSTRUCTION_ Any construction authorized by this permit shall commence after July 1, 2014 and shaU be 
completed by October 31,2015. 

III. OPERATIONS. 

A. PERIOD OF USE. Use 01' occupancy of the permit area shaU be exercised at least 365 days each year. 

B. CONDmON OF OPERATIONS. The holder shall maintain the authorized improvements and permit area to standards 
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of repair, orderliness. neatness, sanitation, and safety acceptable to the authorized officer and consistent with other 
provisions of this permit. Standards are subject to periodic change by the authorized officer when deemed necessary to 
meet statutory, regulatory. or policy requirements or to protect national forest resources. The holder shall comply with 
inspection reqUirements deemed 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 transp"lisslon facilities at any time for compliance with the terms of this permit. The 
holder's obligations under this permit are not c<lntingent upon any duty of the Forest Service to Inspect the permit area or 
transmission facilities. A failure by the Forest Service or other governmental officIals to inspect is not a justification for 
noncompUance with any of the terms and conditions of this permit 

IV. RIGHTS AND LlABILmES 

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 Part 251, Subpart C, and 5 U.S.C. 704. This permit does not constitute a contract for 
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 RIGtfTS. This pennil 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 BENERCIARY RIGHTS. The parties to this pennil do not intend to confer any rights on 
any thi.rd party as a beneficiary under this permit. 

D. SERVICES NOT PROVIDED. This pennit 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, fire and any fire-fighting activities (including prescribed bums), avalanches. rising waters. 
winds, falling limbs or trees, and other forces of nature. If authorized temporary Improvements in the permit area are 
destroyed or substantiaUy damaged, the authorized officer shall conduct an analysis to determine whether the 
improvements can be safety 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 
Qovemment-owned improvements covered by this permit, and all costs and damages associated with or resulting from the 
relea.se or threatened release of a hazardous material occurring during or as a result of actlvlties 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" shall 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); (c) any petroleum product or Its derivative. including fuel oil, and waste oils; and (d) any hazardous substance, 
extremely hazardous substance, toxic substance, hazardous wa.ste, ignitable. reactive or corrosive materials, poliutant, 
contaminant, element, compound, mixture, solution or subs~ that 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, 
vege~tion (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 oovered by this permit 
becomes damaged during 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 shail be liable for all injury, loss, or damage. incll,lding fire suppression, prevention and 
control of the spread of invasive species, or other costs in connection with rehabilitation or restoration of 
nalural 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 restoration, 
cleanup, or other mitigation, fire suppression or other types of abatement costs, and all administrative, 
legal (including attorney's fees), and other costs. Such costs may be deducted from a performance bond 
required under clause IV.I. 

3. The holder shall be liable for damage caused by use of the h91der or the holder's heirs, assigns, agents, 

https://iweb.fs. usda.gov/utiJslprocessPennit.jsp ?refFile=lmiwebfileslinfradocsltemp/dchrist... 611812014 



Page 4 of8 

employees, contractors, or lessees to all roads and trails of the United States to the same extent as 
provided under clause IV.F.1 , except that liability shall not inc/ude 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 out 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 otnet 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. The 
holder shall immediately notify the authorized officer of all serious accidents that occur in connection with suCh activities. 
The responsibility to protect the heafth and safety of all persons affected by the l!sa or occupancy authorized by this 
permit is solely that of the holder. The Forest Service has no duty under the terms of this permit to inspect the permit area 
or operations and aclivitJes of the holder for hazardous conditions or compliance with health and safety standards. 

H. INOEMNIACAnON 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 
of the holder in connection with the use or occupancy auth~)rized by this permit. This indemnifICation provision includes 
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 i/1C\lrred by the United States; or (4) the release or 
threatened release of any solid waste, hazardous waste, hazardous materials, potlutant, contaminant, aU in any form, or 
petroleum product into the environment. The authorized officer may prescribe teons that aflow 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. BONotNG. The authorized officer may require the holder to furnish 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 or occupancy authorized 
by this permit comply with all applicable federal, state, and local environmental laws and regulations, including but 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 Control Act, as amended, 33 U.S.C. 1251 et seq., the Oil Pollution Act, as amended, 33 
U.S.C. 2701 at seq., the Clean Air Act, as amended, 42 U.S.C. 7401 et seq., CERCLA, as amended. 42 U.S.C. 9601 et 
seq., the Toxic Substances Control Act, as amended, 15 U.S.C. 2601 et seq., the Federal Insecticide, Fungicide, and 
Rodenticide Act, as amended, 7 U.S.C. 136 et seq., and tM Safe Drinking Water Act, as amended, 42 U.S.C. 3001 et seq. 

B. VANDALISM. The holder shall take reasonable measures to prevent and discourage vanda/ism 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 heroaceous 
vegetation (including aquatic plants). insects, rodents, fish, and olher pests and weeds without prior written approval from 
the authorized officer. A request for approval of planned 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·month period of planned use beginning 3 
months after the reporting date. Information essential for review shall be provided in the form specified. Exceptions to this 
schedule may be allowed, subject to emergency 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 fol' the speCific purpose planned shall be considered for 
use on National Forest System lands. Label Instructions and all appficable laws and regulations shall be strictly followed in 
the application of pesticides and disposal of excess materials and contalne~; 

D. 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, 
fossUs, or artifacts discovered In connection with the uSe and occupancy authorized by this permit. The holder shall leave 
these discoveries intact and in place until directed otherwise by the authorized officer. Protective and mitigative measures 
specified by the authorized officer shaff be the responsibility of the holder. 

E. NATIVE AMERICAN GRAVES PROTECTION AND REPATRIATION. In aCCQrdance With 25 U.S.C. 3002(d) and 43 
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 area of the discovery and shall 
make a reasonable effort to protect and secure the items. The holder shall immediately notify the authorized officer by 
telephone of the discovery 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 take any protective and mitigative measures specified by the 
authorized officer. If protective and mitigative measures prove inadequate, if other sites within the pennlt 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 aulhorized 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 penn It shall include, or In the case of approval provided after this penni! is 
issued, shall be amended to include 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 ptan. 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 
column (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 
shall maintain Material Safety Data Sheets for any stored hazardous chemicals, consistent with 29 CFR 
191 0.12OO(c) an~ (g). In addition, all hazardous materials stored by the holder shall be ~sed, 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. ooto land or intq 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 materials. The authorized officer in cf1arge may specify 
specifiC conditions that must be met, including cooditions more stringent than fe~ral, state, and local 
regulations, to prevent releases and protect natural resources. 

H. CLEANUP AND REMEDIATION 

1. The holder shall immediately notify an appropriate response authorities, including the National Response 
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 or equal to its 
reportable quantity, in accordance with 33 CFR Part 153, Subpart e, and 40 CFR Part 302. For the 
purposes of this requirement, "aU" Is as defined 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 tenn Is defined under Section 101(10) of 
CERClA, 42 U.S.C. 9601(10), the holder shall clean up or otherwise remedtate any release, threat of 
release, or discharge of hazardous materials that occurs either in the pennit 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 free and clear of 
contamination. 

I. CERTIACAOON 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 
professionalOf' professionals acceptable to the Forest Service !hat the pennit area is uncontaminated by the presence of 
hazardous matenals 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 tenn 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. If a release or discharge has occurred. the professional or professionals shall 
document and certify that the release or discharge has been fully remedlated 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 hotder shall pay an initial annual land use fee as shown on the bill for collection for the period 
from January 1. ~015 to December 31, 2015. and thereafter on the date shown 01'1 tne bill for colleetJOI'1. Shall pay arl 
annual land use fee as determined by the mari<et value of the authorized use. 

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

C. FEE PAYMENT ISSUES. 

1. Credning of Payments. Payments shaD be credited on the date received by the deposit facility, except 
that if a payment is received on a non-wodtday, the pay~ 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. bate Payments 

(a) Interest. Pursuant 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 became due. The rate of interest assessed shall be the higher of the Prompt 
Payment Act rate or the 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. lnterest on the principal shall 
accrue from the date the fee amount is due. 

(b) Administrative Costs. If 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) Termination fO! Nonpayment. ThIs pennit shall terminate without the necessity of prior notice and 
opportunity to comply when any pennlt fee paymElnt is 90 calendar days from the due date in arrears. The 
holder shall remain responsible for the delinquent fees. 

4. Administrative Qffset 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 at 
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 Servk:e. 

(b) If in excess of 60 days, referral to the Department of the Treasury for appropriate collection action as 
provided by 31 U.S.C. 3711(g)(1). 

(c) Offset by the Secretary 0' the Treasury of any amount due the holder, as provided by 31 U.S.C. 3720 at 
seq. 

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

VII. REVOCAnON, SUSPENSION. AND TERMINATION 

A. REVOCATION AND SUSPENSION. The authorized 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 decisions by the authorized officer relating to administration of this permit are 
subject to administrative appeal pursuant to 36 CFR Part 251, Subpart C, as amended. Revocation or suspension of this 
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IMrmlllhall not g/v8 riI. 10 any claim tor ~ bv the holder again" the Fcnet 8eMc:e. 

C. TERM/NATtoN. Thl. permit ehad termlnat. whefl by 11$ terms • fixed or agreed upon <IOIlditlon, event, or Ume oOcura 
wfthout any aotlon by the authortz.ed offlc:er. ExIm".. Include but .,. net limited to axplratlon 01 the permit by II.e ler!ns on 
a IP4dIed dat. and termination upon mange of COI'lIrQI of the buaIneu entIty. Tennlnalfon of thJI penn" 8ha11 not """Ife 
notice, a dtdalon document. or Iny tl'lWoMl6l'ltal anlfylle or other documenllllon. Termination of thtt pennlt fa not 
~Ject to admlnletnltlVe appal and ahall nol ~ rfN to any dalm tor damIgaa by the holder aga/n81 thl Forat ServIce. 

D. RIOHlB AND RElJPON8l8ILmES UPON REVOCAnOH wt TEA_AnON WmtOur RlNEWAL Upon 
I'8IIOC:t.tfon or termination of ttlil permit without ,.rwwar of the MIlhoI1zed UN, the holder shall rImCMI d IlructurM IIld 
Improwrntnle. a:ept thOle owned bv the Unlled -... wItNn a NIIOnabil pettocl prIICI1bld by the authoIfzId ofIIceI 
and IhaD ruetol9 tht lite to U1e NtlIfacllon of tie arthortnd otIIcer. • 1M hddlr .... to NmOVe II IIIIUcIurea and 
ImprOllemtnls wIttIln the pn.crlbed pel1od. they Ihd become the property of the UnIIId .... InC! may be lOkI, 
destroyed, or othtfWf8e dlIponcI of wt1hout f1FIllabllly to the United 81atM. H0W8Y1W. the holder IhaIIlWmIftllable for all 
COI1a MIOCIated WIth theIr removal, Including costa of aaJe and Impoundment, cleanup. met ,..,oratIon of the lie.. 

VIII. MlICEUANEOUS PROVI8JOH8 

A. MEM8ER8 OP CONaRIa No memb.,. of or deJegaIe to Congmaa or ...tdtInl commJaaloner ahaD benefit from Ihia 
permit either dJrectI'f or Indlrlctly. exoept 10 1hI_nt ttle luthorimd use proYlde8 a general benefit to a corporalon. 

8. CURReNT ADDAalE8. The holder and .,. FomI s.vIce ... 1 IcHp Mdt other Informed of QUmlrd mailing 
aden ..... Incfudlng liON neceeeary forbllRng ItId payment of land 11M feel. 

C.IUPER8I!DED P!RMlT. 11U permit .~. tpeCIa/ ... pennII deelgna1td CANYON FUEL COMPANY. LL.C., 
RICge and AIC407802, dIted 011280'2008 and 7Ai1111188. 

D. SUPeRIOR CU ..... If u.r. I •• oonllct ......" any of the preceding printed cr.u ... and any of the following 
cIeuIeI, the precedng printed dau8M IhII/ contror. 

E. hMrPlt!mtnt AtfpgttJgn (133). 'I1lIt aulhorizatJOfl Ia gtanled with the .xprae underwtandng that Ihould fulllre 
location of United etatel Govemment-<Ml'\ed I~rovement. or road I1gh1a-ol-way require the refocatJon altho hoIdeJ's 
Improvemenll. sUCh relocation wRl be done by. and 81 the 8XJ*l88 of, the holder within 81'888Onable tIme as epecIfled by 
the autho~ed offIcIr. 

Thla permit Ie acceptecIeub,.t to the conditione Nt oUl abov.. 

", 

CORPORATE NAME 

(CORPORATE SEAL) 

.. I I t) 8eote1aly 
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The foHowfng certlftc:atl ehall be executed by the secretary or UllNnt I8OI'etary of th. c:ocporatlon: 

I Be;"., .r~~ f'!-.t . ctfIfy that I am the Sacllllaly of !he corporatton that elClCUted the above 
penN1: thM «\1; • ., o;ll .... ""(i'lo , vmo ligned Hid pennft on behalf of ea.Id CofJIOratIon was 1hIn of 
laid Corpomtkln; that I know hlaltNtr algnature on aid pennlt .. glf'lulnei and that aaJd permit wu duty 89ted, MIIed, 
lind atteated to for and on behalf of said Corpollltloo by au1hority of lie govemlng body. 

, 
-

(COAPORA~) - " \ (., ., 

~ -~ 
:-r ' ,,-, ~ , . 

f _ 

T 
' /; , 

I "'"~' ~ -- ((; )' ~ . 
~II _ •• 8ea'eIary) Ul " 

...I, \ ':~ , '.1 

.~\ ~-! ~ 
). , , 

"-~ I ~ .... ..' .' \ 1 .\ • • .... .> 

U. 8. ~OF AGRICULTURE 
Forest 

By: 
IAUlhorlllld Offloer Sionaturel 

Flthlake NatIona' Forest 

Allen RowIIr. Fomt SUf**« 

Data: 

AooordIng to ,'- P.-1WOItc RI<b:tIon Act of 1995. an IIgIIIQtj may not concU:t or IIJOI)IOr. and. pellOflll not requl~ 10 tMpOnd, to. 
ocIectIon oIlnfonnel«l unItIe • cIIIpIIye. valid OMS cotm'OI numbtr. ThI vald 0M8 C«ItroI maTI" for "'alnformrdlon ~ It 
05aI-0082. TIle IImI ~ 10 compIIIIIu-. Intonndon cordon " IItImItId to ,,,.,. 1 hour per '"f)OnIt. IncIldIg !hi time for 
~ InItrUc:llonl, teaIdII~ IlCIsIng elida IGlltCIIII. Q8IIJIIMa and IIIIInIIInl~ Iho CSlta nMdId. and compItdng and mlewlng the 
COllectIon of lnformellon. 

The U.S. ~ of AQtIcIAbn (U8OA) PfOhIbb cbcrtnldon In III Its PIOQ1M11 Md IdMtIet on the bull of -., c:dor, IIItioMi 
~. -ot. =. InCf. ,...,. 1!I)pIIcIble, AIIC, merftIII alllt. ram1lllll1a1us. pedntaI ....... 1IIIgIon, MXUII 0/tInId0n, gild: 
1nfonnaIIon. .,.,., ,..,. or bICIuM all or 1*1 of an 1ncIMWa1. Income II dar1wId 110m IfP/ pAllo ........ (Not ~ 
prOtiltllled bUM .".,.,. 10 .. progtamt.) AtI'llClM wIIh ~ who NqIAt. IbrnalIva rneentI tor 00I'III'IUIIcat 0' program 
Infotmltlotl (BIdIII, large pmt.1UdIoCIpt. «c.) Ihot.td ~ USDA .. TARGET c.mer .. 202.720-2eOO (VOa and TOO). 

To fII •• colJ1Olnt of cIecrlmllldon. WIh USDA. DIMcIor. 0IIIce or CIvD RahtI. 1400 IncIIpWldence Awn .. SW, Watl*laton. DC 
20260.&410 or ~ ilol he (8&8) 632-8882 (voice). TOO ...,. eM canIad USOA ~ focIlI .., or .. F«lllalNIIy at (800) m· 
833f (TOO) Of (8M) 877~ (ray voa).lJSOA II an equal opporUtIty provider and 'mplcllJlr. 

The Prtvacy M. of 1874 ~ U.s.C. 5B2e) and tit FIMdom or rnronn.lIan Ad. (6 U.s.C. 552) govern the conIIdanlllllty to lit proyIded fer 
InfonnItIon ~ by 1M FortIt s.Mce. . 
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Canyon Fuel Company, LLC 
SUFCOMine 

597 South SR 24 - Salina, UT EU654 
(435) 288-4880 Phone 

(435} 286-4499 Fax 
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GREENS HOLLOW 



Fonn 3400-12 
(September 2013) UNITED 5T ATES 

DEPARTMENT OF THE INTERIOR 
BUREAu OF LAND MANAGEMENT 

COAL LEASE 

PART 1. LEASE RIGHTS GRANTED 

erial Number 

FORM APPROVED 
OMS NO. 1004-0073 
Expires. June 30, 2016 

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) Canyon Fue 1 Company, LLC 

225 N. 5th Street, Suite 900 
Grand Junction, CO 81501 

hereinafter called lessee, is effective (dale) 4, 1 ,201Jor a period of20 years and for so long thereafter as coal is produced in co 
leased lands, subject to readjustment oflease tenns at the end of the 20th lease year and each IO-year period thereafter. 

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

~ 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. 351 - 359; 
and to the regulations and fonnal orders ofthe Secretary ofthe Inierior which are now or hereafter in force, when not inconsistent with the e 
provisions herein. 

Sec. 2. LessOJ, in consideration of any bonuses, rents, and royalties to be paid, and the conditions and covenants to be observed 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 
sec, 

S., R. 4 L, SLM, Utah 
1, all; 

T. 20 S.; R. 5 E., SLM, Utah 
sec. 19, lots 5-8, E~~W~, SE~; 
sec. 20, S~; 2, SE~; 

T. 21 S., R. 5 E., SLM, Utah 
;:. 6, all; 

sec. 
sec. 
sec. 
sec. 
sec. 

11, E~, E~~; sec. 21, W~W~; 
12, NE~, W~, W~SE~; 
13, W~NE~, NW~; 

sec, 28, W~; 
sec. 29, a 11 ; 

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. (a) RENTAL RATE - lessee must pay lessor rental annually and in 
advance for each acre or fraction thereof during the continuance of the lease at the 
rate ors 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 ROYAL TIES - The royalty will be 8 percent of 
the value ofthe coal as set forth in the regulations. Royalties are due to lessor the 
final day of the month succeeding the calendar month in which the royalty 
obligation accrues. 

(b) ADVANCE ROYALTIES - Upon request by the lessee. the BlM may accept, 
for a total of not more than 20 years, the payment of advance royalties in lieu of 
continued operation. consistent with the regulations. The advance royalty will be 
based on a percent of the value of a minimum number of tons determined in the 
manner established by the advance royalty regulations in effect at the time the 
lessee requests approval to pay advance royalties in lieu of continued operation. 

\3. BONDS - lessee must maintain in the proper office a lease bond in the 
_ A.mt ors 4,590,000 . The BlM may require an increase in this 

amount when additional coverage is detennined appropriate. 

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

when operations under the lease are interrupted by strikes, the elements, or 
casualties not attributable 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 at the time ofthe 
suspension. Lessee's failure to produce coal in commercial quantities at the 
end 0 flO years will terminate the lease. Lessee must submit an operation and 
reclamation plan for the BlM's approval pursuant to 30 U.S.C. 207(c) prior 
to conducting any development or mining operations or taking any other 
action on a leasehold which might cause a significant disturbance ofthe 
environmenl 

The lessor reserves the power to assent to or order the suspension of the 
tenns and conditions ofthis lease in accordance with, inter alia, Section 39 of 
the Mineral Leasing Act, 30 U.S.C. 209. 

S. LOGICAL MINING UNIT (LMU) - Either upon approval by the lessor of 
the lessee's application or at the direction of the lessor, this lease will become 
an lMU or part of an lMU, subject to the provisions set forth in the 
regulations. 

The stipulations established in an lMU approval in effect at the time oflMU 
approval will supersede the relevant inconsistent terms oflhis lease so long 
as 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 terms which 
would have been a lied ifthe lease had not been included in an lMU. 
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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 (dale) • for a period of20 years and for so long thereafter as coal is produced in 
leased lands, subject to readjustment of lease terms at the end of the 20th lease year and each I O-year period thereafter. 

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

~ 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. 3S 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 e)( 
provisions herein. 

Sec. 2. Lessor, in consideration of any bonuses. rents, and royalties to be paid, and the conditions and covenants to be observed as herein set forth, hereby grants and 
leases to lessee the e)(clusive right and privilege to drill for. mine, e)(tract, remove, or Iltherwise process and dispose ofthe coal deposits in, upon, or under the 
following described lands: 
T. 20 5., R. 4 E., SLM, Utah 
sec. 36, lot 4, EYzNE~, NE~SE~; 

T. 21 5., R. 4 E., SLM, Utah T. 20 S., R. 5 E., SLM, Utah 
sec. 19, lots 5-8, E!zSW~, SE~; 
sec. 20, SYz; 

sec. all ; 
sec. SE~; 

T. 21 S., R. 5 E., SLM, Utah 
· C. 6, all; 

sec. 

1, 
2, 

11, 
12, 
13, 
14, 

EYz, El-~!z; sec. 21, Wl-~W~; 

; 
sec. 
sec. 

NE~, W!z, Wl-~E~; 
W!zNE~, NW~; 

sec. 28, W!z; 
sec. 29, all; 

sec. N E~ , E!zNW~ ; sec. 30, all; 
sec. 31, all; 
sec. 32, N!z, Nl-~!z; 
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 e)(ercise of the rights and privileges granted., subject to the conditions herein 
provided. 

PART II. TERMS AND CONDITIONS 
Sec. I. (a) RENTAL RATE - Lessee must pay lessor rental annually and in 
advance for each acre or fraction thereof during the continuance of the lease at the 
rate ors 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 percent of 
the value of the coal as set forth in the regulations. Royalties are due to lessor the 
final day oflhe month succeeding the calendar month in which the royalty 
obligation accrues. 

(b) ADVANCE ROYALTIES - Upon request by the lessee, the BlM may accept, 
for a total of not more than 20 years, the payment of advance royalties in lieu of 
continued operation, consistent with the regulations. The advance royalty will be 
based on a percent of the value of a minimum number of tons determined in the 
manner established by the advance royalty regulations in effect at the time the 
lessee requests approval to pay advance royalties in lieu of continued operation. 

,,-. 3. BONDS - Lessee must maintain in the proper office a lease bond in the 
/hnt ofS . The BlM may require an increase in this 

amount when additional coverage is determined appropriate. 

Sec. 4. DILIGENCE - This lease is subject to the conditions of diligent 
devclo ment and continued 0 eralion. exce t that these conditions are excused 
(Continued on page 2) 

when operations under the lease are interrupted by strikes. the elements. or 
casualties not attributable 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 e)(istence at the time of the 
suspension. Lessee's failure to produce coal in commercial quantities at the 
end of 10 years will terminate the lease. Lessee must submit an operation and 
reclamation plan for the BLM's approval pursuant to 30 U.S.C. 207(c) prior 
to conducting any development or mining operations or taking any other 
action on a leasehold which might cause a significant disturbance of the 
environment. 

The lessor reserves the power to assent to or order the suspension ofthe 
terms and conditions of this lease in accordance with, inter alia, Section 39 of 
the Mineral Leasing Act, 30 U.S.C. 209. 

5. LOGICAL MINING UNIT (LMU) - Either upon approval by the lessor of 
the lessee's application or at the direction of the lessor, this lease will become 
an LMU or part of an LMU, subject to the provisions set forth in the 
regulations. 

The stipulations established in an LMU approval in effect at the time of LMU 
approval will supersede the relevant inconsistent terms ofthis lease so long 
as 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 terms which 
would have been a lied if tlte lease had not been included in an LMU. 



Sec. 6. DOCUMENTS, EVIDENCE AND INSPECTION - At such times and in 
such foon as lessor may prescribe, lessee must furnish detailed statements 
. ~\Ving the amounts and quality of all products removed and sold from the 

.ke, the proceeds therefrom, and the amount used for production purposes or 
unavoidably lost. 

Lessee must keep open at all reasonable times for the inspection by BLM the 
lensed premises and all surface and underground improvements. works, 
maChinery, ore stockpiles, equipment, and all books, accounts, maps, and 
record~ relative to operations, surveys, or investigations on or under the leased 
lands. 

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

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

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

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

Lessee must carry on all operations in accordance with approved methods and 
practices as provided in the operating regulations, having due regard for the 
prevention of injury to life, health, or property, and prevention of waste. damage 
or degradation to any land, air, water, cultural, biological, visual, and other 
resources, including mineral deposits and foonations ofmincral deposits not 
. ~sed hereunder, and to other land uses or users. Lessee must tuke mcasures 

lmed necessary by lessor to accomplish thc intent of this lease term. Such 
,neasures may include, but are not limited to, modification 10 proposed siting or 
design of facilities, timing of operations, and speoification of interim and final 
reclaination procedures. Lessor reserves to itself the right to lease, sell, or 
otherwise dispose of the surface or olher mineral deposits in the lands OI1d the 
right to continuc existing uses and to authorize future uses upon or in the leased 
lands, including issuing leases for mineral deposits not covered hereunder and 
approving easements or rights-of-way. Lessor must condition such uses to 
prevent unnecessary or unreasonable interference with rights 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 all taxes legally assessed and levied under 
the laws of the State or the United Slates; 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; restrict the workday to not more than 8 hours in any 
one day for underground workers, except in emergencies; and take measures 
necessary to protect the health and safety 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 ofthe State in which the lands are situated are more restrictive than the 
provisions in this paragraph, then the State laws apply. 

Lessee will comply with all provisions of Executive Order No. 11246 of 
September 24, 1965, as amended, and the rules, regulations, and relevant orders 
of the 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 to another public body 
or to a person who will mine coal on behal f of, and for the use of. the 
public body or to a person who for the limited purpose of creating a 
security interest in favor of a lender agrees to be obligated to mine the 
COlli on behalf of the public body. 

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

TrOl1sfers of record title, 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 orall 
future obligations under the lease or the relinquished portion thereof, 
whichever is applicable. 

Sec. 10. DELIVERY OF PREMISES, REMOVAL OF MACHINERY, 
EQUIPMENT, ETC. - At such time as all portions of this 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 of the 
mine workings on the leased premises or deposits and place all workings in 
condition for suspension or abandonment. Within 180 days thereof, lessee 
must remove 1T0m the premises all other structures, machinery, equipment, 
tools, and materials that it elects to or as rcquired by the BLM. Any such 
structures, machinery, equipment, tools, and materials remaining on the leased 
lands beyond 180 days, or approved extension thereof, 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. If the 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 of bond liability or at any 
other time when required and in accordance with all applicable laws and 
regulations, reclaim all lands the surface of which has been disturbed, dispose 
of all debris or solid waste, repair the off site and onsite damage causcd by 
lessec's activity or activities incidcntalthercto, and reclaim access roads or 
trails. 

Sec. 11. PROCEEDINGS IN CASE OF DEFAULT -lflessee fails to comply 
with applicable laws, existing regulations, or the teons, conditions and 
stipulations of this lease, and the noncompliance continues for 30 days after 
written notice thereof, this lease will be subject to cancellotion 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 default. Any such remedy or waivcr will not prevent later 
cancellation for the same default occurring at 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 from 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 Act 
(33 U.S.C. 1252 et seq.), the Clean Air Act (42 U.S.C. 4274 et seq.), and to all 
other applicable laws pertaining to exploration activities, mining operations 
and reclamation, including the Surface Mining Control and Reclamation Act of 
1977 (30 U.S.C. 1201 et seq.). 

(Form 3400-12, page 2) 



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

SEE ATTACHED SPECIAL STIPULATIONS 

r (Company or LeSfce Nl me) T J 

, C&-;:L ho Edwin L. Roberson 
(BLM) 

(Title) 

3- /~-d1oI7 
(Date) (Date) 

. .. .: 18 U.S.C. Section 1001, makes it a crime for any person knowingly and wiJIfully 10 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 2.56(b) and (c). 
EFFECT OF NOT PROVIDING INFORMATION: Submission of the requested information is necessary to obtain or retain a benefit. 
Failure to submit all ofthe requested infonnation 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 form 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 of this 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. S23(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 with: Office of Surface Mining regulations, or as 
applicable the Utah program approved under the cooperative agreement in accordance with sec. 
S23(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. 

1 



) 

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 
envirorunental 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 concurrence of 
the Forest Service, underground mining operations shall be conducted in such a manner so as to 
prevent surface subsidence that would: (1) cause the creation of hazardous conditions such as 
potential escarpment failure and landslides, (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 lessee shall provide specific measures for the 
protection of escarpments, and determine corrective measures to 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 timber is required for clearing of construction sites, etc., such timber shall be 
removed in accordance with the regulations of the surface management agency. 

2 
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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 pennitted 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 comer 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). 
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Table 1. Spring sources identified for protection during mining operations 
Spring Site IDa Elevation Eastmg 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 SPI00 8975 463616 4316719 
M SPI03 8999 463271 4316302 
M SPI04 9052 463250 4316335 
M SPI05 8971 463233 4316280 
M SP106 8997 462626 4316155 

a 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 II, 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/permitllease. 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. 

4 



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 §3480. 0-5(21)] 
of the recoverable coal reserves or (ii) the operator/lessee is detennined 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 AO, 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 determines 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 fmal 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 
unmined recoverable coal reserves shall become due and payable upon determination 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 abandonment andlor sealing off a 
mined area and prior to lease tennination/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 health and the environment 
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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 1986 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 underground 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: (1) 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 if/when surface operations are proposed. 
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United States Department of the Interior 

BUREAU OF LAND MANAGEMENT 

IN HLI'L Y RCHI( 1'0 

3452 
UTU-63214 
UTU-76195 
(UT-9223) 

CERTIFIED MAIL 
91 71999991 703391106510 

Canyon Fuel Company 
225 North Slh Slreet 
Suite 900 
Grand Juction, CO 8150 I 

Utah State Ofl1ce 
440 West 200 South, Suite 500 
Salt Lake City, UT 84101-1345 

hltp: ~ ': \Vww , blm.go\J "ul .'sr /c_n.hlrnJ 

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 approved 
as of the date of tiling. The relinquished lands are subject to the continued obligation of the lessee to 
make paymt!llt of all accrued rentals and royalties and 10 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, WYl; 
Sec. 16, E',i;., E'/lE~'2W~'~; 

Sec. 20, E'/iSE'I4; 
Sec. 21, E~/2, E'/2E',~NW'/4, SWI/4 ; 

Sec. 22, W'/2; 
Sec. 27, NW'I4, N~N~SW~/4; 

Sec. 28, N~~, NI;2N~S ~ l; 

Sec. 29, E'/2NE'I4, N~NE';4SE% ; 

Retained Lands 
T. 21 S., R. 4 E., SLM, Utah 
Tract I: 
Sec. 12, E'/~SH4; 

Sec. 13, E'/~NE'I4, S~~; 
Sec. 14, EI/2SW'/4, SEv.l; 
Sec. 13, EV2, EI/2W'~; 
Sec. 24, all; 

T. 21 S., R. 5 E. , SLM, Utah 
Sec. 16, WI,~E ~';W !/2, W~W~'2; 

Secs. 17-19, all ; 
Sec. 20, NE',~ , WI,'2, W','!SE',<i ; 
Sec. 21, WI;2E','2NW" ~, WI/2NW'i4; 
Sec. 26, WI/2NWII4SW ~I.! , SW'/~SW'I,I; 



} 

) 

Contuining 2,493.36 I1cres 

Relinquished Lpnds 
Tract 2: 
T. 21 S .. R. 5 E .• SLM, Utah 
Sel.:, 10, E~'~E'i~SW'!~NW',~, SE~/4NW~:I. 

E~SW"4, E'2E'/lW':lSW~~; 

Relinquished LlInds 
Tract 3: 
None 

Containing 2,490.00 acres 

Coulleusc UTU-76195: 
Relinquished Lands 
T. 21 S., R. 5 E .• SLM, Utah 
Sec. 10, WI;'2NEI';I, SP'~Nm~, SE'/4; 
Sec. II, SWI/4SWI/~NWI/4, WI/2NW~/4SWY4, 

SWI/4SWI/.; 
Sec. 14, W~J2NWi!.t, SWill, W~/.NE\;;ISE~'4. 

W~'2SEI;~, W~';SEY.SP4; 
Sec. 15, E'-j; 
Sec. 22, NE'.~, N~'2SEl/4, N\~S\!SEY.; 
Sec. 23, NW\·~NE'/~Nm~, NI/~NW~/4NE~i4, 

SW"4NWI/-:aNP'4, NWI/4SW~4,NE~<I, 
NI/2NWI/4, SWI/~NW\/4, N~2SE~~NW"~, 
NW ll ISWI/4, N~2SW\:aSWI/I. 

Containing 1,556.51 acres 

Sec. 27, E\J. SI,2N',2SW~'4, SI:~SWI/4; 
Sec. 28, S"iN"JS 1,., SEI'4SWI/4• SI, ~SE~'4; 
Sec. 19, S',~NEI,.ISE";I; 

Sec. 30, lot I, N' ~NE' '4; 
Sec. 33, NEI:4, E"~NW~,~, NE',':ISW~,~, N~,:SE!/~; 

Sec. 34, NWL:aNEI.:,. NWI'4, NWI'4SWI/4; 

Conlnining 40.00 peres 

Retajned Lgnds 
Tract 2: 
None 

Retnined Lnnd~ 
Tract 3: 
T. 21 S., R. 4 E., SLM, Ulah 
Sec. 26, Et 'i, EI2SWI~: 
Sec. 35. NW':;, WI,lSWI.I; 

Containing 6.336.34 pc res 

Retained Lands 
T. 21 S., R. 6 E., SLM, Utah 
Sec. 19, lots 3, 4, p,2SW~4; 
Sec. 30, lOIS 1-3, E','lNW'/4, NEi/~SW'!4, 

T. 21 S., R. 5 E., SLM, Utah 
Sec. 10, NEY.NE.i; 
Sec. II, E'/" Nl-2NWl,~, N~/2SI(1NW'-4. 

SEI/4SWI/4NWI 4, SI,~SE~-4NW/4, 
N£I~SW'/4, E~~NWI!4SWt/~, SE\/~SE'/.j; 

Sec, 12, NW',~SW'/4, SI .. '2SWI/4; 
Sec. 13, NW'/I, S~; 
Sec. 14, NE';';, E'/zNW'/4, E'<.'E~2SW'/4; 
Sec. 22, N\/2S~(2SEI/.i; 
Sec. 23, 
Sec. 24,all; 
Sec. 25, NI/l, N'/~S'!l; 
Sec. 26, N~'2, NE'/.SW1/4, EI/lNW'/4SW:/~, SH~; 

Containing 4,138.15 acres 

The recoverable coal reserves (RCR) are adjusted as follows due to the partial relinquishment of the 
lands: 

Federal Leases Existj!!lLRC~ ___ Ad'ustcd RCR New RCR 
SL-062583 24.574,745 0 24.574,7~ 
UTU·062453 3,166,863 0 3,166,863 --
UTU-O 149084 I 017,786 0 1.017,786 

l I UTU·28297 3,503...!,.419 0 3...!,503 ...... 419 



, U 1l...!=47Q.39 16 •• 5,1.2:1 0 16,245,]21 

I UT '-632 1" 91 :434,90" 26,071.185 65,363.719 
t JTl J-76195 4 J .8S0,875 J7,258,816 24.592,059 

I 1:01:11 L. 1 I 181.793,9 15 43 ~30tOOl _ 1 138,4~)!,9J 4_ ... __ I . _- --

This decision may be appealed to the Interior Board of Land Appeals, Office of the Secretory, in 
accordoncc with the regulations contained in 43 CFR, Part 4, and the cnclosed Form 1842-1. If an appeal 
is taken, your notice of oppcal must be filed in this ofticc (at the above oddress) within 30 days nfter 
receipt of this decision. The appellant has the burden of showing that the decision appealed Irom is in 
CO'llr. 

I f you wish to file II petition (pursuant to regulation 43 CrR 4.21 )(58 FR 4939, January 19, 
1993)(request) for a stay (suspension) of the effectiveness of this decision during the time that your 
appeal is being reviewed by the Board, the petition for a stay must accompany your notice of appeal. A 
petition for a stay is required to show sufficient justification based on the standards listed below. Copies 
of the notice of appeal and petition for a stay must also be submitted to each porty named in this decision 
and to the Interior Board of Land Appeals and to the appropriate Office of the Solicitor (sec 43 CFR 
4.4 J 3) at the same time the original documents are filed in this office. I f you request n stay, you have the 
bllrden of proof to demonstrate that a stay should be granted. 

Strllldards for Obtaining a Stay 

Except as otherwise provided by law or other pertinent regulation, a petition for a stay of a decision 
pending appeal shall show sufficient justification based on the following standards: 

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

I f you have any further questions, please call Bill Buge of this office at (80 I) 539-4086. 

Acting Stale Director 
Utah State Office 

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

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

Price Field Office 

Mr. John Baza, Director, UDOGM, Box 145801, Salt Lake CitY,Utah 84114-5801 
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Allen Rowley, Forest Supervisor, Manti-La Sal National Foresl, 599 Price River Dr" Price, UT 
84501 
Tinn Ollrcia, USDA·Forest Service, Southwest Region, 333 Broadway Blvd., SE, Albuquerque, NM 
87102 
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2.10 Introduction 

Mining and Reclamation Plan 
April 2017 December 20, 1991 (Jufle 19, 2015) 

CHAPTER 2 

SOILS 

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, shortage 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. Subordinate amounts of coal 

2-1 
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Overflow Pond Soils 

Mining and Reclamation Plan 
April 2017 December 20, 1991 (JuFle 19, 2015) 

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 Appendix 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. 

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. 

2-8 
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2.4.4.3 Rills and Gullies 
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Postmining Land Use and Revegetation. Rills and gullies that disrupt the postmining land use 

or reestablishment of vegetative cover will be regraded, the topsoil replaced, and reseeded. 

Water Quality. Rills and gullies that contribute to the degradation of stream quality will be 

regraded, receive new topsoil, and be revegetated. 

2.50 Performance Standards 

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 managed 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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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) unless reference 

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 
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is essentially 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 ofthe 

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). 

3.2.2 Fish and Wildlife Information 

f!'.. 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 

are summarized in Appendix 3-13. 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. 
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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 Appendix 3-2. Aquatic resources of the Pines Tract Project 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 

are summarized in Appendix 3-13. Aquatic resources for the Greens Hollow Tract are summarized 

in Appendix 3-15. 

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 

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. 
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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 assessment 

6 Golden Eagle nests were located. 

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. Future annual raptor surveys vo'ill be submitted 

each year in the annual report to the Division. 

Most raptor nest locations are located outside the current planned mining subsidence areas. Any 

raptor nest that has a potential to be disturbed by subsidence wi ll be evaluated with DWR and 

FWS. An appropriate plan of action will be developed on a case by case basis. 

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 Mine area. 

The Quitchupah Drainage, of which Link Canyon is a tributary, was identified in the Quitchupah 

Creek Road DEIS (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 Canyon 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. 
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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 

are summarized in Appendix 3-13. 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 3-15. 

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 the entire lease 

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 brush areas in the southeast. 
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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 are summarized in Appendix 3-13 and in Appendix 3-15 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 Species that have been 

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. 
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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 are summarized in Appendix 3-13. 

Table 3-1 

Federally Listed and Proposed Endangered Species in Utah 

Sevier, Sanpete and Emery Counties 

April 2, 2013 (2016) 

Plants Status Present 

Barneby Reed-Mustard Schoenocrambe barneb~i E NP 

Heliotrope Milk-Vetch Astragalus montii T NP 

Jones Cycladenia C~cladenis humilis var. jonesii T 

Last Chance Townsendia Townsendia aprica T NP 

San Rafael Cactus Pediocactus despainii E NP 

Wright Fishhook Cactus Sclerocactus wrightiae E NP 

Winkler Cactus Pediocactus winkleri T NP 

Dwarf Bear-poppy* Arctomecon humilis E NP 

Kodachrome Bladderpod* Lesquerella tumulosa E NP 

Autumn Buttercup* Ranunculus aestivalis (acriformia) E NP 

Mammals 

Utah Prairie Dog* C~nom~s parvidens T NP 

Canada Lynx* L~nx canadensis T NP 

Desert Tortoise* Gopherus agassizii T NP 

Birds 

Mexican Spotted Owl * Strix occidentalis lucida T NP 
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Southwestern Willow Flycatcher* Empidonax traillii extimus 

Gunnison Sage-grouse* Centrocersus minimus 

Western Yellow-billed Cuckoo* Coccyzus americanus 

Three-toed Woodpecker Picoides ridactytus 

Fish 

Bonytail Chub* 

Colorado Pikeminnow* 

Humpback Chub* 

Razorback Sucker* 

June Sucker* 

Greenback Cutthroat Trout* 

Lahontan Cutthroat Trout* 

Virgin River Chub* 

Woundfin* 

Amphibians & Reptiles 

None listed in the Counties 

Snails 

Kanab Ambersnail* 

Gila elegans 

Ptychocheilus lucius 

Gila cypha 

Xyrauchen texanus 

Chasmistes liorus 

Oncorhynchus clarki stomias 

Onxhohynchus clarkii henshawi 

Gila seminuda (robusta) 

Plagopterus aregantissimus 

Oxyloma haydeni kanabensis 
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E 

T 

T 

S 

E 

E 

E 

E 

E 

T 

T 

E 

E 

E 

NP 

NP 

NP 

P 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

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 Administration Building, 

1745 West 1700 South, Salt Lake City, Utah 84204-5110 Telephone:(801) 975-3300 

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 
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counted and recorded. Two copies of the results of this baseline survey will be submitted to the 

Division with the 2004 Annual Report. A second and third survey will be performed in 2004 and 

2005 following undermining and two copies of the results will be submitted to the Division with the 

2005 and 2006 Annual Reports. 

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. 

Federally-listed threatened, endangered, proposed or candidate plant species are know to occur 

within the Greens Hollow Tract or the extended area analyzed in the FSEIS. According to 

evaluations by various agencies there is a potential for habitat for several other species to be 

available within the tract (Appendix 3-15). 

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. 
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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. 

Table 3-2 

Utah Wildlife Species of Special Interest - Sevier, Sanpete and Emery Counties 

March 29, 2011 October 1, 2015 

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 

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 
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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) 
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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 

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 

Strix occidentalis2 

Accipiter gentilis 

Athene cunicularia 
Asio flammeus 
Pelecanus erythrorhynchos 

Picoides tridactylus 

Centrocercus urophasianus 

Numenius americanus 
Cypseloides niger 

Melanerpes lewis 
Ammodramus savannarum 

Gila elegans 

Gila cypha 

Xyrauchen texanus 
Gila robusta 

Catostomus latipinnis 

Catostomus discobolus 
Oncorhynchus clarki pleuriticus 

Oncorhynchus clarki utah 
Ptychocheilus lucius 
Lepicomeda aliciae 

Bufo boreas 

Bufo cognatus 

Pyrgulopsis inopinata 
Pyrgulopsis fusca 

Pyrgulopsis chamberlini 

Pyrgulopsis nonaria 

Pyrgulopsis transversa 
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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) 

SPC (S) 

SPC (S) 

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) 
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Symbol 
S-ESA 
SPC 

CS 

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. 
E 
S 

Emery County List 

Sanpete County List 
SV Sevier County List 

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 Manti-LaSal 

February 2013 Update (2016) 

Plants Status Present 

Link Trail Columbine* Aguilegia flavescens var. rubicunda K NP 

Cruetzfeldt-flower Cryptanth* Cryptantha creutzfeldii K NP 

Carrington Daisy* Erigeron carringtoniae K NP 

Canyon Sweetvetch* Hedysarum occidentale var. canone K NP 

Maguire Campion* Silene petersonii K NP 

Arizona Willow* Salix arizonica K NP 

Wonderland Alice Flower* Aliciella caespitosa K NP 

Chatterley Onion* Allium geyeri var. chatterleyi K NP 

Sweet-flower Rock Jasmine* Androsace chamaejasme ssp. Carinata K NP 

Bicknell Milkvetch* Astragalus consobrinus K NP 

Isely's Milkvetch* Astragalus iselyi K NP 

Tushar Paintbrush* Castilleja parvula var. parvula K NP 

Pinnate Spring-parsley* Cymopterus beckii K NP 

Abajo Peak Draba* Draba abajoensis K NP 

Mt. Belknap Draba* Draba ramulosa K NP 

Creeping Draba* Draba sobolifera K NP 

Nevada Willowherb* Epilobium nevadense K NP 

Abajo Daisy* Erigeron abajoensis K NP 

Kachina Daisy* Erigeron kachinensis K NP 

Maquire Daisy* Erigeron maguirei K NP 

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 
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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 kingii var. barnebyana K NP 

Sevier Townsendia* Townsendia jonesii var. lutea K NP 

San Rafael Cactus* Pediocactus despainii K NP 

Clay Phacelia* Phacelia argillacea K NP 

Last Chance Townsendia* Townsendia aprica K NP 

Ute LadiesTresses Orchid* Spiranthes diluvialis K NP 

Heliotrope Milk-Vetch* Astragalus montii K NP 
Winkler Cactus* Pediocactus winkleri K NP 
Desert Milk-Vetch* Astragalus desereticus K NP 

Mammals 

Townsend's Western Big-eared Bat* Corynothinus 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* Cynomys 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* Centrocercus urophasianus K P 

Peregrine Falcon* Falco peregrinus anatum K P 

Yellow-billed Cuckoo* Coccy:?;us americanus K NP 

Southwestern Willow Flycatcher* Empidonax traillii extimus K NP 

Mexican Spotted Owl* Strix occidental is lucida k NP 

Fish 

Colorado River Cutthroat Trout* Oncorhynchus clarki pleuriticus K NP 

Bonneville Cutthroat Trout* Oncorhynchus clarki utah K NP 

Southern Leatherside Chub* Lepidomeda aliciae K NP 

Greenback Cutthroat Trout* Oncorh~nchus clarki stomias K NP 
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Amphibians 

Columbia Spotted Frog" 

Boreal Toad" 

Rana luteiventris 

Bufo boreas 
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K 
K 

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 
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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 3-15 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 life and equipment 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 

of firearms by employees on the road in East Spring Canyon (portal site). In conjunction with this 
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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 Finn 
• Utah State University (USU) Graduate Degree Candidate 

2.2 SOURCES AND DESCRIPTIONS OF EXISTING 
INFORMATION 

• Muddy Creek Wildlife Technical Report (Cirrus 2004). Prepared by Cirrus Ecological Solutions, 
LC,2003. 

• Assessment of the Effects of Surface Impacts Resulting from Longwall Mining in the Greens 
Hollow Tract, Utah (Maleki 2008). Maleki Technologies, 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 al. 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 lek boundaries obtained from MLNF, Ferron Ranger District 
(Forest Service 2008a). 
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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.govihabitat/sefauna.htm). 
The Birder's Handbook (Erlich et al. 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.colostate.edul cogap/ cogaphome.htmll). 
Utah Conservation Data Center. Utah Division of Wildlife Resources, UCDC website, 
species information and Utah distribution maps (http://dwrcdc.nr.utah.gov/ucdcD. 
Birds of Conservation Concern (USFWS 2008) 
Partners in Flight (Parrish et al. 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 macro invertebrates (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 technical 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. Cirrus 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 2.4 below. 
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Table 1. 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 1 

TESj 

Bonytail Existing data acquired from Fish and 
Gila elegans Wildlife Service. No additional surveys 
(Federallyendangerd) are needed. 
Colorado pikeminnow Existing data acquired trom Fish and 
Ptychocheilus lucius Wildlife Service. No additional surveys 
(Federallyendangerd) are needed 
Humpback chub Existing data acquired from Fish and 
Gila. cypha Wildlife Service. No additional surveys 
(Federallyendangerd) are needed 
Razorback sucker Existing data acquired from Fish and 
Xyranuchen texan us Wildlife Service. No additional surveys 
(Federallyendangerd) are needed 
Bald eagle Existing data acquired from UDWR. No 
Haliaeetus lellcocephalus additional surveys were needed. 
(R4 Sensitive) 

Flammulated owl Presence/absence surveys conclucted hy 
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 
Centrocercus were conducted by Cirrus and UDWR 
urophasianus during lekking seasons in 2002 and 2003. 
(R4 Sensitive) Incidental observations also were made. 

Agency biologists have continued annually 
since the Muddy Creek effort (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 peregrinus surveys in 2003 (Cirrus 2004). No 
(R4 Sensitive) additional surveys were needed. 
Pygmy rabbit FS surveys have been conducted in the 
Brachylagus idahoensis 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 
Euderma maculatum 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 
Picoidcs tridactylus Cirrus in 2001 and 2002 (Cirrus 2004) 
(R4 Sensitive) UDWR (1992) woodpecker survey 

protocol used. 
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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 presencc 
(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. 

Digital coverage of species presence 
(based on audible vocalizations) created 
with Microsoft Excel and ESRI ArcGIS 
software. 

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 
Townsend's big-eared bat 
Plecotus townsendii 
townsendii 
(R4 Sensitive) 

Colorado River Cutthroat 
Trout 
Oncorhynchus clarkii 
pleuriticus 
(R4 Sensitive) 
Bonneville Cutthroat 
Trout 
Oncorhynchus clarki utah 
(R4 Sensitive) 

Rocky Mountain elk 
Cervus canadensis 
(MLNF, FLNF) 

Mule deer 
Odocoilus hemionus 
(MLNF, FLNF) 

Northern goshawk 
Accipiter gentilis 
(MLNF, FLNF) 

Golden eagle 
Aquila chrysaetos 
(MLNF) 

Macroinvertebrates 
Aquatic insects 
(MLNF) 

Sage nesters 
(FLNF) 

2014 

Data Collection 1 

Conducted habitat assessment surveys 
using information on mine status. 
Structural habitat searches also conducted 
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). 
Collected survey results from UDWR 
sources (Berg2002a, 2002b, 2002c and 
Hart and Berg 2003). 

Collected survey results from UDWR 
sources (Berg2002a, 200b, 2002c, and 
Hart and Berg 2003). 

MIS 
Existing survey and habitat modeling data 
acquired from UDWR (UDWR 2013). No 
additional formal surveys were needed. 

Existing survey and habitat modeling data 
acquired from UDWR (UDWR 2013). No 
additional surveys were needed. 

Presence/absence surveys conducted by 
Cirrus from 2001-2003. R4 survey 
protocol for northern goshawks used 
(Forest Service 1993). Continued surveys 
have been conducted (Forest Service 
2013b). 
Aerial survey for golden eagle nest sites 
conducted by Cirrus and UDWR in 2002. 
Additional survey data for the analysis 
area acquired from UDWR. Ongoing 
surveys have been conducted since 1998 
(UDWR 2007b). 
No site-specific surveys of aquatic 
macroinvertebrates have been conducted 
and no site-specific monitoring is proposed 
for this project. Monitoring will continue 
at baseline stations to characterize Forest-
wide conditions (Forest Service 2006). 
Existing survey and population data 
obtained from FLNF MIS report 
(Rodriguez et al 2006) for Brewer's 
sparrow (SpizeUa breweri), vesper sparrow 
(Pooecetes gramineus), and sage thrasher 
(Oreoscoptes montanus). 

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 ESRl ArcGIS software. 
Digital coverage of winter and summer 
range created by UDWR and clipped to the 
project area by Cirrus with Microsoft 
Access and ESRl ArcGIS software. 
Digital coverage of species presence 
(based on vocal responses and goshawk 
observations) and survey points created 
with Microsoft Excel and ESRl ArcGIS 
software. 

Digital coverage of nest locations created 
by UDWR and clipped to the project area 
by Cirrus with Microsoft Access, and 
ESRl ArcGIS software. 

Data analysis will be in cooperation with 
the Utah Division of Water Quality. 
Forest sampling stations will be reviewed 
in relation to DWQ sampling statewide 
(Forest Service 2006). 

Species habitat and populations trends 
summarized in the text of the document. 
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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 t Data Analysis 
Cavity nesters Existing survey and population data obtained Species habitat and populations trends 
(FLNF) from FLNF MIS report (Rodriguez et al summarized in the text ofthe document. 

2006) fur hairy wuuupt:ckt:r (Picoides 
villosus), western bluebird (Sialia mexicana), 
and mountain bluebird (Siaha currucoldes). 

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 
lincolnii), song sparrow (Melospiza 
melodia), yellow warbh;r (Dendroica 
petechia), and MacGillivray's warbler 
(Oporornis tolmiei). 

Species of High 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). 

Other 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 with Microsoft 
(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 found 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-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. 
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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 determined by Kevin Albrecht, MLNF, Ferron Ranger District Wildlife 
Biologist; and Chris 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 
Cowboy Creek (in the middle of the proposed lease tract), presumably during fall migration (Cirrus 
2004). No other observations of this species were made during field visits between March and 
November, 2001-2003. 

2.4.1.2 Flammulated owl 
Surveys for flammulated owls were conducted in suitable foraging and nesting habitat in the analysis area 
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 
20 13d). 

2.4.1.2.1 Survey fttletllOds 
A forest owl inventory protocol (UDWR 1992), developcd for use in the Northern Region and received 
from the Utah Department of Natural Resources, was followed to determine the presence of flammulated 
owls in the analysis area. The survey method employed the use of a conspecific broadcast calling tape of 
male flammulatcd 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 was mapped in ArcGIS and overlaid onto the existing Forest Service vegetation 
layer to better assess distribution of positive responses in relation to habitat 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, survcys wcre conductcd 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-homed owls occasionally responded to the broadcast calls. Calling effort was 
aborted at these stations once the great-homed owl was heard. A saw-whet owl was also heard calling on 
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. 

III sUllllUaty, twu yeats of surveys were completed for all suitable flammulated owl habitat within the 
previous Muddy Creek study area during the 3-year survey effort. Positive responses were received at 26 
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 shrub species is sagebrush, 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 strutting 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). Cirrus 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 Cirrus personnel also surveyed additional areas identified as 
potentiallek sites by Cirrus 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 
information see Section 2.4.1.3.4 and Table 2. 

2.4.1.3.2 Grouse Sign Surveys 
Sagebrush habitat potentially suitable for sage-grouse was surveyed for sign by Cirrus. 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 sagebrush 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. (Cirrus 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 Knolls north to the 
tip of Box Canyon, the area west of Box Canyon, and between Box Canyon and Greens Canyon. 
Additional surveys were conducted in early June 2002 between Box Canyon and East Fork Box Canyon 
(Cirrus 2004). 

There was no grouse sign observed at Greens Hollow or near Julius Flat reservoir, possibly because the 
sage in that area was very tall, with minimal understory grasses and forbs . Although the sagebrush was 
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 
portion of FS road 028 in The Pines. This area contained numerous patches of sagebrush that had been 
burned to increase cattle forage, and the grouse pellets were found on the edge between burned and 
unburned areas (Cirrus 2004). The sage-grouse were probably using the taller sagebrush for roosting and 
the burned areas for foraging. Th~ mosl ~xlensi V~ sign of sage-gruus~ uUlside uf the Wildcal 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 
Technical Report; Figure A-12, Appendix A, Cirrus 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 Counts and Lek Boundaries 
Due to the ongoing process of the MNLF Forest Plan revision, many wildlife species range mappings are 
being re-verified and revised 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 determined 
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 nenr 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 
information (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 project area. In 2007, a further revision of the Wildcat Knolls 
lek complex was completed when a sateliite lek was discovered near to and north of this area and 
integrated into the lek complex. Table 2 below outlines the most recent lek count data available for the 
Wildcat Knolls lek in the project area as well as the other known leks in the North Zone ofthe 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 impossible to document due to the 
inaccessibility of lek sites in the late winter and very early spring. Continued monitoring will show 
whether this assumption is true and lek use remains high as earlier counting brings in new data each year 
(Forest Service 20 13a). 

2.4.1.4 Northern goshawk 
Surveys for northern goshawks were conducted in suitable foraging and nesting habitat in the analysis 
area from June 21 to July 19 in 2001, July 9 to August 1 in 2002, and July 14 to July 17 in 2003 (Cirrus 
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 
moderate 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. 

2014 14 
Wildlife Technical Report 

Greens Hollow Tract 

,,-

) 
,; 



( ) 

Table 2. Winter and Spring Lek Counts on the North Zone of the MLNF Showing Maximum 
Number of Cocks Observed By Lek Per Year. I 

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 NY 0 0 
2003 3 0 0 0 
2004 15 7 0 0 
2005 65~ (12) 9 2 0 
2006 80-100:t (30) 18 14 0 
2007 36 17 3 0 
2008 17 17 2 0 
2009 13 NY NY NY 
2010 NY 14 NY NY 
2011 28 NY NY NY 
2012 25 7 NY NY 
2013 24 14 NY NY 

Forest Service 20l3a 
2These numbers are winter counts taken in January and February and represent a total count of hens and cocks. The other 
numbers in parenthesis represent the actuallek counts 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 determine 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 reconnaissance. Survey calling stations 
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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 part 
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. (Cirrus 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 200l. 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 call. 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. 
(Cirrus 2004). 

In summary, two years of surveys were completed for all suitable goshawk habitat within the analysis 
area during the 3-year survey effort. Positive responses were received at five calling stations, including 2 
responses at one of the stations, for a total of 6 responses. Researchers spent time searching the area, but 
were unable to locate nests or juveniles. (Cirr,us 2004). 

2.4.1.5 Peregrine falcon 

2.4.1.5.1 Survey Methods 
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, 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 forested 
and sagebrush habitat types. Cliff habitat is surveyed annually specifically for golden eagles; incidental 
falcon sightings are also recorded if observed (Cirrus 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 
lraversing sluub-steppe envirollments 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, 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 

.J 

) 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-II, Appendix A, 
Cirrus 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 Pygmy 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 20 l3b). 
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 ofFLNF-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 observed during the 
2001 to 2003 field survey effort. Further, there are no known occurrences of this species in the project 
area, or the counties wherein the project lies. 

2.4.1.7 Three-toed woodpecker 
Surveys for three-toed woodpeckers were conducted in suitable foraging and nesting habitat in the Muddy 
analysis area from June 21 to July 19 in 200 I 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 
sequence 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 wann (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 
lhe similarily u[ habilal ft:4uirelllt:llls. When lhe sallle lrallst:l:ls were used fur bUlh species, the survey 
calling stations were located at approximately 900 feet intervals. When transects wen:: used lu SUfVt:y 
only for woodpeckers, the calling stations were located at intervals ranging between 0.15 and 0.25 miles, 
depending on terrain 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. 
(Cirrus 2004). 

Fifteen woodpecker responses resulted at twelve calling stations in 2001. Six of these responses were 
paired, and one was incidental, occurring in the s~m('. location flS fl prior po,sitivc. rc~pnmlc. 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 visually and aurally and were associated 
with dense forested habitats above 8,800 feet 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 
in 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 with wet seeps or wetlands. Roosting habitat is more restrictive, 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 the steep canyons in 
the tract. The riparian habitat and forest edges in the tract also provide potential foraging opportunities. 
(Cirrus 2004). 

2.4.1.8.1 Survey Methods 
Surveys for spotted bats in 2001 and 2002 consisted of structural searches of rock crevices or overhangs 
of cliffs that potentially support roosts sites. Due to the hazards of steep cliff terrain, searches were 
confined to areas accessible safely by foot. No rock-climbing or repelling gear was used. The following 
structures were searched for bat roosts in the analysis area: Muddy Canyon east of Box Canyon, Greens 
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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. 

2.4.1.8.2 Survey Results 
No roosting sites or sign of bats were found during structural searches in the analysis area (Cirrus 2004). 

Numerous spotted bats were identified in the survey area by audible vocalizations or a combination of 
vocalizations and visual 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 pinelDouglas-fir habitat along the jeep trail running west and south of 
Cowboy Creek. 

See section 2.4.1.10 for results of additional bat surveys conducted by other parties (Perkins and Peterson 
1997). 

2.4.1.9 Townsend's big-eared bat 
Surveys for Townsend's big-eared bat (Corynorhinus townsendii townsendii), were conducted by Cirrus 
in potential hibemacula 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 summer 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 determined 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 feet. 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 hibemacula. 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 hibemacula. 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 hibemacula, 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 Surveys 

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 ur 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 nelling period. Bat aClivily was noted as low al Llus sileo 

2.4.1.10.2 SUFCO Mine Bat Survey 
Surveys for spotted and westem-big-eared bats were conducted in 1997 in Link, Muddy Creek, and Box 
Canyons as part of the SUFCO and Dugout Canyon Mine's permit requirements (Perkins and Peterson 
1997). Four different survey methods were employed, including structure searches, mist netting, bat 
detectors, and audible bat transects. The su.rvey 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 
capture of California myotis (Myotis califomicus) and Yuma myotis (M yumanensus) 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 
Juscus), silver-haired bat (Lasionycteris noctivagrans), small-footed myotis (M ciliolabntm), long-eared 
myotis (M evotis), little brown bat (M lucifuus), western pipistrelle (Pipistrellus hespents), 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 for Townsend's big-eared bats; suitable structures for day roosting and 
hibernacula are absent. Cliff habitat below the rims of Muddy Creek Canyon and the lower reaches of 
Box Canyon surveyed by Perkins and Peterson (1997) appear to provide ample habitat for spotted bats. 
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2.4.2 MANAGEMENT INDICATOR SPECIES 

2.4.2.1 Rocky 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 20 13b), and FLNF 
(Rodriguez et aI2006). 

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 
2013b). 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 of 2,125. The current population estimate 
of elk on herd on the Manti Division is 12,500 (Forest Service 2013b, 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 of 2004 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 
2013.,). 

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 summer 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, 
suitable fawning habitat coincides with coniferous forests, mixed aspen coniferous forest, young aspen 
stands, and mountain brush and mahogany cover types, with the latter being preferred because of the 
protective cover it affords. These habitats occur in the western and southern portions of the analysis area. 
Deer fawning habitat overlaps elk calving habitat to some degree. 

The mule deer population throughout Utah has fluctuated historically-usually due to drought or severe 
winter conditions. Populations in eastern Utah declined in the early 1990s, but began to recover in the 
late 1990s. The mule deer population on the Manti Division, as of 2011, is estimated at about 20,900 
individuals (Figure "1), which is below the objective of 38,000 individuals (Forest Service 20 13b). 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 and patterns. It appears that due to the large 
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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 mule deer of 19,820. 
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Figure 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 
conditions that southern Utah had experienced in the years leading up to the most current data available 
(Rodriguez et al 2006). Nesting on the FLNF has averaged 8 to 12 pairs annually with 10 confirmed 
active in 2004 (Rodriguez et al 2006). 

2.4.2.4 Golden eagle 
Golden eagles are an MIS on the MLNF. Surveys for golden eagles were conducted in May 2002 in 
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 of the 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 
additional nests had been tended at least once (Cirrus 2004). 

Table 3. Golden Eagle Surveys Conducted in the analysis area by UDWR, 1998-2003 (Cirrus 
2004). 

Species Nest Status 1998 1999 

Golden eagle Active 1 0 
Tended 1 1 
Inactive 4 4 
Di1~pidated 1 1 
Not found 0 1 
Not surveyed 0 2 
Total 7 9 
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Table 4. Golden Eagle Surveys Conducted in the analysis area by UDWR 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 
Dilapidated 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 (Cirrus 2004). 

Nesting activity appeared to rebound in 2004 and active nesting was above the eight year average in 2005 
and 2006 (Forest Service 20 13b). 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 spite of this, active 
nests have been recorded in higher numbers on the MLNF than off the Forest at lower elevations (UDWR 
2007b). 

2.4.2.5 Macroinvertebrates 

Macroinvertebrates are an MIS group on the MLNF. Aquatic macroinvertebrates include insects, such as 
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 majority 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 mme 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 MIS and called for monitoring as ncedcd for select projects at basclinc 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 macroinvertebrates 
have been conducted and no site-specific monitoring is proposed for this project (Forest Service 2006). 
Monitoring will continue at baseline stations to characterize Forest-wide conditions; data analysis will be 
in cooperation with the Utah Division of Water Quality. 

2.4.2.6 Sage Nesters 
Sage nesters are an MIS group for the FLNF. Brewer's sparrows (SpizeUa breweri), vesper sparrows 
(Pooecetes gramineus), and sage thrashers (Oreoscoptes montanus) were selected in the 1986 FLNF 
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 information, 
population trends, and other information. 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 (lvian MTS have heen performed since the 19ROs, and data has heen 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 performed 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. 

2.4.2.7 Cavity Nesters 
Cavity nesters are an MIS group for the FLNF. Hairy woodpecker (Picoides villosus), western bluebird 
(Sialia mexicana), and mountain bluebirds (Sialia currucoides) were selected in the 1986 FLNF Forest 
Plan as MIS to be indicators of the health of communities containing cavity nesting habitat. 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 hairy woodpecker habitat has been mapped across the entire FLNF approximating 423,432 acres 
of NFS land. 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. Further, formal, 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 (induding 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 
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. 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 1996 FLNF Forest Plan as MIS to be indicators of the health of 
riparian communities. 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 ofNFS 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 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. 

Potenhal song sparrow habitat has been mapped across the entire FLNF on all four ranger districts, 
approximating 423,432 acres ofNFS 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 slighlly 
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 ofNFS 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 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 in a stable 
trend and still viable on the FLNF. 

Potential MacGillivray's 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 an upward population trend including survey 
points on the FLNF. The Nature Conservancy lists its status 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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status 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 Migratory 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 
wildlife biologist determined the species on this list that are considered in this analysis (Forest Service 
2008b). This list was adapted from the Utah Partners in Flight Avian Conservation Strategy Version 2.0 
(Parrish et al 2002) and species were excluded due to habitat and elevation requirements not found in the 
project area. The fmal 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. 

Species· Elevation 
Breeding Habitaf 

Occurrence 
Range (ft)2 Expected4 

Prairie falcon 
3,000-14,000 Cliff, high-desert scrub Observed 

(Falco mexicanus) 
Brewer's sparrow~ 

7,750-12,1006 Shrub steppe, high-desert shrub Observed 
(Spizella brewer!) 
Sage sparrow 

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 
(Dendroica nigrescens) 
Pinyon jay 

4,500-7,500 Pinyon-juniper, ponderosa pine Observed 
(Gymnorhinus cyanocephalus) 
Virginia's warbler 

6,000-9,000 Pinyon-juniper, northern oak Possible 
(Vermivora virginiae) 
Gray vireo 

3,000-7,800 Pinyon-juniper, northern oak 
Observed 

(Vireo vicinior) 
Lewis's woodpecker 

3,000-8,000 Pine, mixed conifer, P/J, deciduous Possible 
(Melanerpes lewis) 
Three-toed woodpecker!> 

4,265-9,025 Sub-alpine conifer, lodgepole pine Observed 
(Picoides tridactylus) 
Williamson's sapsucker 

5,500-11,000 Sub-alpine conifer, aspen Observed 
(Sphyrapicus thyroideus) 
Broad-tailed hummingbird At least to 

Low-land riparian, mountain riparian 
Observed 

(SelasphoYIIs platycercus) 10,6006 

IForest Service 2008b. 
2 NatureServe 2013, Elevation range data is general. 
3Parrish et al 2002. 
4Cirrus 2004, Appendix C. 
5These species are addressed in more detail in additional sections of this report. 
6Elevation data not complete or very little data (especiaIJy state or site-specific data), exists for these species. 

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 performed. 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 2008b), not all of the species listed during the previous 
2003 Muddy Creek analysis (Cirrus 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 (Cirrus 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 occur in the Muddy Creek tract buffer and have been surveyed with 
helicopters intermittently by UDWR since 1998. All three nests were surveyed with the assistance of 
Cirrus in 2002. Two were inactive and one was not found (Cirrus 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 tract and the 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 (Cirrus 2004) was complete, prairie falcon surveys have continued on the 
nests in the area. Near the current Greens Hollow study area there are two 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). 

Survey efforts in shrub-steppe environments and high-desert shrub where Brewer's and sage sparrows are 
expected resulted in observations of Brewer's but not sage sparrows (Cirrus 2004 Appendix C). Sage 
sparrows were expected to use habitat found within the project area and eventually were recorded in the 
Wildcat Knolls area in 2008. Brewer's sparrows were also observed in 2008. High-desert shrub habitat 
is located throughout the project area (4,485.3 acres or 13.5 percent) and likely provides ample habitat to 
support these species. Brewer's sparrows are also a R4 sensitive species and discussed above in detail in 
Section 2.4.2.6. 

Black-throated warblers, pinyon jays, Virginia warblers, and gray vireos all utilize pinyon juniper 
woodlands with another component. This can be mountain shrubs, ponderosa pine, northern oak brush, or 
a combination of them all. During the surveys for the Muddy Creek analysis (Cirrus 2004 Appendix C), 
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pinyon jays and gray vireos were observed. During the 2008 surveys pinyonjays, 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 
(1,476.9 acres or 4.4 percent) and particularly mountain shrub (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 (371.3 acres or 1.1 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 (Cirrus 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. 

2.4.4 OTHER WILDLIFE SPECIES 

2.4.4.1 Amphibians 
Surveys for amphibians were conducted in suitable breeding habitats in the analysis area in 2001; 2002, 
and 2003. Suitable habitat was defined as natural ponds and wetlands, and pooled habitat adjacent to 
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 (Btifo boreas) had been observed in 
2001 were also revisited in 2003, to attempt to confirm those sightings. Additional sites identified from 
aerial photos were also visited. (Cirrus 2004). 

2.4.4.1.2 Survey Results 
Four species of amphibians were observed in the analysis area in 2001 (Cirrus 2004). Chorus frogs 
(Pseudacris sp.) were found in a series of ponds in the western portion of the 2-rnile buffer, from White 
Mountain Cabin to Julius Flat Reservoir and in one pond just inside the tract. Chorus frogs were also 
heard calling in late June at Julius Flat Reservoir. Tiger salamander (Ambystoma tigrinum) larvae were 
abundant in a pond in The Pines, in the eastern portion of the 2-rnile 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 intermontanus) 
were potentially heard calling in the southeast comer 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 season 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 observed 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, Cirrus 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 
llnduiatlls), western terrestrial garter snake (Thamnophis elegans), tree lizard (Urosaurus sp.), sagebrush 
lizard (Sceloporus gracioslls) , and short-homed lizard (Phrynosoma hernandesi», between 2001 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 (Gulo 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 
(UOWR 1997), two of these species are not expected to occur in the project area: the red bat (Lasiurus 
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 6Iagomorphs), 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 (UOWR 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 
tremuloides) and aspen-mixed conifers, mixed conifers, ponderosa pine (Pinus ponderosa), limber pine 
(Pinus jlexilis), 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 habitat type follows. 
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Sagebrush 
Sagebrush is one of the most widespread (19.27 percent) and abundant habitat types in the analysis area. 
Small mammal species using sagebrush on the Wasatch Plateau include the least chipmunk (Tamias 
min imus) , Great Basin pocket mouse (Perognathus parvus), long-tailed vole (Microtus longicaudus), 
meadow vole (Microtus pennsylvanicus), black-tailed jackrabbit (Lepus cali/orniclls), white-tailed 
jackrabbit (Lepus townsendii), desert cottontail (Sylvilagus audubonii), and mountain cottontail 
(Sylvilagus nuttallii). 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 (Peromyscus truei). The ringtail (Bassariscus astutlls) 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 (Peromyscus boylii), canyon mouse, and mountain cottontail. The 
cliff chipmunk and mountain cottontail were observed in the analysis area. 

Grasslands and Forblands 
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 Wasatch Plateau include the badger (Taxidea laxus), 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 (Zapus 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 
dorsatum), and snowshoe hare (Lepus americanus), all of which were observed in the analysis area. 

Mixed Conifer 
Mixed conifers (mostly Douglas-fir (Pseudotsuga menziesii var. glauca), subalpine fir (Abies lasiocarpa), 
Englemann spruce (Picea engelmannii» 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 (Glaucomys sabrinus), the 
red squirrel (Tamiasciunls hudsonicus), 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 (Peromyscus sp.), and long-tailed vole. 

Rock Outcrops and Barren Areas 

Rock outcrops and barren areas are rare (2.48 percent) in the analysis area. Several small mammals use 
these hahitat features 011 the Wasatch Plateau. Species observed in the analysis area include the yellow
bellied marmot, golden-mantled ground squirrel (Spermophilus lateralis) , cliff chipmunk, Uintah 
chipmunk (Tamias umbrinlls), 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 ringtaiI, 
spotted skunk, rock squirrel (Spermophilus variegatus), Hopi chipmunk, desert woodrat (Neotoma 
lepida), canyon mouse (Peromyscus crinitlls), 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 cinereus), 
northern water shrew (Sorex palustris), vagrant shrew (Sorex vagrans), ringtail, raccoon (Procyon /otor), 
ermine (Mustela erminea), mink (Neovison vison), beaver, western harvest mouse (Reithrodontomys 
mega/otis), western jumping mouse, long-tailed vole, meadow vole, water vole (Microtus richardsoni), 
and muskrat (Ondatra zibethicus). 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 the 
study area in spring, summer, and fall 2001 to 2003. This list is presented in the Muddy Creek Wildlife 
Technical Report; Appendix C (Cirrus 2004). Cirrus 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 personnei completed 
additional migratory bird surveys in June and July of2008. 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 determine 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 (Cirrus 2004). 

According to the information presented in Dalton et al. (1990), 201 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 predicted habitat maps 
from the UDWR web site (UDWR 2013). This brings the total number of non-game birds potentially 
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present in the analysis area to 203, of which 84 were actually observed during 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 chrysaetos), common poorwill (Phalaenoptilus nuttallii), broad
tailed hummingbird (Selasphorus platycercus), gray flycatcher (Empidonax wrightii), sage thrasher 
(Oreoscoptes montanus), and vesper sparrow (Pooecetes gramineus). The Brewer's sparrow (Spizella 
breweri) 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 (Buteo lagopus) 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 
(Myiarchus cinerascens), western scrub jay (Aphelocoma californica), pinyon jay (Gymnorhinus 
cyanocephalus), green-tailed towhee (Pipilo chlorurus), and gray vireo (Vireo vicinior, which was not 
listed by Dalton et al. (1990) as present in the Wasatch Plateau area). The bushtit (Psaltriparus minimus), 
juniper titmouse (Baeolophus ridgwayi) , blue-gray gnatcatcher (Polioptila caerulea), 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 (Empidonax 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 maculatus). 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 (Falco mexicanus), short-eared owl (Asio flammeus), common poorwill, vesper sparrow, 
and western meadowlark (Sturnella 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 cyaneus), 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 cunicularia) 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 auratus), downy woodpecker (Picoides pubescens), hairy woodpecker (Picoides 
villosus), WilliamSon's sapsucker (Sphyrapicus thyroideus), red-naped sapsucker (Sphyrapicus nuchalis), 
olive-sided flycatcher (Contopus cooperi), western wood-pewee (Contopus sordidulus), violet-green 
swallow (Tachycineta thalassina), black-capped chickadee (Poecile atricapillus), red-breasted nuthatch 
(Sitta canadensis), brown creeper (Certhia americana), warbling vireo (Vireo swainsonii), yellow
rumped warbler (Dendroica coronata), orange-crowned warbler (Vermivora celata), western tanager 
(Piranga ludoviciana), and dark-eyed junco. The white-breasted nuthatch (Sitta carolinensis) and solitary 
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vireo (Vireo solitarius) were not observed but are also expected to occur in that habitat in the study area 
(Cirrus 2004). 

Mixed conifers provide habitat for the Cooper's hawk, northern goshawk, great homed owl (Bubo 
virginianus), flammulated owl, northern saw-whet owl (Aegolius acadicus), broad-tailed hummingbird 
(near openings), three-toed woodpecker (Picoides tridactylus), hairy woodpecker, Williamson's 
sapsucker, red-naped sapsucker, olive-sided flycatcher, western wood-pewee, tree swallow (Tachycineta 
hieolor), violet-green swallow (Tachycineta thalassina), Steller's jay (Cyanocitta stelleri), Clark's 
nutcracker (Nucifraga columbiana), gray jay (Perisoreus canadensis), mountain chickadee (Poecile 
gambeli), red-breasted nuthatch (SWa canadensis), brown creeper, ruby-crowned kinglet (Regulus 
calendula), hermit thrush (Cathams guttatus), Townsend's solitaire (Myadestes townsendi) , yellow
rurnped warbler, western tanager, dark-eyed junco, chipping sparrow (Spizella passerina), pine siskin 
(Carduelis pinus), and pine grosbeak (Pinicola enucleator). Additional species that were not observed 
but are expected to occur in this habitat include the cordilleran flycatcher (Empidonax occidentalis), 
white-breasted nuthatch, golden-crowned kinglet (Regulus satrapa), Swainson's thrush (Catharus 
ustulatus), Cassin's finch (Carpodacus cassinii), and red crossbill (Loxia curvirostra). 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 III 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, whilt:-lhroaleu swirL, 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 of the project area and 
directly south ofthe 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, · bam swallow, bank swallow, northern rough-winged swallow, willow flycatcher, 
Wilson's warbler, and lazuli bunting were not observed but could also occur in the study area, as well as a 
variety of transient shorebirds. 

3.0 RESULTS AND DISCUSSION 

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 and/or 
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 defme 
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 
intermittently 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 intermittent 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 Technical Report (Cirrus 2013a). 

3.1.1.2 Terrestrial Habitat 
The analysis area contains a variety of terrestrial habitats, including sagebrush, pinyon-juniper, mahogany 
and mountain brush, 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 brush (9,092.8 acres or 27.4 percent) constitute the most abundant habitat type, 
occurring throughout the analysis area. Sagebrush (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. Grassland/forbland 
(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 sagebrush habitat types. Mixed conifers (371.3 acres or 1.1 
percent, mostly Douglas-fir, subalpine fir, and Englemaruf spruce) 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 the MLNF. 
The pinyon-juniper (977.6 acres or 2.9 percent) and limber and/or bristlecone pine (344.6 acres or 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. Fish and Wildlife Service's (USFWS) annual list of federally listed and proposed endangered, 
threatened, and candidate species and habitat in Utah by County (USPWS 2013) indicates that thrcc 
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 River 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: Known/Suspected Distribution by Forest (Forest Service 2013b) indicates Forest Service 
Sensitive species that could occur on the MLNP and PLNP. The species that could occur on onc or both 
forests and their status are listed in Table 6. 

Of the spt',cies listed in Tahle 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 aI2002). 

Although approximately 10 percent of the project area is low-to-mid-elevation perennial grasslands and 
forblands, Utah prairic dogs do not occur within the prqject area. Suitable habitat is present near the tovm 
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 (Nature Serve 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). 

Bighorn sheep are known to occur on the MLNF and FLNF; however they do not occur in the analysis 
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 (CDOW) 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 . 
desert wash adjacent to agricultural fields in historical bobcat habitat. rearing the lynx would bc injurcd 
during bobcat trapping season UDWR and CDOW personnel trapped the lynx and returned it to 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 elegans) Endangered 

Colorado pikeminnow (Ptychocheilus 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 (Oncorhynchus clarki utah) Sensitive (FLNF and MLNF) 

Southern leatherside chub (Leidomeda aliciae) Sensitive (FLNF and MLNF) 

Birds 

California condor (Gymnogyps californianus) Endangered 

Bald eagle (Haliaeetus leucocephalus) Sensitive (MLNF and FLNF) 

Western yellow-billed cuckoo (Coccyzus americanlls occidentalis) Threatened (Sanpete and Sevier counties) 

Northern goshawk (Accipiter gentilis) Sensitive (MLNF and FLNF) 

Flammulated owl (Otus 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 (Centrocercus urophasianus) 
Candidate (Sanpete and Sevier counties) 
and Sensitive (MLNF and FLNF) 

Mammals 

Utah prairie dog (Cynomys parvidens) Threatened 

Bighorn sheep (Ovis canadensis) Sensitive (FLNF and MLNF) 

Pygmy rabbit (Brachylagus idahoensis) Sensitive (FLNF) 

Spotted bat (El/derma maculatum) Sensitive (MLNF and FLNF) 

Townsend's big-eared bat (Corynorhinus townsendii pallescens) Sensitive (MLNF and FLNF) 

Amphibians 

Columbia spotted frog (Rana luteiventris) Sensitive (MLNF) 

Western boreal toad (Bl/fo boreas boreas) Sensitive (FLNF and MLNF) 

3.1.2.1 TES Fish 
Habitat requirements and life history characteristics of the fish species present within the analysis area or 
in the vicinity of it are described below. Special emphasis is given to Threatened, Endangered, and 
Sensitive species. However, although the bonytail, 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 streams by the Utah Division of 
Wildlife Resources (UDWR) indicated that native cutthroat trout are present in Mundy Creek and the 
South Fork of Muddy Creek (Berg lUUla, Berg lUUlb, Berg lUUlc, and Hart and Berg 2003). Surveys in 
2010 contirmed the persistence of cutthroat 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 bc of the Colorado River subspecies based 
on their known distribution in Utah. No cutthroat 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 Cutthroat Trout 
The distribution and abundance of Colorado River Cutthroat 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 currently 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 al. 2005). Within the Lower Colorado Geographic Unit, 
lht:rt: art: 14 CRCT l:uHst:rvaliuu pupulaliuus ill 50 uult:s uf sht:alH amI 5 l:ullst:lvaliuH 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 Trout 
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 historically occupied by BVCT (May and Albeke 2005). Currently, there are only four 
streams on the MLNF with pop1l11ltions of RVCT. There Ilre no RVCT poplll1ltions within the analysis 
area (Jewkes 2008b). 

3.1.2.1.3 Bony tail 
The bony tail evolved 3 to 5 million years ago and is a member of the minnow family. Historically, they 
were probably the most abundant fish species in the main river channels of the Colorado and Green rivers. 
They thrived 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 currents 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 
through 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 warm-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 Sucker 
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 numbers 
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 4th level HUCs (Hydrologic Unit Code) in the Utah Lake drainage and six 4th level 
HUCs in the Sevier River Drainage (UDWR 2010). There are no populations of southern leatherside chub 
present within the analysis area. The southern leatherside 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, 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. 
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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 permit 
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 (Cirrus 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 
breeding seasons, but found to be occupied in 2006 and 2008 (Jewkes 2008a). The other nest occurs near 
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 June 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 
than 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 Flammulated Owl 
Flammulated owls occur in mixed pine forests, from pine mixed with oak and pinyon at lower elevations 
to pine mixed with spruce 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 pinelDouglas
fir forests with dense saplings and oak or other brushy 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 depart 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 (Cirrus 2008). 
Surveys were also conducted on the Pines Tract in :lUU~, :lUU~, and :lUlU by MLNF personnel (Forest 
Service 2010a). This area is directly north and east of the Wildcat Knolls sage-grouse leks. Surveys were 
conducted in the Wildcat Knolls area in 2009,2010, and 2011 (Forest Service 2013d). Detections were 
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recorded during these survey efforts at the Pines Tract but not at Wildcat Knolls (Jewkes 2008a, Forest 
Service 2010b, 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 1O-mile radius of the nest, and often over 80 percent of the 
foraging occurs within 1 mile of the aerie (Ehrlich et al. 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 (Cirrus 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 2010c); however two 
were observed in The Pines area (Forest Service 201Od). 

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 nesting 
habitats and generally have a higher proportion of grasses and forbs in the understory. Riparian 
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 grounu) is cum:lltly 
used by the species (Forest Service 2013a). While no formal surveys of this population were conducteu 
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 portion of the analysis area by UDWR between 
1987 and 1990 (Cirrus 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 lhe ~urvey years. Il 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 20 13a). 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 Grecns Hollow tract (Pigurc 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 creatcd 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 Knolls sage-grouse population has been recently concluded hy 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. 

0.5 0 1 _C_C=-____ Miles 

1 :74,500 

Legend 

., Photo Points 

D Greens Hollow Coal Lease Tract 

D Mining Analysis Area Boundary 

~-=:J Manti-La Sal/Fishlake Forest Boundary 

D Sage-Grouse Lek 

Revised Sage-Grouse Habitat 

UDWR Sage-Grouse Habitat 



Figure 9. Photopoint 1, facing northeast. 

Figure 10. Photopoint 2, facing southwest. 

2014 48 
Wildlife Technical Report 

Greens Hollow Tract 



Figure 11. Photo point 3, facing south. 
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Figure 12. Photo point 4, facing south. 
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Figure 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. 

) 
2014 53 

Wildlife Technical Report 
Greens Hollow Tract 



Figure 16. Photopoint 8, facing east. 
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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, beetles, wasps, and other insects along the edges of vegetation. The analysis area could provide 
suitable foraging habitat for the species . 
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3.1.2.4 TES Amphibians 

3.1.2.4.1 Western Boreal Toad 
Western boreal toads are found in western 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 thcir 
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 
metamurphose in 1-3 months, with shorter durations in wanner habitats and longer durations in colder 
habitats. While western boreal toads are dependent on water they can travel several kilometers away 
from water to find new habitats. (Nature Serve 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 (Cirrus 2004). This pond site is located within the old 2004 Muddy Creek analysis area, 
but is 1.3 miles west of the current Greens Hollow tract boundary. This is the only site where 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 northern 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 Rocky 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 aiso consume forbs in the summer and may browse on woody pi ants 
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. Thennal 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 aI2006). 

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 (Cirrus 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 
Forest Plan has a minimum viable population for elk of 2,125 (Forest Service 1986). The current 
population estimate of elk on herd on the Manti Division is 12,500 (Forest Service 2013b, Bernales et al. 
2012). 
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3.1.3.2 Mule Deer 
Mule deer are found in coniferous forests, shrub steppe, chaparral and grasslands with shrubs, 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 burns. 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. Thermal and hiding cover is required year-round by mule 
deer. Thermal 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 al. 1979, Rodriguez et aI2006). 

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 aI2012). The mule deer population on the Manti Division is estimated 
at 20,900 animals, which is below the objective of 38,000 (UDWR 2007a, 200Th, Bernales et al. 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 shrublands, 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 preferred 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 squirrels, but also eat insects, snakes, birds, juvenile ungulates, 
and carrion. 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 2013b). Annual nesting variation is likely a result of precipitation rates 
(drought) and declines in prey availability (rabbits, prairie dogs, etc.). 

3.1.3.4 Aguatic Macroinvertebrates 
Macroinvertebrates are benthic organisms including aquatic insects (mayflies, caddis flies, daphnia, 
cyclops, stoneflies and others), mollusks and worms. 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), in defining 
macroinvertebrates states, "the composition of the (macroinvertebrate] community is an indication of the 
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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 boundary and are designed to reflect the overall water 
quality and aquatic habitat quality of the stream system and watershed above the monitoring point. The 
sampliug lucations 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 communities are highly variable. In a sLream sysLt:m, many physical, 
chemical, and biotic factors interact to affect macroinvertebrate communities in ways that are not fully 
understood. The effects of landslides, wildfues, 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 
land use or management effects to environmental impacts and 2) separate man caused impacts from those 
that result from natural phenomena" (Larsen and Herlihy 1998). 

The monitoring techniques 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 
Lu uwughLs, floods, and landslides in addition to land management ac.tivities. 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. a is the number of species predicted and E is number of taxa present. Those 
results were compared to the 2004 results. Currently, Muddy Creek is meeting Forest Plan standards. 

No site-specific surveys of aquatic macroinvertebrates have been conducted and no site-specific 
monitoring is proposed for this project. 

3.1.3.5 Sage Nesters (Fishlake National Forest MIS) 
Sage nesting species are species that require sagebrush during at least part of the year for survival. Sage 
nesters are represented by Brewer's sparrow (Spizella breweri), vesper sparrow (Pooectes gramineus), 
and sage thrasher (Oreoscoptes montanlls). 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 20 13d). 
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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 sagebrush ecosystems, so that the 
requirements of all sagebrush 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 breweri) 
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 imd 50 cm from the ground. 
Brewer's sparrows prefer shrubs 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 al. 1988, Rodriguez et aI2006). 

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 gramineus) 
The vesper sparrow is found in fields, pastures, and roadsides in farming 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 annual 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 miles away 
from known surface water (Rodriguez et aI2006). Captives drank 19.7 percent of body weight per day, 
but could survive on dry seeds without water. 

3.1.3.5.3 Sage thrasher (Oreoscoptes montanus) 
The sage thrasher breeds from southern British Columbia, central Idaho, and southern Montana, south to 
southern California, southern Nevada, New Mexico, and western Oklahoma. It winters mainly in the 
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 sluubs (Rodriguez et al 2006). The sage tIu·asher apparently 
reduces nest parasitism 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 below sagebrush or in the branches near the main axis of the plant. Nests may be lined with 
rootlets and grass, and often with fur or feathers. Sage thrashers require some foliage for cover above the 
nest. (Rodriguez et al 2006). 

3.1.3.6 Cavity Nesters (Fishlake National Forest MIS) 
Cavity nesting species are represented by hairy woodpeckers (Picoides villosus), western bluebirds (Sialia 
mexicana), and mountain bluebirds (Sialia cttrrucoides). Generally speaking, cavity nesting species favor 
open woodlands with a well-developed understory of shrubs and/or 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 
un.:hanls an: Lypkal habiLaLs uuring winLt:r. CaviLy llt:sLing avian spt:dt:s 1t:t:u Ull illSt:ds uuriug Lht: 
breeding season and on nuts and fruits during 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 villosus) 
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, sycamore, pine, or other tree species. It begins breeding from late March to late 
May. The male drums on dry, resonant limbs to attract the female. Average clutch is 4 eggs, though the 
range is 3-5. They have one brood per year. Both the male and female dig a cavity, incubate the eggs 
about two weeks, and care for altricial young. (Rodriguez et aI2006). 

Most of the hairy woodpecker's food comes from trees. The food consists of larvae, beetles, spiders, flies, 
ants, and in the winter, seed, grains, nuts, and acorns. It often congregates to feed in insect-infested or 
burned areas and frequents riparian habitats year-round. (Rodriguez et aI2006). 
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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 aI2006). 

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 natural 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 currucoides) 
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 22-23 days 
(Rodriguez et al 2006). 

3.1.3.7 Riparian Nesters (Fishlake National Forest MIS) 
Riparian nesting species are represented by Lincoln's sparrow (Melospiza lincolnii), song sparrows 
(Melospiza melodia), yellow warblers (Dendroica petechia), and MacGillivray's warblers (Oporornis 
tolmiei). 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 brushy bogs and willow and alder 
thickets. It winters across the southern tier of the United States in woodland thickets and brushy pastures. 
The diet consists mainly of insects, but spiders and millipedes will also be eaten. Grass and forb seed are 
also consumed (Rodriguez et aI2006). 

The Lincoln's sparrow breeds 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 cup 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 
14 days. The altricial young are cared for by both parents, and fledge in 9-12 days (Rodriguez et al 
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 t:asllu Nt:w1uuHdland and south to Cahionua, North Uakota, 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 shrub, 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 thickets or wetland vegetation. It gleans from the ground or low plants and often scratches in litter. 
Water is also required in a song sparrow territory. The song sparrow is commonly host to nest parasitism 
by brown-headed cowbirds (Rodriguez et aI2006). 

3.1.3.7.3 Yellow warbler (Dendroica petechia) 
The yellow warbler breeds throughout most of Alaska across Canada and south to southern California, 
northern Oklahoma, and northern Georgia. It winters in the tropics. This warbler is found nesting in 
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 shrubs, willows, or low trees near water. They breed in shrubby growth by 
swamps and watercourses, in wet scrub, 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 aI2006). 

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 MacGillivray'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). 

3.1.4 SPECIES OF HIGH FEDERAL INTEREST 

Species of high federal interest, as defined by the USFWS, include several migratory birds. No other 
categories of wildlife were identified by the USFWS. 

3.1.4.1 Migratory 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 (PIP, Parrish et al. 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, yellow-rumped warbler, violet-green swallow, tree swallow, horned lark, 
unknown hummingbird, hermit thrush, Clark's nutcracker, and green-tailed towhee (Forest Service 
20 13d). Additionally, migratory bird surveys in The Pines area (Forest Service 2013d), have recorded 
American robin, chipping sparrow, song sparrow, 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. Mi2ratory bird species that could occur on the Manti Division of the MLNF. 

Species Lists l Primary and Secondary Observations Near/In the 
Habitat Types2 Analysis Area3 

Black-throated gray warbler PIF, Boee, ewes Pinyon-juniper 
E 

Dendroica nigrescens Mountain Shrub 
Brewer's Sparrow" PIF, ewes Shrub steppe 

A, B, e, E, I, M, N, 0 
Spizella breweri High-desert scrub 
Broad-tailed hummingbird PIF, ewes Lowland riparian 

B,e,E,O 
Se!l/sphurus pll/tyeereus Mountain riparian 
Cassin's finch Boee Aspen 

B, e, I, N, 0 
Carpodacus cassinii Sub-alpine conifer 
Ferruginous hawk PIF, Boee, ewes Pinyon-juniper 

K 
Buteo regalis Shrub-steppe 
Flammulated owl' Boee Ponderosa pine 

E, G, H, I, J, N 
Otus flammeolus Sub-alpine conifer 
Golden eagle BOee Cliff 

E 
Aquila chrysaetos High desert scrub 
Grace's warbler ewes Ponderosa pine 

e,I,N,O 
Dendroica graciae Mixed conifer 
Gray vireo Plr', Hoee, ewes Pinyon-juniper 

B, e, E, I, N, 0 
Vireo vicinior Oak 
Greater sage-grouse' ewes SClge:bm~h 

A, ll, D, 1', U 
Centrocercus urophasianlls Shrub-steppe 
Lewis's woodpecker PIF, Boee, ewes Ponderosa pine 

L 
Melanerpes lewis Lowland riparian 
Northern goshawk' ewes Mixed conifer 

e,D,E,O 
Accipiter gentilis Aspen 
Peregrine falcon' ewes Cliff 

E 
Falco peregrinus Lowland riparian 
Pinyonjay ewes Pinyon-juniper 

B,E,I,M,N 
Gymnorhinus cyanocephalus Ponderosa pine 
Sage sparrow PIF, Boee, ewes Shrub-steppe 

B, e,E,I, M, N, 0 
Amphispiza belli High desert scrub 
Sage thrasher4 ewes Shrub-steppe 

A, B, e, E, I, M, 0 
Oreoscoptes montanus High desert scrub 
Three-toed woodpecker' ewes Sub-alpine conifer 

E, I 
Picoides tridactylus 
Virginia's warbler PIF, Boee, ewes Oak 

e,E,O 
Vermivora virginiae Pinyon-juniper 
Williamson's sapsucker BOee,eWes Sub-alpine conifer 

E 
Sphyrapicus thyroideus Aspen 
Willow flycatcher BOee Lowland riparian 

K 
Empidonax trail/ii Mountain riparian 

IpIF = Partners In Flight (Parrish et al. 2002), BOCC = Birds of Conservation Concern (USFWS 2008), CWCS = Utah 
Comprehensive Wildlife Conservation Strategy (UDWR 2005a). 
2Where both primary and secondary habitat types are applicable. 
3 A = FerronlPrice Ranger District Migratory Bird Survey Summary 2008-Wildcat Knolls (Forest Service 2008d), B = 
FerronlPrice/Sanpete Ranger Districts Migratory Bird Survey Summary 2009-Wildcat Knolls (Forest Service 2009b), C = 
FerronlPrice/Sanpete Ranger Districts Migratory Bird Survey Summary 2009-The Pines (Forest Service 2009c), D = Greens 
Hollow Goshawk Trend Data (Forest Service 2009d), E = Muddy Creek Technical Report-Wildlife (Cirrus 2004), F = Sage-
Grouse Strutting Ground Counts (Forest Service 2009a), G = Flammulated Owl Survey Data Form-The Pines 2008 (Forest 
Service 2008d), H= Flammulated Owl Survey Data Form-The Pines 2009 (Forest Service 200ge), 1= 2010 Breeding Bird Survey 
(Forest Service 201Oc, 20IOd), J = 2010 Flammulated Owl Survey (Forest Service 20IOa), K = Not observed, but presence is 
suspected (Cirrus 2004), L = Not observed, and presence is not suspected (Cirrus 2004). M = FerronlPrice Ranger District 
Migratory Bird Survey Summary 2010-Wildcat Knolls (Forest Service 2013d), N = FerronlPrice Ranger District Migratory Bird 
Survey Summary 20 I O-The Pines (Forest Service 2013d), 0=2008 and 2009 Breeding Bird Survey (Forest Service 2013d). 
4Also discussed as a sage nesting MIS for the FLNF in Section 3.1.3.5.3 
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 further downstream 2010 survey location near where Muddy Creek crosses the MLNF 
border showed a complete absence of fish (Jewkes 2013c). 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 oscolus) 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 (Salvelinus 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 heard at a 
pond and at the bottom of a canyon (Cirrus 2004). 
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Other amphibian species that could polenlially Ul.:l.:ur in lltt: analysis an:a iuduut: lilt: Oi~al 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 sagebrush, but also occur in grasslands and the lower edge of the spruce-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. (Dalton et al 
1990). 

Five reptile species were incidentally observed in the analysis area: the eastern fence lizard, tree lizard, 
sagebrush lizard, short-homed lizard, and western terrestrial garter snake (see section 2.4.4.2). Reptile 
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 
Cirrus personnel (1 bat, 1 carnivore, 10 rodents, and 4Iagomorphs). All habitats in the analysis area are 
potentially used by at least some small mammals, with riparian habitats being used by the largest number 
of species. (Cirrus 2004). 

3.1.5.5 Non-Game Birds 
A tntal of 2m species of non-game birds could potentially occur in the study area (see section 2.4.4.4). 
Of these, 84 were observed by Cirrus 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 2013d). 

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 hummingbird, hermit 
thrush, Clark's nutcracker, chipping sparrow, and green-tailed towhee. A larger variety of species of 
interest were also observed in 2009 and 2010. These species included: greater sage-grouse, broad-tailed 
hummingbird, gray vireo, pinyon jay, sage thrasher, sage sparrow, Brewer's sparrow, and Cassin's finch 
(Forest Service 20 13d). 
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fiLM and State sensitive species present in Sanpete and Sevier counties and their status in the 
Greens Hollow Federal Coal Lease Tract pro.ject area. 

Analyzed 
Species 

in SEIS? 

American white pelican 
Pelecanus erythrorhynchos No 

Bald eagle 
Yes 

Haliaeetus leucocephalus 
Big free-tailed bat 
Nyctinomops macro tis No 

Black swift 
Cypseloides niger No 

Burrowing owl 
Athene cuniclilaria No 

Carinate Glenwood pyrg 
Pyrgulopsis inopinata No 

Ferruginous hawk 
Buteo regalis No 

Fringed myotis 
Myotis thysanodes No 

Grasshopper sparrow 
No 

Ammodramlls savannarllm 
Kit fox 

No 
Vulpes macro tis 
Lewis's woodpecker 
Melanerpes lewis No 

Long-billed curlew 
Numenius american liS No 

Nint:mile pyrg 
No 

Pyrglilopsis nonaria 
Otter Creek pyrg 
Pyrgu/opsis lusca No 

Pygmy rabbit 
Brachylagus idahoensis Yes 

2014 

Known Analyzed 

Hahitat Present 
to Occur Species 

in the Project Area? 
in the with 

Project Shared 
Area? Habitat 

Wildlife Species 

No - Breeds on islands in 
freshwater lakes. Winters at No None 
coastal sites. I 

- - -
Yes - Rocky woodland habitat, 
roosts in caves, mines, old No Spotted bat 
buildings, and rock crevices. 
No - Nests on rock ledges near or 
behind waterfalls in montane No None 
areas. I 

No - Nests in open grasslands Utah 
occupied by burrowing mammals No 

prairie dog such as prairie dogs. I 

No - Three springs in Sevier 
County: two near Glenwood and No None 
one south of Sigurd.2 

No - Low elevation, flat, rolling 
grassland and shrubsteppe habitats. No None 
Avoids forests and narrow 
canyons. 
Yes - Inhabits caves, mines and 
buildings in desert and woodland No None , 
areas.-

No - Nests in grasslands with No None 
sparse shrub cover. I 

No - Inhabits open desert plains.2 
No None 

Yes - Inhabits ponderosa pine 
forests, lowland riparian areas with No None 
cottonwoods, oak woodlands, and 
pinyon-juniper woodlands. I 

No - Nests in low vegetative 
density grasslands. Avoids areas 
with thick bunchgrasses or shrubs. I 

No None 

Nu - Two springs near Ninemile No None 
Reservoir in Sanpete County.2 

No - Known from three sites in 
tributaries of Otter Creek in Piute No None 
and Sevier Counties. 

. .. 

- - -
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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. 

Species 

Short-eared owl 
Asio flammeus 

Smooth Glenwood pyrg 
Pyrgulopsis chamberlini 
Southern Bonneville 
springsnail 
Pyrgu/opsis transversa 

Southern leatherside chub 
Lepidomeda aliciae 
Three-toed woodpecker 
Picoides tridactylus 
Townsend's big-eared bat 
Corynorhinus townsendii 
Boreal (Western) toad 
Bufo boreas 

Alicielia tentlis 
Emery, Sevier 

Astragalus loanus 
Sevier 

Eriogonum brevicaule 
mitrophyllum 
Sevier 

Ericameria lignum viridis 
Sevier 

2014 

Known Analyzed 

Analyzed Habitat Present 
to Occur Species 

in SEIS? in the Project Area? 
in the with 

Project Shared 
Area? Habitat 

No - This species does not breed 
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.2 

No 
No - Two springs near Glenwood 

No None in Sevier County.2 

No - Six springs in north-central 

No 
Utah: four in Tooele County, one 

No None 
in Utah County, and one in 
Sanpete County.3 

Yes - - -

Yes - - -

Yes - - -

Yes - - -
Vegetation Species 

No 

No 

No 

No 

No - Limestone or sandstone, in No None 
open grass, shrub, and woodland 
communities, between 5,200 and 
7,100 feet eievation.4 Restricted to 
sandstone outcrops and sandy 
detrital slopes in association with a 
curious mixture of mountain brush, 
pinyon-juniper, and cushion plants. 
Largest concentrations are on 
sandstone (including mudstone and 
siltstone) with interbedded 
gypsum, on ledges, in cracks, and 
on talus slopes. Most populations 
are on steep terrain.5 

No - Known only from the middle No None 
Sevier ValIey6; sagebrush and PI 
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 c1iffs7,8 
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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 the with 
in SEIS? in the Project Area? 

Project Shared 
Area? Habitat 

Mentzelia argillosa No No - Steeply sloping and No None 
Sanpete, Sevier constantly moving talus or scree 

slopes of the Arapien shale in Utah 
9 

Penstemon wardii 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 
Arapien shale). 5,500 to 6,800 ft. 7 

Phacelia utahensis No No - Salt desert shrub on clay hills No None 
Carbon, Sevier, Sanpete and banks in the Arapien shale 

formaliuII, 5,500 lo 6,200 fl. Sail 
desert shrub on clay hills and 
banks in the Arapien shale 
formation, 5,500 to 6,200 ft. 7 

Townsendiajonesii lulea No No - Salt desert and mixed desert No None 
Juab, Piute, Sevier shubs and juniper-sagebrush 

communities on Arapien shale and 
clays in volcanic rubble, 5,500 to 
6,300 ft.7 

1. Birds of North A m~ric<l . httn://hMl . hjl'l'ls .~orllcl1 . e:cill/hn<l 

2. Utah Conservation Data Center. htm:l/dwrC<ic.nr.utah.gov/ucdcldefaull.asp 
3. Oliver and Bosworth 1999. 

hUg :/ldigital colTIlnolls.usU.edll/cgilviewcontent.cgi?artic lc=15~O&context=govdocs 

4. http://www.fs.fed. usiwildi1o~versirareQl ants/Qrofilesicritica ll y. i mperiled/al iciella renuis!i ndex.shtml 
5. 
6. 
7. 
8. 
9. 

2014 

hllg:/leol.ol'gLRagesl4875211delaiis 
htl:Q:Illoco.biosci .arjzona.ed ll/asl ragaluS/image~/ Astrat@lus images! Alo8llus.htrn 
Utah Rare Plants guide online. 
hltl2://eol.org[l2ages!482827/details 
htto://eol.org/pages/487671/details 
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Biological Evaluation for the Ark Land Company's Greens Hollow Coal Lease Tract Project 
Sensitive 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 
(Table 1) potentially occurring in areas proposed for coal extraction and where disturbances may occur on 
the PricelFerron 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 2010a) and Vegetation Technical Report (Cirrus 2010b) prepared for this 
project. Additional infonnation regarding life histories and habitat requirements for these species can be 
found in those two 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 Sensitive 
Species Known/Suspected 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 1 
lists the sensitive species reviewed for this proj ect. It includes a brief habitat description and an analysis 
of habitat suitability for each species to detennine 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 wildlife and plant 
species found on the Manti-La Sal and Fishlake National Forests (Forest Service 2010a). 

Species Habitat Description Analysis of Habitat 
SuitabilitylRationale 

Mammals 

Spotted Bat 
Ponderosa pine, pinyon-juniper woodlands, and 

Considered. Pinyon-juniper and 
shrub desert. Elevations up to 10,600 feet. 

Ellderma maclilatllnl 
Roosts in crevices of rocky cliffs. 

crevice habitat is present. 

Townsend's Big-eared Bat 
Semidesert shrub lands, pinyon-jun iper 

Corynorhinlls lownsendii 
woodlands, and open montane forests . Elevations Considered. Suitable foraging 
up to 9,500 feet. Roosts in caves and abandoned habitat present; roosts limited. 

pallescens 
mines. 

Not Considered. Suitable habitat 
Pygmy Rabbit Areas with tall, dense sagebrush. Requires deep not available. Nearest historical 
Brachylaglls idahoensis 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 
(Haliaeetlls lellcocephalus) and early winter. After the open water freezes, 

known nest approximately 18 
eagles generally move to the foothills and valleys 
to feed on small mammals and carrion. 

miles from project area. 

Considered. There are recorded 
Habitat includes a wide variety of forest ages, goshawk responses in the project 

Northern Goshawk structural conditions, and successional stages for area and several territories in the 
Accipiter genti/is foraging . Generally nests in coniferous, mixed general area. Extensive suitable 

coniferous, and riparian (aspen stringers) forests. habitat is present. 



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 Service 2010a). 

Species Habitat Description Analysis of Habitat 
SuitabilitylRationale 

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 anatllm 
riparian areas or in open meadows. and two known nests in the area 

are present. 

Flammulated Owl Mature pine, mixed conifer and aspen forests. 
Considered. Suitable habitat 
present. Numerous responses in 

OtllS flamm eo Ills Snags with cavities required for nesting . 
the area recorded. 

Coniferous and mixed forest types at elevations 
Considered. Species is known to 

Three-Toed Woodpecker 
up to 9,000 feet. Requires snags for nesting and 

be present in the area from 
Picoides tridactylus 

foraging. 
previous surveys. Extensive 
suitable habitat present. 

Greater Sage-grouse 
Sagebrush communities used during all life cycle Considered. Active leks present. 

Centrocerclls lIrophasianlis 
stages . Riparian meadows, springs, and streams Numerous grouse recorded each 
are also used during late brood-rearing. 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 
Oncorhynchus clarki 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. 
pleuriticlls 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. 

reservolTs. 

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 

Rana luteiventris 
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 

Blilo boreas boreas 
moving streams, wetlands, desert springs, ponds, found in the area where impacts 
lakes, meadows, and woodlands. would occur. 

Plants (Welsh et aI. 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. 
Chatterlei" 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 of project area. 

Sweet-flowered rock 
Jasmme 
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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 Service 20103). 
Aqllilegia flavescens Manti-La Sal Emery and Sevier counties . East Considered. Species is present 
var. rllbincllnda margins of the Wasatch 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 feef. 

Aster kingii mr. Fishlake Mountain mahogany and oak 1\"ot Considered. Outside of 
barebyana communities on rock outcrops in Juab known range . 

and Millard counties, Utah . 
Bameby woody aster 
Astragallls Manti-La Sal Sagebrush-grassland and pinyon- Considered. Sagebrush and 
cOl1sobril1l1S Fishlake juniper communities on the Mancos pinyon-juniper habitat is present 

Shale Formation; Volcanic gravel to in project area. However, there 
Bicknell milkvetch 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 parvlIla val'. Fishlake Endemic to the Tushar Mountain, Not Considered. Outside of 
parvllla Beaver and Piute counties, Utah. known range . 

Tushar Mountain 
paintbrush 
Cryplantha Manti-La Sal Western Carbon and Emery counties. Not Considered. Project area is 
crelltsfeldtii 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 becAli Fishlake Clifffaces in sandstone canyon Not 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, Not Considered. Outside of 

Creeping draba 
Beaver, and Piute counties, Utah. known range. 

Epilobium nevadense Fishlake Pinyon-juniper and mountain brush Not Considered. Outside of 
communities on limestone outcrops in known range . 

Nevada willowherb Millard and Washington counties. 
Erigeron abajoellsis Manti-La Sal Garfield, Piute, San Juan, and Wayne Not Considered. Outside of 

counties. Pinyon-juniper ponderosa known range. 
Abajo daisy pine, and spruce-fir communities at 

7,000 - 11 ,320 feet. 
Erigeron carringtol/ae 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 kachillellsis Manti-La Sal San Juan County. Montane sites with Not Considered. Outside of 
mountain brush, pinyon-juniper, and known range. 

Kachina daisy ponderosa pine, Douglas fir, and 
Manzanita communities at 5,250 -
8,000 feet. 
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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 Service 2010a). 
Species National Habitat Description Analysis of Habitat 

Forest SuitabilitylRationale 
Erigeron manclis Manti-La Sal Grand and San Juan counties. Not Considered. Outside of 

Subalpine fir, and alpine forb and known range and above 
LaSal daisy grass-sedge communities, frequently in elevation of project area. 

rockstripes at 10,000 - 12,240 feet. 
Eriogol1l1l1l batel1lallii Fishlake Igneous outcrops and gravels in Not Considered. Outside of 
var. ostllllldii 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 Piute and Sevier 
Counties in central Utah. 

Gilia caespitosa Fishlake Wayne County. Pinyon-juniper- Not Considered. Outside of 
cercocarpus communities at 5,690 - known range . 

Wonderland Alice 8,515 feet on Navajo Sandstone and 
flower Carmel Limestone. 
Hedysarlll1l Manti-La Sal Carbon, Duchesne, and Emery Considered. Potential habitat is 
occidentale var. canoe counties. Pinyon-juniper, sagebrush, present in the proj ect area. 

serviceberry, maple, mountain 
Canyon sweetvetch mahogany, and wash communities 

between 6,400 and 8,315 feet 
Lomatillm latilobllm Manti-La Sal Grand and San Juan counties. Pinyon- Not 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, Not Considered. Outside of 
Fish Lake, Utah. known range . 

Fishlake niad 
Pens/emon parvlls Fishlake Sagebrush-grass and pinyon-juniper Not Considered. Outside of 

communities on tertiary volcanic known range. 
Little penstemon gravels . Endemic to Utah in Piute, 

Garfield, and Wayne counties. 
Penstemon wardii Fishlake Desert shrub, pinyon-juniper, Not Considered. Outside of 

sagebrush, shadscale, and greasewood known range. 
Ward's penstemon communities on the Bald KnolI and 

Arapien Shale formations at the 5,200 
to 6,810 feet elevations. 

Salix arizonica 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 wilIow meadows, streams ides, and cienegas, 
typically in or adjacent to perennial 
water. 

Senecio castorells Fishlake Endemic to the Tushar Mountains Not Considered. Outside of 
between 11,000 and 12,700 feet on known range. 

Beaver Mountain windswept ridges downward to spruce-
groundsel fir communities in Piute County. 
Senecio nlllsiniensis Manti-La Sal Sanpete county. Ridgetops on Flagstaff Not 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. Flagstaff 

Wasatch Platuea between 9,700 and limestone outcrops at the 
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 Service 2010a). 
Species National Habitat Description Analysis of Habitat 

Forest Suitability/Rationale 
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. 

Thelesperma sublluda Fishlake Navajo Sandstone and Carmel Not Considered. Outside of 
var. aplina Limestone between 6,888 and 9,000 range. 

feet. Endemic to Wayne County. 
Bicknell thelesperma 
Towl1sel1dia jonesii Fishlake Salt desert shrub and juniper Not Considered. Outside of 
var. [utea 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, Townsend'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. 
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Biological Evaluation for the Ark Land Company Greens Hollow Coal Tract Lease Project 
Sensitive Wildlife and Plant Species 

VIII. DETERMINATIONS AND RATIONALE 

This Biological va luation prepared for this proje I, tiers off the analysis presented in the Greens Hollow 
Wildlife Technical Report (Cirrus 20 lOa). The detenninations outlined belO\v are that the Proposed 
Action would affect Region 4 sensiti e specie ' in one of four ways: (I) no impact, (2) beneficial impact, 
(3) may ad er ely impact indi idual , but not likely to result in a loss of viability in the planning area nor 
cause a treud toward r deral Ii ling, or (4) likely to re ulr in a 10 of viability in the planning area or in a 
trend roward Federal Listing. The determinations are based on spe ific l1abitat requirements of th 
different species in relation to anticipated effects of the Proposed Action. 

A no-impact detennination was made for eight of the species analyzed. For nine species, the Proposed 
Action may adversely impact individuals, but is not likely to result in a loss of viability in the Planning 
Area, nor cause a trend toward Federal listing, and for one species, it is determined that the Proposed 
Action may adversely impact individuals of the following species and is likely to result in a loss of 
viability in the planning area, and/or cause a trend toward Federal listing. Rationale specific to each 
determination is disclosed below. Further, it can be assumed that the Proposed Action would have "No 
Impact" on those species disclosed in Table 1 that were not carried through the analysis. 

"No IMPACT" DETERt'1INATION 

Based on the analysis provided in this document, it is determined that the Proposed Action would have no 
impact on the following Region 4 species: 

• Bald eagle 

• Bonneville cutthroat trout 

• Columbia spotted frog 

• Pygmy rabbit 

• Southern leatherside chub 

• Western boreal toad 

• Bicknell's m ilkvetch 

• Canyon sweetvetch 
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Sensitive Wildlife and Plant Species 

These "no impact" detenninations are based on one of the following rationales (Table 5): 

1. 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 known 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 surrounding area is currently 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" determination on USDA Forest Service R4 sensitive species. 
Species Rationale 

Bald eagle 3,4 
Bonneville cutthroat trout 1,2,4 
Columbia spotted 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 

"MAY IMPACT" DETERMINATION 

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 goshawk 

• Peregrine falcon 

• Three-toed woodpecker 

• Spotted bat 

• Townsend'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 individuals of the following species and is likely to result in a loss of viability in 
the planning area, and/or cause a trend toward Federal listing. 

• Greater sage-grouse 
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This "may impact" detennination is based on the following rationale and summarized in Table 6. 

1. 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 would 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. However, 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 northern 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, ~nd/or cause a trend toward Federal listing" is required. 

Table 6. Rationale for "May Impact" determination on USDA Forest Service R4 sensitive species. 
Species Rationale 

Colorado River cutthroat trout 1,2, 3,4,5 
Flammulated owl 1,3,4,5 
Greater sage-grouse 1,2,3,4, 5, 6, 7 
Northern goshawk 2,3,4,5 
Peregrine falcon 2,3,4,5 
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Table 6 (cont'd). Rationale for "May Impact" determination on USDA Forest Sen-ice R4 sensitive 
~ecjes. 

Species Rationale 
Three-toed woodpecker 1, 3, 4, 5 
Spotted bat 1, 2,3,4,5 
Townsend's bilZ-eared bat 1 234, 5 
Link Trail Columbine 1 
Arizona willow 1 
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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 updated 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 

Lepidomeda aliciae 

Euderma maculatum 

Corynorhinus townsendii 

Cynomys parvidens 

Bufo boreas 

Scientific Name 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Catostomus discobolus 

Dolichonyx oryzivorus 

Oncorhynchus clarkii utah 

Athene cunicularia 

Anodonta californiensis 

Oreohelix peripherica 

Buteo rega lis 

Ammodramus savannarum 

Canis lupus 

Bufo cognatus 

Centrocercus urophasianus 
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State Status 

SPC 

SPC 

SPC 

SPC 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

CS 

SPC 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

S-ESA 

SPC 

State Status 

SPC 

SPC 

CS 

SPC 

CS 

SPC 

SPC 

SPC 

SPC 

SPC 

S-ESA 

SPC 

SPC 



Box Elder Count~ - continued 

Common Name Scientific Name State Status 

Kit Fox Vulpes macrotis SPC 

Lahontan Cutthroat Trout Oncorhynchus clarkii henshawi S-ESA 

Least Chub lotichthys phlegethontis CS 

Lewis's Woodpecker Melanerpes lewis SPC 

Long-billed Curlew Numenius americanus SPC 

Lyrate Mountainsnail Oreohelix haydeni SPC 

Mountain Plover Charadrius montanus SPC 

Northern Goshawk Accipiter gentilis CS 

Northern Leatherside Chub Lepidomeda copei SPC 

Northwest Bonneville Pyrg Pyrgulopsis variegata SPC 

Preble's Shrew Sorex preblei SPC 

Pygmy Rabbit Brachylagus idahoensis SPC 

Sharp-tailed Grouse Tympanuchus phasianellus SPC 

Short-eared Owl Asio flammeus SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Physa Physella utahensis SPC 

Western Pearls hell Margaritifera falcata SPC 

Western Toad Bufo boreas SPC 

Yellowstone Cutthroat Trout Oncorhynchus clarkii bouvieri SPC 

Cache Count~ 

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 cunicularia SPC 

California Floater Anodonta californiensis SPC 

Canada Lynx Lynx canadensis S-ESA 

Deseret Mountainsnail Oreohelix peripherica SPC 

Fringed Myotis Myotis thysanodes SPC 

Grasshopper Sparrow Ammodramus savannarum SPC 

Great Plains Toad Bufo cognatus SPC 

Greater Sage-grouse Centrocercus urophasianus 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 

) 
Pygmy Rabbit Brachylagus idahoensis SPC 

Sharp-tailed Grouse Tympanuchus phasianellus SPC 
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Cache Countll - continued 

Common Name Scientific Name State Status 

Short-eared Owl Asio flammeus SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Western Red Bat Lasiurus blossevillii SPC 

Western Toad Bufo boreas SPC 

Carbon Countl{ 

Common Name Scientific Name State Status 

Bald Eagle Haliaeetus leucocephalus SPC 

Black-footed Ferret Mustela nigripes S-ESA 

Bluehead Sucker Catostomus discobolus CS 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Bony tail Gila elegans S-ESA 

Burrowing Owl Athene cunicularia SPC 

Colorado Pikeminnow Ptychocheilus lucius S-ESA 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Ferruginous Hawk Buteo regalis SPC 

Flannelmouth Sucker Catostomus latipinnis CS 

Greater Sage-grouse Centrocercus urophasianus SPC 

Humpback Chub Gila cypha S-ESA 

Kit Fox Vulpes macrotis SPC 

Northern Goshawk Accipiter gentilis CS 

Razorback Sucker Xyrauchen texanus S-ESA 

Roundtail Chub Gila robusta CS 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Western Red Bat Lasiurus blossevillii SPC 

Western Toad Bufo boreas SPC 

White-tailed Prairie-dog Cynomys leucurus SPC 

Daggett Countll 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bear Lake Sculpin Cottus extensus SPC 

Black-footed Ferret Mustela nigripes S-ESA 

Bluehead Sucker Catostomus discobolus CS 

Brown (Grizzly) Bear U rsus arctos S-ESA 

Canada Lynx Lynx canadensis S-ESA 

Colorado Pikeminnow Ptychocheilus lucius S-ESA 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Flannelmouth Sucker Catostomus latipinnis CS 

Fringed Myotis Myotis thysanodes SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Humpback Chub Gila cypha S-ESA 

Lewis's Woodpecker Melanerpes lewis SPC 
) 

Northern Goshawk Accipiter gentilis CS 
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Daggett Count~ - continued 

( Common Name Scientific Name State Status 

Razorback Sucker Xyrauchen texanus S-ESA 

Roundtail Chub Gila robusta CS 

Short-eared Owl Asio flammeus SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Western Toad Bufo boreas SPC 

White-tailed Prairie-dog Cynomys leucurus SPC 

Davis Count~ 

Common Name Scientific Name State Status 

American White Pelican Pelecanus erythrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bluehead Sucker Catostomus discobolus CS 

Bobolink Dolichonyx oryzivorus SPC 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Burrowing Owl Athene cunicularia SPC 

Columbia Spotted Frog Rana luteiventris CS 

Ferruginous Hawk Buteo regalis SPC 

Grasshopper Sparrow Ammodramus savanna rum SPC 

Kit Fox Vulpes macrotis SPC 

Least Chub lotichthys phlegethontis CS 

Lewis's Woodpecker Melanerpes lewis SPC 

( Long-billed Curlew Numenius americanus SPC 

Short-eared Owl Asio flammeus SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Western Pearlshell Margaritifera falcata SPC 

Western Toad Bufo boreas SPC 

Duchesne Count~ 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Black Swift Cypseloides niger SPC 

Black-footed Ferret Mustela nigripes S-ESA 

Bluehead Sucker Catostomus discobolus CS 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Brown (Grizzly) Bear Ursus arctos S-ESA 

Burrowing Owl Athene cunicularia SPC 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Eureka Mountainsnail Oreohelix eurekensis SPC 

Ferruginous Hawk Buteo reg a lis SPC 

Flannelmouth Sucker Catostomus latipinnis CS 

Fringed Myotis Myotis thysanodes SPC 

Gray Wolf Canis lupus S-ESA 

) 
Greater Sage-grouse Centrocercus urophasianus SPC 

Kit Fox Vulpes macrotis SPC 
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Duchesne Count~ - continued 

Common Name Scientific Name State Status 

Lewis's Woodpecker Melanerpes lewis SPC 

Long-billed Curlew Numenius americanus SPC 

Mountain Plover Charadrius montanus SPC 

Northern Goshawk Accipiter gentilis CS 

Roundtail Chub Gila robusta CS 

Short-eared Owl Asio flammeus SPC 

Smooth Greensnake Opheodrys vernalis SPC 

Spotted Bat Euderma maculatum SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Western Toad Bufo boreas SPC 

White-tailed Prairie-dog Cynomys leucurus SPC 

emery County 

Common Name Scientific Name State Status 

Bald Eagle Haliaeetus leucocephalus SPC 

Black-footed Ferret Mustela nigripes S-ESA 

Bluehead Sucker Catostomus discobolus CS 

Bony tail Gila elegans S-ESA 

Burrowing Owl Athene cunicularia SPC 

Canada Lynx Lynx canadensis S-ESA 

Colorado Pikeminnow Ptychocheilus lucius S-ESA 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Ferruginous Hawk Buteo regalis SPC 

Flannelmouth Sucker Catostomus latipinnis CS 

Great Plains Toad Bufo cognatus SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Humpback Chub Gila cypha S-ESA 

Kit Fox Vulpes macrotis SPC 

Northern Goshawk Accipiter gentilis CS 

Razorback Sucker Xyrauchen texanus S-ESA 

Roundtail Chub Gila robusta CS 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Western Toad Bufo boreas SPC 

White-tailed Prairie-dog Cynomys leucurus SPC 

Garfield Count~ 

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 

Black Canyon Pyrg Pyrgu lopsis plicata SPC 

) 
Bluehead Sucker Catostomus discobolus CS 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 
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Garfield Count~ - continued 

( Common Name Scientific Name State Status 

Bony tail Gila elegans S-ESA 

Brown (Grizzly) Bear Ursus arctos S-ESA 

Burrowing Owl Athene cunicularia SPC 

Colorado Pikeminnow Ptychocheilus lucius S-ESA 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Common Chuckwalla Sauromalus ater SPC 

Desert Night Lizard Xantusia vigilis SPC 

Flannelmouth Sucker Catostomus latipinnis CS 

Fringed Myotis Myotis thysanodes SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Humpback Chub Gila cypha S-ESA 

Kit Fox Vulpes macrotis SPC 

Lewis's Woodpecker Melanerpes lewis SPC 

Northern Goshawk Accipiter gentilis CS 

Pygmy Rabbit Brachylagus idahoensis SPC 

Roundtail Chub Gila robusta CS 

Short-eared Owl Asio flammeus SPC 

Southern Leatherside Chub Lepidomeda aliciae SPC 

Spotted Bat Euderma maculatum SPC 

Spotted Owl Strix occidentalis S-ESA 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Physa Physella utahensis SPC 

Utah Prairie-dog Cynomys parvidens S-ESA 

Western Toad Bufo boreas SPC 

Grand Count~ 

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 

Bald Eagle Haliaeetus leucocephalus SPC 

Big Free-tailed Bat Nyctinomops macrotis SPC 

Black-footed Ferret Mustela nigripes S-ESA 

Bluehead Sucker Catostomus discobolus CS 

Bony tail Gila elegans S-ESA 

Burrowing Owl Athene cunicularia SPC 

Colorado Pikeminnow Ptychocheilus lucius S-ESA 

Cornsnake Elaphe emoryi SPC 

Eureka Mountainsnail Oreohelix eurekensis SPC 

Ferruginous Hawk Buteo regalis SPC 

Flannelmouth Sucker Catostomus latipinnis CS 

Fringed Myotis Myotis thysanodes SPC 

Great Plains Toad Bufo cognatus SPC 

Greater Sage-grouse Centrocercus u rophasianus SPC 

Gunnison Sage-grouse Centrocercus minimus S-ESA, CS 
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Grand Countll - continued 

( Common Name Scientific Name State Status 

Gunnison's Prairie-dog Cynomys gunnisoni SPC 

Humpback Chub Gila cypha S-ESA 

Kit Fox Vulpes macrotis SPC 

Lewis's Woodpecker Melanerpes lewis SPC 

Northern Goshawk Accipiter gentilis CS 

Razorback Sucker Xyrauchen texanus S-ESA 

Roundtail Chub Gila robusta CS 

Smooth Greensnake Opheodrys vernalis SPC 

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 

Yellow-billed Cuckoo Coccyzus americanus S-ESA 

Iron Countll 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

Arizona Toad Bufo microscaphus SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Black Swift Cypseloides niger SPC 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

( Brian Head Mountainsnail Oreohelix parawanensis SPC 

Brown (Grizzly) Bear Ursus arctos S-ESA 

Burrowing Owl Athene cunicularia SPC 

Dark Kangaroo Mouse M icrodipodops megacepha Ius SPC 

Ferruginous Hawk Buteo regalis SPC 

Fringed Myotis Myotis thysanodes SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Kit Fox Vulpes macrotis SPC 

Least Chub lotichthys phlegethontis CS 

Long-billed Curlew Numenius americanus SPC 

Northern Goshawk Accipiter gentilis CS 

Pygmy Rabbit Brachylagus idahoensis SPC 

Short-eared Owl Asio flammeus SPC 

Southern Leatherside Chu b Lepidomeda aliciae SPC 

Spotted Bat Euderma maculatum SPC 

Spotted Owl Strix occidentalis S-ESA 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Prairie-dog Cynomys parvidens S-ESA 

Juab Countll 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

American White Pelican Pelecanus erythrorhynchos SPC 
) Bald Eagle Haliaeetus leucocephalus SPC 
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Juab Countll - continued 

Common Name Scientific Name State Status 

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 regalis 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 

Northern Goshawk Accipiter gentilis CS 

Pygmy Rabbit Brachylagus idahoensis SPC 

Short-eared Owl Asia flammeus SPC 

Southern Leatherside Chub Lepidomeda aliciae SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Physa Physella utahensis SPC 

Western Toad Bufo boreas SPC 

r 
Kane Countll 

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 

Bluehead Sucker Catostomus discobolus CS 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Bony tail Gila elegans S-ESA 

Burrowing Owl Athene cunicularia SPC 

Common Chuckwalla Sauromalus ater SPC 

Desert Night Lizard Xantusia vigilis SPC 

Desert Sucker Catostomus clarkii SPC 

Ferruginous Hawk Buteo rega lis SPC 

Flannelmouth Sucker Catostomus latipinnis CS 

Fringed Myotis Myotis thysanodes SPC 

Great Plains Toad Bufo cognatus SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Humpback Chub Gila cypha S-ESA 

\ Kanab Ambersnail Oxyloma kanabense S-ESA 

J 
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Kane Count\{ - 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 

Utah Prairie-dog Cynomys parvidens S-ESA 

Virgin Spinedace Lepidomeda mollispinis CS 

Western Toad Bufo boreas SPC 

Millard Count\{ 

Common Name Scientific Name State Status 

American White Pelican Pelecanus erythrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bifid Duct Pyrg Pyrgulopsis peculiaris 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 l 
Columbia Spotted Frog Rana luteiventris CS 

Dark Kangaroo Mouse M icrodipodops megacephalus SPC 

Ferruginous Hawk Buteo regalis SPC 

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 ida hoensis SPC 

Short-eared Owl Asio flammeus SPC 

Southern Leatherside Chub Lepidomeda aliciae SPC 

Sub-globose Snake Pyrg Pyrgu lopsis saxatilis SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Prairie-dog Cynomys parvidens S-ESA 

Western Toad Bufo boreas SPC 

Morgan Count\{ 

Common Name Scientific Name State Status 

) 
Bald Eagle Haliaeetus leucocephalus SPC 

Bluehead Sucker Catostomus discobolus CS 
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Morgan Count~ - continued 

( Common Name Scientific Name State Status 

Bobolink Dolichonyx oryzivorus SPC 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Deseret Mountainsnail Oreohelix peripherica SPC 

Ferruginous Hawk Buteo regalis SPC 

Grasshopper Sparrow Ammodramus savannarum SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Lewis's Woodpecker Melanerpes lewis SPC 

Lyrate Mountainsnail Oreohelix haydeni SPC 

Northern Goshawk Accipiter gentilis CS 

Sharp-tailed Grouse Tympanuchus phasianellus SPC 

Western Pearlshell Margaritifera falcata SPC 

Western Toad Bufo boreas SPC 

Piute Count~ 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

American White Pelican Pelecanus erythrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Brown (Grizzly) Bear Ursus arctos S-ESA 

California Floater Anodonta californiensis SPC 

( ) Ferruginous Hawk Buteo reg a lis SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Long-billed Curlew Numenius americanus SPC 

Northern Goshawk Accipiter gentilis CS 

Otter Creek Pyrg Pyrgu lopsis fusca SPC 

Pygmy Rabbit Brachylagus idahoensis SPC 

Short-eared Owl Asio flammeus SPC 

Southern Leatherside Chub Lepidomeda aliciae SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Physa Physella utahensis SPC 

Utah Prairie-dog Cynomys parvidens S-ESA 

Western Toad Bufo boreas SPC 

Rich Count~ 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsa lis SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bear Lake Sculpin Cottus extensus SPC 

Bear Lake Springs nail Pyrgulopsis pilsbryana SPC 

Bear Lake Whitefish Prosopium abyssicola SPC 

Black-footed Ferret Mustela nigripes S-ESA 

Bobolink Dolichonyx oryzivorus SPC 

) 
Bonneville Cisco Prosopium gemmifer SPC 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 
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Rich Count\{- continued 

Common Name Scientific Name State Status 

Bonneville Whitefish Prosopium spilonotus SPC 

Burrowing Owl Athene cunicularia SPC 

California Floater Anodonta californiensis SPC 

Ferruginous Hawk Buteo regalis SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Least Chub lotichthys phlegethontis CS 

Lewis's Woodpecker Melanerpes lewis SPC 

Lyrate Mountainsnail Oreohelix haydeni SPC 

Northern Goshawk Accipiter gentilis CS 

Pygmy Rabbit Brachylagus idahoensis SPC 

Short-eared Owl Asio flammeus SPC 

Western Pearlshell Margaritifera falcata SPC 

Western Toad Bufo boreas SPC 

White-tailed Prairie-dog Cynomys leucurus SPC 

Salt lake Count\{ 

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 

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 

Ferruginous Hawk Buteo regalis SPC 

Grasshopper Sparrow Ammodramus savannarum 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 

Short-eared Owl Asio flammeus SPC 

Smooth Greensnake Opheodrys vernalis SPC 

Spotted Bat Euderma maculatum SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Western Pearlshell Marga rit ife ra fa Icata SPC 

Western Toad Bufo boreas SPC 

Yellow-billed Cuckoo Coccyzus americanus S-ESA 
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San Juan County 

Common Name 

Allen's Big-eared Bat 

American Three-toed Woodpecker 

American White Pelican 

Arizona Toad 

Bald Eagle 

Big Free-tailed Bat 

Black-footed Ferret 

Bluehead Sucker 

Bobolink 

Bony tail 

Burrowing Owl 

Colorado Pikeminnow 

Common Chuckwalla 

Desert Night Lizard 

Flannelmouth Sucker 

Fringed Myotis 

Gray Wolf 

Great Plains Toad 

Greater Sage-grouse 

Gunnison Sage-grouse 

Gunnison's Prairie-dog 

Humpback Chub 

Kit Fox 

Lewis's Woodpecker 

Mogollon Vole 

Northern Goshawk 

Razorback Sucker 

Roundtail Chub 

Short-eared Owl 

Silky Pocket Mouse 

Smooth Greensnake 

Southwestern Willow Flycatcher 

Spotted Bat 

Spotted Owl 

Townsend's Big-eared Bat 

White-tailed Prairie-dog 

Yavapai Mountainsnail 

Common Name 

American Three-toed Woodpecker 

Bald Eagle 

Bluehead Sucker 

Bonneville Cutthroat Trout 

Brown (Grizzly) Bear 

Scientific Name 

Idionycteris phyllotis 

Picoides dorsalis 

Pelecanus erythrorhynchos 

Bufo microscaphus 

Haliaeetus leucocephalus 

Nyctinomops macrotis 

Mustela nigripes 

Catostomus discobolus 

Dolichonyx oryzivorus 

Gila elegans 

Athene cunicularia 

Ptychocheilus lucius 

Sauromalus ater 

Xantusia vigilis 

Catostomus latipinnis 

Myotis thysanodes 

Canis lupus 

Bufo cognatus 

Centrocercus urophasianus 

Centrocercus minimus 

Cynomys gunnisoni 

Gila cypha 

Vulpes macrotis 

Melanerpes lewis 

Microtus mogollonensis 

Accipiter gentilis 

Xyrauchen texanus 

Gila robusta 

Asio flammeus 

Perognathus flavus 

Opheodrys vernalis 

Empidonax traillii extimus 

Euderma maculatum 

Strix occidentalis 

Corynorhinus townsendii 

Cynomys leucurus 

Oreohelix yavapai 

Scientific Name 

Picoides dorsalis 

Haliaeetus leucocephalus 

Catostomus discobolus 

Oncorhynchus clarkii utah 

Ursus arctos 
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State Status 

SPC 

SPC 

SPC 

SPC 

SPC 

SPC 

S-ESA 

CS 

SPC 

S-ESA 

SPC 

S-ESA 

SPC 

SPC 

CS 

SPC 

S-ESA 

SPC 

SPC 

S-ESA, CS 

SPC 

S-ESA 

SPC 

SPC 

SPC 

CS 

S-ESA 

CS 

SPC 

SPC 

SPC 

S-ESA 

SPC 

S-ESA 

SPC 

SPC 

State Status 

SPC 

SPC 

CS 

CS 

S-ESA 



San~ete Countl{- continued 

Common Name Scientific Name State Status 

Burrowing Owl Athene cu n icu la ria SPC 

Canada Lynx Lynx canadensis S-ESA 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Columbia Spotted Frog Rana luteiventris CS 

Ferruginous Hawk Buteo rega lis SPC 

Grasshopper Sparrow Ammodramus savannarum SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Kit Fox Vulpes macrotis SPC 

Lewis's Woodpecker Melanerpes lewis SPC 

Long-billed Curlew Numenius americanus SPC 

Ninemile Pyrg Pyrgulopsis nona ria SPC 

Northern Goshawk Accipiter gentilis CS 

Southern Bonneville Springsnail Pyrgu lopsis tra nsversa SPC 

Southern Leatherside Chub 
, 

Lepidomeda aliciae SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Prairie-dog Cynomys parvidens S-ESA 

Western Toad Bufo boreas SPC 

Sevier CounW 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

American White Pelican Pelecanus erythrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Big Free-tailed Bat Nyctinomops macrotis SPC 

Black Swift Cypseloides niger SPC 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

Brown (Grizzly) Bear Ursus arctos S-ESA 

Burrowing Owl Athene cunicularia SPC 

Canada Lynx Lynx canadensis S-ESA 

Carinate Glenwood Pyrg Pyrgu lopsis inopinata SPC 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Ferruginous Hawk Buteo regalis SPC 

Fringed Myotis Myotis thysanodes SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Kit Fox Vulpes macrotis SPC 

Long-billed Curlew Numenius americanus SPC 

Northern Goshawk Accipiter gentilis CS 

Otter Creek Pyrg Pyrgulopsis fusca SPC 

Pygmy Rabbit Brachylagus idahoensis SPC 

Short-eared Owl Asia flammeus SPC 

Smooth Glenwood Pyrg Pyrgulopsis chamberlini SPC 

Southern Leatherside Chub Lepidomeda aliciae SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

) 
Utah Prairie-dog Cynomys parvidens S-ESA 

Western Toad Bufo boreas SPC 
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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 c/arkii utah CS 

Brown (Grizzly) Bear Ursus arctos S-ESA 

Canada Lynx Lynx canadensis S-ESA 

Colorado River Cutthroat Trout Oncorhynchus c/arkii 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 erythrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Bobolink Dolichonyx oryzivorus SPC 

Bonneville Cutthroat Trout Oncorhynchus c/arkii 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 regalis 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 

Northwest Bonneville Pyrg Pyrgulopsis variegata SPC 

Preble's Shrew Sorex preblei SPC 
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Tooele Countll- continued 

Common Name Scientific Name State Status 

Pygmy Rabbit Brachylagus idahoensis SPC 

Short-eared Owl Asio flammeus SPC 

Southern Bonneville Springsnail Pyrgulopsis transversa SPC 

Southern Tightcoil Ogaridiscus subrupicola SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Utah Physa Physella utahensis SPC 

Uintah Countll 

Common Name Scientific Name State Status 

American Three-toed Woodpecker Picoides dorsalis SPC 

American White Pelican Pelecanus erythrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Big Free-tailed Bat Nyctinomops macrotis SPC 

Black-footed Ferret Mustela nigripes S-ESA 

Bluehead Sucker Catostomus discobolus CS 

Bobolink Dolichonyx oryzivorus SPC 

Bony tail Gila elegans S-ESA 

Brown (Grizzly) Bear Ursus arctos S-ESA 

Burrowing Owl Athene cunicularia SPC 

Canada Lynx Lynx canadensis S-ESA 

Colorado Pikeminnow Ptychocheilus lucius S-ESA 

) 
Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Cornsnake Elaphe emoryi SPC 

Ferruginous Hawk Buteo regalis SPC 

Flannelmouth Sucker Catostomus latipinnis CS 

Fringed Myotis Myotis thysanodes SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Humpback Chub Gila cypha S-ESA 

Kit Fox Vulpes macrotis SPC 

Lewis's Woodpecker Melanerpes lewis SPC 

Long-billed Curlew Numenius americanus SPC 

Mountain Plover Charadrius montanus SPC 

Northern Goshawk Accipiter gentilis CS 

Razorback Sucker Xyrauchen texanus S-ESA 

Roundtail Chub Gila robusta CS 

Short-eared Owl Asio flammeus SPC 

Smooth Greensnake Opheodrys vernalis SPC 

Spotted Bat Euderma maculatum SPC 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

White-tailed Prairie-dog Cynomys leucurus SPC 

Yellow-billed Cuckoo Coccyzus americanus S-ESA 
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Utah County 

Common Name Scientific Name State Status 
) 

American Three-toed Woodpecker Picoides dorsa lis 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 U rsus a rctos S-ESA 

Burrowing Owl Athene cunicularia 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 Springs nail Pyrgulopsis 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 Lasiu rus 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 

Bonneville Cutthroat Trout Oncorhynchus clarkii utah CS 

~ 
Brown (Grizzly) Bear Ursus arctos S-ESA 

) Canada Lynx Lynx canadensis S-ESA 
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Wasatch County - continued 

Common Name Scientific Name State Status 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Columbia Spotted Frog Rana luteiventris CS 

Ferruginous Hawk Buteo regalis 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 townsendii 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 regalis 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 

Long-billed Curlew Numenius americanus SPC 

~ 
Mojave Rattlesnake Crota Ius scutulatus SPC 

Mountain Plover Cha radrius monta nus SPC 
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Washington Countll - continued 

( Common Name Scientific Name State Status 

Northern Goshawk Accipiter gentilis CS 

Pygmy Rabbit Brachylagus idahoensis SPC 

Relict Leopard Frog Rana onca S-ESA 

Short-eared Owl Asia flammeus SPC 

Sidewinder Crotalus cerastes SPC 

Southwestern Willow Flycatcher Empidonax traill;; extimus S-ESA 

Speckled Rattlesnake Crotalus mitchellii SPC 

Spotted Bat Euderma maculatum SPC 

Spotted Owl Strix occidentalis S-ESA 

Townsend's Big-eared Bat Corynorhinus townsendii SPC 

Virgin Chub Gila seminuda S-ESA 

Virgin Spined ace Lepidomeda mollispinis CS 

Western Banded Gecko Coleonyx variegatus SPC 

Western Red Bat Lasiurus blossevillii SPC 

Western Threadsnake Leptotyphlops humilis SPC 

Western Toad Bufo boreas SPC 

Wet-rock Physa Physella zionis SPC 

Woundfin Plagopterus a rgentissimus S-ESA 

Yellow-billed Cuckoo Coccyzus americanus S-ESA 

Zebra-tailed Lizard Callisaurus draconoides SPC 

Wallne Countll 
) Common Name Scientific Name State Status 

Allen's Big-eared Bat Idionycteris phyllotis SPC 

American White Pelican Pelecanus erythrorhynchos SPC 

Bald Eagle Haliaeetus leucocephalus SPC 

Big Free-tailed Bat Nyctinomops macrotis SPC 

Bluehead Sucker Catostomus discobolus CS 

Bony tail Gila elegans S-ESA 

Burrowing Owl Athene cunicularia SPC 

Colorado Pikeminnow Ptychocheilus lucius S-ESA 

Colorado River Cutthroat Trout Oncorhynchus clarkii pleuriticus CS 

Ferruginous Hawk Buteo regalis SPC 

Flannelmouth Sucker Catostomus latipinnis CS 

Fringed Myotis Myotis thysanodes SPC 

Greater Sage-grouse Centrocercus urophasianus SPC 

Humpback Chub Gila cypha S-ESA 

Kit Fox Vulpes macrotis SPC 

Northern Goshawk Accipiter gentilis CS 

Pygmy Rabbit Brachylagus idahoensis SPC 

Razorback Sucker Xyrauchen texanus S-ESA 

Roundtail Chub Gila robusta CS 

Short-eared Owl Asia flammeus SPC 

Southern Leatherside Chub Lepidomeda aliciae SPC 

Spotted Bat Euderma maculatum SPC 
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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 

Key to State Status Field 

Definition 

Scientific Name 

Strix occidentalis 

Corynorhinus townsendii 

Cynomys parvidens 

Bufo boreas 

Scientific Name 

Pelecanus erythrorhynchos 

Haliaeetus leucocephalus 

Catostomus disco bolus 

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. 
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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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__ "'1:1~"'"'1. ~ __ 

MAMMALS ...... "'~. _ 
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. ca/iforniana), and 
desert b19horn sheep (0 . c. nelsoni) (7/29/2009) 
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 Brachj'fall.us idahoensis 
Spotted bat 

X 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 J SRermc!p"'hilus brunneus endemicus 
Townsend's Western Big-Eared Bat 

X X X X X X X X X X X X X X X X 
C~norhinus 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 AeJl.olius 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 

Centrocercus 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 X 
Falco~er~grinus anatum 

Common loon 
X X + ? + X X Gavia immer 

Harlequin duck 
X X ?+ X ?+ X Histrionicus histrionicus 

Mountain quail 
X X X X X Oreort}'x pictus 

Flammulated owl 
X X X X X X X X X X X X X X X X Otus flammeolus 

x=known species/habitat; ?=suspected/potential habitat!; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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- .. "'''i:a""I..''iIlt.''.. . : _: . • . • 

White-headed woodpecker X X X X 
Picoides albolarvatus 

Three-toed woodpecker X X X X X X X X X X X X X X X X 
Picoides tridactylus 

Great gray owl X X X X X X X X X X X 
Strix nebulosa 

California spotted owl X 
Strix occidentalis occidentalis 

Columbian sharp-tailed grouse X X X X X X X Tympanuchus phasianel/us columbianus 
Northern goshawk 

X X X X X X X X X X X X X X X X 
Accipiter gent/lis 
REPTIleS AND-AMPHIBIANS 
Columbia spotted frog ? X X X X X X X X X X X X X Rana luteiventris 
Boreal Toad 

X X X X X X X X X Buto boreas 
FISH 
Wood River sculpin 

X Cottus leiopomus 
Westslope cutthroat trout 

X X X X X X Oncorhynchus clarki lewisi 
Colorado River cutthroat trout 

X X X X X X X Oncorhynchus clarki p/euriticus 
Bonneville cutthroat trout X X X X X X X X Oncorhynchus clarki utah 
Yellowstone cutthroat trout 

X X X X Oncorhynchus clarki bouvieri 
Northern Leatherside Chub 

X X X X X Lepidomeda copei 
Southern Leatherside Chub 

X X X X Lepidomeda aliciae 
I Big Lost River Whitefish 

X Prosopium williamson; 
: INSECrS ~ 1,"-' • :-.... !. ~rr ... ~. -- c 

Spring Mountain Checkerspot 
X Chlosyne acastus robusta 

Dark Blue X 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 

....... -.., 
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-- . var. parvif/orum) 
Wyoming tansymustard 

X Descurainia toru/osa 
Wasatch shooting star 

X Dodecatheon utahense 
I Idaho douglasia 

Doug/asia idahoensis X ? ? 

Abajo peak draba 
X Draba abajoensis 

Arid draba 
X Draba arida 

Star draba 
X Draba asterophora var. asterophora 

Wasatch Draba 
X ? X 

Draba brachystylis 
Burke's draba 

X Draba burkei 
Rockcress draba 

X X X X X X 
Draba g/obosa (=D. densifolia var. apicu/ata) 
Jaeger draba X 
Draba iaegeri 

Maguire draba 
X 

Draba maguirei 
Serpentine draba ? X 
Draba oreibata var. serpentina 
Charleston draba 

X 
Draba paucifructa 

Pennell draba 
X Draba pennellii 

Mt. Belknap draba 
X Draba ramulosa 

Santaquin draba X Draba santaquinensis 
Creeping draba X X Draba sobolifera 
Stanley's whitlow-grass 

X X Draba trichocarpa 
Nevada willowherb X X 

x=known species/habitat; ?=suspected/potential habitatt; "=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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"'''1:1~t;1. __ l1li 
Epilobium nevadense 

Spring Mountain goldenweed 
Ericameria compacta (=Haplopappus 

compactus) 
Pine Valley goldenweed X 
Ericameria crisp a (=Haplopappus crisp us) 

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 X 
Erigeron cavernensis 

Cronquist daisy 
Erigeron cronquistii 

Garrett's fleabane 
Erigeron garrettii 
Kachina daisy X 
Erigeron kachinensis 

Woolly daisy X Erigeron lanatus 
Maguire daisy X Erigeron maguirei 
LaSal daisy X Erigeron mancus 
Untermann daisy X Erigeron untermannii 
Widtsoe buckwheat 

X Eriogonum areliaides 
Elsinore buckwheat 

X Eriagonum batemanii var. ostlundii 
Desert buckwheat 

X Eriogonum brevicaule var. desertorum 
Welsh buckwheat 

X Eriogonum capistratum var. we/shii 
Sunflower Flat buckwheat X 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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~~~L"1"."'_ 
Eriogonum douglasii var. elkoense --Toiyabe buckwheat ' X 
Erioqonum esmeraldense var. to;yabense 

Clokey buckwheat 
X Erioqonum heermannii var. C/okey; 

Lewls's buckwheat X Er;oqonum lewis;; 
Logan buckwheat 
Eriogonum loganum (=E. brevicaule var. X 

loganum) 
Guardian buckwheat X X 
Eriogonum meledonum 

Altered andesite buckwheat X 
Erioqonum robustum 

Clokey greasebush X 
GlossopetaJon C/okey/ 

Smooth dwarf greasebrush 
Glossopetalon pungens var. glabra X 

(=G.pungens) 
Puzzling halimolobos X 
Halimolobos perplexa var. perplexa 

Canyon sweetvetch X 
Hedysarum occidentale var. canone 
Jones goldenaster X 
Heterotheca jonesii 
Sierra Valley ivesia X 
Ivesia aperta var. aperta 
Dog Valley ivesia X 
Ivesia aperta var. canina 

Charleston ivesia X 
Ivesia cryptocaulis 

Jaeger ivesia X 
Ivesia jaegeri 

Plumas ivesia ? Ivesia sericoleuca 
Utah ivesia X X 
Ivesia utahensis 

Wasatch jamesia X X 

x=l<nown species/habitat; ?=suspected/potential habitatt; '=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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"'"i:l:'lL-nnf. -Jamesia americana var. macrocalyx 
Zion jamesia X 
Jamesia americana var. zionis 
Basin jamesia X 
Jamesia tetrapeta/a 
Grimes lathyrus X 
Lathyrus grimesii 

Wasatch pepperwort ? X 
Lepidium montanum var. alpinum 
Neeses' peppergrass , X 
Lepedium montanum var. neeseae 
Hazel's prickly phlox X 
Leptodactylon pungens ssp. hazeliae 

Garrett bladderpod 
X X Lesquerella garrettii 

Hitchcock bladderpod 
X Lesquerella hitchcockii var. hitchcockii 

Payson bladderpod 
X X X 

Lesauerella paysonii 
Maguire lewisia X 
Lewisia maguirei 
Sacajawea's bitterroot 

X X X X ? 
Lewisia sacajaweana 

Canyonlands lomatium 
X 

Lomatium latilobum 
Three-ranked hump-moss 

X Meesia triquetra 
Goodrich stickleaf 

X Mentzelia qoodrichii 
Bank monkeyflower 

X Mimulus clivico/a 
Fish Lake naiad 

X Najas caespitosa 
Idaho pennycress 
Noccaea idahoensis var. aileeniae (=Thlaspi X X 

aileeniae) 
Shevock rockmoss 

X Orthotrichum shevockii 
-- --

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 

"' 
'-- '-



"'----., 

L Proposed, Endangered, Thre~i1ed, and Sensitive Species list, R4 

-" 
I 

Page 15-0(19 

... ,:ott.:t-,_ _ 
Spjut's brittle-moss X • Orthotrichum spjutii 

I Challis crazyweed 
, O>5Y!ropis besseyi var. salmonensis X 

Beaver Mountain groundsel X Packera (=Senecie>l castoreus 
Podunk groundsel 

X Packera L=Senecio) malmstenii 
Arctic poppy X X Papaver radicatum var. pYfLmaeum 
Naked-stemmed parrya X 
Pa~a nudicaulis 
Paria breadroot X Pediomelum pariense 
Stemless beardtongue 

X Penstemon acaulis var. acaulis 
Dune penstemon ? 
Penstemon arenarius 
Red Canyon beardtongue X 
Penstemon bracteatus 

Cache beardtongue X X 
Penstemon compactus 

Elegant penstemon ? 
Penstemon concinnus 
Idaho penstemon X 
Penstemon idahoensis 
Charleston beard tongue X 

Penstemon leiophyl/us var. keckii 
Lemhi penstemon X 
Penstemon lemhiensis 
Mt. Moriah penstemon X Penstemon moriahensis 
Little penstemon 

X X Penstemon parvus 
Pinyon penstemon X Penstemon pinorum 
Bashful penstemon X Penstemon pudicus 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 



Proposed, Endangered, Threatened, and Sensitive Species List, R4 

"'",,:I~t:1._ 
Rhizome beardtongue X 
Penstemon rhizomatosus 

Wassuk beardtongue 
Penstemon rubicundus 

Jaeger beardtongue 
Penstemon thom1!...soniae ssp. jaegeri 

Ward beardtongue X Penstemon ward;; 
Inconspicuous phacelia ? 
Phacelia inconspicua 
Small-flower phacelia 

X X ? 
Phacelia minutissima 

Mono phacelia 
Phacelia monoensis 

Salmon twin bladderpod 
X X Physaria didymocarpa var. Iyrata 

Creeping twinpod X Physaria integrifolia v: montico/a 
Whitebark Pine X X X X X X X X Pinus albicaulis 
Altered andesite popcorn flower 
Plagiobothrys g/omeratus 

Marsh's bluegrass X X X X Poa abbreviata ssp. marshii 
White Mountain skypilot 
Po/emonium chartaceum 

Williams combleaf 
Polyctenium williamsii 

Angell cinquefoil 
X Potentilla angelliae 

Cottam cinquefoil 
X Potentilla cottam;; 

Sagebrush cinquefoil 
X Potentilla johnstonii 

Alkali primrose 
X Primula a/calina 

Ruby Mountain primrose 
X Primu/a capillaris 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=mlgration; o=offsite; r= reintroduced populations; ED=Effective dates 
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SENSITIVE ASH BOI B·T CAR CHA DIX j::S HUM ML PAY SAL SAW TAR TOI UIN W·C 
Nevada primrose 
Primula cusickiana var, nevadensis X 
(=P. nevadens;s) 
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 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 X Sphaeromeria capitata 
Low sphaeromeria X Sphaeromeria compacta 
Masonic Mountain jewelflower 

X Streptanthus o/iqanthus 
Soft aster X 

x=known species/habitat; ?=suspected/potential habitatt; ·=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 



Leiberg's 
Trifolium /",;h",rn;; 

Rollins clover 
Trifolium macilentum var. rollinsii 

violet 

Proposed, Endangered, Threatened, and Sensitive Species List, R4 

x 

x 

x 

x 

x 

x=known species/habitat; ?=suspected/potential habitatt; '=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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Proposed, Endangered, Thre~dned, and Sensitive Species List, R4 Page 1 ~r6f 19 

ASH - Ashley 
BOI- Boise 
B-T - Bridger-Teton 
CAR - Caribou 

KEY: 

CHA- Challis 
DIX - Dixie 
FIS - F"tshl3.ke 
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 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 d~ys later if not listed. 

M-L - Manti-baSa 
PAY - Pa-yette 
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 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 



INTERMOUNTAIN REGION (R4) THREATENED, ENDANGERED, PROPOSED, AND, SENSITIVE SPECIES 

June 2016 

KNOWN I SUSPECTED DISTRIBUTION BY FOREST 

STATUS FOREST 

sheep Ovis canadensis 
X 

X ? 

X ? 

X 

X 

0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

X 
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0 

" 



\ 
"--

I 
Proposed, Endangered, Thremened, and Sensitive Species List, R4 

+ + + 

o o o o o 

o 
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? 

x I X I X X X X I 

I I X 
X 1 

X X X I 
X X 

X X 

X X X 

X X X ? ? ? X X X ? X X 

X I I X I I X I X I X I I 

x=known species/habitat; ?=suspected/potential habitatt; -=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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North American wolverine 
Gulo gulo (Iuscus) 

Proposed, Endangered, Threatened, and Sensitive Species List, R4 

X 

X 

X X X 

? 

X 

? I I I 
I 

I I I 
? 

1 I I I X X 

? I I ? I ? I ? 

x 

X X X 

? ? I X I 

X X 

x=known species/habitat; ?=suspected/potential habitat!; "=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; EO=Effective dates 
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x=known specieslhabitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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"'"1:a~t:1 

MAMMALS 
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. californiana), and 
desert biQhorn sheep (0. c. ne/som) (7/29/2009) 

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 ? X X X 
Euderma maculatum 

Fisher X X X X X X ? X 
Martes pennanti 

Southern Idaho Ground Squirrel X X 
Spermoohilus 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 ? X X X X X X 
Centrocercus urophasianus 

Greater sage-grouse Bi-State DPS X 
Centrocercus 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 X 
Falco peregrinus anatum 

Common loon X X + 
Gavia immer 

? + X X 

Harlequin duck X X ?+ X ?+ X 
Histrionicus histrionicus 
Mountain quail X X X X X 
Oreortyx pictus 

Flammulated owl X X X X X X X X X X X X X X X X Otus flammeolus 
- - - ----

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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"''"1::1~~''L-': ~ .-
White-headed woodpecker X X X X 
Picoides albo/arvatus 

Three-toed woodpecker 
X X X X X X X X X X X X X X X X Picoides tridactylus 

Great gray owl 
I Strix nebufosa X X X X X X X X X X X 

California spotted owl X 
Strix occidentalis occidentalis 

Columbian sharp-tailed grouse 
X X X X X X X 

Tympanuchus phasianeflus cofumbianus 
Northern goshawk 

X X X X X X X X X X X X X X X X 
Accipiter gentifis 
REPTILES AND AMPHIBIANS 
Columbia spotted frog 

? X X X X X X X X X X X X X 
Rana luteiventris 

Boreal Toad 
X X X X X X X X X 

Buto boreas 
FISH 
Wood River sculpin X 
Cottus leiopomus 

Westslope cutthroat trout 
X X X X X X 

Oncorhynchus clarki lewisi 
Colorado River cutthroat trout 

X X X X X X X 
Oncorhynchus clarki pleuriticus 

Bonneville cutthroat trout 
X X X X X X X X 

Oncorhynchus clarki utah 
Yellowstone cutthroat trout 

X X X X 
Oncorhynchus clarki bouvieri 
Northern Leatherside Chub X X X X X 
Lepidomeda copei 
Southern Leatherside Chub 

X X X X 
Lepidomeda aliciae 
Big Lost River Whitefish X Prosopium williamsoni 

,INSECTSr J.i-i',",- ....... A_l."Jo; 

Spring Mountain Checkerspot X 
Chlosyne acastus robusta 

Dark Blue X 

x=known species/habitat; ?=suspected/potential habitat!; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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"":I~~" ~_ 
Euphilotes ancilla purpura --Morand's Checkerspot X 
Euphydrvas anicia morandi 
Ph'ANTS 
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 
Allium madidum 
Tolmie's onion X X Allium tolmiei var. persimile 
Candystick X Allotroca virqata 
Sweet-flowered rock jasmine X X X Androsace chamaejasme ssp. carinata 
Charleston angelica 

X Angelica scabrida 
Wheeler's angelica 

X X Angelica wheeleri 
Meadow pussy toes X Antennaria arcuata 
Charleston pussytoes 

X Antennaria so/iceps 
Link Trail columbine 

X Aqui/egia f1avescens var. rubicunda 
Graham columbine X Aquilegia grahamii 
Rosy King's sandwort 

X Arenaria king;; ssp. rosea 
Petiolate wormwood X Artemisia campestris ssp. borealis var. cetio/ata 
Eastwood milkweed 

X X Asclepias eastwoodiana 
Clokey milkvetch 

X Astragalus aequa/is 

x=known species/habitat; ?=suspectedfpotential habitatt; *=wildfnaturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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I I 1 j 
? 

X I I I I ? 

I X ? 
I 

X X I I x 
X 

X 

X X 

X 

X 

var. limnocharis I X 

X 
I 

X 

X 

X I I I I I X ? 

T T -I T 1 
X 

X 

X 

X 

x=known species/habitat; ?=suspected/potential habitat!; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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x 

II x II I I I I x 
x 
-

:;.::::S I I I I I I I I I I I I I I : 
x 
-
x 
-
x 

X I I I I I I I I I X X I X 

x I I I I I ? ? X x I ? I x 
X 

I l 

x II I III II I I: I x 
lJGlli:lfTli:l~/-'U1:irT~ lweeulJ I I I I I I I I I I: Cusick camas 
Camassia cusick;; 

Seaside sedge I I I X I I X Carex incurviformis 

x=known species/habitat; ?=suspected/potential habitatt; >=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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I IX 

X 
l I 

X 

X X 

X 
I I I I 
I I I I 

X 

X 

I I 
X X 

X 1 I 

X 

X 

X I I Ix 
I I I 

X 

X I X X 

I 
X 

X 

X X 

calceolus 
, X 

x=known species/habitat; ?=suspected/potential habitatt; '=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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~=lllo"1 ____ 

var. parvifJorum) 
Wyoming tansymustard X 
Descurainia torulosa 

Wasatch shooting star X 
Dodecatheon utahense 
Idaho douglasia X ? ? 
Doug/asia idahoensis 

Abajo peak draba X I 

Draba abajoensis 
Arid draba X 
Draba arida 

Star draba X 
Draba asterophora var. asterophora 

Wasatch Draba X ? X 
Draba brachystyJis 
Burke's draba 

X Draba burkei 
Rockcress draba X X X X X X Draba q/obosa (~D. densifolia var. apiculata) 
Jaeger draba X Draba iaegeri 
Maguire draba 

X Draba maguirei 
Serpentine draba ? X Draba oreibata var. serpentina 
Charleston draba X Draba paucifructa 
Pennell draba X 
Draba pennellii 
Mt. Belknap draba X Draba ramulosa 
Santaquin draba 

X Draba santaquinensis 
Creeping draba X X Draba soboJifera 
Stanley's whitlow-grass 

X X Draba trichocarpa 
Nevada willowherb X X 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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""1:::1"~'"1. 
Epilobium nevadense 

Spring Mountain goldenweed 
Ericameria compacta (=Haplopappus X 
comp~ctusJ 
Pine Valley goldenweed X Ericameria crispa (=Hap/opappus crisp us) 
Narrow-leaf goldenweed 
Ericameria discoidea var. linearis X 

J=Haplopappus macronema var.linearisJ 
Abajo daisy X 
Erigeron abajoensis 

Carrington daisy X 
Erigeron carringtonae 
Snake Mountain erigeron 

X 
Erigeron cavernensis 
Cronquist daisy X 
Erigeron cronquist;; 

Garrett's fleabane X X 
Erigeron garrettii 

Kachina daisy X 
Erigeron kachinensis 
Woolly daisy X Erigeron lanatus 
Maguire daisy 

X 
Erigeron maguirei 
LaSal daisy X 
Erigeron mancus 

Untermann daisy X Erigeron untermannii 
Widtsoe buckwheat X 
Eriogonum aretioides 

Elsinore buckwheat X 
Eriogonum batemanii var. ostlundii 
Desert buckwheat 

X Eriogonum brevicaule var. desertorum 
Welsh buckwheat 

X Eriogonum capistratum var. we/shii 
Sunflower Flat buckwheat X 

x=known species/habitat; ?=suspected/potential habitatt; >==wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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"'"1:1~h'"1."" :~.l_: . - • .. . . • 
Eriogonum doug/asii var. e/koense 

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 I Eriogonum me/edonum 
Altered andesite buckwheat X 
Eriogonum rob us tum 

Clokey greasebush X 
Glossopeta/on clokeyi 

Smooth dwarf greasebrush 
Glossopeta/on pungens var. glabra X 

(=G.pungens) 
Puzzling halimolobos X 
Halimolobos perplexa var. perplexa 

Canyon sweetvetch X 
Hedysarum occidentale var. canone 
Jones goldenaster X 
Heterotheca jonesii 

Sierra Valley ivesia X /vesia aperta var. aperta 
Dog Valley ivesia 

X Ivesia aperta var. canina 
Charleston ivesia X 
Ivesia cryptocaulis 

Jaeger ivesia X Ivesia jaegeri 
Plumas ivesia 

? Ivesia sericoleuca 
Utah ivesia 

X X Ivesia utahensis 
Wasatch jall1esia X X 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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Jamesia americana var. macrocalyx -Zion jamesia X Jamesia americana var. zionis 
Basin jamesia X 
Jamesia tetr¥.etala 
Grimes lathyrus X 
Lathyrusgrimesii 
Wasatch pepperwort 

? X 
Le21dium montanum var. a~num 
Neeses' peppergrass X Lepedium montanum var. neeseae 
Hazel's prickly phlox X 
Leptodactylon pungens ssp. hazeliae 
Garrett bladderpod X X 
Lesquerel/a garrettii 
Hitchcock bladderpod X 
Le~uerel/a hitchcockii var. hitchcockii 
Payson bladderpod X X X 
Lesquerel/a J2aysonii 
Maguire lewisia X 
Lewisia maguirei 
Sacajawea's bitterroot X X X X ? 
Lewisia sacal aweana 

Canyonlands lomatium X 
Lomatium latilobum 
Three-ranked hump-moss X 
Meesia triquetra 

Goodrich stickleaf X 
Mentzelia J1.oodrichii 

Bank monkeyflower X 
Mimulus clivicola 
Fish Lake naiad X 
Najas cae~tosa 

Idaho pennycress 
Noccaea idahoensis var. aileeniae (=Thlaspi X X 
aileeniael 
Shevock rockmoss X Orthotrichum shevockii 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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"'~:::I~l..~I1.~'_. 
Spjut's brittle-moss X 
Orthotrichum spjutii 

Challis crazyweed X 
Oxytropis besseyi var. salmonensis 

Beaver Mountain groundsel X 
Packera (=Senecio) castoreus 
Podunk groundsel 

X Packera (-Senecio) malmstenii 
Arctic poppy X X Papaver radicatum var. pygmaeum 
Naked-stemmed parrya 

X Parr va nudicaulis 
Paria breadroot 

X Pediomelum pariense 
Stemless beardtongue 

X Penstemon acaulis var. acaulis 
Dune penstemon 

? Penstemon arenarius 
Red Canyon beardtongue 

X Penstemon bracteatus 
Cache beardtongue X X Penstemon compactus 
Elegant penstemon 

? Penstemon concinnus I 

Idaho penstemon 
X Penstemon idahoensis 

Charleston beardtongue 
X Penstemon leiophvllus var. keckH 

Lemhi penstemon 
X Penstemon lemhiensis 

Mt. Moriah penstemon 
X Penstemon moriahensis 

Little pen stem on 
X X Penstemon parvus 

Pinyon penstemon 
X Penstemon pinorum 

Bashful penstemon 
X Penstemon pudicus 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r= reintroduced populations; ED=Effective dates 
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-""i:l .. J.."i .-
Rhizome beardtongue X 
Penstemon rhizomatosus 
Wassuk beardtongue 

X Penstemon rubicundus 
Jaeger beardtongue 

X Penstemon thompsoniae ssp. jaeger; 
Ward beardtongue 

X Penstemon ward;; 
Inconspicuous phacelia 

? Phacelia ;nconspicua 
Small-flower phacelia 

X X ? Phacelia m;nutissima 
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. marshi; 

White Mountain skypilot 
X Polemonium chartaceum 

Williams combleaf 
X Polyctenium williamsi; 

Angell cinquefoil 
X Potentilla angelliae 

Cottam cinquefoil 
X X Potentil/a cottamii 

Sagebrush cinquefoil 
X Potentilla johnstonii 

Alkali primrose 
X Primula alcaJina 

Ruby Mountain primrose 
X Primula capi/laris 

x=known species/habitat; ?=suspected/potential habitatt; '=wild/naturally 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 PAY SAL SAW TAR 

Nevada primrose 
Primula cusickiana var. nevadensis X 
=P. nevadensis 

Greenland primrose X 
Primula e aliksensis 

Bugleg goldenweed X X 
Pyrrocoma =Haplopappus) insecticruris 
Radiate goldenweed X 
P rrocoma radiata (=Haplopappus radiatus 
Bartons' blackberry X 
Rubus bartonianus 

Arizona willow X X X 
Salix arizonica 

Weber's saussurea X 
Saussurea weberi 

Tobias'saxifrage X 
Saxifra a br ophora var. tobiasiae 

Tolmie's saxifrage X 
Saxifra a tolmiei var. ledifolia 

Musinea groundsel X 
Senecio musiniensis 

Mono ragwort 
Senecio pattersonensis 

Clokey silene 
Silene clokeyi 

Nachlinger silene X Silene nachlin erae 
Maguire campion X ? X 
Silene petersonii 

Railroad Valley globemallow X 
Sphaeralcea caespitosa var. williamsiae 

Rock-tansy X 
Sphaeromeria capitata 

Low sphaeromeria 
S haeromeria compacta 

Masonic Mountain jewelflower 
Streptanthus ali anthus 

Soft aster X 

x=known species/habitat; ?=suspected/potential habitatt; *=wild/naturally reproducing; +=migration; o=offsite; r'" reintroduced populations; ED=Effe~tive 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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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 
1< = 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 

M-L - M anti-kaSal 
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 as a Sensitive Species in R4 (October 31, 

1991) 
Miscellaneous Federal Registers 

Dates are dates the Final Rule was published in the Federal Register; 
ED = Effective dates are about 30 d~s later if not listed. 

x=known species/habitat; ?=suspected/potential habitatt; '=wild/naturally reproducing; +::migration; o=offsite; r= reintroduced populations; ED=EffeclivB dates 
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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 (Oxyloma haydeni kanabensis) 

E Ch~b , bony tail Entire (Gila elegans) 

E Chub, humpback Entire (Gila cypha) 

E Chub, Virgin River Entire (Gila seminuda (=robusta)) 

T Cuckoo, yellow-billed Western U.S. DPS (Coccyzus americanus) 

E Flycatcher, southwestern willow Entire (Empidonax iraillii extimus) 

) T Lynx, Canada Contiguous U.S. DPS (Lynx canadensis) 

http://ecos . fws.gov 1 ecpO/reports/spec ies-listed-by-state-report?state=UT &status=1 isted 8/4/2016 
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Status Species/Listing Name 

Owl, Mexican spotted Entire (Strix occidentafis /ucida) 
r 

T 

E Pikeminnow (=squawfish) , Colorado Entire, except EXPN (Ptychocheilus lucius) 

T Prairie dog, Utah Entire (Cynomys parvidens) 

T sage-grouse, Gunnison entire (Centrocercus minim us) 

E Sucker, June Entire (Chasmistes /iorus) 

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 (P/agopterus argentissimus) 

( 
Plants -- 25 listings 

Status Species/Listing Name 

E Bear-poppy, Dwarf (Arctomecon humilis) 

E Bladderpod, kodachrome (Lesquerella tumulosa) 

E Buttercup, autumn (Ranuncu/us aestivalis (=acriformis)) 

T cactus, Pariette (Sc/erocactus brevispinus) 

E Cactus, San Rafael (Pediocactus despainiJ) 

T Cactus, Siler pincushion (Pediocactus (=Echinocactus, =Ufahia) silerO 

T cactus, Uinta Basin hookless (Sc/erocactus wetlandicus) 

T Cactus, Winkler (Pediocactus wink/en) 

E Cactus, Wright fishhook (Sc/erocactus wrightiae) 

T Cycladenia, Jones (Cyc/adenia humi/is var. jonesil) 

http://ecos .fws.gov/ecpO/reports/species-listed-by-state-repol1?state=UT&status=listed 8/4/2016 
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Status Species/Listing Name 

T Ladies'-tresses, Ute (Spiranthes di/uvialis) 

E mallow, Gierisch (Sphaeralcea gierischiO 

T Milk-vetch, Deseret (Astragalus desereticus) 

T Milk-vetch, heliotrope (Astragalus montiO 

E Milk-vetch, Holmgren (Astragalus holmgreniorum) 

E Milk-vetch, Shivwits (Astragalus ampullarioides) 

T Milkweed, Welsh's (Asclepias welshil) 

E Phacelia, clay (Phacelia argil/acea) 

T Primrose, Maguire (Primula maguire~) 

E Reed-mustard, 8arneby (Schoenocrambe barnebv~) 

T Reed-m ustard, clay (Schoenocrambe argillacea) 

( E Reed-mustard, shrubby (Schoenocrambe suffrutescens) 

E Ridge-cress, 8arneby (Lepidium barnebvanum) 

T Sedge, Navajo (Carex specuicola) 

T Townsendia, Last Chance (Townsendia aprica) 

( 
) 

http ;//ecos. fws.gov / ec pO/reports/spec ies-l isted-by-state-report?state=UT &status=l isted 8/4/2016 
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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 operatior")al 
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. 



) 
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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 Conipany. 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 satellite 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. 

Tettn T(:;ch 



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. 

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 
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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 ±2310 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. Four other line of sight studies were conducted yielding 
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 vegetative cover, 
geomorphology, or topography was impeding the sound travel. 

Amplification of source sounds within Quitchupah Canyon resulted in higher sound level 
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 within the study area. Vegetative buffers, 

Telm Tech SF;plr:m()er ()4. 2001'3 5 
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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. , 

( 

J 

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 are 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. 

TetlA Tech September 04 2008 (-) 



Table 1: Sensitive Resource Monitoring Locations 

Fan Sound Level (dBA) 
Location (Distance from Fan) 

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 m E) Y 41.3 31.2 61.2 

FSR 52284 (1750 m E) 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 veh icle 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). Forest Service Road 007 and Forest Service Road 52284 run directly through the 
center of Wildcat Knolls Lek. Although the operational fan was discernable within the Wildcat 
Knolls Lek, sound levels in the lek fell at or near background sound levels. 

7 
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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 sound level 
measurement above the canyon. The sound measuring location is 1000 m west of the existing 
fan and experiences sound level impacts near background sound level recordings. 

3.3 Proposed Ventilation Fan 

This proposed ventilation fan is situated near the northeastern reach of Quitchupah Canyon 
above the eastern rim on sagebrush foothills 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 

Tetla Tech Seplember 04. 2008 8 
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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 Tech September 04. 200f3 9 
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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 
7S.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 
sao m of the proposed location. Sound levels 500 m away from the proposed fan location are 
expected to fall between 4S.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 smaller, 
and that vegetation is present it is expected that amplification of source sound will be less than 
that experienced near the existing fan. No other areas near the proposed fan location are likely 
to amplify sounds from the proposed fan. 

Source sound level reduction was observed during this study and is expected to occur in areas 
around the proposed fan. Vegetation around the proposed fan may aid in the reduction of 
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 separated 
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 by the 
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 discernable from the 
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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). 
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(=11;) TETRA TECH 
CLIENT SUFCO mine DATE: 2008 

( 
JOB TITLE: Greens Hollow Sound Monitoring 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 
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 
467135 4312385 63 51 57 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 5 
465689 4315113 54 28 33 1020 5 
465779 4315068 52 28 32 1024 0 
465870 4315013 55 28 31 1029 0 
466389 4314904 54 35 44 na 0 

( 466720 4314496 55 29 39 1433 5 
) 467060 4314088 50 33 37 na 0 
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FIGURE 1 
GREENS HOLLOW SOUND STUDY MAP 
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CHAPTER 4 

LAND USE AND AIR QUALITY 

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 4-1A, & 4-1 B and 4-1 C presents these Federal comprehensive land use 

plans information in the lease and permit areas. 

4-1 
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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 "road less". 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 "road less" characteristics as though the areas 

were officially accepted as road less. 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 

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. 

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. 
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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, 

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. 

There are 18 archaeological sited within the area of the studies, of the sites seven are 

recommended as eligible for inclusion in the National Register of Historic Places (NRHP). Two of 

the sites contain rock shelter, the other five are lithic scatters. The remaining eleven sites are not 

eligible for inclusion in the NRHP. The canyons within the study area will be excluded from mining, 

reducing 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. 

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. 
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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 

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 
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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

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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MEMORANDUl\1 OF AGREEl\lENT 

BETWEEN THE MANTI-LA SAL NATIONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATION OFFIC~R 

REGARDING THE GREENS HOLLO\V 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 detelmined that the undertaking may have an adverse 
effect on archaeological sites 42SY1484, 42SY1578/2341, 42SY2554, 42SY2584, 42SY2586, 
42SY2589, 42SY2597, 42SY2949, 42SY3224 and 42SY3226, which are eligible for listing in 
the National Register of Historic Places, and has consulted with the Utah Historic Preservation 
Officer (SfIPO) pursuant to 36 C.f.R. part 800, of the regulations implementing Section 106 of 
the National Historic Preservation Act (16 U .S.c. § 4701); and 

WHEREAS, the MLS has consulted with the Ute Indian Tribe and Paiute Tribe of Utah 
regarding the effects of the undertaking on historic propel1ies 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 Ilistoric Preservation (ACHP) of its adverse effect determination ,vith 
specified docllmentation and the ACHP has chosen not to participate in the consultation pursuant 
to 36 CFR § 800.6(a)(1 )(iii); and 
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NOW, THEREFORE, the tvlLS 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 of the undertaking on historic propel1ies. 

STIPULATIONS 

The MLS NF shall ensure that the following measures arc carried out: 

I) The MLS will consent to the Greens Hollow Coal Lease only under application of Special 
Stipulations 1 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 OCCLlr near 
the edges of Muddy Creek, Greens Hollow, Cowboy Creek or the NOl1h Fork of Quitchupah 
Creek in the area shown as the "Area of No Subsidence Mining" in Attachment B. This wi /I 
help avoid adversc effects from subsidcnce at sites 42SY2584, 42SV2586, 42SV2589, 
42SV2949 and 42SV3226. Both 42SY2584 and 42SY2589 contain two rock shelters each. 
This will help ensure that no known roek shelters within the project area will be affected by 
subsidence. 

3) The layout of the south vent shaft construction location shall be designed in such a way as to 
avoid an adverse effect to sites 42SV2949 and 42SV3224. These sites both contain intact 
heat1hs and/or roasting pits and these features will be preserved. 

4) The power line location shall be moved in order to avoid an ad verse effect to si te 
42SV1578/2341 from power line construction. This site contains a large rock shelter and 
extensive surface lithic scatter. 

5) All of the identified sites that are adjacent to or bisected by proposed upgrades to Porest 
Roads 007 and 044 will be upgraded in a way that creates the least direct impacts to those 
sites. These sites are 42SV1484, 42SY 1578/2341, 42SV2554, 42SY2597, 42SY2949 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 ncar the Greens 
Hollow project area. These are intended for both area visitors and construction employees. 
At a minimum, they will be posted ncar the south vcnt 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 immediately adjacent to roads that are improved as a result of the project. 
This plan wiJll1leet four goals. The first is to have archaeologists 011 scene during initial 
layout oCthe south ven! shaft construction footprint in order 10 ensure full avoidance of sites 
42SV2949 and 42SV3224. The second is to monitor the site within t1w area of subsidence 
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mining that might be affected by surface cracking (42SV3224) . The third goal is to monito!' 
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) If any effects to surface features or rock shelters [rom subsidence are identi [jed at sites 
42SV2949, 42SV3224, 42SV2584 or 42SV2589, than the procedures identified in Appendix 
D will be followed. 

10) All of the above mitigation measures shall be identi fied in the Permit Application Package, 
which \-vill 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. 

11) In accordance with Special Stipulation 1 (Attachment A), the Permit Application Package 
shall be revie\ved 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 Pennit 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. 

13) 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 infomlation described in Measure 6 and 7 above and minimizing 
aclverse effects to sites as described in Measure 5. 

IV . DURATION 

This MOA will be null and void if its terms are not catTicd out within 7 (seven) years from the 
date of its execution. The Prior to such time, the MLS NF may consult with the other signatories 
to reconsider the terms of the MOA and amend it in accordance with Stipulation VTII below. 

V. POST-REVIEW DISCOVERIES 

J r potential historic properties are discovered or unanticipated effects on historic properties 
found, the MLS shall implcment the discovcry plan included as Attachment E of this MOA. 

VI. MONITORING AND REPORTING 

Each year following the execution of this MOA ulltil it expires or is terminated, the MLS shall 
provide all parties to this MOA and the ACf-{P if desired a summary rep0l1 detailing work 
undertaken pursuant to its terms. Such report shall include any scheduling cbanges proposed, any 
problems encountered, and al1Y disputes ane! objcctions received in the r\iILS's efforts to carry out 
the terms of this MOA. 
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VIr. DISPUTE RESOLUTION 

Should any signatory or concuning party to this MOA object at any time to any actions proposed 
or the manner in which the terms of this MOA arc 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: 

A. Forward all documentation relevant to the dispute, including the MLS 's proposed 
resolution, to the ACHP. The ACIIP shall provide the MLS with its advice on the 
resolution of the objection within thitiy (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 concuning 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 thiliy (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 timcly comments regarding the dispute from the 
signatories and concun-ing parties to the MOA, and provide them and the ACHP with a 
copy of such written response. 

C. The MLS's responsibility to canoy out all other actions subject to the terms of this 
MOA that are not the subject of the dispute remain unchanged. 

VHf. AMENDMENTS 

This MOA may be amended when such an amenLiment is agreed to in writing by all 
signatories. The amendment will be effective on the date a copy signed by all of the 
signatories is filed with the ACHP. 

IX. TERMINATION 

If any 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 amendment cannot be reached, any signatory may 
terminate the MOA upon written notification to the other signatories. 
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Once the MOA is temlinated, 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 of this 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 
propeliies and afforded the ACHP an opportunity to comment. 

SIGNATORIES: 

Manti-La Sal National Forest 

~ ' a~/ Date !l0v 2f? 20// 
Uz 99ke, Acting Manti-La Sal National Forest Supervis~ '7 

Utah State Historic Preservation Office 
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MEMORANDUM OF AGREEMENT 

BETWEEN TIlE MANTI-LA SAL NATIONAL FOREST 

A:..IDTHE 

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 he ohserved 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 surface and subsurface components of the mining plan will be clone. This package 
will he 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 other than the Department of [nterior who has 
jurisdiction on surface lands) to consent to leasing and to prescribe conditions to insure the use 
and protection of those lands. All or parts of this lease contain lands the sudaces of which are 
managed by the United States Department of Agriculture, Forest Service, Manti-La Sal National 
Forest and Fishlake National Forest. 

Special Stipulation #1 

Before undertaking activities that may disturb the surface ofpreviollsly undisturbed leased lands, 
the Lessee may be required to conduct a cultural resource inventory and a paleontological 
appraisal of the areas to he disturhed. These studies shall be conducted by qualified professional 
cultural resourcc spccialists or qualitied paleontologists, as appropriate, and a repoli prepared 
itemizing the findings. A plan will thell be submitted making recommendations for the protection 
of, or measures to be taken to mitigate impacts for identified cultural or paleontological resources. 

Ifcultund resources or paleontological remains (fossils) of significant scientitic interest are 
discovered during operations under this lease, the Lessee, prior to disturhance, shall immediately 
bring them to the attention of the appropriate authority. Paleontological rell1ains ofsignificanl 
scienti1ic interest do not include leaves, ferns or dinosaur tracks commonly encollntered during 
underground mining operations. 



) 
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The cost of conducting the inventory, preparing repOlis, and carrying out mitigating measures 
shall be bome by the Lessee. 

Special Stipulation #9 

Except at locations specifically approved by the Authorized Officer, with the concurrence of the 
Forest Service, underground mining operations shall be conducted in such a manner so as to 
prevent surface subsidence that would: (l) cause the creation of hazardous conditions such as 
potcntial escarpment failure and landslides, (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 un subsidence, the Lessee shall provide specific measures for 
the protection of escarpments, and detell11ine corrective measures to assure that hazardous 
conditions are not created. 
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MEMORANDUM OF AGREEMEi\T 

BETWEEN THE MANTI-LA SAL NA TlONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATION OFFICER 

REGARDING THE GREENS HOLLOW COAL LEASE TRACT 

ATTACHMENT B 

Final Decision IVlap for the 
Greens Hollow Environmental Impact Statement 

Showing Areas of Subsidence Mining and 
No Subsidence Mining 
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MEivl0RANDUM or J\GREE~'IENT 

BETWEEN THE MANTI-LA SAL NATIONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATiON OFFrCER 

REGARDING THE GREENS HOLLOW COAL LEASE TRACT 

ATTACHl\IENT C 

!\litigating Potential Adverse Effects to Sites along Roads 

The following steps shall be taken to avoid or minimize adverse effects to 42SV1484, 
42SV15n12341, 42SV2554, 428Y2597, 42SY2949 and 42SV3226 from upgrading native surface 
Forest Roads 007 and 044 to year-round roads for use by construction eq ui [Jment. All of these 
sites are open lithic scatters that are either bisected by or adjacent to these roads. 

I) Each site shall be considered individually, and strategies to avoid or minimize adverse ctTects 
will be identified in the Held by MLS Forest Engineers and MLS Heritage Staff and if 
appropriate, the contractors hircd by Ark Land Company to complete the road improvements. 

2) At each site, the following will be considered. Can the road be used safely and in an 
environmentally sOllnd way by avoiding the following actions within the boundaries of the 
site? These actions include, 

(I) vViclening the road beyond the existing shoulders: 
(2) Constructing drainage features or culverts: 
(3) Constructing safety pull-outs; 
(4) Digging into the existing road surface in order to reshape the road or to improve the 

wad substrata: and/or 
(5) WidenIng on the side of the road that inclucles the most extensive cultural deposits. 

3) irany of'thesc actions arc necessary, thall the following phased steps will be taken to mitigate 
the adverse efJ-eets that might result fl'lll11 them. These will be done within the context of a 
research design reviewed and approved by the Utah SHPO and interested Tribes. 
a) Detailed maps of the site surface will be prepared and all artifacts and features will be 

described and documented in more detail than is included on the existing site forms. This 
includes detailed examination of the site depusits exposed in the existing road cuts. 

b) Systematic and limited sampling of subsurface deposits within the area of' effect from road 
upgrading will follow. 

c) The results of the limited subsurface sampling and the detailed site mapping will then be 
reviewed ll.~ing the research design. [fthis data is sutlicient to mitigate adverse effects to 
the site. then archaeological data recovery will end. 
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c1) lrthe results of the limited subsurface sampling and detailed site mapping suggest that 
additional excavations arc necessary under the research design, then the limited testing 
units will be expanded into 1 x 1 meter or larger excavation units. 

e) If the expanded excavation units indicate that additional features or deposits should bc 
investigated (according to the research design), then the final phase of data recovery \vould 
include removal of all topsoil and documentation of all features within the area of cftect. 

4) If any of the actions proposed in Section II above mllst occur at unevaluated site 42SVI 031, 
than the steps described in Section II! 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 eHect on the 
site. 

6) All actions identified to avoid or minimize effects at each site shall be identified in the Pennit 
Application Package operating plan. 
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I',,1EMORANDUM OF AGREEMENT 

BETWEEN THE MANTI-LA SAL NATIONAL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATION OFFICER 

REGARDING THE GREENS HOLLOW COAL LEASE TRACT 

ATTACHMENT D 

Identifying and Mitigating Potential Unanticipated Effects from Subsidence 

The purpose of this attachment is to mluress potential effects to sites within or ncar the project area 
fi'olll subsidence mining. The project has been designed to minimize the potential for it to 
adversely affect sites through subsidence. Nonetheless, this docllment provides a way of 
effectively dealing with those unanticipated etfects should they arise. 

There is one identified National Register eligible site within the area of subsidence mining (as 
shown in Appendix B) that might be adversely afleded 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 \vith little overburden, which makes it more likely that ifsubsiclencc mining docs 
occur, surface cracking of the kind that could affect the site is more I ikely to OCCLlI'. 

[n addition. there arc seven sites within the area of no subsidence mining that is immediately 
adjacent to the arCH of subsidence mining. All of these sites (42SV1566, 42SV2584, 42SV2586, 
42SV2589, 42SV2949, 42SY3224, and 42SV3226) arc ncar the edges of escarpments. Two of 
these sites (42SY25~4 and 42SV2589) also include two rock shelters at each site. Although the 
area of no subsidence mining was created in part to avoid impacts to these sites, this attachment 
identities \vays to verify the lack of such impacts llr to address the consequences of subsidence 
impacts if those arc identified . 

All of the sites described above are located 011 or near bedrock Ivith generally shallmv surface 
soils. Only 42SV3224 contains a feature that can be identitied on the existing site Surl~lCC (a 
small hearth or roasting pit). The rock shelters at 42SV2584 ane! 42SV2589 arc relatively small 
and shallo\l' buL contain buried cultural deposits. Although there nre additional sill'S within the 
area of 110 subsidence mining 111n! might possibly be affected by subsidence, these two siLl'S arc 
close to the edges oflht: t:scarplllt.'nts and stand as good proxies I'lli' all of tile sites which might be 
affeeled. 

[n general, surface cracks that do not biscel features or buried deposits will be considered to have 
no ~lcl\'erse effect 011 that site. The results ofsubsidel1ce that will be considered to produce an 
adverse effect to a given site are cracks through features or buried deposits or cracks ncar features 
that cause potential new channels for waleI' thai would, in turn, bisect or othenNisc damage 
features or buried deposils. 
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The f(JIlowing steps will be done to establish the presence or absencc afpatcntial effects to sites 
!I'om subsidence mining. These are based on the nature of the known sites and on the t)1Jes of 
subsidence effects that have been noted in nearby areas of existing subsidence mining (particularly 
in The Pines Tract). These \vill 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 Tri bes. 

1) Create detailed, b,lsc-linc maps and photographic records of 42S V3224, 42SV2584 and 
42SV2589 beforc subsidence mining begins. The goal of this documentation is to establish 
the presence 0 r natural ri lls and other natural surface features that 111 ight be mistaken for 
surface cracks resulting from subsidence. These maps would include any features (such as 
heat1hs) 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 surt:lce arti l~lCts than is on the 
existing site fonlls. 

2) Monitor each site once a year while mining is OCCUlTing under the area of those sites. 
3) rf surface cracking or buckling is found, each crack will be examined in relationship to the 

existing detailed site map. Ifsurt~j(.:e at1ifacts are found to be missing or displaced, this will 
be noted in the monitoring notes. Loss or displacement of docllmented artit~lcts 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. l1'no sllch 
artifacts, deposits, or features are found, than the crack will be considered to be of no adverse 
dIect to the site. Damage to sllch materials by surface cracking will be considered an adverse 
effect and the following steps will be implemented. 
a) All buried artif~lcts, soil stains, or features found within subsidence cracks will be 

documented using sub-meter GPS units and standard archaeological documentation 
procedures. 

b) Anydecision to expand excavation of these features will be guided by the research design 
and may include 1 x I meter units that expose more or all of features sLlch as hearths. 

c) Once tlte goals of the research design are reached, excavations of material exposed in that 
pal1icular subsidence crack will cease and the adverse effect of that crack will be 
considered tn be mitigated. The results of the excavations will then be analyzed and 
repllrted to SHPO in a report that meets professional standards. 

5) If cracking or buckling that resulted fI'om subsidence mining is found at any of the ruck 
shelters at sites 42SV2584 and 42SV25S9, then this will be considered an adverse effect that 
requires additional consultation VI"ith the Utah SHPO and interested Tribes and amendment of 
this agrecment as descrihed in Stipulation VIll of the Memorandum of Agrcement. 
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MEMORANDUM OF AGREElvIEt\T 

BETWEEN THE I\'IANTI-LA SAL NATIOt\AL FOREST 

AND THE 

UTAH STATE HISTORIC PRESERVATION OFFICER 

REGAROING THE GREENS HOLLOW COAL LEASE TRACT 

ATTACHl\IENT E 

Unanticipated Discovery Plan 

In accordance with 36 eFR § 800.13(a) and 43 eFR Part 1004, the Forest Service, through 
consultation with the SHPO, has developed the following 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 of potential 
efTects (APE) for surface facilities, it is recognized that local geomorphology and past use may be 
of such [I naturc that obscured huried deposits may he rresent and that they may be exposed during 
vent shaft constnlction or road upgrades. 

Archaeological survey and documentation research on the southern end of the Wasatch Plateau on 
the Manti-L[I Sal National Forest indicate that the following type ofpropeJiies may be encountered 
during coal lease activities: 

1. Buried Native American artit~1cts or features that are outside of identified site 
boundaries. 

Upon discovery of buried cultural materials during any kind of construction activity, the following 
steps shollld be tlJIlowed: 

1. \Vork will eease in the immediate area orthe discovery and cultural materials will be 
protected from further disturbance until the appropriate mitigation actions are 
determined. 

') Within 24 hours, the Project Administrator \\/ill notify the District Ranger, \vho will. 
in tUI'll, l10tify the Forest Archaeologist. 

3. The Forest Archaeologist will assess the significance of the discuvery within 4S 
hours. lfthc discovery consists of Native American cultural remains. tbe Forest \vil! 
follow tile procedures outlined in steps 4-7, bell)',,\,. 
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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 opportunity to comment on the discovery, 
provided that comment can be provided within 48 hours of notification. 

5. The Forest Archaeologist will then implement the following steps to document the 
artifact 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 atiifact and/or feature; 

c. All photo documentation will be done using digital methods that meet 
archival quality standards; 

d. All chronologically, technologically and functionally diagnostic artifacts will 
be collected and prepared for curation in a federal curation facility; and 

e. Upon completion of the monitoring action an analysis and report meeting 
professional standards will be prepared and forwarded to the Utah SHPO. 
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Canyon Fuel Company, LLC 
SUFCO Mine 

5.10 Introduction 

Mining and Reclamation Plan 
April 2017Deeemeer 20, 1991 (Re'o'isea April 2015) 

CHAPTER 5 

ENGINEERING 

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 will 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 Tract. 

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 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
April 2017Deeefflber 20, 1991 (Re'o'ised Al'fil 2015) 

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. 

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-pillar 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. 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
April 2017Deeember 20, 1991 (Re'V'ised April 2015) 

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. 

Pillars in developed entries will be left to protect adjacent panels. 

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 SUFCO 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: 

2015 6.5 million tons 

2016 2020 2017 - 2021 coal production will range from 5.8 5tnru 6.5 5.5 thru 6.3 million tons 

Tnrough the remaining life of the mine. coal production from tne mine is anticipated to be 4.85 million 

to 8.0 million tons per year. 
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Canyon Fuel Company, LLC 
SUFCO Mine 

5.2.5.1 Subsidence Control Plan 

Mining and Reclamation Plan 
April 2017Deeefflber 20, 1991 (Revised April 2015) 

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. 

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. 

The underground workings mine plan is shown on Plates 5-7 and 5-8. 

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. 
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SUFCO Mine 

Mining and Reclamation Plan 
April 2017Deeeffiber 20, 1991 (Revised April 2015) 

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, the Division and the forest will be advised of continuing 

mitigation efforts, if needed, in the report. 

Though not anticipated, short segments of Cowboy Creek could be subsided in the SITLA Muddy Tract. 

If this is anticipated to occur, Sufco, will submit a plan for mitigation to address, if it occurs, adverse 

impacts to Cowboy Creek. With the approval of the Division and concurrence of the Forest, Sufco will 

instigate a flow monitoring plan similar to the plan implemented prior to the undermining of the East Fork 

of Box Canyon. If mitigation of surface cracks are required, methods similar to those proposed and 

implemented in the East Fork of Box Canyon as described above could be used. 

Mining within the area of the East Fork of the Box Canyon, South Fork of Quitchupah and within the 

area of Cowboy Canyon in the SITLA Muddy Tract will be conducted in accordance with State and 

Federal rules and regulations and the requirements and stipulations presented in the BLM's Conditions 

of Approval of the Resource Recovery and Protection Plan (July 31,2003) located in Appendix 1-2. A 

survey of the water quality and quantity of surface and groundwater, including State appropriated 

waters, within the SITLA Muddy Tract has been completed. The results of the area survey are included 

in the PHC for the SITLA Muddy Tract and included in Appendix 7-20. Ground and surface waters in 

the tract that have attached rights are listed in Appendix 7-1. 

A discussion regarding the methods Sufco would employ to mitigate and replace an adversely affected 

State appropriated water supply is provided in Chapter 7, Section 7.3.1.8. 

GREENS HOLLOW TRACT LEASE 

Subsidence mining has the potential to be excluded from areas identified for protection such as stream 

segments where the overburden is insufficient in thickness or rock types to facilitate healing of surface 

tensile cracks. Mining may also be excluded along cliff escarpments where subsidence would impact 

cultural features or raptor habitat. Each exclusion will be evaluated on a case by case basis and 

permitted as required. Prior to mining the Greens Hollow Lease, the subsidence monitoring points 

will be located and the site surveyed for baseline information. The process of collecting baseline 

information will begin in 2017. Refer to Section 5.2.5.2 for additional information pertaining to 

subsidence control. 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
April 2017Deeeffiber 28, 1991 (Revised A~ril 2815) 

Protection of Significant Surface Resources. None of the following exist within the area of potential 

subsidence associated with the SUFCO Mine: 

o Public buildings or facilities, 

o Churches, schools, and hospitals, 

o Impoundments with a storage capacity of 20 acre-feet or more or bodies of water with 
a volume of 20 acre-feet or more, 

o Aquifers or bodies of water that serve as a significant water source for any public water 
supply system, or 

o Urbanized areas, cities, towns, or communities. 

Hence, no special control measures are required to preclude subsidence impacts to these resources. 

5.2.5.3 Public Notice of Proposed Mining 

Should new lease areas be added to the SUFCO Mine, a public notice of proposed mining will be mailed 

to the water conservancy district, all owners and occupants of the affected surface property and 

structures above the proposed underground workings. This notification will include identification of 

specific areas in which mining will occur, dates that specific areas will be undermined, and the location 

or locations where SUFCO Mine's subsidence control plan may be examined. Greens Hollow Lease 

public notice including the above mentioned information will be mailed in 2018 six months prior to the 

beginning of mining to the parties listed above. 

5.2.6 Mine Facilities 

5.2.6.1 Mine Structures and Facilities 

Most surface structures and facilities at the SUFCO Mine have been in place for at least 10 years. 

Locations of these facilities are noted on Plate 5-2A,B,&C. Locations of the Link Canyon Substation 

facility and the horizontal power boreholes are noted on Plate 5-2D. 

Table 5-4 lists the existing structures at the mine surface and at the Link Canyon facility area, their 

approximate dates of construction, and their general construction materials. All structures are actively 

maintained and are in good functional condition. Because the structures were constructed specifically 

for use as mining facilities and have been actively used and maintained since construction, all are 
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Mining and Reclamation Plan 
April 2017Deeeffiber 20, 1991 (Revised April 2015) 

considered adequate to meet the requirements of R645-301. No modifications or reconstruction are 

required for the structures to meet the requirements of R645-301. 

All structures and facilities will be removed following mining in accordance with the reclamation plan 

discussed in Section 5.40. 

Greens Hollow: There is the potential that a ventilation and escapeway shaft facility will be required 

in mining the Greens Hollow Tract. Permitting required for the potential shaft will follow the acquisition 

of the Greens Hollow Lease. 

5.2.6.2 Utility Installation and Support Facilities 

Utility Installations. All coal mining and reclamation operations will be conducted to minimize damage, 

destruction, or disruption of services provided by electric lines, telephone transmission stations, water 

lines, and sewer lines which pass over, under, or through the permit area. Areas where these utilities 

are located are within non-subsidence zones. No other utility installations exist in the permit area. All 

utility installations associated with the SUFCO Mine will be removed following mining in accordance with 

the reclamation plan discussed in Section 5.40. 

Support Facilities. Support facilities at the SUFCO Mine will be operated in accordance with the permit 

issued for the mine. Support facilities will be located, maintained, and used in a manner that: 

o Prevents or controls erosion and siltation, water pollution, and damage to public or 
private property, 

o To the extent possible, using the best technology currently available, minimizes damage 
to fish, wildlife, and related environmental values, and 

o Minimizes additional contributions of suspended solids to stream flow or runoff outside 
the permit area. 

All support facilities will be removed following mining in accordance with the reclamation plan discussed 

in Section 5.40. 

Water Pollution Control Facilities. Water pollution control facilities at the SUFCO Mine consist of the 

sedimentation ponds, the appurtenant structures associated with the sedimentation ponds, and the 
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CHAPTER 6 

GEOLOGY 

Mining and Reclamation Plan 
April 2017 Deeel'flber 20, 1991 (R 02/11) 

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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April 2017 Deeel'l'lber 20, 1991 (R 02/11) 

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). 

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 6-4. 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 40-1 0-1 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) 
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Figure 1. 

General Stratigraphy of the 
Greens Hollow Coal Lease Tract 
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Green HolI, ~cture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis 360 

Air 
Photo ; 

ID 

Tract + Buffer, North·Trending Quadrant Fracture Data Values 
Area Designation 

(Public Land Survey System, 
Salt Lake Base and Meridian) 

Stratigraphic Unit : Fracture Analysis 
, Air Photo scale is 1 :17500 (9 measures) 

• Use Engineer's 30 scale (1" = 1500', 
with smallest division = 50') 

Assume 

L ine --:114 1/4'Section I Township I Range all uppermost Castlegate j ID # Quadrant Orientation : Orientation -Length' f:p~;~7 
Photo : (N=315-45 (0 ·359) : (-45 to +45) (ft) (ft) 
~ ; 1 E=45-135) : 

200-45 ,e112ne19 :21S 15E juppermostCastlegate :9 :N 10 ~ -360 1100 
200=+5_ i e1 /2_nill9~1S-15_E _ _ I LJPp. _e.lTTl.c>.s.L<2ast~eg<lte :..1.0 iN 10 ;-360 _ __ 1.75 __ 150 
200-45 :e1/2ne 119 121s--- 15E .uppermostCastlegate :11N 0 :-360~75 
200-184; s~4 ;12 121S 1 5~l.uppermostcast'egate :34 :N 1329 :-31 1175 
200-185 :e1/2 111 21S 5E!uppermostCastiegate :j3 :N 329 :-31 200 30 
200-185]e 1/2 .. ,11 _121S~J5E. . __ 11 uppermo. stCastlegate .I- _~ __ j 1 ~ _.rN ______ 1329 .. . . . ; ~31 1200 
600-137:nw 1/4 23 21S T5E lJQfl.errllD.st CastlE!g~te :24 ' N 330 ~ -30 175 
200-1 84:ne 1/4 1 11~2~S-1. 5E l lJep.e..r:. f!lt;l s!_c_ast.'eg~t~ _ 1 : 6~-.l.331 :-29 1200::-_t-_ _ _ 
200-184!ne 1i4l1 1 [21S _ 15E uppermost Castlegate 17 :N --1 331 :-29 175 
200-184;ne 1/4 111 121S 15E ',uppermostCastlegate :8 :N 1331 :-29 1275 
200-184 ~ ne 1/41121S5E uppermost Castlegate :15 :N331 1-292';"00~-+----
200-184:ne 1/4 111 j21S 15E luppermost Castlegate I j25 :N 1331 ;-29 175 
200~184 i ne1i4' 11 -1 21 S- -'5E uppermosiCastlegate ' ·-"~ '~ 1 26 : N T331 ' ~ " : -29 '150' 
200.::1 84;neJ l4 111 __ ;21S~E __ Luppe~~~s!.c_as~e~<l_t~. __ 1 127 iN 331 ,-29 I 
200-184:ne 1/4 ' 11 121 S-T5E luppermostCastlegate ;28 :N f331 i-29 . 
200-1I~±:s~~ 1.2H 21S 5~_~ppermost Castleg<ite ' 33 N 1331 -29 I " 
200-185 1 e 1/2 11 21 S 5E uppermost Castlegate : 22 N 1331 -29 •. 
100-42 :swse . 21 {21S _ 5E _ _ uppermost Cas!l.eg~te . _ .. ___ ~.36 .. - N .._ .\ 332 • -28 
200-184 ;ne 1/4 11 121S 5E uppermost Castle~ate :9 N 1332 -28 

30 
50 

200-184;ne 1/4 111---1 21S - 5E _ _ ! upll.ermo~!.Qa~~egat~ ,- - \11 N 332 -28~ _ _ +.::::;: __ -+-__ _ 
200-184:ne 1/4 11 ,21S 5E up ermost Castlegate I !24 N 332 -28 375 
~_~-18§~[2 11 21 S "5E I' u.ppermos1 Castlegate ; 18 N 332 -28 1175 
200-1851e 1l2 11 21S 5E uppermost Castle gate :1 N 333 -27 250 
200-185 !e1/2 111 .. -. f2)8 __ 15E_. ___ ' uppermostcast,egate_I, ___ , _ :2 _ iN __ .1.333 ___ • ..1 -27 .1,100 
200-185 1e1 /211 21S 5E luppermostCastlegate I 13 N 333 .-27 200 
2_00-1 85 ~e 112 111 l?]S ___ 1 5H~~R~r!f1.0.s_~_c:.<l.stleog~tEl i4 __ ~N 1333 :-27 1 1 2?~_t-_ _ _ 
600-137:nw 114 23 f21S--rSE lJEPermo,§t CastJegate 125 N 333 :-27 1300 
600-1~nw 1/4 23 21S 5~ppermost Cas tlegafe- I :26 :N 333 -27 1?.§. 
100-42 'senw 20 21S 5E ,uppermostCastlegate I !9 ;N 334 -26 275 30 
100-42 :senw 20 21S 5E luppermostCasuegate ! j 10 iN 334 -26 575 
200~184;ne 1i4" 11 i21 S' 5E - uP!l.ermo-st Castlegate - ! ---- - !4 - iN -- 334 __ -26 - - - 225-- 140 .----
2,gO.::184:ne .!fU11 __ i21S 15E __ l uppermo.s!..<!as~~g. ate F·· -- 15 iN _ _ _ 1334 :, -26 1150---! __ _ 
200-1 841ne 1/4-r11 121S 5E .uppermostCasllegate 110 N f334 ,-26 150 
200-185;.e_!~2 11 21S ffiE _ _ ~lJepermostc...a stleg~ 5 : N==t.3~4 ;-26 . 175 140 

600-137:se 1/4 1~21S 5E uppermost CasUegale 8 N 334 ,-26 175 
200.:.l.~5 i e1!.2_ !.1 2J.§.... __ 5E __ I ~pe.~ostcas!~~t~_-L. 6 _ :N__ .33~ ___ .i-:26 100 _______ _ 

100-42 :senw 20 - -li1S 5E - upperTnOSiCasllegale r--'--- 21 :N ---' 33'5 "" -' :-25 ' 250 

100-42J se nw 120 __ t21S ._1 5E-i~~p.eE,~.c>.s.!.... <;:._. astleg<lt~ 131 ;N 1335 ___ 1.::25 1 22~ __ _ 
100-42 :se nw 20 :21S 1 5E luppermost Castlegate ;32 :N 335 :-25 150 
600-137 :ne s,w 22 i21S 5E- 1-,uP"permost castJegat.e 129 N 335 -25 2.00U 1 
§~ 30'~s~ ?.~-1~1S ___ .. ~~ 1,l'pJ2.~~~s!~~te_r- !30 _ _ ,N 335 ~5 .299 ___ _ 
100~38 :e1/2 . 33_ 1 20~ _ 5E __ uppermost CasUegate .f •• ----- !22 ,.N ___ . 33.5_ -25 •. 200 
100-38 :e 1/2 33 ,208 5E uppermost CasUegate l :23 N 335 -25 175 
100-38 ;e 1/2 33 !20S 5E ,uppermost Castle gate !24 :N 335 -25 150 

10f7 10/23/2008 



Green Hoi ~cture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis 360 

Tract + Buffer, North-Trendin!:l Quadrant Fracture Data Values 
Air 

Photo , 
ID ' 

Area Designation 
(Public Land Survey System, 
Salt Lake Base and Meridian) 

Stratigraphic Unit I : Fracture Analysis Assume 

,+ ; Air Photo scale is 1:17500 (9 measures) 
* Use Engineer's 30 scale (1" = 1500', 

with smallest division = SO') 

Line - 1/41/4 1 Section ! Township Range lall upper-m-o-s"-t -=C-a--'st'""le-gate 10 #---;-Ouadrant Orientation ! Orientation L~~gth- l· Spacing· 
Photo ' : (N=315-45 (0 - 359) ; (-45 to +45) (ftl (ft) 
_Ill I ' I : E=45-135) ! 

~ se nw I uppermost Castlegate 26 : N 200 
!Q0-42 ;.se21w upp~ost Castlegate 2J~__ 225 __ I---
100-42 !sw se uppermost Castlegate 35 : N 150 
290-184 j~e 1/4 111 121S 15E- J Lppermost.s:2_~~I~gatet /31 :N 1336 j-24 1200 
200-184 !ne 1/4 11 i21S 5~uppermost Ca stlegate I :32 iN 336 :-24 125 

30 

200-185 !e 1/2_ 111 121S--.l?E __ l uppermoS~~~slle9~t!o! ; ~~_~;N 1336 ,-24 1300:------11-----1 
200-185!e 1/2 11 , 21S~15E luppermost Castlegate ;24 :N 336 :-24 225 
600-1 371ne s~22 ---:..2J.S---.l.!5. E ~u.ppermost castleg~--I : 3~N - /336- ;-24 1100 
600-1 37't~ sw~22 ! 21S-=r5E~uppermost Castlegate ' 3S :N 336 :-24 100 

50 

600-137 jne_sw 122 21S I?H uppermost Castlegate ;39 ;N 1336 :-24 1100 
600-137:ne sW122 121s _ 5E LJPpermost Castlegate ' 40 :N 336 :-2475 
600-1}9.bNJ/2 V ----.11S-.J5E __ I ~flP5!!!!l..O.sg:§lS!lega.!e :2 iN ___ J336 :-24 ___ .1.175 
600-139 ;w 1/23 ,21S--\5E uppermostCastiegate !11 :N 1 336 1-24 300 
100-36 Ine sw 121 20S ISHuppermost Castiegate :8:N 1337 :-23 1300 
100:42 :w·1/2 SVJ, 20 --'21S 5E uppermost Castlegate ;2 ; N 337 i-23225 
100-42 : n1 /2 nw 20 ! 21 S 5_E uppermost Castlegate I 3 : N 337 ~~3 1300 I I 
100-42 : se nw 20 21 S 5E uppermost Castlegate 15 , N 337 1-23 425 
100-42~se nw 20~2)~ _._ 5E __ uflfle.f'!!l()s.U;:.as!Ie.9Ci!e. I 16 :N 337 :-23 300 I 
100-42 :se nw 20 21 S 5E uppermost CastlelLate I 28 iN 337 1-23 250 \ 
200-184!ne 1/4J1~~1~S __ ,_ 5~_ LI~e.~~~\..~.astle.ga.tE!. I 1 ~ 337 :-23 400 140 __ 
200-1 84: ne 1/4 ' 11 ; 21 S 5E lJflPermost Castiegate ! 2 : N 337 1-23 27s-1 
200-184 :ne1/4 11 ' 21S 5E tCastlegate i :3 :N 337 1-23 175 
2(;-6~18~e '172--- 11 ' 21S--- 5E t Casllegate I !'a :N 337 !-23 15q 
200-185:e112 21S 5E tCastlegate I :9 :N 337 1-23 175 
t200~85 ;e 1/2 !21S 5E TC·astiegaie I :10 ,N 337 1-23--- ·175--1----

50 

§OO:l3? ! neJ~ .1 22 T2~ 15E l uppe!1!'.ost_C~a~,-egate -I ;17 ;N 1337 ;-23 1200:--t--_ 
600-1 37:ne 1/4 22--r21S l SE---rtlppermost Castiegate 1 :18 :N 337 :-23 100 
1600-137 :_n~ 22 ____ I.2.1.S 5E l!eP~rm<?st Castieg~e -I 119 N 337 :-23 450 
1600-137:ne 1/4 22 121S SE uppermost Castle gate I :21 N 337 !-23 250 
1 ~.09-:.137.;r]w1!i_ 23 __ 1. 21S 5E __ u'pJl.E! r:r!1.~~t_C.ast!egCi~~ 1 i22 N 337 j-23 575_--+ ___ -1 
1600-137,ne sw 22 21S 5E uppermost Castie.gate I :31 N 337 ,-23 22S 
6Qo.~.371ne_sv.: __ 1 2.2 -- _~21S i5E l upperm9_sg:.~s.!l.egate :32 :N .1 337 ;:23__ 1200. __ 1-__ _ 
600-137 :ne sw 22 21 s-15E1 uppermost Castiegate :33 :N 337 !-23 75 
100-38_ ie 1/2 33 20S 51=1!:lPJle~~ts~~_~~_ga~ ' 25 :N 337 l==t :-23 225 I 
!Oo.-3~_. l se-"':'!.- 21 . __ i20S_ 55. lp.permos1-Casll.~~_at.e 7_ ----1:!- __ 338 ..... . _.t22 .. __ ._ .. !?8 ----
1o.0-42~ n1/2nw2o.-----121s ~E __ upper!!l0stCastiegate I 5 :N 338 :-22 350 I 
100-42 ;se nw 2~21S 5E LIflj)ermost Castle gate _ 1 22 ,N 338 ,-22 200 
200-1 851e 1J.2 .1 11--:21,S 15E luppermost Castl~g§l!e ! 17 : ~ 1338 1-22 I 25q,_ --l __ _ 
200-185 ;e 1/2 11 21S---'SE-ru~m..2.stCastlegate nL ' 19 !N 338 :-22 250. 1 
200-185: e 1/2 11 21 S 5E uppermost Castiegate 120 : N 338 i -22 150. 
209,:) ~5JeJ.L2 11 .?.1§ ___ .SE uppermost ca.st.I.eg~. e -+--___ 21 ; N 338 : -21___ 250~-r----
600-137 :se 114 15 .21S 5E uppermost Castlegate I 6 :N 338 .-22 200 
600:-137!se 114 15----r21S 5E-- lJPp-e;mostCasiiegaie~ 7 iN 338 :-22 f7-5-----
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Green HoI. .Jcture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis 360 j 

Air 
Photo , 

ID 

Tract + Buffer. North-TrendinQ Quadrant Fracture Data Values 
Area Designation 

(Public Land Survey System, 
Salt Lake Base and Meridian) 

Stratigraphic Unit : Fracture Analysis 
; Air Photo scale is 1 :17500 (9 measures) 

• Use Engineer's 30 scale (1" = 1500', 
with smallest division = 50') 

Assume 

Line - ;-T/41 /4 i ection I Townshii Range lall uppermost cast'egati-
I
· - 10 # Quadrant I Orientation I orientationl· Length' l Spacing 

Photo : (N=31 5-45 (0 - 359) i (-45 to +45) (tt) (ff) 
_ID 1 . . ____ : E=45-135) , 

600-13Tnw 1/4 123 [21S 15E I uppermost Casllegate ;23 :N 1338 ;-22 1150 

~~~-~~;i i ~: -~X- _ I ;;--l}.f r -I;H ~~~-~~~~:tg:;~:~~:-:fT - i ;~ ; ~==g~~---l:;; I ;~~ ---1'----1 
uP.Eermost Castle gate 41 N 338 -22 225 1 

I 1 N 339 -21 150 140 
I 2 N 339 -21 425 -----1~0 __ 

3 N 339 -21 200 150 
~_09-36_lse_n~J~~OS 15E I U_l?p_~~s.LQa~I.e.gate ;4 iN 1339 :-21 1 ~90 _ __ '50 __ _ 
100-36 :se nw f21 20S---r5E1Uppermosl CasUegale IS :N 339 1-21 175 ' 
1 00-36_~e nw 121 ! 20S 15E 1 up'permost Castleg.-?te : 6 : N 1339 : -21 1100 
100-42 ;senw20 !21S5E luppermostCastlegate i29 :N339 :-21575 
200-184:ne 1/4 11121S J 5E luppermost Castlegate :19 :N 1339 .-21 U50 
200-1841ne 1/4- 11 ' 21S--l5E-- uppermcist·Castlegate ____ i22 iN 339 1-21 1125=--i----
200-184ine 1/4 111 21S ISE .luppermost Casllegate ;23 iN 1339 :-21 1200 
200-1841ne 1/41 11 121S----,5E-- llj)l?ermQ.S!..C.'l~lI~gate i29--:-N --r339 :-21 1'75- -- 130 
200-184 i_ne 1/4 11 121 S 5E uppermost Castlegate I 130 IN 339 : -21 200 1 
200-45 :e1/2 ne 19 [21S 5E u permost Castlegate I ~ 339 :-21 250 
60_0::.1~7 ! ne_y4_ 22 2J S 2.. E __ luppef!!1 ost Castlegate I 112 IN 339 f-21 200 __ 60 
600-1 37 jne 1/4 22 21S 5E uppermostCastlegate 1 :13 iN 339 ;-21 150 
~QO~}~ i n~ _1 ~~22-L21S 5E~pp-~~ost Cas!~egate I 14J 339 -21 325 _-+-__ _ 
600-138 !w1 /2 ne 10 21S 5E------rup ermost Castlegate I 13 :N 339 -21 150 
600-138 :w 1/2 15 21S 5~ppermostCasllegate 1 28 iN 339 -21 325 _ -1-;=-__ 
600-138 ~w 112 115 .21S 5E luppe rmoStCastlegate I :29 ·N 339 -21 250 150 
600~ 38 jw 1I2_1 15 __ 121S __ 15E __ luppermosLCastiegate ;30 __ 1~ 1339 ;-21 .. 1 2.,.00:-_i-__ _ 
600-138 ;w1 /2 15 ·21S l 5E lJflP~.rmostCastlegate _ I !31 ,N 339 '-21 ----'275 
6_00~~ 39 ;WJ.7.2--=1.3 . ' 21~_.5_E IUppemlostCasJ!.egate r - --rf-O- iN 339 ::21 100 __ 1_ 

j100-38 :nwse 3~20S 5E"!uPEermOSI CasUegate I i11 .N 339 1-21 200 140 
1~0.Q~8_:_~ s~ 33 120S 5~~fJP_e!:.f!l.~.!.f_as.tI.e_g<i~_.' ! 12 : N 339 :-21 150 
100-42 :n1/2 nw 2021S 5E luppermost Castlegate 14 .N 340 :-20 225 , 
100-42-.: senw .20 --4-2.!.~_ 5E uppe'!110stCastlegate I :6 IN 3~.O :-20 375 
1 00-42 ~ se nw 20 121 S 5E- uppermost Castle!;1ate i: 14 ; N 340 :-20 225 1 

!.09::4Z._~se ~_ 20 --F!§... . ~5-- uPp~. l'l'}9,.su~_asueg~J~ I ;30---t' _ 340 :-20 27~ __ 
100-42 :sw se 21 ;21S '- 5E .l.lIlP_ermost Casllegate :34 :N -- 340 :-20 500 · I 
~0-184:_ne 1/4 111 121S 5E uppermostCastiegate I :12 i!'l 340 ~:.20 250 I 
200-184;ne 1/4 11 21S 5E uJlpermostCastiegate :16 N 340 :-20 200 160 
2oq:1@Tne 1'.41_1H 2}§ 5EuppermostC"a-stregale I T17- lJ--- 340 l :~o__ . _150---' ---I 
200-184!ne 1/4 11 21S 5E u ermost Castlegate ~ 18 : N 340 :-20 400 
2_qO ::.1B4 :ne _~~4 __ ]_1 __ 21S---.i5E uPflei~o~!..~as!lega.~~ ! !20 .N 340 :-20__ 50~ 1 
200-184:ne1/41 1 21S---r5E luppermostCastlegate I :21 :N 340 :-20 250 

, 200-185 L~2 11 121S .5E luepermost c.a.s. lIe.g.ate 16 :N 340 ~~O . 150 ro 
200-185;e1 /2 11 \21S 5EFtuppermostcastiegate 17 :N 340 E O 175 
200-1 85:e1/2 11 121S ~ uppermost Castiegate 25N 340 --. :-20 - _._- 75 - -- --
200-185:e 1/2 · 11-121S 5E uppern;osi-Castlegate 26- ;N 340 1.20--- 325 · 
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Green Ho, dcture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis 3601 

Tract + Buffer, North-TrendinQ Quadrant Fracture Data Values 
Air Area Designation I Stratigraphic Unit : Fracture Analysis 

Photo (Public Land Survey System, 1 i Air Photo scale is 1 :17500 (9 measures) 
10 Salt Lake Base and Meridian) I I * Use Engineer's 30 scale (1" = 1500', 

___ ~ .___ _ I l ---'---- wit~m~~est division = 50? . __ _ 

Line - ; 1/41/4 Range all uppermost Castlegate l. : ID # Q~adrant Orientation Orientation 1 Length' 11 Spacing" 
Photo . (N-315-45 (0 - 359) (-45 to +45) (ft) (ft) 
~ i! E=45·135) 

Assume 

600-137:se 1/4 115 121S 15E !uppermost Castlegate ____ :1 :N 1340 :-20 1175 
~09:~}!lseY4--l15 __ 12IS==-__ J 5,E _ _ ,_ l uppermostCastl~g~e-1 ;2 ;N 13jO. _ ___ ~~20 _ _ , __ ,_1.150~-f_---
600-137:se 1/4 115 21S~5E !yppermostCasllegate ; :3'N 340 :-20 200 
§90-137 se 1' 4 115 121 S 5E U]Jpermost Ca.§.~ate I j 4 N 340 -20 125 I 
,600-137 ne 1/4 122 121S 5E uppermost Castle gate : :15 N 340 -20 325 140 
600-137 ne 1f1J22 __ J21~_ 5_E __ uppermost Castlegate , :16 N ,~40 -20 375 .L 
600-137 ne SWl22 r21S 5E uppermost Castiegate , :36 N 340 :-20 225 I 
600-137 ;ne SW !22 '21S 5E uppermost Castlegale , ;37 N 340 :-20 150 I 
600--1j7:ne-sw -- -22--- - 'j21S 5r-!u!l2.ermost Castle-gate I :38 N 340 :-20 200 
600-138 :w 1/2 15 1215 5E __ uppermost Castlegate I 32:N 340 :-20 200 
600-138 :se1/415 1215 5E uppermostCastiegate ' 50:N 340 :-20 200 I I 
6Q9:1 38.:.se_1/4 15 1 21~_ 5E __ lJPp,E!rm<?~_~Castleg.atE!_. : 51:N 340 ::20 175 
600-138!se 1/4 15 \21S 5E uppermost Castlegate I 52 :N 340 :-20 125 130 
690:) 38Lse..1~~2.1S 5E __ tJpp~~o.?_U~astlega!e I 53,_:N 3~0 i-20 175_ 
600-138 :se1/415 21S 5E uppermostCastiegate I 57 N 340 :-20 150 
600-138 ;se 1/4 ' 15 \21S 5E uppermostCastlegate ;58 IN 1340 1-20 200:-_1-__ _ 
600-138:se 1/4 11521S 5~uppermost Castlegate ;59 iN 340 -20 225 
600-138 :sw1/4 110 121S 5E uppermostCastiegale ;22 N 340 -20 150 
600::j 38 fSw 174 \10 ,21S 5E-- u~ermOs.LCasUe.gale 123 IN 340 -20 175 
600-138 lsw 1/4 110 _1 2,1S . 1 ~E __ luppermost ~astlegate : ~4_;N 1340 :-20 1100:--1 __ _ 
600-138!sw 1/4 f10 21S~5E uppermost Castlegate 125 N 340 1-20 150 
1600-138~ sw 1/4 110 121S 15E 1 uppermost Castl~9ate ;2LJN 1340 i -2,,-,0 ___ +1.;-:10~0:-_I-__ _ 
600-138 :sw 1/4 10 21S 5E \uppermost Castle gate :27:N 340 1-20 125 
!.00-38.....:,nw sU?~ 120S 15E __ ~. ppe!:'!!~s!g<lS~~E!g.ate :9:N 1340 :-20 1225 __ .1 40 
100-38 ; n~.se:-!33 20S ,5E_ .iIJPpermost Castlegate i10 iN 340 1-20 250 
~,o.p:3.!l, !eJ:/L 133 __ T20S - p~uppermost.cast~gate l- - :~N 1?40 !-20 115<?----!----
100-38 :e 1/2 33 r20S 5E l lJf>permos,tgll"stiElgate !27 :N 340 1-20 150 

1100-38 J e 1/2 J 33 120S J 5L=t.ppermost Castiegate :28 IN 1340 i-20 1200 
100-42 :w1/2 s 20 21S _ ,5E uJlJlermost Castlegate :1 iN 341 :-19 300 
10~2 senw 20 21S 5E uppermost Castle gate I :11 N 341 i -19 200 __ 

1 
___ -1 

100-42 se nw 20 21 S 5E uppermost Castlegate l : 19 N 341 ,-19 150 
100-42 se!l.w_ 20 __ 21~ 5E uppermost Castlegate_' :23 N .341 [-19 -~9 __ I 
100-42 swse 21 I21s 5E uppermostCastiegate 1 :37 N 341 1-19 500 
200-18_~! e 1/2 11 21 S 5E uppermost Castlegate I 12 N 341 -19 200 
600-138 iw1/2 ne~10 21S 5E uppermost Castlegale , 6 N 341 -19 100 
600:138IW1!.2=~~e 1q- 2J.,S- 5E - - !leJ)erm.2~tCa~i~aie---- 16 N 341 -19 125 r- I 
600-138:w1/2ne10 21S 5E lJf>QermostCastiegale 17 N 341 -19 125 
600-138 !w1/2 ne!10 · 121s 1 5E l~ppe.r:ll1~sU;:~t~egale r ;18 :1',( 1 3~1 ~ -19 1175 
600-138 :w1l2 11 5-r21S 5E uflE.ermostCastlegate I :41 :N 341 :-19 125 
600-13!fl-se~5_ 21S 5E U permostCastlegate ~ 341 !-19 200 
600-138:se ~~ 21S 5E uppermost Castiegate !48:N 341 :-19 175 
600:) 38 ~e 1/4 ~! 5 __ ~ 2,1 S- 5E- uppermost Castlegate I 149- : N 341 1-19--- 1 OO~-=-~f------
600-138:se1/4 115 '21S 5E uppermostCastlegate-r 154 iN 341 :-19 175 
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Green Ho, -,cture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis : I j 360] I 
Tract + Bufferz North-Trending Quadrant Fracture Data Values 

Air Area Designation Stratigraphic Unit i Fracture Analysis Assume 
Photo : (Public Land Survey System, 

I 
Air Photo scale is 1 :17500 (9 measures) 

10 Salt Lake Base and Meridian) l • Use Engineer's 30 scale (1" = 1500', 
i with smallest division = 50') 

L ine:-:-1/4 114 Section ~ Township I Range ' all uppermost Castlegate I ilD# Quadrant ,. Orientation I Orientation '~~th· 1 SP~~;~'g' Photo : ' 1 (N=315-<15 (0 - 359) 1 (-<IS to +45) 
In ; , : E=45-135) I I 

600-138:se 1/4 15 i21S 5E ' uppermost Castle gate 155 :N 341 ;-19 150 
6_Q9-1,38 ~ se 1 /1~ J..5 121S 5~ uppermost Castlegate I ;56 iN 341 1-19 175 I 
600-138:sw 1/4 10--r21S 5E uppermost Castlegate I 119 :N 341 :-19 125 ! 
600-1381sw 1/4 10 121S 5E uppermost Castle gate I :20 :N 341 1-19 225 

'---'-
600-138!sw 1/4 10 21S 5E uppermost Castlegate :21 ;N 341 :-19 200 
600-139 ;w 1/2 ' 3 21S 5E __ 1 upper:!!lE.st Castlegate I ,3 ,N 341 i-19 250 
600-1391w 1/2 3 121S 5E uppermost Castlegate ;-4 ,N 341 ;-19 300 
600-139;w 1/2 3 i 21~_~§_ uppermostCas~ega~ :5 ;N 341 i-19 250 
600-139!w 1/2 ' 3----r21S 5E uppermost Castle gate ' :8 :N 341 1-19 250 
600-139iw 1/L, 3 :21S 5E uppermost Castle gate I :9 iN 341 1-19 150 
100-38 :se nw ~20S 5E up~e rTii'ost Castlegate I !7 iN 341 :-19 325 50 
100-38 : se nw 33 1 20S 5E luppermost Castlegate i :8 :N 341 :-19 200 
100-38 ~ 1/2 - 33-----r20S 5E ' uppermost Castlegate I ,29 :N 341 :-19 200 
100-42 .t se nw _ 20 :21S _ 5E uppermost Castlegate J :17 ,N 342 :-18 12L- 50 
100-42 :se nw io--' fils- 5~ uppermostG'asiTegate ! :18 iN 342 :-18 100 
100-42 i se nw 20 121S 5E uppermost Castieg.ate I :20 iN 342 ' -18 125 
100-42 ! se nw 20 121s 5E uppermost Castlegate I ~ 24 :N 342 :-18 100 40 
100-42 : se nw 20 121S 5E uppermost Castlegate I :25 :N 342 :-18 100 
2'00=1841ne-'114 11-;21 S--- 5E-- uppermost Castlegate I ' 13 :N 342 :-18 225 50 
200.184! ne.1 /4_ ~. 121S ~~ uppermost Castlegate I ;14 ;N 342 :-18 275 
200-185 ;e 1/2 11----r21 S -- 5E uppermost-Casiiegate I ! 11 :N 342 :-18 300 I 
200-185~ eJ,!L. 11 '21S 5E ~pe.ermost Castleg~te 

, 
:15 iN 342 :-18 325 

200-45 : e1 /2 ne 19 21S 51=- uppermost Castlegate I :13 ;N 342 :-18 300 
200-45 le1/2 ne . 1~_ 21S .s~~'ppermost Castlegate I :14 :N 342 :-18 J..75_ 60 
2004'S -:e1iine 19 21S--- 5E I uppermost Castlegate I :15 ;N 342 l-18-'- 200 
600-137:ne 1~2 121S 5E !uppermost Castlegate I :11 iN 342 '-18 350 
600.:T37!nel/4 22~i1S-- 5E--j uppermost Castlegate I :20 iN 342 ' -18 200 
600-138 jw1l2 ne 10 121S 5E u~permost Castlegate :2 iN 342 1-18 175 30 
600-138 ;w1/2 ne 10 :21S 5E uppermost Castlegate ! ;3 :N 342 1-18 125 40 
600-138:w1/2 ne 1~ ---i~S_.- 5E uppermost Castlegale I :4 ,N 342 i-18 2~ 30 
600-138: w1/2 ne 10 21S 5E-- uppermostcasUegale I :5 - N 342 1-18 175 
600-138 Iw1/2_ne 10---l21~_ 5E juppermost Castlegate I :14 ' N 342 j-18 100 
600-138 :w1/2 ne,10 121S 5E ul?permost Casllegate I ;15 :N 342 ;:'1"il 225 
600-138iw 1/2 15 21S 5E uppermost Castlegate : :37 :N 342 1-18 150_ 50 
'--1 

21S upperm~s!. ~astlegate __ I. ,38 ;N 342 , -1~ __ ._ 600-138 iW 1/2 15 5E 200 
600-=1'3'8iw1/2 - 15- 21~_ 5E--- :39--:N---' 150-- ----uppermost Castlegate 342 :-18 
600-138!W 1/2 15 21S 5E-- uppermosi"c'asiiegate I :'40--N 342 :-18 150 
~Q::3L nw n"Y_ 33 20S 5E uppermost Castlegate ! :1 ' N 342 '-18 150 
100-38 : nw nw 33-- 20S 5E uppermost Castiegate I :2 :N 342-'::' 8 225 I 
190-38 ~nw n~ 33 120S 511PP'~'" C"II'9'" I 

i3 :N 342 :-18 375 
100-38 .; nwn!'_ J } __ ~20S 5E uppermo~t Castleg~e_t_ ;4 :N 342 :-18 150 

342 --1:18 ___ ._ 175 
-_ .. ' 

100-38 :nw nw 33 120S 5E , uPP~!:r110s~~s~e.~ta~~ I ;5 :N 
130 200-45 :s 1/2 19--121S--- 5E uppermost Castlegate I :1-9 -iN 343 i-17 75 
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Green Ho, ~cture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis I 3601 

Air 
Photo : 

ID 

Tract + Buffer, North-Trending Quadrant Fracture Data Values 
Area Designation 

(Public Land Survey System, 
Salt Lake Base and Meridian) 

Stratigraphic Unit Fracture Analysis 
Air Photo scale is 1 :17500 (9 measures) 

• Use Engineer's 30 scale (1" = 1500', 
with smallest division = 50') 

Assume 

L ine - 1/4 1/4 SectfOri l Township- all uppermost casiTegate l ID # Quadrant I Orientation i Orientation II Length~ "1 Spaci~ 
Photo I (~=31545 (0 - 359) ; (-45 to +45) (ft) (ft) 

10 E=45-135) : 

200-45 ;51/2 f19 i21S 15E iupp-erm05tCastlegate :20N ~ :-17 175 - 1 
200-45 I 5) 12' _ _ 1192~S.----=--r5E __ I ~PJle!~.os~C:~~t!eJlClte_ -1-- [LjN -1 343 :-17 1 225~0 __ _ 
200-45 :s 1/2 1~1S ---r5E uppermost Castiegate [22 'N 343 ;-17 100 ~ 
200-45 is 1/2 119 121S 15E IUjpermost C-astlegate :23 iN 1343 1-17 1100 I 
600-137:se 1/415 ;21S5E_ juppermostCastlegate i5 iN 343 ___ ~ 200 ~I 
6.qO.-_1F~seJ ~~_ J..!..5~21S==::::J~!~pP.!l~_o.~_c:.astLe,.g_a, te r :9 :N [343 - :-17 1200 1 __ -1 
600-137 :se 1/4 !~r21S~5E luppermostCastlegate ,10 IN 343 :-17 350~ 
?.D0-138 i!"1/? riel 1 o I 21S===:JSE , I uppermost Cast~gate : 10 : N ---.J343 ,-17 1100--,1---
6oo-1381w1l2 ner 1 0----r21 S~ 5E1Uppermost Castlegate ~ 11 : N ~ 343 :-17 275 _ 
i5~O.:)~~1 /2...!:!~1 10 !21S 15E 1 uppermost Castle_gate :12:N 1343 ;-17 1 650H _ _ _ 
600-138 iw 1/2 15 21S 5E !uppermost Castlegate :42 ,N 343 1-17 225 
6!J0~~~8 :w_1I2 _ _ , __ ,_21_S aJ~ I :43 :N 343 -17 150 130 __ 
600-138;w 1/2 15 ate :44 :N 343 -17 12s-l 
600.:.!}8iw 1/2 15 ate I t4?_i N_._ 343 -17 ) 50 I 
600-138 jw 1/21 15 ate I !46 iN 343 -17 200 
.190-38 je 1/?--1~20S 5E lupy-ermost Castlegate l : 18 :N 343 -17 275 40 
100-38 ie 1/2 _ J 33 20S 5E juppermost Castlegate I 19N 343 -17 300 
100-36 :se sw j21 20S 5E juppermos: Castiegate j 9 :N 344 -16 100-1 I 
100-42isenw~ 20--121S --= 5E _ uppermos-:Ca's~gate- ! 7N 344 -16 725 I 
~00.:.42_ iSe_.nw _1~2! S -----r5E1uJJ.Jle!~!l_~~C;CI~~e_g_ate i~ N 1344 :-16 1 350'----'f-__ _ 
200-45 :s 1/2 19 , 21S------,5~uppermos:Castlegate :17 :N 1344 1-16 175 
200-45 is 1/2 119 !21S ISE __ l u(lJJ_eL~()§,_C~s~.Q~te i 11 8 iN 1344 :-16 1300 
600-138 :w1/2ne10 21S---r5~uIlRermostCastleg~ 1 .7 'N344 :-16125 130 
600-138 iw1/2nel~1 21S~?E luppermostCastlegate-t- :8 :N ~44 :-16 1125 
600-1381w1 /2ne~;21S----r5Eluppermost-Castlegaie --~g--;rT-'--!344 1-16100 

uppermOSi Casllegale i33 :N 1344 :-16 1275 
lJ0:>em;ostCa~tlegale :34 :N344 !-16500 160 

1600-138 iyv 1/2 115 j21S 1 5E __ 1 uppermost Castlegate - - --;35- iN 1344- 1-16 1200 
600-138 :w 1/2 115 :21S 5E iUIlQerrTlO§,t gastleQate :36 :N 344 :-16 150 
~o..o.i38_:ej!2_133 '20S ___ J.~,E __ , I Up~~.!!T'.os~(:;a~~.L~9?te :17 : N~344 :-16 1175 __ 1 ____ 1 
200-45 'e1 /2 ne 19-r21S-~5E uppermost Castlegate !12 , N~345 1-15300 ' 
~00.:..45 _~s 1/2_1 19 __ '21S 1 5~LJPp_e!~()s~~,,~~I.e.9C1te i2L-N 1345 i-15 1100 
200-45 :s 112 119 21S----r5E luppermost Castlegate :26 :N 345 :-15 125 
200-45 : s~J.1921S 5E up,p.ermost Castle gate :27 :N 345 ;-15 75 
~0~~~1/2 __ l_19 __ ~2) S_ ~ uppermostCasU~g~~+ ____ ---i28 --;tJ--- ~'!.5 __ j-15 __ 1?~ __ -i1f-__ 
600-139;w 1/2 13 ___ .21S 5E __ I~'pp_er.!!!o~castiegate :1:N 345 ,-15 200 ______ I 
600-139:w 1/2 3 :21S 5E uppermost Castle gate I ;6 ,N 345 ;-15 300 

600:) 39 !wJ!2-1 3 121S-----1,5, E __ l uPp_~~~_~!_C.CI:;~le,9,Clte :7 :N 1345 l-15 110L-J,---
100-38 Ie 112 ,33 J20S-]5_E __ tJllpermost Castiegate :13 :N 345 ' -15 225 I 
100-38 ;e 1 /~~20S _____ 5E uppermost Castiegate I :14 :~345 :-15 100 
1 00-38 _:~Ji.L 3_3 __ 39S 5E __ I \JPP.~~~()S!C::<lS!I!lga!El .. -.------i-! 5_~, ____ ~___0-5 15~_._ . __ ._ 
100-38 e 1/2_ 33 __ L20S 5E __ uPP.El~()s~C_'!.!;t!~gClte l : 16 __ IN ___ 345 1-15__ 200 ____ _ 
100-38 e 1/2 33 20S 5E uppermost Castle ate ;21 IN 345 :-15 250 
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Green HOI ... cture Data 

Greens Hollow Tract Air Photo Fracture Pattern Analysis 360 

Tract + Buffer, North-Trendinq Quadrant Fracture Data Values 
Air Area Designation IStratigraphic Unit - -I Fracture Analysis 

Photo I (Public Land Survey System, 'I ' Air Photo scale is 1 :17500 (9 measures) 
10 I Salt Lake Base and Meridian) I * Use Engineer's 30 scale (1" = 1500', 

i I with smallest division = 50') 

Line --:-~. 174 1/4 1' sectionT TownshiP-range all uppermost Castlegate I ID # . Quadrant Orientation ,..,O"'"r7"ie-n"'7ta""'t"'"io-n-r----,-r----
Photo . I i (N;31545 (0 - 359) (45 to +45) 

ID ' , E;45-135) 

Assume 

200-45 :s 1/2 119 :21S 15E 1uppermost Castlegate I :25 :N 346 :-14 150 
600:138 iw1/2~1 10 __ . 2.lS-0E-1~pp,~rr:'1,o.sg:<ls.!I.~gate ,_J 11 :N 346 :-14 150~ 
100-36 :se sw 121 120S 15E I uppermost Castleg.aJe uJ_ ; 11 ~ 347_ ;-13 175 !40 
,lO~-36~se sw 121 1' 20S 15E l uppermoSfCastleg~11 :f2--i N 1347 !-13 I 25c::°:----Jc--___ 1 
100-36 :sesw 21 20S 5E .uppermostCastlegate i13 'N 347 :-13 225 
100.:.3~sesw_J2_1 __ ,20S----'.5E __ l lJpp_e~r:n<?~t..gast~ga.~ :14 iN 1347 1-13 . uJ22_5 __ I.40 __ _ 
100-36 :se sWl 21 20s---l5E !uppermost Castlegate :15 ,N 347 :-13 1150 30 
100-36 :se ,S'N._,\21 ,20S 1 5~lJJl.p .. e.!!fl!?..s!J::<lstlE!g<lte-J i-~~ I 347 ___ -l -.13 1125_ 
200-45 ' se 1/4 18 T21S _J~I.LJPpermost Castlegate L :3 :N 347 __ :-13 75 
.100-42 ;swse 121 121S 1 5~f5lermost castleg.!lte 133 'N 1348 !-12 1400 
200-45 :se 1/4 18 21S 5E1UppermostCastiegate 12 'N 348 :-12 400 
200-45 ....:.,se 1/4 118 _ 121S 15E __ l upp_~m!?sL9s~~g<lte i4N '348 ___ i.:]2 ____ I~ ___ , , __ 
200-45 Ise 1I4'T18 :21S 5E uppermostCastlegate !5 iN 1348 ,-12 200 

50 

200-45 ;se 1/4 118 !21S ISE luppermost Castiegate-- I ;6 :N 1348 i-12 1250 
200:.45':se ''-i4'- 18-'21s~5E-- upperrrlosTCastfegate--1 : 7-~:N~348 :-12 . 125 
100-38 ~ e1/2 133 120S 15E ,~pperm. ostCastlegate j32 iN 1349 1-11 1 1~0 
100-38 ;e 1/2 .33 2 0S 5E uppermostCastlegate 133 :N 349 ;-11 175 
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7.1.1 General Requirements 

This chapter presents a description of: 
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• 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. 
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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. 

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. 

7.2.2.4 Location and Depth of Water Wells 

7-2 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
April 2017 (June 19, 2015) December 20, 1991 

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, 

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. 

7.2.4.1 Groundwater Information 

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 
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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 Volume 3 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. 

Greens Hollow. Appendix 7-27 contains 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 

area (Thiros and Cordy, 1991). Thus, it may serve as an aquifer in some portions of the western 

adjacent area. 
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Upper Price River Formation. The upper Price River Formation consists of about 450 feet of 

interbedded sandstone and claystone. Within the tease 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 3). 

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 tease area, the 

Castlegate Sandstone contains small quantities of groundwater. No significant quantities of 

groundwater (more than 2 gpm) were encountered in any of the exploration holes nor was 

groundwater identified in all drill holes. 
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Of the observation wells completed in the Castlegate Sandstone in the lease area, 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 encounter 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-fe8se 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 of a significant 
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In 1989, four monitoring wells were completed in the basal Blackhawk/upper Star Point 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. 

Mancos Shale. Underlying the efttife mine tease 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 tease 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 
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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, two samples were close together thus the drawing has one arrow 

designating both locations. The recharge age for the waters sampled is similar to conclusions 

previously in this section. Refer to Appendix 7-27 for a drawing showing the sample locations, 

additional information is provided and discussed in the PHC in Appendix 7-28. 

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 of about 80 percent 

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 due to faulting that is flowing at 
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100 gpm, which continually flows for 120 hours, a sample will be collected for lab analysis. The 

sample will be analyzed for the parameters listed on Table 7-2, subcategory 09. The sampling will 

continue quarterly for one year and be discontinued. The analysis for age dating will be completed 

once during the year of sampling. 

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 areas from: 

Springs that issue from the North Horn Formation, the upper Price River Formation, 

the Castlegate Sandstone, the Blackhawk Formation, and the Star Point Sandstone, 

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 UOOGM. 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 (TOS) concentration of 371 mgtl and an 

average pH of 7.5. Total and dissolved iron concentrations have averaged 0.24 and 0.02 mgtl, 

respectively. Total manganese concentrations have averaged 0.09 mgtl. Except for one apparent 

outlier, dissolved manganese concentrations at the spring have averaged 0.04 mgtl. Insufficient 

data are available to determine seasonal trends in water quality from this spring. 
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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 

mgtl 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 mgtl), 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 mgtl or less at the 

three wells (with the exception of one apparent outlier manganese value). Data concerning total 

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-3). 

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 
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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). 

Greens Hollow Tract 

The description is based on and extensive three year study of the Muddy Creek 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 sould 

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 of the 

Surface and Groundwater Report located in Appendix 7-27. 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 Plate 

7-3 and the data is summarized in Appendix 7-27 and 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. and be 

reviewed in Appendices 7-27 and 7-28. 

7.2.4.2 Surface Water Information 

7-19 



Canyon Fuel Company, LLC 
SUFCO Mine 

WATER QUANTITY 

Mining and Reclamation Plan 
April 2017 (June 19, 2015) Deeeffiber 20, 1991 

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: 'V'o'itnifl tne lease area: 

North Fork of Quitchupah Creek (as measured at stations SUFCO-007 and SUFCO-042 

South Fork of the North Fork of Quitchupah Creek (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 

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 
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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). 
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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 downstream from the 

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 bounday from 

summer 2002 through fall 2003 showed most ponds being empty by early summer. 
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Cirrus did monitoring of surface water and as did the permittee, locations are shown on Plate 7-3 

and the data is summarized in Appendix 7-27. Summaries include data for the South Fork of 

Quitchupah (Upper), U-Mud and MSTR-6. 

Several small catchment ponds have been constructed in the permit and adjacent areas to capture 

water for stock watering. Those catchment ponds where water rights applications have been filed 

are located as shown on Plate 7-2. The catchment ponds capture water either from an adjacent 

spring or from snowmelt. 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 of 1983 through 1990. From 1988 through 1990, this discharge rate generally increased 

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. 
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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 Volume 3 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 mg/I. 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 

mg/I, with dissolved iron concentrations averaging 0.03 to 0.04 mg/I. Total manganese 

concentrations at these stations average 0.11 to 0.12 mg/I, with dissolved manganese 

concentrations averaging 0.02 to 0.05 mg/I. 
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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. 

7.2.5 Baseline Cumulative Impact Area Information 

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 

7-25 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
April 2017 (Jufle 19, 2015) Deeember 20,1991 

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. 

These potential impacts are addressed in the following sections of this M&RP. 

7.2.8.2 Baseline Hydrologic and Geologic Information 

Baseline geologic information is presented in Chapter 6 of this M&RP. 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. Potent[al 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 

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 
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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 tease-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 

mg/I. 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 of the receiving 

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. 
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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-tea-se 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 
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groundwater and gain in surface water, this discharge does not disrupt the hydrologic balance of 

the basin. 

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 or fill 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. 
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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 a period of prolonged 

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 
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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-induced surface tensile 

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 great the 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 
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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, 

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. 
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transported to the waste rock disposal site. Sedimentation pond sludge will be incorporated into 

the fill as described in Part 3.2.6 Section 536 of Waste Rock Volume~. 

7.3.1.2 Water Monitoring 

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 4:-1:-2 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. The location of the monitoring 

wells for the rock waste disposal site are presented on Map 5A 2, 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. 
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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- ". 

Sampling for the SUFCO Mine and adjacent areas is accomplished in accordance with the 

schedule outlined on Tables 7-2 through 7-5A. Sampling for the waste rock disposal site is 

accomplished in accordance with the schedule outlined in Table 4.7.2 1 and the parameter list as 

outlined on Table 4.7.2 2 in Chapter 7 of the Waste Rock Volume-3 of this M&RP. Groundwater 

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. 

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-79-1 0, 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 T21S, 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 
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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 

Monitoring Wells 

US-80-2 

US-80-4 

89-20-2W 

US-79-13 

US-81-3 

US-81-4 

01-8-1 

MW-15-5-2 

Streams 

SUFCO 006 

SUFGe 006A 

SUFGe 006B 

SUFGe 006G 

SUFCO 0060 

SUFCO 007 

SUFCO 041 

SUFCO 042 

SUFCO 046 

SUFCO 047A 

SUFCO 090 

Pines 106 

Pines 302 

Pines 403 

Pines 405 

Pines 406b* 

Pines 407 

Pines 408 

USFS-109 

Link 001 

TABLE 7-2 

Water Monitoring Program 

Protocol 

A 

B 

A 

B 

A 

A 

A 

A 

C,2 

F,1 

F,1 

F,1 

F,1 

C,2 

C,2 

C,2 

C,2 

C,2 

C,1 

C,2 

C,1 

C,2 

C, 1 

C, 1 

C,1 

C, 1 

C,1 

C,2 

7-41 

Comments 

Screened in Castlegate Sandstone 

Screened in Castlegate Sandstone 

Screened in Castlegate Sandstone 

Screened in Blackhawk Formation 

Screened in Blackhawk Formation 

Screened in Blackhawk Formation 

Screened in Blackhawk Formation 

Screened in Castlegate Sandstone 

Upper South Fork Quitchupah Creek 

Upper South Fork Quitehupah Greek 

Upper South Fork Quitchupah Greek 

Upper South Fork Quitehupah Greek 

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 

Box Canyon Creek 

East Fork Box Canyon Creek 

Upper Main Fork of Box Canyon Creek 

Link Canyon Drainage 
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FP-1 

FP-2 

M-STR4 

M-STR6 

U-Mud 

C,2 

G,6 

G,6 

C,1 

C,8 

C,8 
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Link Canyon Drainage 

East Fork of Main Fork of Box Canyon 

East Fork of East Fork of Box Canyon 

Cowboy Creek 

Top Greens Canyon 

Confluence North & South Fork Muddy 

*Monitoring point Pines 406 was moved downstream to the USGS monitoring point in 1999 and 

renumbered as Pines 406b. The point is located in the NW1/4NE1/4, Sec. 21, T21 S. R6E. 

TABLE 7-2 (Continued) 

Water Monitoring Program 

Springs Protocol Comments42 

SUFCO 001 D,3 Blackhawk Formation 

SUFCO 047 D,4 Star Point Sandstone 

SUFCO 057A D,3 North Horn Formation 

SUFCO 089 E,3 Castlegate Sandstone 

GW-8 D,5 Price River Formation 

GW-9 D,5 Price River Formation 

GW-13 D,3 North Horn Formation 

GW-20 D,5 Castlegate Sandstone 

GW-21 D,3 Castlegate Sandstone 

Pines 100 D,4 Castlegate Sandstone 

Pines 105 D,3 Castlegate Sandstone 

Pines 206 D,5 Blackhawk Formation 

Pines 209 D,5 Blackhawk Formation 

Pines 212 D,5 Blackhawk Formation 

Pines 214 D,5 Blackhawk Formation 

Pines 218 D,3 Castlegate Sandstone 

Pines 303 D,3 Blackhawk Formation 

Pines 310 D,7 Castlegate Sandstone 

Pines 311 D,7 Castlegate Sandstone 

Link Portal-West D,4 Link Canyon Portal 

Link Portal-East D,4 Link Canyon Portal 

M-SP01 D,3 Price River Formation 

M-SP02 D,3 Price River Formation 
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M-SP04 0,9 North Horn Formation 

M-SP05 0,9 North Horn Formation 

M-SP06 0,9 North Horn Formation 

M-SP08 0,3 North Horn Formation 

M-SP09 0,9 North Horn Formation 

M-SP11 0,9 North Horn Formation 

M-SP12 0,9 North Horn Formation 

M-SP15 0,9 North Horn Formation 

M-SP18 0,3 Price River Formation 

M-SP19 0,9 North Horn Formation 

M-SP20 0,9 North Horn Formation 

M-SP39 0,3 Price River Formation 

M-SP40 0,9 North Horn Formation 

M-SP41 0,9 North Horn Formation 

M-SP44 0,9 North Horn Formation 

M-SP45 0,9 North Horn Formation 

M-SP53 0,3 North Horn Formation 

M-SP60 0,9 North Horn Formation 

M-SP87 0,9 Castlegate Sandstone 

M-SP100 0,9 North Horn Formation 

M-SP103 0,9 North Horn Formation 

M-SP104 0,9 North Horn Formation 

M-SP105 0,9 North Horn Formation 

M-SP106 0,9 North Horn Formation 

Mud Spring 0,5 Price River Formation 

Broad Hollow 0,5 Blackhawk Formation 

896A SI'fin9 11,3 Priee River Formation 

Roberts Sl'ring 11,3 Priee Rbter Formation 

RS-A 11,3 Priee River Formation 

RS B 11,3 Priee River FormBtion 

TABLE 7-2 (Continued)Water Monitoring Program 

Springs 

Wedge Spring 

Amanda Spring 

Protocol 

H,3 

H,3 

7-42 
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94-113 Seep H,3 Price River Formation 

TABLE 7-3 

Field and Laboratory Measurement Protocol 

Water level and flow measurements 

A Monitoring well: quarterly water level measurement 

B Monitoring well: annual water level measurement (3rd quarter) 

C Stream: quarterly discharge measurements 

D Spring: quarterly discharge measurements 

E Spring Pool: quarterly water level measurement 

F 

G 
H 

Stream: 

Stream: 

Spring: 

Water quality 

Bi-weekly measurements while mining is occurring under the stream 

in 2013, thereafter quarterly for two years. 

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. 

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 qualityfield 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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TABLE 7-4 

Groundwater Operational Water Quality Parameters 

FIELD MEASUREMENTS REPORTED AS 

Water Level or Flow 

pH pH units 

Specific Conductivity !-Istcm @ 25 DC 

Temperature DC 

LABORATORY MEASUREMENTS 

Total dissolved solids mgtl 

Carbonate mgtl 

Bicarbonate mgtl 

Calcium (dissolved) mgtl 

Chloride mgtl 

Iron (total) mgtl 

Iron (dissolved) mgtl (pi I <7 only) 

Magnesium (dissolved) mgtl 

Manganese (total) mgtl 

Manganese (dissolved) mgtl (pi I <7 only) 

Potassium (dissolved) mg/l 

Sodium (dissolved) mg/l 

Sulfate mg/l 

Cations meq/l 

Anions meq/l 
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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: 

• 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. 

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. 
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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, 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 
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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 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. 

7.3.1.3 Acid- and Toxic-Forming Materials 

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-3 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. 
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The treatment of these materials will be handled as indicated in the Waste Rock Volume-B- 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 

R645-301-731.100 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 prior to release from the mine. 
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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-3 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 3- 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. 

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 R645-301-731.800 as to whether or not material damage has 

occurred. Then, in accordance with Regulation R645-301-525.51 0, 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 
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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 (i.e., 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 stockwatering 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 

runoff outside 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. 
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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 Plate$ 7-4 and 7-5 of this 

M&RP. 

The staff gauge in the pond has been marked to indicate the 60% clean-out elevation of 7408.1 

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. 
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The southern-most extent of the sedimentation pond dam is located 180 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 800 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 Figures 1 and 1 A of Volume 3 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. 

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. 
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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 3 of this M&RP. 

7.3.2.4 Road Drainage 

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 3 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 
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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 Sp~ing 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. 

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 Figures 1 and 1A of Map 7 in the Waste Rock Volume 3- of 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 3- 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. 

7-66 



Canyon Fuel Company, LLC 
SUFCO Mine 

7.3.4 Discharge Structures 

Mining and Reclamation Plan 
April 2017 (Jufle 19, 2015) December 20,1991 

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 a 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 a of this M&RP. 

7.3.7 Noncoal Mine Waste 

Noncoal mine waste is stored and disposed of as described in Chapter 5. 

7.3.8 Temporary Casing and Sealing of Wells 

Each groundwater monitoring well identified on Plate 7-3 will be operated and maintained as 

described in Section 7.4.8. 
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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. 

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 a 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. 
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of 11/06/99 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 sediment 

trap 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 sediment 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 a 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 concrete sediment trap 

will 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. 
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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 a 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. 

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 a 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. 
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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 3- 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 minimize the chance of excessive settling. 

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. 
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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 

on Plate 7 -5A. 

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 

a 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. 
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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 . 

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 a of this M&RP. 
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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 10-inch mine yard drain line. 

1 O-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 10-inch pipeline 

discharging to the concrete sediment trap. It was not designed to pass the 10-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 3- of this M&RP. 

7.4.2.4 Road Drainage 

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. 
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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:1V 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. 

Details for the discharge structures on the waste rock disposal site sedimentation pond are 

presented in the Waste Rock Volume 3- 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 2S-year, 6-hour precipitation event. The calculations for the 

discharge structures within the facilities area are presented in Appendix 7-14. 
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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 3- 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 placement can be 

found in the Waste Rock Volume 3- . 

7.4.6.2 Refuse Piles 

A detailed description of the refuse piles at the waste rock disposal site can be found in Chapter 

5 and the Waste Rock Volume 3- 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. 
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, - s earch 1 
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Search of TOWl\SHIP = '20S' and RANGE = '4E' and BEM = 'SL' 

WR Dinrsion Well . Status Priority Uses CFS ACFT Address Owner Name Latitude Longitude 
Number Type 

L Location og 

S660 

94-342 
Point to W660 E4 

P 1879 S 0.011 0000 
324 - 25TH USA FOREST 

3~0519957537-111 .507670527 
Point 19 20S 4E STREET SERVICE 

SL 

N660 

94-343 
Point to E660 S4 

P 1879 S 00000000 
324 - 25TH USA FOREST 390922188478-111437923863 

Point 02 20S 4E STREET SERVICE 

SL 

S660 

94-399 
Point to WI980 E4 P 1879 S 0.0000.000 

324 - 25TH USA FOREST 39.0963880645 -111.419104896 
Point 01 20S 4E STREET SERVICE 

SL 

N660 

94-401 
Point to EI980W4 

1879 S 0.0000000 
324 - 25TH USA FOREST 39.1001631064 -111.423907198 

Point 01 20S 4E P STREET SERVICE 

SL 

SI980 

94-407 
Point to E660 N4 

P 1879 S 0.0110.000 
324 - 25TH USA FOREST 39.1008265918 -111 419117794 

Point 01 20S 4E STREET SERVICE 

SL 

N660 

94-408 
Point to EI980 W4 1879 S 0.011 0.000 

324 - 25TH USA FOREST 39.1001631064 -111.423907198 
Point 01 20S 4E P STREET SERVICE 

SL 

N660 

94-409 
Point to EI980 W4 

1879 S 00110000 
324 - 25TH USA FOREST 39.1003081135 -111.442535654 

Point 02 20S 4£ P STREET SERVICE 

SL 

N660 

94-415 
Point to W660 S4 

P 1879 S 0.0000.000 
324 - 25TH USA fOREST 390920991774 -111.423872294 

Point 01 20S 4£ STREET SERVICE 

SL 

Point to 
NI WI600 324 - 25TH USA FOREST 

94-481 
Point 

SE 25 20S P 1879 S 00000000 
STREET SERVICE 

39.0322862255 -111.417885168 

4ESL 

Point to 
NI EI700 324 - 25TH USA FOREST 

94-482 
Point 

SW2520SP 1879 S 00000000 
STREET SERVICE 

39.0323669523 -111.424821745 

4E SL 

Point to 
NI £2350 324 - 25TH USA FOREST 

94-483 Point 
SW 35 20S P 1879 S 0.0000.000 

STREET SERVICE 
39.0176327112 -111441181235 

4E SL 

Point to 
N2200 El 324 - 25TH USA FOREST 

94-484 
Point 

SW2620SP 1879 S 0.0000000 
STREET SERVICE 

39.0383437371 -111.449497953 

4£ SL 

Point to 
NI W600 324 - 25TH USA FOREST 

94-485 
Point 

SE 34 20S P 1879 S 0.0000000 STREET SERVICE 
39,0175928133 -111.451567888 

4E SL 

Point to 
N300 W50 324 - 25TH USA FOREST 

94-497 
Point 

SE 30 20S P 1879 S 0.0000000 
STREET SERVICE 

390331580379 -111.50553208 

4E SL 

S2600 

94-498 
Point to W4000 NE 

1879 S 0.0000.000 
324 - 25TH USA FOREST 39.0395652378 -111.500708347 

Point 29 20S 4E P STREET SERVICE 

SL 
94-499 Point to p 1879 S 0.0000000 324 - 25TH USA FOREST 390441640386 -111.503058328 

Point STREET SERVICE 
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21 20S 4E 
SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

24-520 
Point 

W4 16 20S P 1879 S 0.0000.000 
STREET SERVICE 

39.0667928071 -11148430162 

4ESL 

S660 

94-521 
Point to W660 N4 P 1879 S 0.0110.000 

324 - 25TH USA FOREST 39.0594327618 -111.461066281 
Point 22 20S 4E STREET SERVICE 

SL 

S660 

94-522 
Point to WI980 E4 P 1879 S 0.0000.000 

324 - 25TH USA FOREST 390666810133 -111A75042707 
Point 16 20S 4E STREET SERVICE 

SL 

S660 

94-523 
Point to WI980 E4 P 1879 S 00000.000 

324 - 25TH USA FOREST 390666810133 -111475042707 
Point 16 20S 4E STREET SERVICE 

SL 

S660 

94-524 
Point to WI980 E4 P 1879 S 0.0000.000 

324 - 25TH USA FOREST 39.0666810133 -111.475042707 
Point 16 20S 4E STREET SERVICE 

SL 

N660 

94-525 
Point to E660 SW 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 39.0629937094 -111.46571051 

Point 15 20S 4E STREET SERVICE 

SL 

N660 

24-526 
Point to E660 SW P 1879 S 0.0110.000 

324 - 25TH USA FOREST 39.0629937094 -111.46571051 
Point 15 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-527 
Point 

N4 22 20S P 1879 S 0.0000000 STREET SERVICE 
39.0594511125 -111.456415956 

4ESL 

N660 

94-528 
Point to W66054 

P 1879 5 0.0000.000 
324 - 25TH USA FOREST 39.0630581739 -111.461089867 

Point 15 20S 4E STREET SERVICE 

SL 
N660 

94-529 
Point to E660 S4 p 1879 S 00000.000 

324 - 25TH USA FOREST 39.063076526 -111.456439304 
Point 15 20S 4£ STREET SERVICE 

SL 

S660 

94-530 
Point to WI980 E4 P 1879 S 0.0000 .000 

324 - 25TH USA FOREST 39.0668225471 -111.456482068 
Point 15 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-531 Point 
N4 14 20S P. 1879 S 00000.000 

STREET SERVICE 
39.0741160072 -111.437871768 

4E SL 

S660 

24-532 
Point to W1980 E4 

1879 S 0.0000.000 
324 - 25TH USA FOREST 390812691646 -111437858488 

Point II 20S 4E P STREET SERVICE 

S1. 
S660 

94-534 
Point to WI980 E4 P 1879 S 0.0000000 

324 - 25TH USA FOREST 39.0812691646 -111437858488 
Point II 20S 4E STREET SERVICE 

SL 

S660 

94-535 
Point to W660 N4 P 1879 S 00000000 

324 - 25TH USA FOREST 390740983942-111442523068 
Point 14 20S 4E STREET SERVICE 

SL 

N660 

94-537 
Point to W660 SE P 1879 S 0.0000000 

324 - 25TH USA FOREST 39.0777916197 -I I 1451890117 
Point 10 20S 4E STREET SERVICE 

SL 

S660 

94-538 
Poimto W660 E4 P 1879 S 0.0000000 

324 - :blH USA tUR1:.S I 39.0813868956 -111.451870045 
Point [0 20S 4E STREET SERVICE 

SL 
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16 20S 4£ 
SL 

N660 

24-557 
Point to E660 SW 

P 1879 S 0000 a 000 
324 - 25TH USA FOREST 390777734321 -III 484319293 

Point 09 20S 4E STREET SERVICE 

SL 

S660 

94-558 
Point to W660N4 

P 1879 S D.OII 0000 
324 - 25TH USA FOREST 39.0740110856 -111498345253 

Point 1720S4E STREET SERVICE 

SL 

N660 

94-559 
Point to W660 SE 

P 1879 S 0.0000000 
324 - 25TH USA FOREST 39.0777539661 -111.488970804 

Point 08 20S 4E STREET SERVICE 

SL 

N660 

94-560 
Point to E660 S4 

P 1879 S 0.0000000 
324 - 25TH USA FOREST 39.0776563172 -Ill 493719265 

Point 08 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-561 
Point 

W4 09 20S P 1879 S 0000 0.000 STREET SERVICE 
39.0813854452 -111.484306939 

4E SL 

N660 

94-562 
Point to E1980 W4 P 1879 S 0.000 0.000 

324 - 25TH USA FOREST 39.0850301181 -111.479679743 
Point 09 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-563 
Point 

W4 04 20S P 1879 S 0.0000.000 
STREET SERVICE 

390966188072 -111.484284121 

4E SL 

S660 

94-564 
Point to WI980 E4 P 1879 S aooo 0,000 

324 - 25TH USA FOREST 39.0965932184 -111.47511908 
Point 0420S4E STREET SERVICE 

SL 

N660 

94-565 
Point to W660 E4 

P 1879 S 0.0110.000 
324 - 25TH USA FOREST 

3~1002375204-111 47049042 
Point 04 20S 4E STREET SERVICE 

SL 

S660 

94-566 
Point to WI980 E4 P 1879 S 0.000 0.000 

324 - 25TH USA FOREST 39.0965796865 -III 493589618 
Point 05 20S 4E STREET SERVICE 

SL 

SI980 

94-567 
Point to E660 N4 

P 1879 S 0000 0000 
32425TII USA FOREST 391008475263 -II 1.493712983 

Point 05 20S 4E STREET SERVICE 

SI. 

Point to 
S660 E660 324 - 25TH USA FOIU~ST 

94-568 
Point 

NW04 P 1879 S 0.0000.000 
STREET SERVICE 

39 1046147586 -III 484248859 

20S 4E SI. 

94-571 
Point to DONE 04 1879 S 0.0000.000 

324 - 25TH USA FOREST 39.1064653143 -111468057244 
Point 20S 4E SL P STREET SERVICE 

S660 

94-575 
Point to W660 N4 

P 1879 S 0011 0000 
324 - 25TH USA FOREST 39.0740110856 -Ill 498345253 

Point 17 20S 4E STREET SERVICE 

SL 

N660 

94-582 
Point to W660 S4 

P 1879 S a 000 a 000 
324 - 25TH USA FOREST 39.0920991774 -111.423872294 

Point 01 20S 4E STREET SERVICE 

51. 

N660 

94-593 
Point to E660 S4 P 1879 S 00000000 

324 - 25TH USA FOREST 39.0922188478 -Ill 437923863 
Point 02 20S 4E STREET SERVICE 

SL 

N660 

94-594 
Point to W660 S4 

P 1879 S 00000.000 
324 - 25TH USA FOREST 390776364763 -Ill 498370762 

Point 08 20S 4E STREET SERVICE 

SL 

94-598 P 1879 S 00000.000 39 0466235851 -Ill 47007405 
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23 20S 4E 
SL 

N1200 

94-504 
Point to W300 SE 

P 1879 S 00000.000 
324 - 25TH USA FOREST 39.0500105346 -111.450580203 

Point 22 20S 4E STREET SERVICE 

SL 

S600 

94-508 
Point to WI450 NE 

1879 S 00000.000 
324 - 25TH USA FOREST 39.0597550035 - I I 1.436074529 

Point 23 20S 4E P STREET SERVICE 

SL 

S1800 

24-509 
Point to EI550NW 

1879 S 0.0000.000 
324 - 25TH USA FOREST 39.0564983366 -I 11425485736 

Point 24 20S 4E P STREET SERVICE 

SL 

NI ISO 

94-510 
Point to E350 SW 

P 1879 S 00000000 
324 - 25TH USA FOREST 39.0645850513 -111 429762268 

Point 13 20S 4E STREET SERVICE 

SL 

N700 

94-511 
Point to E350 SW 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 39.0633491129 -111429754773 

Point 13 20S 4E STREET SERVICE 
SL 

S1500 

94-512 
Point to E2400NW P 1879 S 00000.000 

324 - 25TH USAI'OREST 
39.0717624257 -11 1.422382834 

Point 13 20S 4E STREET SERVICE 

SL 

S1980 

94-516 
Point to E660 N4 

P 1879 S 00000.000 
324 - 25TH USA FOREST 

39.05569804 -111.493636143 
Point 20 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-517 
Point 

N4 20 20S P 1879 S 0.0000.000 
STREET SERVICE 

39.0593234438 -111.493661394 

4E SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-518 
Point 

W42120SP 1879 S 00000000 
STREET SERVICE 

39.0522003016 -111.484320549 

4ESL 

N660 

94-520 
Point to W660 E4 

P 1879 S 00000.000 
324 - 25TH USA FOREST 390558315586 -111 451828747 

Point 22 20S 4E STREET SERVICE 

SL 

S660 

94-522 
Point to W660 N4 

P 1879 S 00000.000 
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 39.0629749876 -111.470361062 

Point 16 20S 4E STREET SERVICE 
SL 

N660 

94-524 
Point to W660 SE 

P 1879 S 0,0000.000 
324 - 25TH USA FOREST 39.0629749876 -111470361062 

Point 16 20S 4E STREET SERVICE 

SL 

N660 

94-525 
Point to W660 SE 

P 1879 S 00000.000 
324 - 25TH USA FOREST 39.0629749876 -111470361062 

Point 16 20S 4E STREET SERVICE 
SL 

N660 

94-527 
Point to W660 E4 

P 1879 S 00000.000 
324 - 25TH USA FOREST 

39.0558315586 -111.451828747 
Point 22 20S 4E STREET SERVICE 

5L 
N660 

94-528 
Point to W660 E4 P 1879 S 0.0000.000 

324·25TH USA FOREST 39.0558315586 -111.451828747 
Point 22 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-529 
Point 

NW23 P 1879 S 00000.000 
STREET SERVICE 

39.0595331895 -111.447145197 

20S 4E SL 
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10 20S 4E 
SL 

N660 

94-555 
Point to W660 E4 

P 1879 S 00000000 
324 - 25TH USA FOREST 39.0849410392 -III 470527867 

Point 09 20S 4E STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-556 
Point 

NWIO P 1879 S 0.0000000 
STREET SERVICE 

39.088599755 -III 465908494 

20S 4E SL 

N660 

94-557 
Point to W660 S4 

P 1879 S 0.0000000 
324 - 25TH USA FOREST 39.0777151781 -111.479720864 

Point 09 20S 4E STREET SERVICE 

SL 

S660 

94-559 
Point to W660N4 

P 1879 S 0 ,0000000 
324 - 25TH USA FOREST 39.0885925628 -111.479766171 

Point 09 20S 4E STREET SERVICE 

SL 

Point (0 
S660 E660 324 - 25TH USA FOREST 

94-560 
Point 

NWIO P 1879 S 0,0000000 
STREET SERVICE 

39.088599755 -111.465908494 

20S 4E SL 

N660 

94-561 
Point to EI980W4 P 1879 S 00000,000 

324 - 25TH USA FOREST 
39.0850301181 -111.479679743 

Point 09 20S 4E STREET SERVICE 

S1. 

S660 

94-562 
Point (0 W660 N4 

P 1879 S 0.000 0.000 
324 - 25TH USA FOREST 

39.0885925628 -111.479766171 
Point 09 20S 4£ STREET SERVICE 

SL 

N660 

94-563 
Point (0 E660 S4 

P 1879 S 00000.000 
324 - 25TH USA FOREST 39.0922370525 -111.475138272 

Point 04 20S 4E STREET SERVICE 

SL 

N660 

94-564 
Point to W660 SE 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 

39.0922064126 -111.470584827 
Point 04 20S 4E STREET SERVICE 

SL 

N660 

94-566 
Point to £1980 W4 P 1879 S 0.000 0.000 

324 - 25TH USA FOREST 39 ) 002634719 -) II 479655935 
Point 04 20S 4E STREET SERVICE 

SL 

N660 

94-567 
Point to E660 W4 

P 1879 S 0.0000.000 
32425TH USA FOREST 

39.1002441885 -1I1 484308929 
Point 04 20S 4E STREET SERVICE 

SL 

N660 

94-568 
Point to EI9S0W4 

1879 S 0000 a 000 
324 - 25TH USA FOREST 

391002634719-lllA79655935 
Point 04 20S 4E P STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FOREST 

94-570 
Point 

N4 09 20S P 1879 S 00000000 
STREET SERVICE 

39.0886116632 -III 475113941 

4E SL 

N660 

94-582 
Point to W660 S4 

P 1879 S 00000.000 
324 - 25TH USA FOREST 39,0920991774 -111.423872294 

Point 01 20S 4E STREET SERVICE 

SL 

N660 

94-593 
Point to W660 S4 p 1879 S 00000000 

324 - 25TH USA FOREST 390922012306 -111442576355 
Point 02 20S 4E STREET SERVICE 

SL 

SI980 

94-594 
Point to E660 N4 

P 1879 S 00000.000 
324 - 25TH USA FOREST 39.0848602607 -Ill 493681502 

Point 08 20S 4£ STREET SERVICE 

SL 

Point to 
S660 E660 324 - 25TH USA FORF.ST 

94-595 
Point 

N4 09 20S P 1879 S 00000000 
STREET SERVICE 

390886116631-1114'/.')113\141 

4E SL 
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94-492 Spring S300 P 1879 S 00 110000 324 - 25TH USA FOREST 390314418646 -111474489336 
WI850 NE STREET SERVICE 
33 20S 4E 
SL 

S1200 

~ Spring WI900NE P 1879 S 00110,000 
324 - 25TH USA FOREST 

390289691635 -111474648877 
33 20S 4£ STREET SERVICE 
SL 

SIOO 

94-494 Spring 
W800NE 

P 1879 S 0.0[10000 
324 - 25TH USA FOREST 

390320062066-111470795328 
33 20S 4E STREET SERVICE 
SL 

N2400 

94-495 Spring 
E400SW 

P 1879 S 0.011 0.000 
324 - 25TH USA FOREST 

39.024216783 -111.48533617 
33 20S 4E STREET SERVICE 
SL 

S700 E400 
324 - 25TH USA FOREST 

94-506 Spring NW27 P 1879 S 00110000 
STREET SERVICE 

390447124553 -111466539052 
20S 4E SL 

S35 W\oO 
DIMS 0.000 117.000 ~o~ · BOX 

MUDDY CREEK 
94-55 Surface NE 10 20S P 1900 IRRIGATION 39.0903317928 -III 449910334 

4£ SL COMPANY 

S1650 
MUDDY CREEK 

W1050 NE 
DIMS 0.000 251.000 ~o~· BOX 24-56 Surface 20 20S 4E P 1900 IRRIGATION 3~0566932661 -Ill 490314189 

SL 
COMPANY 

S35 W100 
DIMS 0000225 000 ~o~ BOX 

MUDDY CREEK 
24-57 Surface NE 10 20S P 1900 IRRIGATION 39.0903317928 -111.449910334 

4E S1. COMPANY 

N250 

94-599 Spring 
E250 SW 

P 1879 S 0,011 0000 
324 - 25TH USA FOREST 

390473195373 -111.467084574 
22 20S 4E STREET SERVICE 
SL 

N350 

94-601 Spring 
W800 SE 

P 1879 S 0.011 0000 
324 - 25TH USA FOREST 

39.0475792712 -111.470784881 
21 20S 4E STJU:ET SERVICE 
SL 

S500 

94-603 Spring E2050NW P 1879 S 0.011 0.000 
324 - 25TH USA-fOREST 

39.0309478096 -111.460751615 
34 20S 4E STREET SERVICE 
SL 

S500 E500 
324 - 25TH USA FOREST 

94-604 Spring NW34 P 1879 S 0.011 0.000 
STREET SERVICE 

39.030926044 -111466210023 
20S 4E SI. 

N670 

94-612 Spring 
W800 SE p 1879 S 00110.000 

324 - 24TH USA FOREST 
39.0484581602 -111 470790716 

21 20S 4E STREET SERVICE 
SL 

Utah Division of Water Rlghls I 1594 West North Temple Suite 220 P.O Box 146300, Salt Lake City, Utah 84114-<i300 I 801·538·7240 
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Search of TOWNSHIP = '20S' and RANGE = '5E' and BEM = 'SL' 

WR DiYersion Well 
Location Status Priority lTses Cl-'S 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 0.011 0.000 
BUILDING 

FOREST 39.0920841057 -111.301820334 
SERVICE 

Point to 
S660EI980 FEDERAL 

USA 

93-2281 
Point 

W4 12 20S 5E P 1877 S 0.011 0.000 
BUILDING 

FOREST 39.081262640 I -II UII 035499 

SL SERVICE 

Point to 
S660 WI980 FEDERAL 

USA 

93·2282 
Point 

E4 12 20S 5E P 1877 S 0.011 0000 
BUILDING 

FOREST 39.081176727 -11130644109 

SL SERVICE 

Point to 
S660 E1980 FEDERAL 

USA 

93·2283 
Point 

W4 12 20S 5E P 1877 S 0.011 0.000 
BUILDING 

FOREST 39.081262640 I -111311035499 

SL SERVICE 

Point to 
S1980 E660 FEDERAL 

USA 

93·2284 
Point 

N4 12 20S 5E P 1877 S 00110.000 
BUILDING 

FOREST 390848673463 -111306401929 

SL SERVICE 

Point to N660 E660 W4 P FEDERAL 
USA 

93·2285 
Point 12 20S 5E SL 

1877 S 0011 0.000 
BUILDING 

FOREST 39.0848755169 -111.315703489 
SERVICE 

Point to N660 E660 S4 P FEDERAL 
USA 

93·2286 
Point 02 20S 5E SL 

1877 S 0.011 0.000 
BUILDING 

FOREST 39.0921602084 -111.325006689 
SERVICE 

Point to S660 W660 E4 P FEDERAL 
USA 

93·2287 
Point 03 20S 5E SL 

1877 S 00110000 
BUILDING 

FOREST 39.0957861699 -111 .338922638 
SERVICE 

Point to N660 W660 E4 P FEDERAL 
USA 

93·2288 
Point 03 20S 5E SL 

1877 S 0.0110.000 
BUIl.DING 

FOREST 39.0994115884 -111.338939989 
SERVICE 

Point to N660 E660 W4 P FEDERAL 
USA 

93·2289 
Point 02 20S 5E SL 

1877 S 0.011 0.000 
BUILDING 

FOREST 39.0994250709 -Ill 334286966 
SERVICE 

Point to S660 W660 NE P FEDERAL 
USA 

93·2290 Point 02 20S 5E SL 
1877 S 00110000 

BWLDING 
FOREST 39.1030298303 -111.320297732 
SERVICE 

Point to S660 W660 NE P FEDERAL 
USA 

93·2291 
Point 02 20S SE SL 

1877 S 00110.000 
BUILDING 

FOREST 39 1030298303 -111320297732 
SERVICE 

Point to S660 W660 NE P FEDERAL 
USA 

93·2292 
Point 02 20S 5E SL 

1877 S 00110.000 
BUILDING 

FOREST 39 1030298303 ·111 320297732 
SERVICE 

Point to S660 W660 NE P FEDERAL 
USA 

93·2293 
Point 02 20S 5E SL 

1877 S 0.01 10.000 
BWLDING 

FOREST 39.1030298303 -I I 1.320297732 
SERVICE 

Point to S660 W660 N4 P FEDERAL 
USA 

93·2296 
Point 01 20S SE S1. 

1877 S 0011 0000 
BUILDING 

FOREST 391030443744 -111.31101713 
SERVICE 

Point to S660 W660 N4 P FEDERAL 
USA 

93·2297 
Point 01 20S 5E SL 

1877 S 00110.000 
BUILDING 

FOREST 3~1030443744-111 31101713 
SERVICE 

Point to N660 W660 SE P FEDERAL 
USA 

93-2298 
Point 02 20S 5E SL 

1877 S 00110.000 
BWLDING 

FOREST 390921268257 -111320351348 
SERVICE 

Point to N660 E660 S4 FEDERAL 
USA 

93·2299 Point 02 20S 5E SL 
P 1877 S 0011 0000 

BUILDING 
FOREST 39.0921602084-111.325006689 
SERVICE 

93·2300 P 1877 S 0.011 0.000 39.0921602084 -111.325006689 
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Point to N660 E660 S4 FEDERAL USA 
Point 02 20S 5E SL BUILDING FOREST 

SERVICE 

Point to S660 W660 NE r FEDERAL 
USA 

93-2301 
Point 0120S5ESL 

1877 S 0.0110.000 
BUILDING 

FOREST 39.1030581798 -111.301736519 
SERVICE 

Point to 
S 1980 E660 

FEDERAL 
USA 

93-2302 
Point 

N4 01 20S 5E P 1877 S 0.011 0.000 
BUILDING 

FOREST 39.0994313214 -111306348172 
SL SERVICF. 

Point to 
S660 EI980 

OGDENUT 
USA 

93-2402 
Point 

W4 II 20S 5E P 1877 S 0.0000.000 
8440 1 

FOREST 39.0813287007 -111.32960298 ,1 
SL SERVICE 

Point to N660 E660 S4 OGDENUT 
USA 

93-2403 
Point 02 20S 5E SL P 1877 S 0.000 0.000 

84401 
FOREST 39.0921602084 -111.325006689 
SERVICE 

Point to N660 E660 W4 P OGDEN UT 
USA 

93-2406 
Point 02 20S 5E SL 

1877 S 00000.000 
84401 

FOREST 39.0994250709 -111.334286966 
SERVICE 

Point to S660 W660 E4 P OGDENUT 
USA 

93-2409 1877 S 0.000 0.000 FOREST 39.095758433 -111 .301770706 Point 01 20S 5E SL 84401 
SERVICE 

Point to 
N660 EI980 

OGDENUT 
USA 

93-2424 
Point 

W4 01 20S 5E P 1877 S 0.000 0.000 8,1101 FOREST 39.0994163354 -111.311026675 
SL SERVICE 

Point to 
N660 E1980 

OGDENUT 
USA 

93-2425 
Point 

W4 01 20S 5E P 1877 S 0.0000.000 
84401 

FOREST 39.0994163354 - 111.31 1026675 
SL SERVICE 

Point to N660 W660 SE P 324 - 25TH 
USA 

94-340 
Point 24 20S 5E SL 

1879 S 0.0110.000 
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 0.011 0.000 

STREET 
FOREST 39.0559053709 -111.371369499 
SERVICE 

Point to N660 W660 E4 P 324 - 25TH 
USA 

94-350 
Point 24 20S 5E SL 

1879 S a 0 110.000 
SrKEET 

FOREST 39055816 1735 -111 301 727691 
SERVICE 

Point to 
N660 EI980 

324 - 25TH 
USA 

94-351 
Point 

W4 25 20S 5E P 1879 S 0.000 0.000 
STREET 

FOREST 39.0413794033 -111.310951292 
SL SERVICE 

Point to 
S660 EI980 

324 - 25TH 
USA 

94-352 
Point 

W4 26 20S SE P 1879 S 0.011 0.000 
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 0.0110000 
STREET 

FOREST 39.0485964478 -111 334156023 
SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

94-354 
Point 22 20S 5E SL 

1879 S 0.0110.000 
STREET 

FOREST 39.0594877539 -111.348147135 
SERVICE 

Point to N660 W660 E4 P 324 - 25TH 
USA 

94-355 
Point 10 20S 5E SL 

1879 S 0.01 10.000 
STREET 

FOREST 39.0849273525 -111.338923992 
SERVICE 

Point to 
S 1980 E660 

324 - 25TH 
USA 

94-356 
Point 

N4 10 20S 5E P 1879 S 00110.000 
STREET 

FOREST 39.0849046859 -I J 1.343566048 
SL SERVICE 

Point to 
SI980 E660 

324 - 25TH 
USA 

94-357 
Point 

N4 10 20S 5E P 1879 S 0,0110.000 
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 0.000 0.000 
STREET 

FOREST 39.0485929481-111.301715003 
SERVICE 

Point to 
SI980 E660 

324 - 25TH 
USA 

94-362 
Point 

N4 24 20S 5E P 1879 S 0.000 0000 
STREET 

FOREST 39.0558252565 - I 11 .30011979? 
SL SERVICE 

Point to N660 W660 S4 P 324 - 25TH 
USA 

94-363 
Point 13 20S 5E SL 

1879 S 0.000 0.000 
STREET 

FOREST 39.063063784 -111.311001753 
SERVICE 

http://maps.waterrights.utah.gov/Py/platKMLform. py 8/2/2016 



WRPLAT Page 3 of 8 

94-364 Point to N660 W660 E4 P 1879 S 0.0000.000 324 - 25TH USA 39.0703430846 -111.320311445 

Point 14 20S 5E SL STREET FOREST 
SERVICE 

Point to 
S660 EI980 324 - 25TH 

USA 

94-365 
Point 

W4 14 20S 5E P 1879 S 0.000 a 000 
STREET 

FOREST 390667624782 -11 1329535431 

SL SERVICE 

Point to S660 W660 E4 P 324 - 25TH 
USA 

94-366 
Point 15 20S 5E SL 

1879 S 0.000 a 000 
STREET 

FOREST 39.0667357084 -111 338837181 
SERVICE 

Point to N660 E660 W4 P 324 - 25TH 
USA 

94-367 
Point 14 20S 5E SL 

1879 S 0.000 a 000 
STREET 

FOREST 39.0703746236 -111334203398 
SERVICE 

Point to N660 W660 S4 P 324 - 25TH 
USA 

94-368 
Point 15 20S 5E SL 

1879 S 0.000 a 000 
STREET 

FOREST 39.0631131936 -111.348164937 
SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

94-369 
Point 15 20S 5E SL 

1879 S 0.000 0.000 
STREET 

FOREST 39.0740681687 -111348130247 
SERVICE 

Point to S660 W660 NE P 324 - 25TH 
USA 

94-370 
Point 10 20S 5E SL 

1879 S 0.000 0.000 
STREET 

FOREST 39.08854120 I -111.33894978 
SERVICE 

Point to N660 E660 W4 P 324 - 25TH 
USA 

94-371 
Point 10 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39.0849214184 -111.352825737 
SERVICE 

Point to N660 W6_60 SE P 324 - 25TH 
USA 

94-372 
Point 09 20S 51~ SL 

1879 S 0.0000.000 
STREET 

FOREST 39.0776983905 -111.35741524 
SERVICE 

Point to S660 W660 N4 p 324 - 25TH 
USA 

94-373 
Point 16 20S 5E SL 

1879 S 0.000 0.000 
STREET 

FOREST 39.0741123634 -111.366671067 
SERVICE 

Point to S660 W660 NE P 324 - 25TH 
USA 

94-374 
Point 09 20S 5£ SL 

1879 S 0.000 0.000 
STREET 

FOREST 39.0884905742 -111.357522071 
SERVICE 

Point to 
S660 WI980 324 - 25TH 

USA 

94-375 
Point 

E4 09 20S SE P 1879 S 0.000 0.000 
STREET 

FOREST 39.0812673661 -111.362111322 

SL SERVICE 

Point to S660 E660 W4 l' 324 - 25TH 
USA 

94-376 1879 S 0.000 0.000 FOREST 39.0814123509 -111371418185 
Point 09 20S 5E SL STREET 

SERVICE 

Point to 
SI980 E660 324 - 25TH 

USA 

94-377 
Point 

N4 10 20S 5E P 1879 S 0.000 0.000 
STREET 

FOREST 39.0849046859 -111.343566048 

SL SERVICE 

Point to S660 E660 NW P 32425TH 
USA 

94-378 
Point 09 20S SE SL 

1879 S 0.0000000 
STREET 

FOREST 39.0886587072 -111.3 71542561 
SERVICE 

Point to N660 W660 SE p 324 - 25TH 
USA 

94-379 
Point 05 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39.0922691545 -III 376214115 
SERVICE 

Point to N660 E660 W4 P 32425TH 
USA 

94-380 
Point 03 20S 5E SL 

1879 S 0000 0.000 
STREET 

FOREST 39.0994250334 -111.352826812 
SERVICE 

Point to 
SI980 E660 324 - 25TH 

USA 

94-381 
Point 

N4 04 20S 5E P 1879 S 0.000 0.000 
STREET 

FOREST 39.0994621753 -11136199963 

S1. SERVICE 

Point to S660 W660 E4 324 - 25TH 
USA 

94-382 
Point 04 20S 5E SL P 

1879 S 0011 0000 
STREET 

FOREST 390957853959 -Ill 357461524 
SERVICE 

Point to N660 :V6?0 E4 P 324 - 25TH 
USA 

94-383 
Point 04 20S 51~ S1. 

1879 S 0000 0.000 
STREET 

FOREST 39.099410811 -111.357479826 
SERVICE 

Point to S660 E660 W4 P 324 - 25TH 
USA 

94-384 
Point 03 20S 5E SL 

1879 S 0.000 0.000 
STREET 

FOREST 39.0957996173 -111.352808749 
SERVICE 

Point to 
N660 EI980 324 - 25TH 

USA 

94-405 
Point 

W4 06 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39.0993370786 -111.405151569 

SL SERVICE 
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94-406 Point to N660 EI980 P 1879 S 0.0000 .000 324 - 25TH USA 39.0993370786 -111.405151569 
Point W4 06 20S 5E STREET FOREST 

SL SERVICE 

Point to SI400EI NW 32425TII 
USA 

94-417 
Point 07 20S 5E SL 

P 1879 S 0,0000.000 
STREET 

FOREST 39.0863792977 -111.412125431 
SERVICE 

Point to S900 E600 NW P 324 - 25TH 
USA 

94-418 
Point 17 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39,0733659522 -111.389974015 
SERVICE 

Point to 
S2400 E400 

324 - 25TH 
USA 

94-419 
Point 

NW07 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39.0836377514-IIIAI0703296 
SL SERVICE 

Point to 
NIIOO EI300 

324 - 25TH 
USA 

94-420 
Point 

SW 07 20S 5E P 1879 S 00000,000 
STREET 

FOREST 39.0787258433 -111.40754331 
SL SERVICE 

Point to SI EIOONW 324 - 25TH 
USA 

94-421 
Point 18 20S 5E SL 

P 1879 S 00000.000 
STREET 

FOREST 39.075687010 I -111.411754482 
SERVICE 

Point to S2000 EI NW 324 - 25TH 
USA 

94-422 
Point 07 20S 5E SL 

P 1879 S 0.0000 .000 
STREET 

FOREST 39,0847313838 -111.412115842 
SERVICE 

Point to 
N2700 WIOOO 

324 - 25TH 
USA 

94-423 
Point 

SE 18 20S 5E P 1879 S 0.0000 ,000 
STREET 

FOREST 39.0686777514 -111,395676149 
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 EI SW 324 - 25TH 
USA 

94-449 
Point 31 20S 5E SL 

P 1879 S 00000,000 
STREET 

FOREST 39.0245746907 -111.41220788 
SERVICE 

Point to S660 W660 NE P OGDENUT 
USA 

93-2402 
Point 12 20S 5E SL 

1877 S 0.0000.000 
84401 

FOREST 39.0884586769 -I I 1.301804891 
SERVICE 

Point to N660 E660 S4 32425TH 
USA 

<.l4-:l60 
Point 25 20S 5E SL 

p IR79 S 00000000 
STREET 

FORFST 39.0141':;15S92 -111 .301i309108 
SERVICE 

Point to 
N660 EI980 

324 - 25TH 
USA 

94-361 
Point 

W4 25 20S 5E P 1879 S 00000,000 
STREET 

FOREST 39.0413794033 -111.310951292 
SL SERVICE 

Point to 
S660 EI980 

324 - 25TI I 
USA 

94-362 
Point 

W4 25 20S 5E P 1879 S 0.0000,000 
STREET 

FOREST 39.0377539439 -1 I 1.310935409 
SL SERVICE 

Point to N660 W660 S4 p 324 - 25TH 
USA 

94-363 
Point 26 20S 5E SL 

1879 S 0.0000 .000 
STREET 

FOREST 39.0341 I 12827 -111.329551474 
SERVICE 

Point to 
S 1980 E660 

324 - 25TH 
USA 

94-364 
Point 

N4 27 20S 5E P 1879 S 0.0000 .000 
STREET 

FOREST 39.0413533907 -111.343444465 
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 

Point to S660 E660 N4 P 324 - 25TH 
USA 

94-366 
Point 21 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39.0596010333-111,362083729 
SERVICE 

Point to N660 E660 W4 P 324 - 25TH 
USA 

94·367 
Point 21 20S 5E SL 

1879 S 00000.000 
STREET 

FOREST 39.0559053709 -I I 1.371369499 
SERVICE 

Point to ~~6~~~~~6~TS4 P 324 - 25TH 
USA 

94-368 1879 S 0.0000 .000 FOREST 390631131936-111348164937 
Point lJ L.V,,:) JC.:JL STREET 

SERVICE 

Point to S660 W660 E4 P 324 - 25TH 
USA 

94-369 
Point 16 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39.0668194817 -111.357440203 
SERVICE 

Point to S660 W660 NE p 324 - 25TH 
USA 

94-370 
Point 20 20S 5E SL 

1879 S 00000.000 
STREET 

FOREST 39 059606161 -111.37598479 
SERVICE 
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94-371 Point to S660 E660 NW P 1879 S 00000000 324 - 25TH USA 390596111195 -111.371334404 

Point 21 20S 5E SL STREET FOREST 
SERVICE 

Point to 
S660 W1980 324 - 25TH 

USA 

94-372 
Point 

E4 16 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0668050768-11136109107 

SL SERVICE 

Point to S660 E660 NW P 324 - 25TH 
USA 

94-373 
Point 2120S 5E SL 

1879 S 0.0000000 
STREET 

FOREST 39.0596111195 -111.371334404 
SERVICE 

Point to 
S660 EI980 324 - 25TH 

USA 

94-374 
Point 

W4 17 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0667630055 -111.385120484 

SL SERVICE 

Point to 
S660 E1980 324 - 25TH 

USA 

94-375 
Point 

W4 0910S 5E P 1879 S 0.0000000 
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 0.0000.000 
STREET 

FOREST 39.0740809471 -111.385181376 
SERVICE 

Point to 
SI980 £660 324 - 25TH 

USA 

94-377 
Point 

N4 10 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0849046859 -111 343566048 

SL SERVICE 

Point to N660 E660 W4 P 32425TH 
USA 

94-378 
Point 08 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 390848508732-11138985723 
SERVICE 

Point to S660 W660 NE 324 - 25TH 
USA 

94-379 
Point 08 20S 5E SL P 

1879 S 00000.000 
STREET 

FOREST 39.0886437387 -111.376194856 
SERVICE 

Point to 
N660 EI980 31425TH 

USA 

94-380 
Point 

W4 08 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0848663865 -111.385205192 

SL SERVICE 

Point to 
S660 WI980 324 - 25TH 

USA 

94-381 
Point 

E4 04 20S 5E P 1879 S 00000.000 STREET 
FOREST 39.0957709888 -111.362114296 

SL SERVICE 

Point to S660 W660 E4 P 324 - 25TH 
USA 

94-383 
Point 04 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39.0957853959 -111.357461524 
SERVICE 

Point to S660 W660 E4 P 324 - 25TH 
USA 

94-384 
Point 04 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39.0957853959 -1 I 1J57461524 
SERVICE 

Point to S660 £660 N4 324 - 25TH 
USA 

94-385 
Point 05 20S 5E SL 

P 1879 S 0.0000.000 
STREET 

FOREST 39.1030043325 -111380615651 
SERVICE 

Point to 
N660 EI980 324 - 25TH 

USA 

94-386 
Point 

W4 08 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39.0848663865 -111385205192 

SI. SERVICE 

Point to N660 E660 W4 P 324 - 25TH 
USA 

94-391 
Point 05 20S Sf SI. 

1879 S 0.0000.000 
STREET 

FOREST 390993019041 -111.389945472 
SERVICE 

Point to S660 W660 N4 P 324 - 25 rH 
USA 

94-392 
Point 08 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 3~088S269168-II1 38537776 
SERVICE 

Point to N660 £660 W4 P 324 - 25TH 
USA 

94-396 
Point 08 20S 5E SL 

1879 S 00000000 
STREET 

FOREST 39.0848508732 -11138985713 
SERVICE 

Point to 
N660 EI980 324 - 25TII 

USA 

94-397 
Point 

W4 06 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0993370786 -111405151569 

SL SERVICE 

Point to S660 W660 N4 324 - 25TH 
USA 

94-398 
Point 06 20S 5E SL P 

1879 S 0.0000000 
STREET 

FOREST 391029336684-111404500787 
SERVICE 

Point to 
N660 EI980 324 - 25TH 

USA 

94-399 
Point 

W4 06 20S 5E P 1879 S 0.0000.000 STREET 
FOREST 39.0993370786 -III 405151569 

SL SERVICE 

Point to 
N660 EI980 324 - 25H! 

USA 

94-402 
Point 

W4 06 20S 5E P 1879 S 00000.000 
STREET 

FOREST 390993370786 -III 405151569 

SL SERVICE 
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94-405 Point to S660 E660 NW P 1879 S 0,0000000 324 - 25TH USA 39.088425073 -III 389908357 
Point 08 20S 5E SL STREET FOREST 

SERVICE 

Point to 
N660 EI980 

324 - 25TH 
USA 

94-406 
Point 

W4 06 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0993370786 -111.405151569 
SL SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

94-415 
Point 07 20S 5E SL 

1879 S 0.0000.000 
STRT'T'T 

FOREST 39.0884068311-111.404513775 
SERVICE 

Point to S660 W660 N4 P 32425TI! 
USA 

94-416 
Point 07 20S 5E SL 

1879 S 00000.000 
STREET 

FOREST 39.0884068311 -III 404513775 
SERVICE 

Point to 
SI900EI500 

32425TH 
USA 

94-417 Point 
NW07 20S 5E P 1879 S 0.0000 .000 

STREET 
FOREST 39.0850246473 -111.406834561 

SL SERVICE 

Point to 
S2750 EI900 

324 - 25TH 
USA 

94-418 Point 
NW 17 20S 5E P 1879 S 0.0000000 

STREET 
FOREST 39.0683001459 -111.385365575 

SL SERVICE 

Point to 
NI900 E2300 

324 - 25TH 
USA 

94-419 
Point 

SW 07 20S 5E P 1879 S 0.0000000 
STREET 

FOREST 39.0809353688 -111.404031883 
SL SERVICE 

Point to 
SIOO W2600 

324 - 25TH 
USA 

94-420 
Point 

NE 18 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0755247892 -111.401262282 
SL SERVICE 

Point to 
S900 EI300 

324 - 25TH 
USA 

94-421 
Point 

NW 18 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0732327861 -111.407511714 
SL SERVICE 

Point to SI250WI NE 324 - 25TH 
USA 

94-422 
Point 20 20S 5E SL 

P 1879 S 0.0000.000 
STREET 

FOREST 39.0579931919 -111373654583 
SERVICE 

Point to 
N850 WI320 

324 - 25TH 
USA 

94-423 
Point 

SE 18 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0635928165 -111.396775212 
SL SERVICE 

Point to Nl EI250 SW 324 - 25TH 
USA 

94-424 
Point 26203 5E SL P 1879 S 0.0000.000 

STREET 
FOREST 39.032315358 -111 1U1191i14 
SERVICE 

Point to 
S550E2100 

324 - 25TH 
USA 

94-442 
Point 

NW 35 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39.0308105277 -111329119191 
SL SERVICE 

Point to N2100WI SE 324 - 25TH 
USA 

94-449 
Point 28 20S 5E SL 

P 1879 S 0.0000.000 
STREET 

FOREST 39.038043889 -111.35513165 
SERVICE 

Point to 
N660 EI980 

324 - 25TH 
USA 

94-461 
Point 

W417 20S 5E P 1879 S 00000.000 
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 00000.000 
STREET 

FOREST 39.0188914506 -111.373182393 
SERVICE 

Point to NlOOO E50 SW P 324 - 25TH 
USA 

94-463 
Point 33 20S 5E SL 

1879 S 0.0000000 
STREET 

FOREST 39.0205382552 -111.373543162 
SERVICE 

Point to 
S550 E3000 

324 - 25TH 
USA 

94-467 
Point 

NW 29 20S 5E P 1879 S 00000000 
STREET 

FOREST 39.0452700828 -111.38164387 
SL SERVICE 

Point to 
S1500 EI650 

324 - 25TH 
USA 

94-468 
Point 

NW29 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39.0426451426 -111.386384764 
SL SERVICE 

Point to NIOIO WI SE 324 - 25TH 
USA 

94-469 
Point 20 20S 5E SL 

P 1879 S 0.0000.000 
STREET 

FOREST 39.0495180013 -111.373719028 
SERVICE 

Point to SI EI300 NW 324 - 25TH 
USA 

94-460 
Point 35 20S 5E SL 

P 1879 S 0.0000.000 
STREET 

FOREST 39.032310365 -111.33 J 943524 
SERVICE 

Point to S660 W660 N4 P 324 - 25TH 
USA 

94-461 
Point 07 20S 5E SL 

1879 S 0.0000.000 
STREET 

FOREST 39.0884068311 -Ill 404513775 
SERVICE 
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94-467 Point to S2600 E,4400 P 1879 S 00000000 324 - 25TH USA 39.039655753 -111.376682746 

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 0.0000.000 
STREET 

FOREST 39.0358928061 -111.383723554 

SL SERVICE 

Point to 
NI300 WI900 324 - 25TH 

USA 

94-469 
Point 

SE 30 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 3~0358417927-111 398867429 

SL SERVICE 

Point to 
S 1980 E660 324 - 25TH 

USA 

94-576 
Point 

N4 10 20S 5E P 1879 S 0.0110000 
STREET 

FOREST 3~0849046859-111 343566048 

SL SERVICE 

N2000 W800 324 - 25TH 
USA 

94-446 Surface SE 34 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39.0233256259 -11133937014 

SL SERVICE 

S300 W2100 324 - 25TH 
USA 

94-447 Surface NE 34 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39.031454287 -111.343913239 

SL SERVICE 

S450 W750 NE P 324 - 25TH 
USA 

94-448 Surface 1879 S 00000.000 FOREST 39.0310320716 -111.357734285 
33 20S 5E SL STREET 

SERVICE 

N2000 EI970 324 - 25TH 
USA 

94-450 Surface SW 28 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 3~0377640998-111 36675455 

SL SERVICE 

S2100 EI620 324 - 25TH 
USA 

94-45 1 Spring NW 33 20S 5E P 1879 S 0.011 0.000 
STREET 

FOREST 39.0264993197 -111.367928845 

SL SERVICE 

NI750 EI650 324 - 25TH 
USA 

94-452 Surface SW 33 20S 5E P 1879 S 00000.000 
STREET 

FOREST 39.0226161633 -111J67920111 

SL SERVICE 

S350 E4300 324 - 25TH 
USA 

94-453 Surface NW 29 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 390458343471 -111377067794 

SI. SERVICE 

N750 W450 SE 324 - 25TH 
USA 

24-454 Spring 33 20S 5E SL P 
1879 S 0.01l 0000 

STREET 
FOREST 390198398571 -111.356675048 
SERVICE 

S2350 E2750 324 - 25TH 
USA 

94-457 Spring NW 08 20S 5E P 1879 S 0.0110000 
STREET 

FOREST 390838079211 -111 382517187 

SI. SERVICE 

S250 E2850 324 - 25TH 
USA 

94-464 Surface NW 20 20S 5E P 1879 S 0.0000000 
STREET 

FOREST 390606208652 -III 382067131 

SL SERVICE 

S 1500 E2100 324 - 25TH 
USA 

94-465 Surface N\V 20 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 39n571789697-IIIJ84690802 

SL SERVICE 

S2250 E3400 324 - 25TH 
USA 

94-466 Surface NW 20 20S 5E P 1879 S 00000,000 
STREET 

FOREST 39.0551341375 -111380099995 

SL SERVICE 

N850 E1400 324 - 25TH 
USA 

94-470 Spring SW 29 20S 5E P 1879 S 0.0110000 
STREET 

FOREST 39.0346451697 -111.387238644 

SL SERVICE 

N2000 E900 324 - 25TH 
USA 

94-471 Spring SW 30 20S 5E P 1879 S 0.0110_000 
STREET 

FOREST 390378079056 -111409112713 

SL SERVICE 

S 1000 WI800 324 - 25TH 
USA 

94-472 Spring NE3120S5E p 1879 S 00110000 
STREET 

FOREST 39.0295259343 -III 398.n9772 

SL SERVICE 

S450 W450 NE ) 324 - 25TH 
USA 

94-473 Spring 31 20S SE SL I 
1879 S 0011 0000 

STREET 
FOREST 39.0310527497 -111393734108 
SERVICE 

S750 EI50 NW 324 - 25TH 
USA 

94-478 Spring 32 20S 5E SI. P 
1879 S 00110000 

STREET 
FOREST 39 0302359268 -111.391616606 
SERVICE 

N200EI880 324 - 25TH 
USA 

94-479 Spring SW 25 20S 5E P 1879 S 00110.000 
STREET 

FOREST 39.032876849 -11131129742 

SL SERVICE 
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94-596 Spring N2250 W2200 P 1879 S 00110000 324 - 25TH USA 39.0384473813 -111.399938685 
SE 30 20S 5E STREET FOREST 
SL SERVICE 

S550 W2300 
324 - 25TH 

USA ( 
2M2Z Spring NE 30 20S 5E P 1879 S 0.011 0.000 

STREET 
FOREST 39.045207254 -111.400312047 

SL SERVICE 

Point to NIOOO WI SE 324 - 25TH 
USA 

91\-476 
Point 32 20S 5E SL 

P 1879 S 0.0000.000 STREET FOREST 39.0205376774 -111.37372274 
SERVICE 

Point to N500 EI SW 324 - 25TII 
USA 

21:ru Point 19 20S 5E SL 
P 1879 S 00000.000 

STREET FOREST 39.0481467264 -111.412208256 
SERVICE 

Point to 
NI900 E900 

324 - 25TH 
USA 

94-484 
Point 

SW 19 20S 5E P 1879 S 0.0000.000 
STREET 

FOREST 390520030739 -111.40906377 
SL SERVICE 

Point to 
NI950 E900 

324 - 25TH 
USA 

94-507 Point 
SW 19 20S 5E P 1879 S 0.0000.000 

STREET 
FOREST 39.0521404009 -111.409064562 

SL SERVICE 

Point to SI W2400NE 324 - 25TH 
USA 

2M.U Point 19 20S 5E SL 
P 1879 S 0.0000.000 

STREET 
FOREST 39.0612424571 -111.400567067 
SERVICE 

Utah Division of Water Rights I 1594 West North Temple Suite 220, P,O. Box 146300, Salt Lake City, Utah 84114-6300 I 801-538-7240 
tlnllnnl RO'OIH""" I ~ I ~I Ptttocy Policy I l\ccM.<IbIli!y !'9Iltt 
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Search of TOWNSHIP = '21S' and R\NGE = '4E' and BEM = 'SL' 

WR Diversion Well Location Status Priority Uses CFS ACFT Address Owner Name Latitude Longit ude 
Number Type Log 

Point to 
N660 E660 32425TH USA FOREST 

63-2710 Point 
SW2121S P 1873 OS 0.0150000 STREET SERVICE 

38.9637785255 -111.476556858 

4E SL 

Point to 
N660 W660 32425TH USA FOREST 

63-2711 
Point 

SE 21 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.963735561 -111.462651144 

4E SL 

Point to 
S660 W660 32425TH USA FOREST 

63-2772 
Point 

NE 18 21S P 1873 OS 0.Dl50.000 STREET SERVICE 
38.9888191353 -111.4998918 

4E SL 

Point to 
N660 E660 32425TH USA FOREST 

63-2880 Point 
S4 31 21S P 1893 OS 0.0150000 

STRHT SERVICE 
38.9349115495 -II 1504118229 

4E SL 

Point to 
SI980 E660 32425TII USA FOREST 

63-2881 
Point 

N4 16 21S P 1893 OS 0.0150000 
STREET SERVICE 

38.9852029283 -111.467312915 

4ESL 

Point to 
S660 WI980 32425TH USA FOREST 

63-2882 
Point 

£41621S P 1893 OS 00150.000 
STREET SERVICE 

38.9816195086 -111467297103 

4E SL 

Point to 
N660 E660 32425TH USA FOREST 

63-2883 
Point 

S41021S P 1893 OS 0.0150 .000 
STREET SERVICE 

38.9925185004 -111.448682483 

4E SL 

Point to 
S660 W660 32425TH USA FOREST 

63-2884 
Point 

N4 27 21S P 1893 OS 00150.000 
STREET SERVICE 

38.9601059692 -111.453370347 

4£SL 

Point to 
N660 W660 32425TH USA FOREST 

63-2885 
Point 

E4 27 21S P 1893 OS 0.0150.000 
STREET SERVICE 

38.956476981 -111.444142442 

4E SL 

Point to 
N660 W660 32425TH USA FOREST 

63-3361 
Point 

SE 17 21S P 1873 OS 00150000 
STREET SERVICE 

389781052062-111481263056 

4£SL 

Point to 
S660 W660 32425TH USA FOREST 

63-3362 
Point 

N4 16 21S P 1873 OS 0.0150.000 
STREET SERVICE 

389888096426 -111.47198245 

4E SL 

Point to 
N660 EI980 32425TH USA FOREST 

63-3363 Point 
W4 16 21S P 1873 OS 0.0150.000 

STREET SERVICE 
389852846519 -111472003228 

4£SL 

Point to 
S660 WI980 32425TH USA FOREST 

63-3364 
Point 

E4 16 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9816195086 -111467297103 

4E SL 

Point to 
N660 W660 32425TH USA FOREST 

63-3365 
Point 

S4 15 21S P 1873 OS 00150000 
STREET SERVICE 

389780234145 -111.453415184 

4E SL 

Point to 
S1980 E660 32425TH USA FOREST 

63-3366 
Point 

N4 28 21S P 1873 OS 0.0150000 
STREET SERVICE 

38956515599 -Ill 467234331 

4E SL 

Point to 
N660 W660 32425TH USA FOREST 

63-3367 
Point 

SEI621S P 1873 OS 00150.000 
STREET SERVICE 

389780455472 -III 462663134 

4ESL 

Point to 
N660 EI980 32425TH USA FOREST 

63-3368 Point 
W4 22 21S P 1873 OS 00150.000 

STREET SERVICE 
38.9709271553 -Ill 453368105 

4E SL 

Point to 
S660 W1980 32425TH USA FOREST 

63·3369 Point 
E4 21 21S P 1873 OS 00150000 

STREET SERVICE 
389672464855 -111.467277809 

4E SL 

63-3370 P 1873 OS 0.0150.000 389743979129 -I I 1.453392055 
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Point to S660 W660 32425TH USA FOREST 
Point N4 22 21S STREET SERVICE 

4ESL 

Point to 
S660 E660 

32425TH USA FOREST 63-3371 
Point 

N4 22 21S P 1873 OS 0.0150.000 
STREET SERVICE 

389744159369 -111448747306 
4E SL 

Point to 
S660 EI980 

32425TH USA FOREST 63-3372 
Point 

W4 15 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9816746978 -11 1.453361448 
4E SL 

Point to S660 E1980 
32425TH USA FOREST 63-3373 

Point 
W4 15 21S P 1873 OS 00000.200 

STREET SERVICE 
38.9816746978 -II 1453361448 

4E SL 

Point to N660 EI980 
32425TH USA FOREST 63-3374 

Point W4 15 21S P 1873 OS 00000.100 
STREET SERVICE 

38.9853001948 -11 1.453384581 
4E SL 

Point to 
S660 E660 

32425TH USA FOREST 63-3375 
Point 

NW 15 21S P 1873 OS 00000.100 
STREET SERVICE 

38.98887452 -II 1.458018564 
4E SL 

Point to 
S660 E660 

324 25TH USA FOREST 63-3376 
Point 

NW 15 21S P 1873 OS 0.0000.200 
AVENUE SERVICE 

38.98887452 -111.458018564 
4ESL 

Point to 
N660 W660 

32425TH USA FOREST 63-3377 
Point SE 09 21S P 1873 OS 0.0000100 

STREET SERVICE 
38.9924816059 -111.462687873 

4E SL 

Point to 
N660 W660 

32425TH USA FOREST 63-3378 
Point 

SE 16 21S P 1873 OS 0.1000.000 
STREET SERVICE 

38.9780455472 -111.462663134 
4ESL 

Point to 
N660 EI980 

32425TH USA FOREST 63-3379 
Point 

W4 16 21S P 1873 OS 0.0000.100 
STREET SERVICE 

38.9852846519 -111.472003228 
4E SL 

Point to 
S660 E660 

32425TH USA FOREST 63-3380 
Point 

W4 15 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9816564862 -11 1.45800667 
4E SL 

Point to 
S660 E660 

32425TH USA FOREST 63-3381 
Point 

N4 16 21S P 1873 OS 00150.000 
STREET SERVICE 

389888284143 -111.467336766 
4E SL 

Point to 
S660 E660 

32425TH USA FOREST 63-3382 
Point 

NW 15 21S P 1873 OS 00150.000 
STREET SERVICE 

38.98887452 -11 1.458018564 
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 P 1873 OS 0.0000.200 

STREET SERVICE 
38.9493458122 -111.508707844 

4E SL 

Point to 
S660 E1980 

32425TH USA FOREST 63-3386 
Point 

W4 32 21S P 1873 OS 00000,200 
STREET SERVICE 

38.9385897439 -111.490397861 
4E SL 

Point to 
S660 W660 

32425TH USA FOREST 63-3387 
Point 

N4 17 21S P 1873 OS 0.0150 .000 
STREET SERVICE 

38.9887911489 -111.490596212 
4E SL 

Point to 
S660 E660 

32425TH USA FOREST 63-3388 
Point 

NW2821S P 1873 OS 0.0150000 
STREET SERVICE 

38.9601530295 -11 1.476532556 
4E SL 

Point to 
N660 E660 

32425TH USA FOREST 63-3389 
Point 

W42921S P 1873 OS 0.0000.200 
STREET SERVICE 

38.2610861657 -Ill 503541141 
4ESL 

Point to 
N660 E660 

32425TH USA FOREST 63-3390 
Point 

W4 32 2lS P 1873 OS 0.0000.100 
STREET SERVICE 

38 9421955803 -111.495065463 
4ES L 

Point to 
N660 W660 

32425TH USA FOREST 63-3391 
Point 

S4 29 21S P 1873 OS 0.0000.200 
STREET SERVICE 

38.9493387444 -111.490421853 
4ESL 

Point to 
S660E660 

32425TH USA FOREST 63-3392 
Point 

NW2821S P 1873 OS 0.0000.200 
STREET SERVICE 

389601530295 -111476532556 
4E SL 
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63-3393 Point to S660 E1980 P 1873 OS 0,0 15 a 000 32425TH USA FOREST 38,9385897439 -111.490397861 

Point W43221S STREET SERVICE 

4E SL 

Point to 
N660 E660 32425TH USA FOREST 

63-3394 Point 
S4 09 21S P 1873 OS 0,0150000 

STREET SERVICE 
389924538981 -111467360622 

4ESL 

Point to 
S660 E660 32425TH USA FOREST 

63-3395 
Point 

N4 16 21S P 1873 OS 0,0150.000 
STREET SERVICE 

389888284143 -111467336766 

4E SL 

Point to 
S660 \\'660 32425TH USA FOREST 

63-3396 
Point 

N41621S P 1873 OS 0.0150.000 STREET SERVICE 
38,9888096426 -111.47198245 

4E SL 

Point to 
N660 E660 32425TH USA FOREST 

63-3397 
Point 

S4 09 21S P 1873 OS 00150,000 
STREET SERVICE 

38.9924538981 -111 467360622 

4E SL 

Point to 
N660 W660 32425TH USA FOREST 

63-3398 Point 
SE 09 21S P 1873 OS 0.0150.000 

STREET SERVICE 
389924816059 -111462687873 

4E SL 

Point to 
S660 W660 32425TH USA FOREST 

63-3399 
Point 

NE 16 21S P 1873 OS 0.0150000 
STREET SERVICE 

38.988856 1192 -111.462664257 

4E SL 

Point to 
N660 EI980 32425TH USA FOREST 

63-3400 
Point 

W43121S P 1873 OS 00000.200 
STREET SERVICE 

38.9421016905 -111508475016 

4E 5L 

Point to 
5660 W660 32425TH USA FOREST 

63-3403 
Point 

NE 07 21S P 1873 OS 0.0150.000 
STREET SERVICE 

39.0032767833 -111.499989214 

4E SL 

Point to 
N660 E1980 32425TH USA FOREST 

63-3404 
Point 

W4 16 21S P 1873 OS 0.DI50.000 STREET SERVICE 
38 9852846519 -111.472003228 

4E SL 

Point to 
S660 W660 32425TH USA FORE5T 

63-3405 
Point 

NE 17 21S P 1873 OS 0.0150.000 STREET SERVICE 
38.988762422 I -I I 1.481300623 

4ESt 

Poiulto 
S660 W660 32425TH USA FOREST 

63-3406 
Point 

NE 20 21S P 1873 OS 0.0150.000 STREET SERVICE 
38.9744797223 -1114812385 

4E SL 

Point to 
S660 E660 32425TH USA FOREST 

63-3407 Point 
W4 16 21S P 1873 OS 0.0000200 STREET SERVICE 

38981640214 -11147662435 

4E SL 

Point to 
S660 £660 32425TH USA FOREST 

63-3408 Point 
W41621S P 1873 OS 0.0150000 

STREET SERVICE 
38.981640214 -II 1.47662435 

4E SL 

63-3409 Po~nt to 
N660 £1980 32425TH USA FOREST 
W4 16 21S P 1873 OS 00150000 38.9852846519 -I I I 472003228 

- -- Pomt 
4E SL 

STREET SERVICE 

Point to 
S660 E660 32425TH USA FOREST 

63-3410 Point 
NW 16 21S P 1873 OS 0.0150.000 

STREET SERVICE 
389887815647 -111.476654949 

4E SL 

Point to 
N660 £660 32425TH USA FOREST 

63-3507 
Point 

W40721S p 1873 OS 00000,100 
STREET SERVICE 

389997788355 -Ill 513087333 

4E SL 

Point to 
N660 W660 32425TH USA FOREST 

63-3510 Point 
S4 07 21S P 1873 OS 0.0150.000 

STREET SERVICE 
38 .9925183155 -111508884401 

4E SL 

Point to 
S660 W660 32425TH USA FOREST 

63-3511 
Point 

N4 18 21S P 1873 OS 00150000 STREET SERVICE 
38 9888928597 - I I 1 508858418 

4E SI. 

Point to 
N660 E660 32425TH USA FOREST 

63-35\3 Point 
W4 18 21S P 1873 OS 00150 000 

STREET SERVICE 
389853717333 -Ill 513124498 

4ESL 

Point to 
S 1980 E660 32425TII USA FOREST 

63-3514 
Point 

N4 18 21S P 1873 OS 00150000 
STREET SERVICE 

38.9852876477 -1 I 1.504187136 

4E SL 

Point to 
N660 E660 32425TH USA FOREST 

63-3515 
Point 

SW 08 21S P 1873 OS 0,0150000 
STREET SERVICE 

38.9924644836 -I 11 495271422 

4E SL 
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63-3516 Point to N660 W660 P 1873 OS 00150.000 32436TH USA FOREST 38.9924445978 -111.499917325 
Point SE 07 21S STREET SERVICE 

4E SL 

Point to 
N660 E660 

32425TH USA FOREST 63-3517 
Point 

SW 18 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38978131505 -111.513043333 
4E SL 

Point to 
N660 EI980 

32425TH USA FOREST 63-3519 
Point 

W4 07 21S P 1873 OS 00150.000 
STREET SERVICE 

3~9997992607-111.508441081 
4F. SI 

Point to 
NGGO WGGO 

32425TH USA FOREST 63-3520 
Point 

SE 07 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38 9924445978 -111.499917325 
4ESL 

Point to S660 W660 
32425TH USA FOREST 63-3521 

Point 
N4 17 21S P 1873 OS 0.0150 .000 

STREET SERVICE 
38.9887911489 -Ill 490596212 

4E SL 

Point to 
N660 E660 

32425TH USA FOREST 63-3522 
Point 

S4 17 21S P 1873 OS 0.0150000 
STREET SERVICE 

38 9781584172 -III 485802628 
4E SL 

Point to N660 E660 
32425TII USA FOREST 63-3523 

Point 
W42021S P 1873 OS 00150.0UU 

STREET SERVICE 
3!l.97U9!l71533 -11 1.495000477 

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 

32425TlI USA FOREST 63-3525 
Point 

E4 17 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9816017543 -111.485914755 
4E SL 

Point to S660 W660 
32425TH USA FOREST 63-3526 

Point 
E4 18 21S P 1873 OS 0.0150.000 

STREET SERVICE 
38.9816827883 -111.499749204 

4E SL 

Point to 
S2450 EIOO 

324 - 25TH USA FOREST 94-1131 
Point 

NW 34 21S P 1879 OS 0.0000.000 
STREET SERVICE 

38.9406958709 -11 1.459931768 
4E SL 

Point to 
S2450 E800 

324 - 25TH USA FOREST 94-1133 
Point 

NW 34 21S P 1879 S 0.0000,000 
STREET SERVICE 

389407055805 -111.457469818 
~E SL 

Point to 
S200 EI100 

324 - 25TH USA FOREST 94-1392 
Point 

NW 1421S P 1879 OS 0.0000.000 
STREET SERVICE 

38.9901800165 -11 1.437759808 
4ESL 

NI750 

94-1396 
Point to E2100 SW 

P 1879 OS 0.0000.000 
324 - 25TH USA FOREST 

38.9955136518 -111.452992743 Point 10 21S 4E STREET SERVICE 
SL 

Point to 
S2450 E800 

324 - 25TH USA FOREST 94-25 
Point 

NW 34 21S P 19410124 D 0.0060.000 
STREET SERVICE 

38.9407055805 -111.457469818 
4E SL 

Point to 
S550 E2100 

324 - 25TH USA FOREST 94-476 
Point 

W4 02 21S P 1879 S 0.0000.000 
STREET SERVICE 

39.0099688278 -111.434240768 
4ESL 

Point to 
NIOO W800 

32425TH USA FOREST 94-486 
Point 

SE 05 21S P 1879 S 0.0000.000 
STREET SERVICE 

39.0053556172 -111.481949961 
4E SL 

Point to 
SI700 E450 

324 - 25TH USA FOREST 94-496 NW 05 21S P 1879 S 00000000 39.0128992631 -III' 496089814 Point 
4E SL 

STREET SERVICE 

Point to 
N660 W660 

32425TH USA FOREST 63-3393 
Point 

SE 31 21S P 1873 OS 0.0150000 
STREET SERVICE 

38 934971024 -III 499732461 
4E SL 

Point to 
S660 WI980 

32425TH USA FOREST 63-3394 
Point 

E4 32 21S P IR73 OS 00150000 
STREET SERVICE 

38.9385596433 -111.485758942 
4E SL 

Point to 
N660 E660 

32425TH USA FOREST 63-3395 
Point 

SWI521S p 1873 OS 0.0150.000 
STREET SERVICE 

38.9780639421 -111.458018151 
4E SL 

63-3396 Point to P 1873 OS 0.0150 .000 32425TH USA FOREST 38.9673016492 -111453344984 
Point STREET SERVICE 
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S660 EI980 
W4 22 21S 
4E SL 

Point to 
S660 W660 32425TH USA fOReST 

63-3404 
Point 

N42121S P 1873 OS 0.0150000 
STREET SERVICE 

38 9744502574 -111.471939015 

4ESL 

Point to 
N660 \V660 32425TH USA FOREST 

63-3405 
Point 

E4 28 21S P 1873 OS 0.0150000 
STREET SERVICE 

389564813874 -111462655712 

4E SL 

Point to 
S660 E660 32425TH USA FOREST 

63-3520 
Point 

W41821S p 1873 OS 00150.000 
STREET SERVICE 

38.9817462762 -111513098306 

4E SL 

Point 10 
S660 WI980 32425TH USA FOREST 

63-3532 
Point 

E4 19 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9673217639 -I 11.504263641 

4E SL 

Point to 
N660 E660 32425TH USA FOREST 

63-3536 
Point 

SW 28 21S P 1873 OS 00150.000 
STREET SERVICE 

38.9493154386 -III 476516946 

4E SL 

Point to 
NI W5JO SE 324 - 25TH USA FOREST 

94-1131 
Point 

3321S4E P 1879 OS 0.0000000 
STREET SERVICE 

389328664803 -111.46 1968713 

SL 

Point to 
S2450 EI 00 324 - 25TH USA FOREST 

94-1133 
Point 

NW 34 21S P 1879 S 0.0000.000 
STREET SERVICE 

38.9406958709 -Ill 459931768 

4E SL 

S2200 

94-1392 
Point to WI050NE 

P 1879 OS 0.0000.000 
324 - 25TII USA FOREST 38.9847836717 -III 406093357 

Point 1321S4E STREET SERVICE 

SL 

NI150 

94-1396 
Point to W2280 SE 

P 1879 OS 00000000 
324 - 25TH USA FOREST 389650259162 -111412778391 

Point 2421S4E STREET SERVICE 

SL 

N320EI50 324 - 25TH USA FOREST 
94-110 Spring SW 1121S P 1879 OS 00150000 

STRI~FT SFHVlCE 
38.9915955993 -111.441112238 

4ESL 

S200 EI080 324 - 25TH USA FOREST 
94-111 Spring NE 1421S P 1879 OS 0.Q\5 0 000 

STREET SERVICE 
389902300898-111419297048 

4E SL 

N2400 

94-112 Spring 
E2250 SW 

P 1879 OS 0.0150.000 
324 - 25TH USA FOREST 38.9685444236 -I 11.433926902 

23 21S 4E STREET SERVICE 

SL 

S2250 WI30 324 - 25TH USA FOREST 
94-113 Spring NE 23 21S P 1879 OS 0.0150000 

STREET SERVICE 
389700301833 -Ill 423678221 

4E SL 

SI750 E800 324 - 25TH USA FOREST 
94-1130 Spring NW 34 21S P 1879 OS 0.0150.000 

STREET SERVICE 
38.9426282052 -III 457482179 

4E SL 

SI900 E900 324 - 25TH USA FOREST 
94-1132 Spring NW 34 21S P 1879 OS 00150.000 

STREET SERVICE 
38.9422175971 -111.457127816 

4E SL 

S465 W1277 324 - 25TH USA FOREST 
94-114 Spring N4 26 21S P 1879 OS 00150.000 

STREET SERVICE 
389606185566 -111.437024219 

4E SL 

S533 E 1074 324 - 25TH USA FOREST 
94-115 Surface N4 25 21S P 1879 OS 00000000 

STREET SERVICE 
389604483701 -III 410220577 

4E SL 

N48 E2268 324 - 25TH USA FOREST 
94-117 Spring W4 26 21S P 1879 OS 00000000 

STREET SERVICE 
38.9548349449 - III 43383 1887 

4E SL 

S1570 W43 324 - 25T1I USA FOREST 
94-118 Spring N42621S p 1879 OS 00150000 STREET SERVICE 

38 .9575997925 -III 432664447 

4E SL 

SI57 W589 324 - 25TH USA FOREST 
94-120 Surface E43521S P 1879 OS 00000000 

STREET SERVICE 
38.9396506242 -111425359967 

4E SL 
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94·121 Spring S798 E 1099 P 1879 OS 00150000 324 - 25TH USA FOREST 389452470216 -111.447192255 
N4 34 21S STREET SERVICE 
4E SL 

NI060 
324 - 25TH USA FOREST 

94·122 Spring W961 S4 35 P 1879 OS 00000.000 
STREET SERVICE 

3~9357630228-111 435944851 
21S 4E SL 

N782 

94-123 Surface 
W1124 SE 

P 1879 OS 0.0000.000 
324 - 25TH USA FOREST 

38.9349549803 -111.427288267 
35 21S 4E STREET SERVICE 
SL 

N346 EI078 
324 - 25TH USA FOREST 

94· 124 Spring S4 36 21S P 1879 OS 00150.000 
STREET SERVIr F. 

38.9337780947 -II 1.410289363 
4ESL 

S332 WI891 
324 - 25TH USA FOREST 

94-126 Spring E427 21S P 1879 OS 00150,000 
STREET SERVICE 

38.9537357226 -111.448455752 
4E SL 

S3400 W400 
324 - 25TH USA FOREST 

94·1386 Surface NE 13 21S P 1879 OS 0.0000.000 
STREET SERVICE 

38.9814957126 -111.4037871 
4E SL 

S1250 

94-1387 Spring 
WI050NE 

P 1879 OS 00150.000 
324 - 25TH USA FOREST 

38.958454800 1-111.426949754 
26 21S 4E STREET SERVICE 
SL 

S850 WI150 
324 - 25'1'1-1 USA FOREST 

24-1388 Spring NE 26 21S P 1879 OS 0.0150.000 
STREET SERVICE 

38.9595521524 -111.42730815 
4E SL 

S2400 

94 · 1389 Spring 
E1600 NW 

P 1879 OS 00150.000 
324 - 25TH USA FOREST 

38.9408527409 -111.43614804 
35 21S 4E STREET SERVICE 
SL 

N80 W1490 
324 - 25TH USA FOREST 

9,1· 1390 Spring SE2321S P 1879 OS 00150.000 
STREET SERVICE 

38 9621020973 -Ill 428519666 
4E SL 

N1200 

21:.U2! Spring 
EI700 SW 

P 1879 OS 00150000 
324 - 25TH USA FOREST 

38 9364895357 -111.49144313 
3221 S 4E STRE ET SERVICE 
SL 

SI900 

94· 1393 Spring 
E2400 NW p 1879 OS 00150,000 

324 - 25TH USA FOREST 
38 9855279511 -111 433155939 

14 21S 4E STREET SERVICE 
SL 

S1750 W50 
324 - 25TH USA FOREST 

94-1394 Surface NE 24 21S P 1879 OS 0.0000000 
STREET SERVICE 

38.9713802328 -111.404933961 
4ESL 

SI300 

94·1395 Spring 
W1500NE p 1879 OS 00150,000 

324 - 25TH USA FOREST 
38.9438326109 -111447069988 

34 21S 4E STREET SERVICE 
SL 

S2150 WIOO 
324 - 25TH USA FOREST 

94-1397 Spring NEI421S P 1879 OS 0.0150.000 
STREET SERVICE 

38.9848591559 -III 423418205 
4E SL 

S600 W2100 
324 - 25TH USA FOREST 

94-1399 Spring NE3521S P 1879 OS 0.0150.000 
STREET SERVICE 

38.9456821371 -111.430635986 
4E SL 

NI850 

94-1400 Spring 
E2100 SW 

P 1879 OS 0.0150000 
324 - 25TI-I USA FOREST 

38.9957883101 -111 452994495 
10 21S 4E STREET SERVICE 
SL 

S200 W2300 
324 - 25TH USA FOREST 

94·1401 Surface NE3521S P 1879 OS 00000.000 
STREET SERVICE 

389467781762 -111431346111 
4ESL 

N2350 

94·1403 Surface 
W2350 SE p 1879 OS 0.0000.000 

324 - 25TH USA FOREST 
38.9826194105 -111450143626 

1521S4E STREET SERVICE 
SL 

94·1404 Surface P 1879 OS 0.0000.000 38.9903026703 -111 .451023716 
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S 150 E2650 324 - 25TH USA FOREST 

NW 1521S STREET SERVICE 

4E SL 

N200 

94-1405 Surface 
W2300 SE 

P 1879 OS 0.0150.000 
324 - 25TH USA FOREST 38 9912329554 -II L449733187 

10 21S 4E STREET SERVICE 

SL 

NI050 

94-1406 Surface 
WI900 SE 

P 1879 OS 0.0000.000 
324 - 25TH USA FOREST 38.9935729941 -lil 448340087 

10 21S 4E STREET SERVICE 

SL 

Point to 
N660 W660 32425TH USA FOREST 

63-3527 
Point 

E4 18 21S P 1873 OS 0.015 0.000 
STREET SERVICE 

38.9853082555 -111.499774715 

4ESL 

Point to 
S660 WI980 32425TH USA FOREST 

63-3528 
Point 

E4 18 21S P 1873 OS 00150000 
STREET SERVICE 

38.9816627233 -I 11504394302 

4E SL 

Point to 
S660 WI980 32425TH USA FOREST 

63-3529 
Point 

E41821S P 1873 OS 00150.000 
STREET SERVICE 

38.9816627233 -111.504394302 

4ESL 

Point to 
N660 EI980 32425TH USA FOREST 

63-3531 
Point 

W4 17 21S P 1873 OS 00000200 
STREET SERVICE 

38.9853478227 -I 1 [ 4904838-11 

4ESL 

Point to 
S660 £660 32425TH USA FOREST 

63-3532 
Point 

NW 17 21S P 1873 OS 00150000 
STREET SERVICE 

38.988839018 -111.495246135 

4E SL 

Point to 
S660 E660 32425TH USA FOREST 

63-3533 
Point 

W4 21 21S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9673259465 -III 476563153 

4ESL 

Point to 
S660 E660 32425TH USA FOREST 

63-3534 
Point 

NW2821S P 1873 OS 0.0150.000 
STREET SERViCE 

38.9601530295 -II [ 476532556 

4ESL 

Point to 
N660 E660 32425TII USA FOREST 

63-3535 
Point 

W42821S P 1873 OS 0.0150000 
STREET SERVICE 

38.9565469866 -I [1.476536896 

4ESL 

Point to 
S660 E660 32425TH USA FOREST 

63-3536 
Point 

W4 21 21S P 1873 OS 00150000 
STREET SERVICE 

38.9673259465 -III 476563153 

4ESL 

Point to 
N660 W660 32425TH USA FOREST 

63-3537 
Point 

E4 20 2[S P 1873 OS 0.0150.000 
STREET SERVICE 

38.9709323079 -111.481231966 

4ESL 

Point to 
N660 £660 32425TH USA FOREST 

63-3538 
Point 

W4 21 2[S P 1873 OS 00150000 
STREET SERVICE 

38.9709514379 -[ 11476587463 

4ESL 

Point to 
S660 W660 32425TH USA FOREST 

63-3539 
Point 

NE 17 21S P 1873 OS 0.0150000 
STREET SERVICE 

38 9887624221 -111.481300623 

4E SL 

Point to 
S660 E660 32425TH USA FOREST 

63-3540 
Point 

N4 17 21S P 1873 OS 00150.000 
STREET SERVICE 

38.9888106616 -III 485950542 

4E SL 

SI150 

63-2771 Surface 
EI790 NW 

P 1873 OS 00060.000 
115 EAST 900 USA FOREST 389732373309-11[ 490976444 

20 21S 4E NORTH SERVICE 

SL 

N840 CANYON 

WI140SE 
225 NORTH FUEl 

t41643 Surface A 201605040 00006000 5TH STREET 389784884687-111445859421 
1521S4E SUITE 900 CO~PANY, 
S1. LL.C 

NI480 CANYON 

WI050 SW 
225 NORTH ' 

t41643 Surface A 201605040 00006.000 5TH STREET FDa 38.9659530479 -III 426994766 
24 21S 4E SUITE 900 ~~~ANY, 
S1. 

N1280 225 NORTH 
CANYON 

t41643 SurfJ.ce W950 SE II A 201605040 0.0006000 5TII STREET 
FUEL 38 9942690478 -111.426466131 
COMPANY, 

2 [S 4E SL SUITE 900 
LLC 

http://maps.waterrights.utah.gov/Py/piatKMLform.py 8/212016 



WRPLAT Page 8 of 8 

t41643 Surface S2170 A 201605040 00006000 225 NORTH CANYON 38 9848627444 -111.407044036 
WI320Nt: 5TH STREET FUEL 
1321S4E SUITE 900 COMPANY, 
SL L.L.c. 
NllOO 

94-1407 Surface 
EI950 SW 

P 1879 OS 0.0000.000 
324 - 25TH USA FOREST 

389937263133 -111453509313 
JO 21S 4E STREET SERVICE 
SL 

N550 E2250 
324 - 25111 USA FOREST 

94·1 408 Surface SWI021S P 1879 OS 00000.000 
STREET SERVICE 

38.9922198078 -111.452443778 
4E SL 

NIOO EI950 
324 - 25TH USA rOREST 

94-1409 Surface SW 10 21S P 1879 OS 0.0000000 
STREET SERVICE 

38.9909797289 -111.453491777 
4ESL 

NI700 

94·14 10 Spring 
WI700 SE P 1879 OS 00150000 

324 - 25TH USA FOREST 
38.9665488777 -111.429285335 

2321S4E STREET SERVICE 
SL 

S1600 

21..:..!ill S P ring 
E2300 NW 

P 1879 OS 0.0150000 
324 - 25TH USA FOREST 

38 .9718325697 -111.433713313 
23 21S 4E STREET SERVICE 
SL 

NI850 E900 
324 - 25TH USA FOREST 

94-1412 Spring SW 14 21S P 1879 OS 0,0150.000 
STREET SERVICE 

38.9812898492 -111.438697871 
4ESL 

N2050 E350 324 - 25TH USA FOREST 
21\ · 1413 Spring SW 14 21S P 1879 OS 0.0150.000 

STREET SERVICE 
38.9818318459 -111.440636781 

4E SL 

S2000 

94·1414 Spring 
W2000NE 

P 1879 OS o () 15 0.000 
324 - 25TH USA FOREST 

38,9851945421 -Ill 448639151 
1521S4E STREET SERVICE 
SL 

SI200 

9 '1- 1<1 15 Spring 
W2000 NE 

P 1879 OS 0.0150000 
324 - 25TH USA FOREST 

38.9873918137 -111.448653026 
1521S4E STREET SERVICE 
SL 

NIOl3 
324 - 25TH USA FOREST 

94-218 Spring W838 S4 10 P 1879 OS 00150.000 
STREET SERVICE 

38.9934675642 -111.45396111 
21S 4E SL 

SIIOO 

94-477 Spring 
WI950NE 

P 1879 S 0.011 0000 
324 - 25TH USA FOREST 

39.0020810762 -111.409338352 
12 21S 4E STREET SERVICE 
SL 

SI50 WI900 324 - 25TH USA FOREST 
94-480 Spring NE 12 21S P 1879 S 0.011 0.000 

STREET SERVICE 
39.0046909311-111.409177375 

4ESL 

S2480 W20 
324 - 25TH USA FOREST 94·834 Surface NE 33 21S P 1879 OS 0.0000.000 
STREET SERVICE 

38.940611803 -111.460353284 
4ESL 

N667 W212 
324 - 25TH USA FOREST 

94·835 Surface SE332IS P 1879 OS 0.0000000 
STREET SERVICE 

38.9346998807 -111.460932593 
4E SL 

S2540 [820 
324 - 25TH USA FOREST 

94·836 Surface NW 34 21S P 1879 OS 0.0150.000 
STREET SERVICE 

38.9404586625 -111.457397888 
4E SL 

S2000 

036193 Spring 
W2000 NE 

A 20100114 OS 00150000 
324 - 25TH USA FOREST 

38,9851945421 -111.448639151 
1521S4E STREET SERVICE 
SL 

Utllh Divizion of Water Rlghtz I 1594 Weol North Temple Suile 220, POBox 146300. Soil Lol," City, Ulah 84114·6300 I 601·530·7240 
~I(!l! Rl!@!lfOl!I l ~ I PiSd31mcr I f'rivacy f>9!icY I Acg!ss!biIjJy Po!i£t 
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I~~ 
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Search of TOWNSHIP = '21S' and RANGE = '5E' and BEl\[ = 'SL' 

WR Dinrsion Well 
Location Status Priority Uses CFS ACFT Address Owner Name Latitude Longitude 

Number Type Log 

Point to 
NI E2220 

324 - 25TH USA FOREST 
94-440 

Point 
SWI121SP 1879 S 0.0000.000 

STREET SERVICE 
38 9970521304 -III 327429583 

5E SL 

S850 

94-441 
Point to W2580NE 

1879 S 0.0000000 
324 - 25TH USA FOREST 

38.9946658398 -111.344313899 
Point 15 21S 5E P STREET SERVICE 

SL 

SI850 

94-442 
Point to E1350NW P 1879 S 0.0000.000 

324 - 25TH USA FOREST 
389919682456 -111349002645 

Point 1521S5E STREET SERVICE 
SL 

Point to 
SI900 EI 

324 - 25TH USA FOREST 
94-443 

Point 
NWI5 P 1879 S 0.0000.000 

STREET SERVICE 
38.9918165408 -111353749988 

21S 5E SL 

S1000 

94-462 
Point to E880J'.,'W 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 

39.0150516039 -111369378278 
Poinl 04 21S 5E STREET SERVICE 

SL 

Point to 
NI W300 

324 - 25TH USA FOREST 
94-463 

Point 
SE 05 21S P 1879 S 0.0000000 

STREET SERVICE 
39.0114844695 -111.373409832 

5E SL 

S2800 

94-474 
Point to EI450NW P 1879 S 00000.000 

324 - 25TH USA FOREST 
39.0036865642 -111.385791178 

Point 08 21S 5E STREET SERVICE 
SL 

S2600 

94-475 
Point to WIOOONE 

1879 S 00000.000 
324 - 25TH USA FOREST 

39.004206904 -111394418798 
Point 072IS 5E P STREET SERVICE 

SL 

S465 

94-116 Surface 
E1379 W4 

P 1879 OS 0.0000000 
324 - 25TH USA FOREST 

38.9594230649 -111399890659 
30 21S 5E STREET SERVICE 
SL 

SI233 

94-119 Surface 
E475 W4 

P 1879 OS 00000.000 
324 - 25TH USA FOREST 

38.9429204494 -111.403058346 
31 21S 5E STREET SERVICE 
SL 

Nll97 

94-1593 Spring 
WI041 £4 

P 1879 OS 0.0150.000 
324 - 25TH USA FOREST 

38.9495609418 -III 394568082 
3121S5£ STREET SERVICE 
S1. 

N500 

94-428 Spring W2050 S£ P 1879 S 0.011 0.000 
324 - 25TH USA FOREST 

38 969407036 -Ill 323844619 
23 21S 5E STREET SERVICE 
SL 

NI80 £680 
324 - 25TH USA FOREST 

94-429 Spring SW2321SP 1879 S 0011 0000 
STREET SERVICE 

38 9685567757 -III 332820989 
5E S1. 

S2000 

94-430 Surface 
WI600NE 

1879 S 00000000 
324 - 25TH USA FOREST 

38.962545815 -Ill 340814521 2721S5E P STREET SERVICE 
SL 

SilO 

94-431 Surract: 
W950NE 

P 1879 S 0.0000000 
324 - 25TH USA FOREST 

38.9822414698 -111.357118096 
2121S5E STREET SERVICE 
S1. 
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94-432 Surface NIOOO P 1879 S 0.0000.000 324 - 25TH USA FOREST 38.9852560005 -111.341557875 
W1800 SE STREET SERVICE 
1521S5E 
SL 

N1850 

94-433 Surface 
W700 SE 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 

3898760 19689-111 33 7697685 
15 21S 5E STREET SERVICE 
SL 

N500 

94-434 Surface 
W2200 SE 

P 1879 S 0.0000000 
324 - 25TH USA FOREST 

389839032993 -111 36 1525585 
1621S5F STREET SERVICE 
SL 

SI200 

94-435 Surface 
W2050 NE 

1879 S 0.0000.000 
324 - 25TH USA FOREST 

389937169545-111360978564 1621S5£ P STREET SERVICE 
SL 

NI87 

94-436 Surface W1910 SE P 1879 S 00000.000 
324 - 25TH USA FOREST 

38.9975280552 -111.360505114 
09 21S 5E STREET SERVICE 
SL 

S350 

94-437 Surface 
W490 NE 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 

39.0105040514 -I 11.318429466 
II 21S 5E STREET SERVICE 
SL 

SI150 

94-438 Surface 
W2100NE 

1879 S 0.0000.000 
324 - 25TH USA FOREST 

39.0082910968 -111.324087605 1121S5E P STREET SERVICE 
SL 

S4100 

94-439 Surface 
E2150 NW 

1879 S 0.0000.000 
324 - 25TH USA FOREST 

39.0002499739 -111346141 609 1021S5 £ P STREET SERVICE 
SL 

SI650 

94-444 Surface 
E620 NW 

P 1879 S 00000000 
324 - 25TH USA FOREST 

390069628875 -111.351560624 
1021S5 E STREET SERVICE 
SL 

S650 

91 -445 Spring 
WnONE p 1879 S 00110.000 

324 - 25TH USA FOREST 
39.0096950729 -111.356291748 

09 21S 5E STREET SERVICE 
SL 

SI500 

94-455 Surface 
EI700NW 

1879 S 0.0000.000 
324 - 25TH USA FOREST 

39.0135522569 -111.384961 684 05 21S 5E P STREET SERVICE 
SL 

S2100 

94-456 Spring 
E220 NW P 1879 S 0.011 0.000 

324 - 25TH USA FOREST 
39.0055946941-111.390131625 

08 21S 5E STREET SERVICE 
SL 

S3350 

94-458 Spring 
E550NW 

P 1879 S 00110.000 
324 - 25TH USA FOREST 

39.0022903045 -111 .370369308 
09 21S 5E STREET SERVICE 
SL 

N450 

94-459 Spring E2950 SW P 1879 S 0.011 0.000 
324 - 25TH USA FOREST 

38.9982133961-111.380576004 
08 21S 5£ STREET SERVICE 
SL 

N1600 

94-583 Surface 
EI200 SW 

P 1879 S 0.0000000 
324 - 25TH USA FOREST 

38957998638 -111.34954813 
27 21S 5E STREET SERVICE 
SL 

NI650 

94-584 Surface WI900 SE P 1879 S 0.0000.000 
324 - 25TH USA FOREST 

389581026372 -111.360454546 
28 21S 5E STREET SERVICE 
SL 

S650 E250 
324 - 25TH USA FOREST 

94-5&5 Surface NW28 P 1879 S 0.0000000 
STREET SERVICE 

38.9662500158 -111.371446826 
21S 5E SL 
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94-586 Surface N500 £400 P 1879 S 00000000 324 - 25TH USA FOREST 38.9694103291 -111.370935534 

SW2121S STREET SERVICE 
5E SL 

NIOOO 

94-587 Surface 
EI650SW P 1879 S 0.0000000 

324 - 25TH USA FOREST 389707103989 -111.385141624 
2021S5E STREET SERVICE 
SL 

S700 

94-588 Surface E3000 NW P 1879 S 0.0000.000 
324 - 25TH USA FOREST 389805560174-111380397906 

20 21S 5E STREET SERVICE 
SL 

N600 

94-589 Surface 
W2000 SE p 1879 S 0.0000.000 

324 - 25TH USA FOREST 389696718112 -111.360818474 
21 21S 5E STREET SERVICE 
SL 

S660 125 
PRICE FIELD 

94-940 
Point to W660 N4 P 1879 S 0.0000000 SOUTH 

OFFICE USA 38.9517361541 -Ill 328240767 
Point 3521S5E BUREAU OF LAND 

SL 
600 \-VEST MANAGEMENT 

S900 

94-440 
Point to WI880 NE P 1879 S 00000000 

324 - 25TH USA FOREST 390153291211 -111.341976794 
Point 03 21S 5E STREET SERVICE 

SL 

SI150 

94-441 
Point to EIOOO NW p 1879 S 0.0000.000 

324 - 25TH USA FOREST 
3~9938871746-111350243996 

Point 15 21S 5E STREET SERVICE 
SL 

SI100 

94-443 
Point to E900NW 

P 1879 S 0.0000,000 
324 - 25TH USA FOREST 38.9940234433 -III 350596649 

Point 1521S5E STREET SERVICE 
SL 

Point to 
S500 WI 324 - 25TH USA FOREST 

94-460 
Point 

NE0121S P 1879 S 0.0000 .000 
STREET SERVICE 

39.0164702066 -111.298104569 

5ESL 

Point to 
N800 £500 324 - 25TH USA FOREST 

94-474 
Point 

SW0521S P 1879 S 0.0000.000 
STREET SERVICE 

39.0135630357-1 11389189577 

5ESL 

N300 

94-475 
Point to W350 Sf 

P 1879 S 00000.000 
324 - 25T! I USA FOREST 390121796876 -111392174608 

Point 0621S5E STREET SERVICE 
SL 

S660 125 
PRICE FIELD 

94-940 
Point to W660 £4 P 1879 S 0.0000.000 SOUTH 

OFFICE USA 
38.9445708596 -111.318964123 

Point 35 21S 5E BUREAU OF LAND 
SL 

600 WEST 
MANAGEMENT 

Point to 
N660 E660 32425TH USA FOREST 

a25549 
Point 

W41521S A 20061103S 0.0000000 
STREET SERVICE 

38991614313 -111351463971 

5E SL 

S3520 

a25549 Surface 
EI35 NVv' 

A 20061103S 0.0000000 
32425TH USA FOREST 39.0018216144 -111353242486 

10 21S 5£ STREET SERVICE 
SL 

N2260 
225 

EI170 SW 
NORTH 

CANYON FUEL 
t41643 Suriilce 91 21S 5E A 

201605040 00006.000 5TH COMPANY. L L C 
39.0176884999 ·111312616813 

STREET 
SL SUITE 900 

N785 
225 

EI804 W4 
NORTH 

CANYON FUEL 
t41775 Surface 

II 21S 5E 
A 20160615 X 0000 15.870 5TH 

COMPANY, I..L C 
39.0064147276-111328937564 

STREET 
SL SUITE 900 

SI650 

94-590 Surface 
E700NW 

P 1879 S 0.0000.000 
324 - 25TH USA FOREST 38978007803'1 -III 369843837 

21 21S 5E STREET SERVICE 
S1. 

94-591 Spring P 1879 S 0.011 0.000 389729908375 -III 31911057 
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94-592 Surface 

038625 Spring 

N1800 
W700SE 
2321S5E 
SL 

5400 E150 
NW09 P 
215 5E SL 

5615 
W2075SE A 
03 21S 5E 
SL 

1879 S 

20121214 S 

Page 4 of4 

324 - 25TH USA FOREST 
STREET SERVICE 

0.0000.000 324 - 25TH USA FOREST 
STREET SERVICE 

39.0103881793 -111.371819784 

0.0502.810 324 - 25111 USA FORF.ST 
STREET SERVICE 

39.0097433671 -111.341609739 

Utah Division of Water Rights I 1594 West North Temple Suite 220, P,O. Box 146300, Salt Lake City, Utah 84114-6300 I 801-536-7240 
Nalyral Resourqs I ~ I ~ I Pdvacy PolICY I Accessibility POlicy 
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] I Search ' 
0...-. 

i1tI ... P 

Search of TOWNSHIP = '22S' and R.\NGE = '4E' and BEi\J = 'SL' 

WR Diversion Well 
Location Status Priority llses CFS ACFT Address Owner Name Latitude Longitude 

Numher Type Log 

N660 
WINTCH& 

24-1199 Point to E660 S4 
P 1879 S 0,0110.000 466 SOUTH MAIN COMPANY 38.8484233408 -111.466445018 

Pomt 3322S 
LIMITED 

4E SL 

S660 
WINTCH& 

94-1200 Point to E660 W4 P 1879 S 0.011 0.000 466 SOUTH MAIN COMPANY 388518018748 -111.475917422 
Pomt 3322S 

LIMITED 
4E SL 

N660 
WINTCH& 

94-1201 Point to W660 E4 P 1879 S 0.0110.000 466 SOUTH tv1AIN COMPANY 38.8559074499 -111.46191643 Pomt 3322S 
LIMITED 4E SL 

S660 

94-1202 Point to 
W660 WINTCH& 
NE 33 P 1879 S 0.0000.000 466 SOUTH MAIN COMPANY 38.8595084397 -111.462066524 Pomt 
22S 4E LIMITED 
SL 

S660 

94-1203 Point to 
W660 WINTCH& 
NE 33 P 1879 S 0.0000.000 466 SOUTH MAIN COMPANY 38.8595084397 -III 462066524 Pomt 
22S 4E LIMITED 
SL 

S660 

94-1204 Point to 
WI980 WINTCII & 
E428 P 1879 S 0.0000.000 466 SOUTH MAIN COMPANY 388666896191 -111466837295 --- Pomt 
22S 4E LIMITED 
SL 

N660 
WINTCH& 

94-1205 Point to W660 E4 P 1879 S 0.0000000 466 SOUTII MAIN COMPANY 388703336836 -111.462223094 Pomt 2822S 
LIMITED 4E SL 

S660 

94-1206 Point to 
W660 WINTCH& 
NE 28 P 1879 S 0.011 0.000 466 SOUTH MAIN COMJ'ANY 38.87390779 -111.462332718 -- Pomt 
22S 4E LIMITED 
SL 

N660 

24-1207 Point to 
EI980 WINTCH& 
W421 P 1879 S 0.0000.000 466 SOUTH MAIN COMPANY 38 .8844837729 -111471825159 -- Pomt 
22S 4E LIMITED 
SL 

N660 

94-1208 Point to 
EI980 WINTCH& 
W421 P 1879 S 00110000 466 SOUTH MAIN COMPANY 38 .8844837729 -111.471825159 Pomt 
22S 4E LIMITED 
SL 

N660 
WINTCH & 

94-1209 Point to E66054 
P 1879 S 00110000 466 SOUTH MAIN COMPANY 38 8916980916 -111 467200859 Pomt 1622S 

LIMITED 4E SL 

S660 
WINTCH& 

94-1219 Point to E660 N4 P 1879 S 0.0110.000 466 SOUTH MAIN COMPANY 3~8879559933 -Ill 485746454 -- Pomt 2022S 
LIMITED 

4E SL 

N400 

Point to 
E2600 

324 _ 25TH STREET USA FOREST 21:ill SWI1 P 1879 OS 0.0000000 38.9060219087 -111.432811484 
Point 

22S 4E 
SERVICE 

SL 

94-\36 P 1879 OS 0.0000.000 324 - 25TH STREET 38.9030672862 -111 444253406 
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Point to S660 USA FOREST 
Point W660 SERVICE 

NE 15 
22S4£ 
SL 

S660 

94-1576 Point to 
WI980 

324 _ 2 -TH STREET USA FOREST E422 P 1879 OS 0.0000000 38,8813229792 -111.448843168 
-- POint 

22S 4E 
) SERVICE 

SL 

S660 

24-1578 Point to 
W660 

324 - 25TH STREET ~::~~~~ST NElS p 1879 OS 00150.000 389030672862 -111444253406 
POUlt 

22S 4E 
SL 

S660 

21dill Point to 
W660 

324 - 2 -TH STREET USA FOREST N427 P 1879 OS 0,0150,000 38.8740786556 -111.453255204 
POUlt 

22S 4E 
) SERVICE 

SL 

S660 

94-1580 Point to 
E1980 

324 - 25TH STREET ~:: :;~~ST W413 P 1879 OS 0.0000.000 388958979978 -111.416408772 
POint 

22S 4E 
SL 

S660 

94-1 SS I Point to 
E660 

324 _ 25TH STREET USA FOREST NW34 P 1879 OS 0.0150.000 38.8595267469 -111.457429299 
POint 

2254E 
SERVICE 

SL 

S660 

9
'
1. \ 582 Point to 

Pomt 
E660 N4 P 
3422S 

1879 OS 0.0150.000 324 _ 2 -TH STREET USA FOREST 
) " SERVICE 38.8595389416 -111.448502451 

4E SL 

NI072 

94-1586 Po~ntto 
WI03 

324 _ 2 -TH STRFET USA FOREST S£24 P 1879 OS 0.0000,000 38 878859876 -111 ,405228403 
-- Pomt 

22S 4E 
) "SERVICE 

SL 

S619 

94-1594 Point to 
-- Pomt 

W586 E4 P 
0122S 

1879 OS 0.0000.000 324 _ 2 -HI STREET USA FOREST 
) SERVICE 

38 ,9244079637 -111.406880395 

4ESL 

N1320 C/OACORD HANSEN 

94·296 
Point to W660 S4 P 1900 S 0.0150.000 

LAKES MTN LAND AND 
38.9080003755 ·1114719079 

Point 0922S RETREA T,25S W LIVESTOCK 
4ESL 800 S, SLC 84101 COMPANY 

N660 ACORD 

94-297 
Point to E660 W4 P 1900 S 0.011 0000 

C/O: JOHN LAKES 
38.8989012645 -111.476462498 

Point I622S BUSHNELL, 2028 E MOUNTAIN 

4E SL 7000 S, SLC 84121 RETREAT 

NS22 

94- 1594 Po!nt to E423 S4 
P 1879 OS 0,0000.000 324 _ 25TH STREET USA FOREST 38.9063627337 -111.412635984 

-- Pomt 1222S SERVICE 
4ESL 

S266 

94-1595 Point to El7NE 
P 1879 OS 00000000 324. 25TH STREET ~~::;~~ST 38.8606000283 -Ill 459695157 

POlllt 3322S 
4E SL 

S350 ACORD 

94·101 Rediversion E300 N4 P 19730126 OS 0.0150.000 
ATTN: JOHN LAKES 

38.9034271584 -111.468502908 
1622S BUSHNELL MOUNTAIN 
4ESL RETREAT 

SI500 ACORD 

94·101 Surface E450 N4 P 19730126 OS 0,0150.000 
ATTN: JOHN LAKES 

38.900270666 -11146795488 
1622S BUSHNELL MOUNTAIN 
4E SL RETREAT 

94-125 Spring NISSO P 1879 OS 0.0150.000 324 - 2STH STREET USA FOREST 38,9236760758 -111.406438371 
W4S0 SERVICE 
SE 01 
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22S 4E 
SL 

S908 

94-127 Surface 
W35N4 

P IR79 OS 00000000 
USA FOREST 

389303698361 -III 432655·107 
0222S 324 - 25TH STREET SERVICE 

4E SL 

SI498 

94-128 Surface E859N4 P 
0322S 

1879 as 0.0000000 324 - 25TH STREET ~i:~~~EST 389287899407 -111.448100135 

4E SL 

S961 
E1316 

"?4 _ 2 -TH STREET USA FOREST 94-129 Surface W403 P 1879 as 0.0000.000 -'-) - SERVICE 38.9235031164 -III 455885182 
22S 4E 
SL 

NIl89 

94-130 Surface 
W708 S4 P 
0322S 

1879 OS 0.0000000 324 _ 2 -TH STREET USA FOREST 
) SERVICE 389226491805 -111453767763 

4E SL 

S2530 
E400 

324 _ 25TH STREET USA FOREST 94-134 Surface NW 10 P 1879 OS 00000.000 38 .9124269019 -111.459086628 
22S 4E 

SERVICE 

SL 

SI742 
WI75 

324 - 25TI-I STREET ~i: ~~~EST 94-137 Surface N414 P 1879 OS 0.0000.000 38.900114351 -111.433240607 
22S 4E 
SL 

S890 

94· 138 Spring W563 E4 P 
1522S 

1879 OS 0.0150.000 324 - 25TH STREET ~i:~~~EST 38.895196179 -111 443897993 

4E SL 

NI2S 
E852 

324 - 25T11 STREET ~r~l~ 0~~EST 94-139 Surface SW 15 P 1879 OS 0.0000000 38 .8907457118 -111457254889 
22S 4E 
SL 

N344 

9,H 40 Surface 
W826 S4 p 
2222S 

1879 OS 0.0000.000 324 - 25TH STREET ~i~0~~EST 388768340081 -III 453856039 

4E SL 

N800 
WI490 

324 - 25TH STREET ~i~~~~EST 94-1402 Spring SE II P 1879 OS 0.015 DODO 389070910643 -111428615436 
22S 4E 
SL 

NI735 

94-141 Surface 
E858 S4 

P 1879 OS 00000000 324 - 25TH STREET ~i~0~~EST 38.8806775068 -111.447962611 
2222S 
4E SL 

S698 

94-142 Spring E929 W4 p 
2622S 

1879 OS 0.0150.000 324 - 25TH STREET ~i~~~~ST 388667310411 -111.438611294 

4E SL 

S380 

94-143 Spring E90NW P 
3422S 

1879 OS 0.0150.000 324 - 25TI-I STREET ~~: :;~~EST 388602879246 -III 459436689 

4E SL 

S484 
W1000 

_. USA FOREST 
94· 144 Spring NE27 P 1879 OS 00150000 324 - 2) fH STREET SERVICE 388745744707 -111.445374388 

22S4E 
SL 
N430 
E317 

324 - 25TH STREET ~i~ ~~~EST 94-145 Surface SW25 P 1879 OS 0.0000.000 388625722767 -111422299146 
22S 4E 
SL 

94-146 Spring P 1879 as 0.0150.oDo 324 - 25TH STREET 388622137191 -III 422708083 
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N300 USA FOREST 
E200 SERVICE 
SW25 
22S 4E 

l SL 

NI266 
WI237 

USA FOREST 
94-147 Surface S435 P 1879 OS 0.0000000 324 25TH STREET 

SERVICE 
38850337307 -111.436980076 

22S 4E 
SL 

SI750 
W2150 

324 - 2 -nl STREET USA FOREST 9'1· 155 Spring NE27 P 1879 OS 00000000 38,8710816893 -111449393351 
22S 4E 

) SERVICE 

SL 

N962 
E785 

324 _ 2 -TB STREET USA FOREST 9:1-158.3 Spring SW27 P 1879 OS 0,0150,000 388639835329 -11 1.457018699 
22S 4E 

) SERVICE 

SL 

NI245 
E870 

324 - 25TH STREET ~i~~~~EST 94·1584 Spring SW27 P 1879 OS 0,0150,000 38.8647620012 -111.456725046 
22S 4E 
SL 

S73 
EIl3 

324 - 25TH STREET ~i~~~~EST 94·1585 Surface NW34 P 1879 OS 0.0000000 38.8611314668 -111.459361321 
22S 4£ 
SL 

S236 

24·1587 Surface 
£536 N4 p 
3422S 

1879 OS 00150000 374 _ 25TH STREET USA FOREST 
- SERVICE 

388607018407 -111448945393 

4E SL 

S2038 
W429 

324 . 2 ·HI STREET USA FOREST 24-1588 Spring N435 P 1879 OS o (J 150000 388557678904 -111.434128738 
22S 4E 

) SERVICE 

SL 

S671 
E504 

324 _ 2 -TH STREET USA FOREST 21.1. 1582 Spring NW26 P 1879 OS 0.0150.000 388740809425 -111.440086462 
22S 4E 

) SERVICE 

SL 

NI275 
E972 

324 _ 2 -TH STREET USA FOREST 91-1590 Spring SW27 P 1879 OS O.ot50,000 38 8648458056 -111.456367211 
22S 4E 

) SERVICE 

SL 

S1193 
WI078 

324 - 2 -TH STREET USA FOREST 94-1521 Surface E434 P 1879 OS 0.0000 ,000 38.8508226117 -111.445644229 
22S4E 

) SERVICE 

SL 

SI226 
W753 

324 - 25TH STREET ~~~~~~EST 94·1596 Spring N424 P 1879 OS 0,0150,000 38.887083352 -111.416755317 
22S 4E 
SL 

N215 
W2230 

324 _ 2 -rH STREET USA FOREST 94·1597 Spring E423 P 1879 OSPX 0,015 0 000 38 ,883738903 -111431219806 
22S 4E 

) SERVICE 

SL 

N2580 
ACORD 

WI25 
C/O JOHN LAKES 2!:il22. Surface SE 16 P 1900 DIS 0,0150,000 
BUSHNELL MOUNTAIN 

38 ,8970156172 -111460717388 
22S 4E 

RETREAT 
SL 

~ Surface P 1900 DIS 0,0150.000 38.8965228238 -111.460309981 
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N2400 
WIOSE 
1622S 
4E SL 

N57U 

94-\600 Surface 
E250 S4 

P 
0922S 
4E SL 

NI557 

94-\881 Underground 
E857 S4 

A 
0822S 
4E SL 

NI29 
W470 E4 

94-1885 Underground 43 1950 16 22S P 

94-1890 Surface 

94-1893 Underground 

94-1903 Spring 

94-\903 Spring 

9 4-264 Spring 

94-298 Surface 

94-298 Redivcrsion 

94-299 Rcdivcrsion 

94-299 Surface 

94-302 Surface 

63-2478 Underground 

. i 94-87 Surface 

4E SL 

S200 
WIOO E4 P 
1622S 
4E SL 

N660 
EI320 
SW08 A 
22S 4E 
SL 

NI140 
EI491 
SW 12 A 
22S 4E 
SL 

N1205 
EI673 
SW 12 A 
22S 4E 
SL 

NI lOS 
WI275 
S435 P 
22S 4E 
SL 

N2100 
W930 
SE 16 P 
22S4E 
SL 

S750 
W200 
NEI6 P 
22S 4E 
SL 

S350 
E300 N4 P 
1622S 
4E SL 

SI500 
E450 N4 P 
1622S 
4E SL 

SI500 
WIOO 
NE 04 
22S 4£ 
SL 

NI737 
EI166 

P 

S406 P 
22S 4E 
SL 

NI140 P 
E I491 

1879 S 

20060824 DIS 

20080701 D 

20090317 D 

20100208 DIS 

20140522 X 

20140522 X 

1879 OS 

1900 DS 

1900 DS 

1900 OS 

1900 OS 

1899 S 

1900 o 

197106 14 X 

Page 5 of6 

C/OJOHN ACORD 
BUSHNELL LAKES 

MOUNTAIN 
RETREAT 

C/OACORD HANSEN 

0.0150000 
LAKES LAND AND 

389059533403 -I I I 468695292 
MOUNTAIN LIVESTOCK 
RETREAT COMPANY 

DANIELJ. & 
00002.000 976 N 2500 W TAMMYL 38.9085481587 -III 484952079 

DWYER 

LANE RAND 
1383 FARMERS 

0.0000250 
FREEWAY 

LOREEN 38.8975282797 -I I 1.461956449 
SORENSEN 

00150250 
244 NORTH 200 MELVINJ. 

38.8966297961 -III 460650084 
EAST RIDER 

LEON P.AND 
VIRGINIAA. 

00001.730 PO BOX 38 CHRISTENSEN 38.9060121831 -111492487904 
FAMILY 
TRUST 

225 NORTH 5TH CANYON 
0.04129.970 STREET, SUITE FUEL 38.9080630598 -I 11.41814144 

900 COMPANYLC 

225 NORTH 5TH CANYON 
0.04129970 STREET, SUITE FUEL 38.9082438895 -111.417502677 

900 COMPANYLC 

0.0150000 
. USA FOREST 

324 - 25TH STREEl SERVICE 38 .8498945921 -111.437110844 

ACORD 
C/O.JOHN LAKES 

0.0670.000 BUSHNELL 2028 E MOUNTAIN 38.8956860023 -111.46353831 
7000 S, SLC, 84121 RETREAT 

ACORD 
C/O JOHN LAKES 

0.0670.000 BUSHNELL, 2028 E MouNTAIN 38.9023672097 -111461061765 
7000 S, SLC, 84121 RETREAT 

C/O JOHN ACORD 

0.0070.000 
BUSHNELL,2028 LAKES 

38.9034271584 -111468502908 
EAST 7000 S, SLC MOUNTAIN 
84121 RETREAT 

C/OJOHN ACORD 

0.0070000 
BUSHNELL, 2028 LAKES 

38900270666 -III 46795488 
EAST 7000 S, SLC MOUNTAIN 
84121 RETREAT 

ACORD 
CIO JOHN LAK ES 

00150000 
BUSHNELL MOUNTAIN 

38929261 8006 -111460849637 

RETREAT 

0.040 7 310 365 COBBLE LANE CAMP ESTATE 38.9234464127 -III 502165519 

00700000 ATTN: PROPERTY CANYON 
ADMINISTRATION FUEL 

389080630598 -11141814144 

http://maps.waterrights.utah.gov/Py/platKMLform.py 8/2/2016 



WRPLAT Page 6 of6 

SW 12 COMPANY 
22S 4E LLC 
SL 

N1205 
CANYON 

EI673 
94-S7 Surface SW 12 P 19710614 X 0.0700.000 

ATTN: PROPERTY FUEL 
38.9082438895 ·111.417502677 

ADMINISTRATION COMPANY 
22S 4E 

LLC 
SL 

S2130 
ACORD 

WI200 
94-99. Underground NE 05 P 19730126 D 0.0230.000 

A UTAH LIMITED LAKES 
38.9274491017 ·111483349627 

PARTNERSHIP MOUNTAIN 
22S 4E 

RETREAT 
SL 

S23000 

n12263 Surface 
N407 

A 19820429 D 0.0400.000 BOX 213 
HOWARD 

389123406432 ·111.50618646 
22S 4E NIELSEN 
SL 

N2180 

nl21r,3 Surface 
E175 S4 

A 19820429 D 0.0400.000 BOX 213 
HOWARD 

38 881139347 ·111.505909197 
1922S NIELSEN 
4ESL 

NI810 

1112263 Surface 
E380 S4 

A 19820429 D 0.0400.000 BOX 213 
HOWARD 

38.9236349494 ·111.504930606 
0622S NIELSEN 
4ESL 

S800 
EI200 

HOWARD 
n12263 Surface NW05 A 198204290 0.0400.000 BOX213 

NIELSEN 
389309804353 ·111.493036506 

22S 4£ 
SL 

SI820 
W240 

HOWARDW. 
!J211 1l Underground N418 A 198208100 0.000 7 250 P.O. BOX 213 

NIELSEN 
38.8990300866 ·111.50697024 

22S 4E 
SL 

SI820 
W240 

o 4fiO n 500 ~~~?RTII 100 
MARLIN JR. 

E2 11? Underground N4IR A 19H?OR 1 0 0 
SORF.NSON 

38.8990300866 ·111 5069702~ 
22S 4E 
SL 

Utah Division of Water Rights I 1594 West North Temple Suile 220, POBox 146300. Sail Lake City, Utah 84114·6300 I 801-538-7240 
N~Nm! RQ<mKCIlS I ~ I [!Im"Im", I ftj~1 W"",IhUtty P!!qsy 
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WRPLAl' 

Search of TOW!'ISHIP = '22S' and RANGE = 'SE' :md BEM = 'SL' 

WR Dinrsion 
!'lumber Type 

94-1030 Point to 
--- Pomt 

94-1031 Po~t to 
--- Pomt 

94-1 032 Po~nt to 
--- Pomt 

94-1033 Point to 
-- POlOt 

94-1034 Po~nt to 
--- Pomt 

94-1035 Point to 
- - Pomt 

94-1036 Point to 
-- Pomt 

94-1 060 Po~nt to 
--- Pomt 

94-1077 Point to 
--- Pomt 

94-1 078 Po~nt to 
--- Pomt 

94-1079 Point to 
--- Pomt 

94-1081 Point to 
--- Pomt 

94-1082 Point to 
-- Pomt 

Well L 'S P" t l CFS ACF1' A'''' Lo" ocatJOn tatus nonty ses uuress 

'" 
S660 
E1980 
W409 P 
22S 5E 
SL 

N660 
E660 W4 
20225 5E P 
SL 
N660 
W660 SE 
17 22S 5E P 
S1. 
S660 
E1980 
W417 
22S 5E 
SL 

p 

S1980 
E660N4 
20 22S 5E P 
SL 
S1980 
E660 N4 
21 22551::: P 
SL 
S660 
E660 W4 
21 22S 5E P 
SL 

S660 
E660 W4 
15 22S 5E P 
SL 

N660 
E660 W4 
33 22S 5E P 
5L 

S660 
W660 E4 
33 22S 5E P 
SL 

SI980 
E660N4 ) 
332255E ' 
SL 

S660 
W660N4 
33225 5E P 
SL 

S660 
W660N4 
33225 5E P 
SL 

1879 S 

1879 S 

1879 S 

1879 S 

1879 S 

1879 s 

1879 S 

1879 S 

1879 S 

1879 5 

1879 S 

1879 S 

1879 5 

0.0000.000 

125 
SOUTH 
600 
WEST 

125 

00000 000 SOUTH 
600 

0.0000.000 

WEST 

125 
SOUTH 
600 
WEST 

125 

0.000 0 000 SOUTH 
600 

00000.000 

0,0000000 

0.0000000 

0,0000,000 

WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 

0,0000 000 SOUTH 
600 

0.0000000 

00000.000 

0.0000.000 

0.0000 ,000 

WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

125 
SOUTH 
600 
WEST 

Page 1 of8 

Owner !'lame Latitude Longitude 

PRICE FIELD 
OFnCE USA - , 
BUREAU OF LAND 38.91)618,,592 -111.365884731 

MANAGEMENT 

PRICE FIELD 

~~~!~~~ LAND 388902358103 -111.389518177 

MANAGE~1ENT 

PRICE FIELD 
OFFICE USA -, 
BUREAU OF LAND 388974824918 -11137).)82745 

MANAGEMENT 

PRICE FIELD 
OFFICE USA , 
BUREAU OF LAND 38.9011170238 -111 .,,84603082 

MANAGEMENT 

PRICE FIELD 

~~!~~ LAND 38.8902296236 -11138002232 

MANAGEMENT 

PRICE FIELD 
OFFICE USA . 
BUREAU OF LAND 38.8901671993 -111.361439704 

MANAGEMENT 

PRICE FIELD 
OFFICE USA _ 
BUREAU OF LAND 3888662)8903 -111.370916944 

MANAGEMENT 

PRICE FIELD 
OFFICE USA -
BUREAU OF LAND 38.90097642) -111.352181718 

MANAGEMENT 

PRICE FIELD 
OFnCE USA ') 
BUREAU OF LAND 38.86077-18779 -111 3708808_4 

MANAGEMENT 

PRICE FIELD 
OFFICE USA _ 
BUREAU OF LAND 3885702)9822 -111.356970867 

MANAGEMENT 

PRICE FIELD 
OFFICE USA ') , 
BUREAU OF LAND 38861014_10" -111361632198 

MANAGEMENT 

PRICE FIELD 
OFFICE USA -
BUREAU OF LAND 3886462)3283 -111.366288166 

MANAGEtvlENT 

PRICE FIELD 

~iJ~~!~~~ LAND 38.8646253283 -111 366288166 

MANAGEMENT 

94-1083 Point to 
Point 

S660 P 1879 S 0,0000000 125 PRICE FIELD 38.8716437484 -111.333880369 

E660 W4 SOUTH OFFICE USA 
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26 22S 5E 600 BUREAU OF LAND 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1084 Point to WI980 
1879 S 0.0000.000 

SOUTH OFFICE USA _ _ 
-- Pomt E4 26 22S P 600 BUREAU OF LAND 38.87134)9)78 -111 .324473938 

5E SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-1085 Point to W660 SE 
1879 S 0.0000.000 

SOUTH OFFICE USA _ 
-11135703817 

POint 28 22S 5E P 600 BUREAU OF LAND 38.868\)36 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

91-1086 Point to W660 NE 
1879 S 0.0000000 

SOUTH OFFICE USA _ 
-- Point 28 22S 5E P 600 BUREAU OF LAND 38.8791981191 -III 3)724327 

SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-1087 Point to E660 W4 
1879 S 00000.000 

SOUTH OFFICE USA 389046020299 -III r219961S 
-- Pomt 15 22S SE P 600 BUREAU OF LAND ) 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1088 POint to W6601:4 
1879 S 0.0000 .000 

SOUTH OFFICE USA 
-- Pomt 1522S5E

P 
600 BUREAU OF LAND 38.900860101 I -I I 1.33824764 

SL WEST MANAGEMENT 

N660 I2S PRICE FIELD 

94-1090 Point to E660 S4 
1879 S 0.0000.000 

SOlJTH OFFICE USA 38 8K2922 I 149 -Ill 361g7557I 
-- Pomt 21 22S 5E P 600 BUREAU OF LAND . . 

SL WEST MANAGEMENT 

N660 125 PRICE FI ELD 

94-1102 Point to W660 SE 
1879 S 00000000 

SOUTH ~~i!tY;~ LAND 38.9115951304 -111.30082822 -- POint 12 22S 5E P 600 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-11 16 Point to W660 N4 
1879 S 00000.000 

SOUTH OFFICE USA 
-- Pomt 23 22S 5£ P 600 BUREAU OF LAND 38.8934522243 -111.328964374 

SL WEST MANAG EMENT 

S660 125 PRICE FJ ELD 

94-1111 Point tn W660 N4 J 
IH/lJ S o OO()()()()() 

SOUTH ~~~'1i;tY~~ LAND 38.8933680942 -111.310305543 Pomt 24 22S 5E I 600 
SL WEST MANAGEMENT 

225 
N660 NORTH 

94-1185 Point to E660 S4 
1879 S 00000.000 

5TH CANYON FUEL 
38.8972447409 -111342949243 -- Pomt 1522S5E

P 
STREET, COMPANY, LLC 

SL SUITE 
900 

225 
N660 NORTH 

94-1186 Point to W660 SE 
1879 S 0.0000.000 

5TH CANYON FUEL 
388971366251 - I II 338328364 

-- POint 15 22S 5E P STREET, COMPANY, LLC 
SL SUITE 

900 

225 
S660 NORTH 

94-1187 roint to E6GON4 
1879 S 0.0000.000 

5TH CANYON FUEL 
38 89346526 I 9 - I I 1 324324859 -- Pomt 23 22S 5E P STREET, COMPANY, LL C 

SL SUITE 
900 

225 
S660 NORTH 

94-]] 88 Po~ntto E660 N4 
1879 S 0.0000.000 

5TH CANYON FUEL 
38 89346526 I 9 -II 1324324859 

-- Poml 23 22S 5E P STREET, COMPANY, LL.C 
S1. SUITE 

900 

94-1189 Point to N660 P 1879 S 0.0000.000 225 CANYON FUEL 38.8897119004 -I I 1.310604779 
Point E1980 NORTH COMPANY, L.L.c. 

W424 5TH 
'22S 5E STREET, 
SL 

http://maps.waterrights.utah.gov/Py/platKMLform.py 8/2/2016 
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SUITE 
900 

225 
N660 NORTH 

94-1218 Point to W660 SE 
1879 S 0.0000.000 

5TH CANYON FUEL 388971366251 -Ill 338328364 
--- Pomt 15 22S 5E P STREET. COMPANY, LLC 

SL SUITE 
900 

S660 
675 EAST UTAH SCHOOL 

94-1289 Point to W660N4 
500 AND 

1622S5E
P 1879 S 0.0000.000 SOUTH, INSTITUTIONAL 389082961379-111366004855 

Pomt 5TH TRUST LANDS 
SL FLOOR ADMIN 

N660 
675 EAST UTAH SCHOOL 

94-1290 Point to E660 SW 
500 AND 

16 22S 5E P IS79 S 0.0000000 SOUTH. INSTITUTIONAL 38.8974973754 -111.370742988 
--- Pomt 5TH TRUST LANDS 

SL FLOOR ADMIN. 

N660 
675 EAST UTAH SCHOOL 
500 AND 

94-1291 Point to E660 S\V P 1879 S 0.0000·900 SOUTH, INSTITUTIONAL 388974973754 -111.370742988 
--- Pomt 16 22S 5E 5TH TRUST LANDS 

SL FLOOR ADMIN 

N660 
675 EAST UTAH SCHOOL 

94-1292 Point to W660 S4 
500 AND 

1622S5E
P 1879 S 00000.000 SOUTH. INSTITUTIONAL 38 8974038956 -III 366116189 

Pomt 5TH TRUST LANDS 
SL FLOOR ADMIN 

N243 324 -
94-1595 Point to V-n2 E4 

1879 OS 00000.000 25TH 
USA FOREST 38.8890818066 -111 392084574 

--- Pomt 19 22S 5E P 
STREET 

SERVICE 
SL 

N660 125 PRICE FIELD 

94-1030 Point to W660 S4 
1879 S 00000,000 

SOUTH OFFICE USA 
--.- Pumt 09 22S 5£ P 600 BUREAU OF LAND 38,9119217311 -111.366023464 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1031 Point to E660 N4 
1879 S 00000,000 

SOUTH OFFICE USA ) 
-- Pomt 20 22S 5E P 600 BUREAU OF LAND 38 .893855_207 -111.380041632 

SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-1032 Point to W660 SE ) 1879 S 0.000 0.000 
SOUTH OFFICE USA - -

- - Pom! 17225 5E I 600 BUREAU OF LAND 38,8974824918 -111.37)38274) 

SL \-VEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1033 Point to WI980 
1879 S 0,0000000 

SOUTH OFFICE USA 
--- POlJl! E4 17 22S P 600 BUREAU OF LAND 38.9010963678 -111.379920738 

5E SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-1034 Point to 
EI980 SOUTH OFFICE USA _ ? 
W420 P 1879 S a 000 0 000 

600 BUREAU OF LAND 38.8902) 1-521 -I I I 384878902 
Pomt 22S 5E 

SL 
WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1035 Point to W660 N4 
1879 S 0.0000000 

SOUTH ~[JdJ~1l~J~~ LAND 388937782933 -I I I 366097586 
--- Pomt 21225 5E P 600 

SL WEST MANAGEMENT 

S660 125 PRICE FIEI.D 

94-1036 Point to E6601';W 
1879 S 0.000 0 000 

SOUTH OFFICE USA ,-
- -- Pomt 21 22S 5E P 600 BUREAU OF LAND 3889,,87177)6 -111370724149 

SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-1060 Point to W660 S4 P 1879 S 00000.000 
SOUTH OFFICE USA -

Pomt 15 22S 5E 600 BUREAU OF LAND 38.8972309618 -II \.347)88997 

SL WEST MANAGEMENT 

94-1081 Point to SI980 P 1879 S 0,0000.000 125 PRICE FIELD 388898396363-111324308392 

Point E660 N4 SOUTH OFFICE USA 
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23 22S 5E 600 BUREAU OF LAND 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1082 Point to W660NE 
1879 S 0.0000000 

SOUTH OFFICE USA _ _ 
-- Pomt 33 22S 5E P 600 BUREAU OF LAND 38.864)279746 -Ill 3)7020049 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1083 Point to ~660 E4 P 1879 S 0.0000.000 
SOUTH OFFICE USA _ 

-- Pomt 1) ns 5F 600 BUREAU OF LAND 38.8)67739709 -111.319678586 

SL WEST MANAGEMENT 

N6GO 
125 PRICE FIELD 

94-1084 Point to 
EI980 

SOUTH ~~~~6~ LAND 388750095984 -111310575462 W425 P 1879 S 00000000 
-- Pomt 

22S 5E 
600 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1085 Point to W660 NE 
1879 S 0,0000000 

SOUTH OFFICE USA 
-- Pomt 22 22S 5E P 600 BUREAU OF LAND 38.8935110086 -11133831118 

SL WEST MANAGEMENT 

N66U 
125 PRICE FIELD 

94-1086 Point to 
E1980 

SOUTH OFFICE USA ? W422 P 1879 S 0.0000.000 
600 BUREAU OF LAND 3889010_2739 -111.347776982 Pomt 

22S 5E 
SL 

WEST MANAGEMENT 

N660 125 PRICE F[ELD 

94 -1087 Point to W660S4 
1879 S 00000000 

SOUTH OFFICE USA _ 
Pomt 15 22S 5E P 600 BUREAU OF LAND 388972309618 -111.347)88997 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1088 Po!nt to W660 E4 
1879 S 00000000 

SOUTH OFFICE USA 
-- Pomt 1522S5E

P 
600 BUREAU OF LAND 38.9008601011 -[ [1.33824764 

SL WEST MANAGEMENT 
S[980 125 PRICE FIELD 

94-1090 Point to E660 N4 
1879 S 00000000 

SOUTH OFFICE USA 
-- Pomt 21 22S 5£ P 600 BUREAU OF LAND 38.890[671993 -111361439704 

SL WEST MANAGEMENT 

N660 125 PRICE FlELU 

94-1 \02 Point to W660SE 
1879 S 00000.000 

SOUTH OFF[CE USA _ 
-- Po lOt 1222S5E

P 
600 BUREAU OF LAND 38.9(159) 1304 -111.30082822 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-1116 Pointto W66oN4 
1879 S 00000.000 

SOUTH OFFICE USA _ 
Pomt 23 22S 5E P 600 BUREAU OF LAND 38.8934)22243 -111.328964374 

SL WEST MANAGEMENT 

S660 125 PR[CEFIELD 

94-11l7 Point to W660 N4 
1879 S 0.0000.000 

SOUTH OFFICE USA 
-- Pomt 24 22S 5E P 600 BUREAU OF LAND 38.8933680942 -111.310305543 

SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-730 
Point to W660 SE 

1879 S 0.0000.000 
SOUTH OFFICE USA 

Point 21 22S 5E P 600 BUREAU OF LAND 38.8828237351 -III 357261411 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-733 
Pointto W660 E4 

1879 S 00000.000 
SOUTH OFFICE USA 

Point 28 22S 5E P 600 BUREAU OF LAND 388718630517 -111.357131645 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-934 
Point to W660NE 

1879 S 0.0000000 
SOUTH OFF[CE USA _ 

Point 01 22S 5E P 600 BUREAU OF LAND 38.93727)8861 -111.300451181 

SL WEST MANAGEMENT 

S660 125 PRrL~ FtELD 

94-935 
Point to W660 N4 

1879 S 0.0000.000 
SOUTH OFF[CE USA , 

Point 0122S5E P 600 BUREAU OF LAND 38 .93735518~ 7 -III 309711872 

SL WEST MANAGEMENT 

94-936 Point to S660 P 1879 S 0.0000.000 125 . PRICE FIELD 38.9372758861 -Ill 300451181 
Point W660NE SOUTH OFFICE USA 
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0122S5E 600 BUREAU OF LAND 

SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

Poinllo 
E1980 SOUTH ~~;~~~ LAND 389191490874 -Ill 3 10231235 94-937 

Point 
W412 P 1879 S 00000000 

600 
22S 5E WEST MANAGEMENT 
SL 

S660 125 PRICE FIELD 

94·938 
Point to W660NE 1879 S 00000 ,000 

SOUTH OFFICE USA ~ 

Point 14 22S 5E P 600 BUREAU OF LAND 38.9081086717 -111319_68126 

SL \VEST MANAGEMENT 

S660 125 PRICE FIELD 

94·939 
Point to W660N4 1879 S 0.0000000 

SOUTH ~~~;~~~ LAND 38.9080394651 -111310190529 
Point 13 22S 5E P 600 

SL \VEST MANAGEMENT 

S660 125 PRICE FIELD 

94·941 
Point to E660NW 

1879 S 0.0000.000 
SOUTH OFFICE USA -

Point 01 22S 5E P 600 BUREAU OF LAND 3893744640)7 -111.31433018 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94·942 
Point to E660 W4 

1879 S 0.0000.000 
SOUTH ~~i;~~~ LAND 38.9301735169 -111.314557722 

Point 01 22S 5E P 600 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-943 
Point to W660N4 

1879 S 00000000 
SOUTH OFFICE USA _ 

Point 11 22S 5E P 600 BUREAU OF LAND 38.92287)3632 -Ill 32878244 

SL WEST MANAGH.1ENT 

N660 125 PRICE HELD 

94-944 
Point to W660 E4 

1879 S 0.0000.000 
SOUTH OFFICE USA -111338178337 

Point iO 22S 5E P 600 BUREAU OF LAND 38919161214 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-945 
Point to W1980 

1879 S 0.0000.000 
SOUTH OFFICE USA , ' . ? 

Point E4 10 22S P 600 BUREAU OF LAND 38915522014., -I 1 1..,428(U 

5E SL WcSI MANAGEMLNT 

N660 125 PRICE FIELD 

94-946 
Point to E660 SW 1879 S 0,0000.000 

SOUTH OFFICE USA 389118653397-1113"2189'4 
Point 1022S5E

P 600 BUREAU OF LAND ) .l 

SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-947 
Point to W660 £4 

1879 S 0.0000000 
SOUTH ~0~i~~~~ LAND 389191552834 -111.356739703 

Point 09 22S 5E P 600 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-948 
Point to E660 N4 

1879 S 0.0000.000 
SOUTH OFFICE USA 

Point 03 22S 5E P 600 BUREAU OF LAND 38.9374353014 -I 113421733 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94-949 
Point to W660 N4 1879 S 0.0000000 

SOUTH ~~~~i;~~~ LAND 38.9374007012 -111.36537529 
Point 04 22S 5E P 600 

SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94·934 
Point to W660NE 1879 S 0.000 0 000 

SOUTH ~0~~;ljJ~~ LAND 38.9372758861-111300451181 
Point 0122S5£P 600 

SL WEST MANAGEMENT 

2'-~) 
N660 NORTH 

94.1185 Point to W660 S4 
1879 S 0.0000000 

5H1 CANYON FUEL 38.8970778454 -Ill 32898108 
-- Pomt 14 22S 5E P STREET. COMPANY, L.L.C 

SL SUITE 
900 

225 

N660 NORTH 

94.1186 Point to W660 SE P 1879 S 00000000 
5TH CANYON FUEL 38.8971366251 -111.338328364 

-- Pomt 15 22S 5E STREET, COMPANY, L.L.c. 
SL SUlTE 

900 
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94-1187 Point to S660 P 1879 S 00000.000 225 CANYON FUEL 38.893405358 -III 314978062 
Point E660NW NORTH COMPANY. L.L.c. 

24 22S 5E 5TH 
SL STREET, 

SUITE 
900 

225 
S660 NORTH 

94-11&1> Point to E660N4 
1879 S 0.0000000 

5TH CANYON FUEL 
38 8934652619 -111.324324859 

POlllt 23 22S 5E P STREET, COMPANY, L L.c. 
SL SUITE 

900 

225 
S660 NORTH 

94-1189 Point to W660 E4 
1879 S 0.0000000 

5TH CANYON FUEL 
38.8860380609 -111.30 I 083635 --- Pomt 24 22S 5E P STREET, COMPANY, L L.c. 

SL SUITE 
900 

225 
N660 NORTH 

94-1218 Point to W660 SE 
1879 S 0.0000000 

5TH CANYON FUEL 
38.8971366251 -111.338328364 

--- Pomt 15 22S 5E P STREET, COMPANY, L.L.c. 
SL SUITE 

900 

N660 
675 EAST UTAH SCHOOL 

94-1289 Point to W660SE 
500 AND 

1622S5E
P 1879 S 0.0000.000 SOUTH, INSTITUTIONAL 38.8973245638 -111.356849649 -- Po lOt 

5TH TRUST LANDS 
SL 

FLOOR ADMIN. 

S660 
675 EAST UTAH SCHOOL 

94-]290 Point to W660 E4 
500 AND 

1622S5E
P 1879 S 0.0000,000 SOUTH, INSTITUTIONAL 38.9009622773 -I I 1.356821711 -- Pomt 

5TH TRUST LANDS 
SL 

FLOOR ADMIN. 

N660 
675 EAST UTAH SCHOOL 

94-]291 Point to E660 SW 
500 AND 

16 22S 5E P 1879 S 0.0000000 SOUTH, INSTITUTIONAL 388974973754 -111370742988 
Fomt 

5TH TRUST LANDS 
SL 

FLOOR ADMIN 

N660 
675 EAST UTAH SCHOOL 

9'1- 1292 Point to W660 S4 
500 AND 

16 22S 5E P 1879 S 0.0000.000 SOUTH, INSTITUTIONAL 388974038956 -111366116189 
Poml 

5TH TRUST LANDS 
SL 

FLOOR ADMIN. 

N2050 
324 -

94-135 
Point to WI SE 18 P 1879 OS 0,0000.000 25TH 

USA FOREST 
38.9012735634 -111.391 723257 

Point 22S 5E SERVICE 
SL 

STREET 

SI050 

94-1178 Surface 
W85E4 

1883 IS 1,7500.000 
P.O. BOX SHA YNA 

38.8849720669 -111.299058357 24 22S 5E P 421 HOUSEKEEPER 
SL 

S1050 

94-11 79 Surface 
W85E4 

1884 IS 5,2500000 
P.o. BOX SHA YNA 

38 8849720669 -111 299058357 24 22S 5E P 421 HOUSEKEEPER 
SL 

225 
N550 NORTH 

94-1183 Surface 
WI150 

1882 IS 3.0000.000 
5TH CANYON FUEL 

38.8969236657-11134930985 S4 15 22S P STREET, COMPANY, L.L C 
5ESL SUITE 

900 

225 
N550 NORTH 

94-11 84 Surface 
WI150 

1883 IS 1.0000.000 
5TH CANYON FUEL 

38.8969236657 -111.34930985 S4 15 22S P STREET, COMPANY, L.L.c. 
5E SL SUITE 

900 
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94-1190 Surface SI050 P 1883 IS I 7500.000 POBOX WILLIAM B. 38 . 88~9720669-111 .299058357 
W85 E4 533 STANSFIELD, JR , 
24 22S 5E VICKIE 
SL ST ANSFTELD AND 

SHAYNA 
STANSFIELD 

WILLIAMS 
SI050 STANSFIELD, JR., 

94-1191 Surface 
W85E4 

1884 IS 5.2500000 
P. O. BOX VICKIE 

38 8849720669 -Ill 299058357 24 22S 5E P 533 ST ANSFIELD AND 
SL SHAYNA 

STANSFIELD 

N2782 
WI568 324 -

USA FOREST 
94-131 Surface NW08 P 1879 OS 0.0000.000 25TH 

SERVICE 
38.9322381927 -III 396988853 

22S 5E STREET 
SL 

S500 
EI850 324 -

USA FOREST 
9~· 1 32 Spring NW07 P 1879 OS 0.0150000 25TH 

SERVICE 
38 9232460074 -IIIJ98325354 

22S 5E STREET 
SL 

SI700 
EI730 324 -

USA FOREST 
24· 133 Spring NW07 P 1879 OS 0.0150.000 25TH 

SERVICE 
38.9199485901 -I I IJ98728858 

22S 5E STREET 
SL 

N2150 
324 -

W350 SE USA FOREST 
94· 1398 Spring 07 22S 5E P 1879 OS 0.0150000 25TH 

SERVICE 
38.916071395 -111392720184 

SL 
STREET 

N400 

94-190 1 Underground 
W530 S4 

201302200 0.0004.730 
C/O ARK CANYON FUEL 

38.85243468 -111.310058927 36 22S 5£ A LAND COMPANY, LLC 
SL 

225 
N400 NORTH 

94-1904 Underground 
W530 S4 

201405220 
5TH CANYON FUEL 

3885243468 -Ill 310058927 36 22S 5E A 0.000 170.000 STREET, COMPANYLLC 
SL SUITE 

900 

S660 125 PRICE FIELD 

94·935 
Point to W660NE P 1879 S 00000000 

SOUTH ~~~~UU~~ LAND 389226142426 -II 1.300632401 Point 12 22S 5E 600 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94·936 
Point to W660NE 

1879 S 0.0000000 
SOUTH ~~~~!~~~ LAND 389226142426 -111300632401 Point 1222S5E

P 
600 

SL 'WT:ST MANAGEMENT 

S660 125 PRICE FIELD 

94-937 
Point to W660E4 

1879 S 00000000 
SOUTH OFFICE USA '89152918786 -III '00722679 

Point 12 22S 5E P 600 BUREAU OF LAND ~ ~ 
SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-938 
Point to E66054 

1879 S 00000000 
SOUTII ~tX~i!~~~ LAND 388970060225 -11130568154 Point 13 22S 5E P 600 

SI. WEST MANAGEMENT 

N660 125 PRICE FIEl.D 

94-939 
Point to W660 E4 P 1879 S (LOOO 0 000 

SOUTH ~[J;{i!~~~ LAND 389042817639 -11130091851 Point 13 22S 5£ 600 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 

94·941 
Point to W660N4 

1879 S o DOD O.DOO SOUTH ~iJii!lf~~ LAND 389373551837 -111.309711872 Point 01 22S 5E P 600 
SL WEST MANAGEMENT 

94-942 Point to N660 P 1879 S 00000.000 125 PRICE FIELD 38.9263893845 -Ill 305403595 
Point E660 S4 SOUTH OFFICE USA 
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01 22S 5E 600 BUREAU OF LAND 
SL WEST MANAGEMENT 

S660 125 PRICE FIELD 
Point to W660NE SOUTH OFFICE USA _ 

,--;-

94-943 
Point 14 22S 5E P 1879 S 0.0000000 

600 BUREAU OF LAND 38.9081086717 -111.319)68126 

SL 'NEST MANAGEMENT 

S660 125 PRICE FIELD 

94-944 Point to W660E4 
1879 S 0.0000.000 

SOUTH OFFICE USA ., 
Point 15 22S 5E P 600 BUREAU OF LAND 38.9008601011 -111.338-4764 

SL WEST MJ\NAGEMENT 

N660 125 PRICE fiELD 

94-945 
Point to W660E4 

1879 S 0.0000.000 
SOUTH OFFICE USA 38 904485713 -III 338264814 

Point 15 22S 5E P 600 BUREAU OF LAND 
SL WEST MANAGEMENT 

N660 125 PRICE FIELD 

94-946 
Point to E660 W4 

1879 S 0.0000.000 
SOUTH OFFICE USA 

Point 15 22S 5E P 600 BUREAU OF LAND 38.9046020299 -111.352199615 

SL WEST MANAGEMENT 

N660 
125 PRICE FIEJ.D 

Point to 
E1980 

SOUTH OFFICE USA 
2i:ill Point 

W409 P 1879 S 0.0000.000 
600 BUREAU OF LAND 38.9192439478 -111.365903338 

22S 5E 
WEST MANAGEMENT 

SL 

S660 
125 PRICE FIELD 

Point to 
E1980 

SOUTH OFFICE USA 
2,1-2411 

Point 
W404 P 1879 S 0.0000.000 

600 BUREAU OF LAND 38.9301231955 -111.365612892 
22S 5E 

WEST MANAGEMENT 
SL 

S660 
125 PRICE FIELD 

Point to 
E1980 

SOUTH OFFICE USA 
9·1-91\9 

Point 
W409 p 1879 S 0.0000000 

600 BUREAU OF LAND 38.9156183592 -111.365884731 
22S 5E 

WEST MANAGEMENT 
SL 

Utah Division of Water Rights I 1594 West North Temple Suite 220, POBox 146300, Salt Lake City, Utah 64114·6300 I 801·538·7240 C N."""I Ro.out'CO. I ~ I ~I P,'V¥Y F'djeyJ I\p:!¥ib!lrty Poli~y 
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1.0 INTRODUCTION 
This report describes the existing surface and ground \\ater resources occurring in the analysis 
area. It also evaluates potential hydrologic issues to these resources under several alternative 
mining scenarios, including a no action alternative, and two action alternatives. 

The analysis area for the Surface and Ground Water Technical Report includes the Greens 
Hollow Federal Coal Lease Tract (Greens HolIO\v tract) as well as adjacent coal lease tracts that 
Illay be mined in conjunction with the Greens Hollow tract. In general terms. the Greens Hollow 
analysis area is located west of Emery, Utah. near the east edge of the Wasatch Plateau, in the 
Muddy and North Fork Quitchupah Creek drainages. The exact location of the Greens HoIIO\\ 
tract. topography. surface \\-ater monitoring stations. drainage basins. and nearby features is 
shown in Figure I. In addition. the analysis area includes a 900-foot buffer to include the area 
that may be affected by subsidence that could extend beyond the mined area (Figure 2). The 
entire analysis area includes surface lands of both the Manti-LaSal and Fishlake National Forests. 

1.1 STATEMENT OF PROJECT OBJECTIVES 

The U.S. Department of Interior, Bureau of Land Management (BLM) is the leasing authority on 
the federal coal estates within the Greens Hollow' Coal Lease Tract on National Forest System 
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 lease conditions determined necessary for protection of non-mineral resources. As 
federal actions subject to NEPA, both the BLM leasing decisions and the Forest Service consent 
decisions must be based on an environmental and socia-economic analysis and appropriate NEPA 
documentation. 

Under the Surface Mine Control and Reclamation Act of 1977 and Utah Coal Rules. the 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 of NEPA . requiring environmental analysis and appropriate NEPA 
documents. 

Much of this technical report is based on a previous three-year study of the Muddy Creek Tract 
and a 2-mile buffer surrounding the tract (Cirrus 2004a. Cirrus 2004b) as well as on-going water 
resource mon itoring in the analysis area (DOG M 2013a). Add itional data were obtai ned from 
government and private entities and a revie\\ of previous \\ ork completed on areas adjacent to the 
Greens Hollow tract. This technical report will form the basis for an analysis of impacts on 
surface and ground water in the analysis area in the Supplemental Environmental Impact 
Statement (SEIS) for the Greens Hollow tract on the Manti-LaSal and Fishlake National Forests. 

2014 
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2.0 METHODS 
2.1 CONTACTS MADE 

The field data for this report was compiled by Cirrus Ecological Solutions. LC (Cirrus). 
Additional information \vas obtained from the SUFCO mine as \vell as government agencies at 
the local, state, and federal level. Agencies and individual resource specialists are listed below. 

United States Forest Service - Manti LaSal National Forest 
Carter Reed - Geologist Manti LaSal National Forest 
Dale Harber - Geologist, Manti LaSal National Forest 
Katherine Foster - Hydrologist. Manti LaSal National Forest 
Adam Solt - Hydrologist, Fishlake 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 Healy - Rangeland Managcment Specialist. Manti LaSal National Forest 
Don Riddle - Law Enforcement Officer, Manti LaSal National Forest 

United States Geological Survey 
Mike Enright - Supervisor Hydrology Technician, West Vallcy City Field Office 
Vic Hcilweil - Hydrologist. West Valley City, District Office 
Johnny Wheat - Engineering Technician, Stennis Space Center, Mississippi 

Utah Division of Oil, Gas and Mining 
Susan White - RDCC and NEPA Coordinator 
Mark Mesch - Program Administrator (retired) 
Dana Dean - Associate Director - Mining 
Dave Darby - H) drogeologist 
Ken W) att - Senior Reclamation Spccialist (rctired) 
.lim Smith -- Scnior Reclamation Hydrologist 

Utah Division of Water Rights 

2014 

Scott Clark. Water Rights Specialist. NOlih Region 
Marc Stilson. Regional Engineer. Southeastern Regional Office 
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Utah Division of Drinking Water 
Mark Jensen, Environmental Scientist. Ground Water Source Protection and GIS 
Development 
Kate Johnson. Environmental Scientist, Surface Water Protection 

University of Utah 
Jim Ehleringer - Professor 
Craig Cook - Laboratory Manager 

Emery Water Conservancy District 
Jay HUl1lphrey - District Manager 

Muddy Creek Irrigation Com pany 
Morris Sorenson - Board member 
Wayne Staley - Board mcm ber 

Canyon Fuel Company 
Mike Davies - Construction Engineer, SUFCO mine 
Chris Hansen - Environmental monitoring, Skyline mine 

Petersen Hydrologic 
Erik Petersen - Senior Hydrogeologist 

ChemTech Ford Laboratory (EPA-certified) 
David Gayer - Laboratory Manager 

CT&E Laboratory (EPA-certified) 
Brandon Pierce - Laboratory Manager 

GeoChron Laboratory (EPA-certified) 
Dick Ressman - Laboratory Manager. Stable Isotope 
A lex Cherkinski - Laboratory Manager, Age Dating 

Sequoia Scientific 
Lydia Sundman - Electronic Engineer, AquaRod Division 

Additional information was obtained frolll data repositories maintained by the Manti-LaSal 
National Forest. U.S. Geological Survey (USGS), U.S . Environmental Protection Agency (EPA). 
Utah Division of Water Quality, (Utah DWQ), Utah Division of Drinking Water (Utah DOW), 
Utah Division of Water Rights (Utah DWRi). Utah Depaliment of Water Resources (Utah 
DWRe), Utah Automated Geographic Reference Center (AGRC), and the Utah Division of Oil. 
Gas, and Mining (DOGM). 

2.2 SOURCES AND DESCRIPTIONS OF EXISTING 
INFORMATION 

This baseline evaluation included a review of reports and data from Utah and Federal agencies 
concerning water resources of the region. Canyon Fuel's SUFCO Mine, has extracted coal frolll 
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the lease tract areas adjacent to the Greens Hollow tract including parts of the Pines Tract and the 
Quitchupah Tract lease (Figure I). Consequently. existing information has also been obtained 
from the Permit Application Package (PAP) and the Hydrologic Monitoring RepOJis for the 
SUFCO Mine. USGS investigations (Thiros and Cordy 199 I), the Probable Hydrologic 
Consequences for the SUFCO Mine (Mayo and Associates 1999) the hydrologic information 
developed for the Final EIS of the Pines Tract (USDA-FS 1999), the Cumulative Hydrologic 
Impact Assessment prepared by DOGM (2003a) for the SUFCO Mine, \vater quality monitoring 
assessments completed in the Muddy Creek drainage (Utah DWQ 2004). the Muddy Creek Water 
Resources technical report (Cirrus 2004a). ongoing monitoring data collected by SUr-CO 
(DOGM 20 I 3a) field geology surveys (Anderson 2008a), and evaluations of exploratory drill
hole log information (Anderson 2008b). 

Thiros and Cordy (1991) described the hydrology and potential effects of milling in the 
Quitchupah and Pi nes Coal Lease Tracts. The geologic formations and ground \vater beari ng 
units in the Muddy Creek Tract are essentially the same as in the adjacent Quitchupah and Pines 
Coal Lease Tracts, although the North Horn Formation occurs over a large portion of the Muddy 
Creek Tract and the Flagstaff Limestone is found at the tops of ridges and mountains on the far 
west side of the analysis area. A generalized stratigraphy of the Muddy Creek Tract is depicted in 
Figure 3. 

A gain loss study of flows in North Fork Quitchupah Creek found an appnrent gain in flow \"here 
the creek crossed the Castlegate Sandstone, a loss of flow as it crossed the upper part of the 
Blackhawk Formation, a slight gain in flO\\' crossing the lower Blackha\\k formation, a 
considerable gain in flow crossing Star Point Sandstone, and a loss in flow crossing the Mancos 
Shale (Thiros and Cordy 1991) 

Mayo and Associates (1999) used carbon-14 (CI~) radiocarbon dating and tritium CH) analysis of 
spring water and ground 'vvater in the Pines Tract and surrounding area, including mine water in 
the SUFCO Mine, to conclude that the ground-water encountered in the mine \\as distinct from 
the near-surface ground-water systems associated with the springs. Most of the near-surface 
systems contain abundant 'H and anthropogenic (human-caused) radiocarbon ,,·hile the waters in 
the mine have a mean residence time of 7,000 to 20,000 years and contain no ' H. The cause of 
this disconnect is attributed to shale and mudstone in the Blackhawk Formation that hinder the 
downward migration of ~,ater . This conclusion was consistent with the unsaturated horizons 
encountered in exploration drill-holes at the SUFCO Mine. 

The Final EIS for the Pines Tract (USDA-FS 1999) described the surface and ground water 
systems and projected mining-related hydrologic impacts in the adjacent Pines Tract Lease. 
Water in the springs that \\ere apparently discharging from the Castlegate Sandstone \vas 
relatively low in TDS and undersaturated with respect to carbonate minerals. The waters from 
Price River Formation springs exhibited considerably higher TDS and were oversaturated with 
respect to carbonate minerals. These results showed that the water in the Castlegate Sandstone 
springs had not been in contact with the Price River Formation and that the source water for the 
springs was direct recharge of the Castlegate Sandstone outcrop in the plateau areas along the 
perimeter of the canyon rims. The springs ane! seeps issuing from the base o/" the Castlegate 
Sandstone are apparently the result of perching caused by shales and siltstones in the upper 
portion of the Blackhawk Formation (DOGM 2003a). The Star Point Sandstone underlies the 
coal bearing portion of the lower Blackha\\ k Formation. The base of the Star Point Sandstone 
consists of th in interbedded sandstones, si Itstones and shales. The upper portion of the Star Poi nt 
Sandstone consists of three massive sandstone layers (Thiros ane! Corely 1991). Under!) ing the 
Star Point Sandstone is the Masuk Member of the Mancos Shale (also known as the Blue Gate 
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dO\\'ll\\ard flo\\ and acts as a 100\er boundary for the regional ground water system. 

A Total Maximum Daily Load (TMDL) study was completed on Muddy Creek and tributaries in 
January 2004 as part of a water quality study completed by the Utah DWQ that examined 
concentrations of Total Dissolved Solids (TDS) on the West Colorado Management Unit (Utah 
DWQ 2004). The study indicated that several water bodies in the Muddy Creek drainage were 
not supporting their assigned Class 4A agricultural beneficial use due to TDS concentrations that 
exceeded the recommended criterion of 1.200 mg/1. These water bodies include the following: 

Muddy Creek and its tributaries frolll I vie Creek confluence to the Utah Highway 10 
bridge. 

Qu itchupah Creek frol11 the confl Llence with I vie Creek to the Utah H iglmay 10 
bridge. 

Ivie Creek and its tributaries from the confluence with Muddy Creek to Utah 
Highway 10. 

Muddy Creek from the confluence with the Fremont River to Quitchupah Creek 
contl uence. 

I-listoric monitoring of these water bodies indicates that TDS concentrations in the upper areas of 
the Muddy Creek watershed are below the 1.200 mg/I criterion and are considered to be in full 
supp0l1 of beneficial uses. Much of the upper Muddy Creek watershed is cOIllWised of 1f11His 
administered by the MLNF. The average TDS concentration reported in the TMDL for 
Quitchupah Creek above the MLNF boundary was 675 mg/L. based on 10 samples (Utah DWQ 
2004) collected during 1997-98. SLJFCO monitoring data near this location has a mean of 663 
during the same time period (based on 6 available samples) and a 20-year mean of 682 mg/I TDS 
during 1993-2012 (based on 53 samples) (DOGM 2013a). The mid-to-Iower portions of the 
watershed are a mixture of urban and agricultural land uses. Measured TDS concentrations in 
these areas consistently exceed the 1.200 mg/I criterion. Some of the known sources of TDS in 
the Muddy Creek watershed include land areas where the Mancos Shale and Blackhawk 
formations arc exposed to erosion processes and are in contact with surface water bodies. Other 
sources were noted to include agricultural and urban land use and some coal mining. Instrealll 
TDS concentrations were observed to be highest during periods of 10\\ flow \\hen ground water 
and irrigation return flows with elevated TDS concentrations provide the main source of water to 
streams and canals. 

Pol/utant loads \\ere calculated for point and non-point sources of pollution in the Muddy Creek 
watershed. Point source pol/ution was determined to contribute 3.595 tons/year or roughly 7 
percent of existing loads while non-point sources contributed 50.767 tons/year or approximately 
93 percent of TDS loads in the \\atershed. Discharge from the SUr-CO mine outfall was 
determ i ned to contribute 2.500 tons/year or approximately 70 percent of point source loading. In 
order to meet the TDS criterion of 1.200 mg/I in the Muddy Creek watershed. pollutant loads 
from non-point sources \\ould need to be reduced by 86 percent. No reductions from point 
source loads \\ere recommended. As a result of the TMDL. site specific standards are currently 
in place for the impaired segments listed above. However. the TDS standard for Muddy Creek 
upstream of' Utah Highway 10 and Quitchupah Creek above the MLNf-' boundary remains at 
1.200 mg/1. 

8 
2014 

Surface and Ground Water Technical Report 
Greens Hollow Coal Lease Tract 



( 
) 

) 

The Muddy Creek Water Resources technical report (Cirrus 2004a) sUl1lmarizes the 2001-2004 
data collection effort completed to assess subsidence impacts on .vater resources in the Muddy 
Creek and Quitchupah Creek drainages. Measurements of flow and water quality were collected 
from all springs and selected stream segments in the analysis area during the spring and fall 
season. Additional measurements were collected on a quarterly basis from selected spring and 
stream monitoring sites. The number and type of measurements were defined by the MLNF and 
the Utah Division of Oil Gas and Mining (DOGM). All data collected as a result of this effort 
was uploaded to the DOGM online monitoring database. The technical report identified 
subsidence impacts on \\ater resources under two mining scenarios. A detailed record of all data 
used in the technical report is compiled ill Appendix I to the Muddy Creek Water Resources 
technical report (Cirrus 2004b). 

SUFCO has been required to monitor stream and spring monitoring sites in and adjacent to the 
Greens Hollow tract as part of the DOGM permitting process (DOGM20 13a). SUr-CO 
monitoring sites applicable to this project include three stream and six spring locations. 
Monitoring of two sites on Quitchupah Creek began in 1982. Stream monitoring at one location 
on Greens Hollow and six spring sites commenced in 2006 when the SITLA Coal Lease Tract 
was added. SUFCO is continuing to monitor each of the three stream and six spring sites. All 
monitoring data collected from these sites was reviewed as part of this assessment. 

Geologic contact lines in the analysis area were assessed during field surveys completed in 2008 
to determine the nature of the Castlegate Sandstone/Price River contact and to estimate physical 
properties of material directly overlaying this formation (Anderson 2008a). Field observations 
indicated that stream channel segments in Greens Hollow and Cowboy Creek located on 
Castlegate Sandstone were primarily comprised of consolidated fine-textured material and 
estimated to contain 90% clay. Channel segments of North Fork Quitchupah Creek that occurred 
on Castlegate Sandstone were comprised of unconsol idated deposits that varied from clay-rich, 
well stratitied material to young alluvium containing a matrix of clay with sand. and pebblc
boulder sized clasts (mostly limestone with minor sandstone). Additional geologic information 
\'vas obtained through an evaluation of exploratory drill-hole data (Anderson 2008b). This 
assessment defined the structural position of the top of the Castlegate Sandstone as well as the 
lithologic content of the stratigraphic interval 50 feet directly above this formation. Data records 
were provided by the SUr-CO mine for approximately 20 exploratory drill-hole logs in the 
analysis area including both geophysical and sample recordings. Results of the study produced 
structural elevation contours at 20 foot intervals and also indicated that rock in the 50 foot 
interval above Castlegate Sandstone contained an average of 74 percent silt/mudstone and 26 
percent sandstone. 
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2.4 DESCRIPTION OF INVENTORIES AND DATA 
COLLECTED BY THE CONSULTANT 

Surface and ground \vater resources in the Greens /-Iollo\\' tract area were monitored by Cirrus 
during 2001-2004. All flow and water quality measurements collected during this time adhered 
to USGS and EPA standards including collection procedures, sample hold timcs. laboratory 
certitication, and cleaning and maintenance of field equipment. All water quality sampling 
procedures were guided by information obtained from the National Field Manual for the 
Collection of Water Quality Data (USGS 2003), recommendations from USGS scientists in Salt 
Lake City and water chem istry spec ial ists employed at EPA-certified laboratories. A II laboratory 
samples were stored on ice immediately after they \vere collected and delivered to an EPA 
certitied laboratory located in /-Iuntington, Utah or Salt Lake City, Utah within the allotted 
holding period associated with the parameters being tested. All water quality samples tested for 
dissolved metals werc vacuum-filtered in the field through a 0.45 ~lm cellulose-nitrate filter. The 
measurement devices used during field measurements of flow and water quality included the 
follo\\ ing instruments: 

Discharge measurements 
Price AA current meter 
Pygmy current meter 
Baski eight inch cutthroat flume 
Modified Parshall flume with three inch throat (Rantz 1982) 
PVC pipe (three inch diameter) and bucket 

Water qual it)' measurements 
YS!63 (temperature. pH. conductivity. salinity) 
YSI55 (temperature. dissolved o:\ygen inmg/l and percent saturation) 
LaMotte turbidimeter (turbidity in ntu) 
Global Water wQno turbidimeter (turbidity in ntu) 

Cal i bration of these sensors to traceable standards occurred at recommended intervals throughout 
the monitoring period. Calibration data during 2001-2004 is included in the project record 
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accompanying the Muddy Creek Water Resources technical repol1. A description is provided 
below of the work completed to collect water resource data in the analysis area. 

2.4.1 GROUND WATER AQUIFERS 

Field information on the location and extent of grollnd water discharge points (springs) in the 
Greens Hollow tract \\as collected during the early 2001 spring season as part of the spring and 
seep survey associated with the Muddy Creek Tract area. The initial spring coverage was added 
to in subsequent years as more information was obtained identifying ne\\ points of ground water 
discharge. The majority of spring monitoring was limited to 2001-2004. SUFCO has continued 
to monitor a select number of springs and stream locations in the Greens Hollow tract since that 
time. The geologic formation associated with each spring \\-as determined from a geologic map 
completed by Anderson (2004). This map also contains structural geologic profiles for the Tract 
area. fence diagrams based on information obtained from exploratory drilling. and mapped 
alluvial deposits (Anderson 2004). Some information defining the piezometric surface in the 
analysis area was obtained frol11 exploratory wells completed by private mining companies. 
Additional information defining the timing of recharge to aquifers was obtained frolll stable 
isotope measurements collected at points of ground water discharge (springs). A detailed 
discussion of aquifer properties associated with the geologic layers that underlay the analysis area 
is includcd in Section 3.1.1 Ground water Aquifers and Springs. 

2.4.2 WELLS 

The effort to identi fy wells in the analysis area included a search of government databases 
including the DOGM well information database. Utah DWRi water rights dat(1b(1se (including the 
well informatioil plUglalil a1ld waler rigills database). and the USGS NWIS online database. 1 his 
search failed to identify well monitoring sites. including water production wells in the analysis 
area. A review of monitoring data collected from wells (1djacent to the analysis area indicated 
that measuremcnts were limited to water level. Water quality parameters \"ere not measured due 
to the fact that material surrounding the well borehole had not been developed (similar to a 
culin(1ry well) and were contaminated from drilling fluids. 

2.4.3 SPRINGS AND SEEPS 

A survey of existing water features was conducted in the analysis area to identify springs and 
seeps with measurable flo\\. The initial field survey of springs in the Greens 1I01l0w tract \\as 
completed in the summer of 200 I as part of the work effort associated \\-ith the Muddy Creek 
Tract asscssment. Prior to conducting the survey. the Muddy Creek Tract was subdivided into 
priority arcas on the basis for the potential for subsidence from mining activities to impact a 
spring or surface water body (Figure 2). These areas were used to guide field eff0l1s. resulting in 
areas of higher priority being inventoried before lo\\er priority areas. However all areas have 
been inventoried for the presence of spri ngs and secps with mC(1surable flow. 

The areas of highest priority (Priority I) included (111 10c<1tions in the Muddy Creek Tract \\ ith 1cJ\\ 

overburden cover as sho\\'n ill Figure 2. Priority 2 areas included all locations in the Tract \\ here 
the overburden cover was al least 400 feet. which is sufficient to reduce substantial impacts of 
subsidence. Priority 3 areas are located stratigraphically above Priority 2 areas and encompass 
the remainder of the analysis area. A single spring with measurable t10\\ (M_SP87) was located 
in the Priority I area. All springs with measurable flow located inside the Tracl boundary in thc 
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Priority 2 area were selected for baseline monitoring. Discharge rates and location were used to 
prioritize the springs retained for monitoring in the Priority 3 buffer area. 

Additional information on springs and seeps was obtained from range allotment files for the 
Emery and Ferron allotments. and recommendations provided by grazing permitees. All springs 
found during the initial field effort were checked against this information and springs that had not 
been previously identi fied were located and assessed for measurable flo\\. 

A II spring locations were defined with a Trimble GeoExpiorer3 G PS unit accurate to +/- 2 meters 
in the horizontal plane. A digital photo \vas taken of the spring or seep for descriptive purposes. 
A report including a date-stamped digital photo, probable source and apparent use of each spring 
is included in Cirrus (2004b). Field measurements were also taken at each location including 
flow (gpm), water temperature (0C), pH, conductivity (umhos/cm), and salinity (ppt). Flow 
measurements were collected from springs using a pipe and bucket. and were typically measured 
three times from each spring in order to get an average flow value. 

Information from the initial field effort \Vas submitted to the MLNF during the summer of 200 I 
for review and selection of springs for intensive water quality measurements during the spring 
and fall seasons, including eight springs that were located in the Greens Hollow tract. Additional 
water samples collected during fall 2001 (base flow) from the eight spring monitoring sites were 
measured for 'H. deuterium (~H), oxygen-I 8 (ISO), and carbon-14 (C I\ In July of2002. DOGM 
requested that additional parameters be measured on a quartcrly basis at spring monitoring sites 
previously selected by the MLNF for laboratory testing. Quarterly monitoring of thc eight 
springs continued from that time through 2004. All springs with measurable flow in the Muddy 
Creek Tract analysis area were monitored for flow and field water quality parameters during the 
spring and fall seasons from fall 200 I through spring 2004. SUFCO has continued to collect field 
measurements since that time from five of the eight springs selccted for intensive measurement. 
Thc geographic locations of all springs in and immediately adjacent to the Greens Hollow tract 
that support measurable flow are included in Figure 4. A dcfinition and discussion of spring 
value is prescnted below in Section 3./.1.8 Ground Water Summary. The results of all flow and 
water quality measuremcnts collccted from springs identified in the analysis area, including the 
SUFCO monitoring data. can bc found in Cirrus (2004b). 

Several springs werc instrumcntcd for mcasurcmcnt of continuous flow including one spring 
(M_SP02) that is located in the Grcens Iiollow tract boundary. Thcsc springs wcre selccted 
following discussions \, ith MLNF pcrsonncl and individuals from the Emery Water Conservancy 
District (EWCD). Following approval by thc MLNF, mcmbcrs of the EWCD installcd t\\ 0 inch 
i nl i ne vortex tlo\\' mcters capable of Illcasuri ng conti nuous fl ow (gpm) at the sclected spri ng si tcs 
during the sUlllmer of 2002. Flow sensors wcre accesscd using remote tclemctry and provided 
30-minute avcragcs of flow rcadings collccted at five-Illinute intcrvals from each spring. Some 
difticulty 'vas cncountercd in maintaining a continuous flow record for each spring as scnsors 
would be pcriodically disturbed by cattlemcn. livestock and wildlifc using the area for grazing 
<llld watcring purposes. Maintenancc of spring flow monitoring locations was discontinued after 
2004 due to v<lndalism of monitoring cquipmcnt. 

Probablc sourcc area for each spring or group of springs \Vas determincd frolll a combination of 
measurcd ficld datil, labol'3tory analysis of \'<ltcr quality samples. and available mapping 
information. Potential inputs included geology. topography, field observations. spring flo\\' rates. 
watcr quality paramcters. and isotopic analysis. Ncarb) springs were groupccl togethcr whcn their 
probable source areas ovcrlapped substantially . M<lny of thc springs appcar to bc topographically 
controllcd with fairly localized sOlll'ce arcas. Based 011 the spring flow rates and watcr quality 
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parameters. an estimate \\ as made of ho\\ far the probable source area extended upgradient above 
the point of discharge. 

2.4.4 STREAMS 

A total of 10 stream monitoring sites were established in and adjacent to the Greens Hollow tract. 
The main stem of Muddy Creek \vas not considered for collection of field data under this project. 
SUFCO established stream monitoring sites in 1982 at two locations on North Fork Quitchupah 
Creek. Monitoring has continued at these locations on a quarterly basis since that time. The 
initial effort to identify stream monitoring locations in the Greens Hollow. Cowboy Creek. and 
Greens Canyon area "vas based upon GIS stream coverage obtained from the MLNF. A total of 
six sites \"ere selected for monitoring including four sites with continuous flow sensors and two 
non-instrumented sites. An effort was made to select monitor locations that appeared to support 
perennial flow and were free of debris jams or bank sloughing. Other factors that were 
considered included channel features such as near-vertical. confining channel banks and linear 
channel segments with high amounts of riffles and few meanders or pools. Flow sensors were 
installed in June 2002 following a field visit with MLNF personnel. Monitoring of the two non
instrumented sites began at this time as well. In July of 2002. DOGM requested that two 
additional stream channel locations be instrumented for continuous flow. These sites were 
established in August 2002. The geographic locations of all 10 stream monitoring sites 
considered in this report are included in Figure I. 

Continuous flow measurements were collected with AquaRod water depth sensors that measured 
water level in a stilling well located adjacent to the stream channel. Data were downloaded fi'om 
each sensor at approximately 6 week intervals throughout the season. At the end of the field 
season, all data were removed from the data logger in each sensor, providing approximately 6 
months of data storage for water measurements collected during the winter months. New lithium 
batteries \vere also installed in each sensor at the end of the field season. 

The relationship between water level (stage) measured by AquaRod sensors and stream discharge 
is defined with a stage discharge curve. This curve was defined with manual readings of stream 
discharge collected during a range of flows. The method used to measure stream discharge was 
dependent upon the flO\v rate occurring in the stream channel during the field visit. An effort was 
made to obtain high-tlo\\ readings during the early spring season in order to provide a more 
accurate stage-discharge curve. Due to the restricted access produced by snow depth, snowmelt. 
and high soil moisture levels in Greens Canyon. the lower portion of Cow-boy Creek, and the 
mine tract area in general, streamflow measurements could not be made until the latter part of 
April through mid-May. As a result the number of high flO\v readings is limited for some sites. 
Stream monitoring sites instrumented with AquaRod sensors were visually monitored for 
significant changes throughout the extent of the monitoring period to identify any changes in 
channel shape that would influence the stage-discharge relationship. No changes of this nature 
\vere observed at any stream monitoring site during the life of the project. A complete listing of 
all data used to develop stage-discharge curves is incl uded in Cirrus (2004b). 

Water quality measurements were collected fi'om (2002-2004) at the six instrumented stream 
monitoring sites four times during the year including early spring as soon as the site was 
accessible, late spring/early summer. mid-sulllmer, and fall. The two non-instrumented stream 
sites and the two stream locations maintained by SUFCO were monitored on a quarterly basis. 
As a result measurements at these sites \I,ere typically collected only three times per year as 
adverse conditions prohibited access during the winter quarter. A complete listing of all \Vater 
quality data collected at stream monitoring sites during the Muddy Creek Tract survey (2001-
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2004) is included in Cirrus (2004b). SUFCO has continued to visit one of the original six 
instrumented monitoring sites on a quarterly basis as well as the t\\O other stream locations they 
maintain (DOG M 2013a). 

A longitudinal profile survey was completed on all of Greens Canyon. and portions of Cowboy 
Creek. and Greens Hollow that \vere either perennial in nature or maintained perennially 
functioning riparian vegetation. Stream channel elevation and distance measurements were 
obtained with a TOPCON total station and recorded with a Trimble datalogger. Survey points 
were typically measured in the channel thal\\eg and usually separated by distances no greater 
than ISO feet. Occasionally this distance was exceeded due to vegetation or topography 
interfering \\ ith the line of sight needed to complete a measurement. Additional efforts were 
made to survey channel elevation at the top and bottom of extreme changes in channel gradient 
such as waterfalls or large debris jams. Following the survey. all measurements were 
downloaded to a CAD viewing program and the false X. Y and Z coordinates associated with the 
original survey were transferred to actual UTM NAD 1927 coordinates. Differences in horizontal 
and vertical coordinates were used to determine channel slope. All data associated with the 
longitudinal profile survey is included in Cirrus (2004b). 

A gain-loss study was conducted on perennial stream segments of Greens Hollow, Cowboy 
Creek, and Greens Canyon during baseline (fall) conditions. During the gain-loss survey, flow 
and water quality measurements were taken at the mainstem of Greens HoIIO\" and a flowing 
tributary to the stream, located near the head\vater area. Flow in this tributary was supported by 
discharge from M_SP04, M_SPOS. and M_SP06 and was the only flowing tributary present 
during base flow conditions. Flow below this point continued in the main stem of Greens Hollow 
to a point approximately O.S miles above the confluence with Cowboy Creek. No flowing 
tributaries were identified along Cowboy Creek or in Greens Canyon. Additiollill flow 
measurements were collected at the established stream monitoring sites including M_STR6, 
M_STR4. and M_STR3. All measurements were taken within a 24-hour time period. Streamflow 
was measured by routing all flow through a three inch PVC pipe and measuring the flow rate with 
a bucket and stopwatch. Water quality samples were collected on the main stem and tlowing 
tributary approximately 2S feet above the point of confluence. A second gain-loss study was 
scheduled for these same stream reaches during 2002. However, continued drought conditions 
during 2002 produced stream flows that were significantly less than those observed during 200 I. 
In order to obtain a greater range of measured flows. the study was rescheduled for 2003. 
Drought conditions continued throughout much of 2003 resulting ill no flowing tributaries to the 
mainstream channels measured during 2001. As a result a gain-loss survey during 2003 was not 
possible. 

A II streams maintaining perennial tlow in the analysis area were mapped during baseline (fall 
season) conditions in 2001 through 2003. Locations where flo\\ started and stopped were 
measured using GPS technology or marked 011 I :24,000 scale USGS quad maps. Due to 
continued drought conditions during the project the extent of perennial flow observed during fall 
of2001 was greater than during any following year. As a result. this coverage \\as used for the 
assessment of impacts on perennial streams. Although no substantial changes were observed in 
the extent of perennial flow between 200 I through 2003. several stream channels that were noted 
to be continuously flowing in fall 2001 became intermittent in fall 2002 and fall 2003 ",ith some 
segments drying up completely. The extent of perennial flow during fall 200 I is sho\\n in Figure 
4. 

A review of historic precipitation and stream flovv data provides some perspective \\-ith regards to 
climate patterns that occur in the analysis area. Annual precipitation totals recorded at several 
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nearby SnowpacK Telemetry (SNOTEL) stations including Buck Flat and Seely Creek. indicate 
that water year 2002 \vas well below the historic (1980-2013) total (USDA-NRCS 2013) and 
water years 200 I and 2003 were only slightl} below average. Average annual flO\vs during 2001-
2004 for Muddy Creek near Emery. Ut were all below the historic (1952-2012) annual average 
flo\v of] 7.5 cfs (USGS 2013). Annual average streamtlow during the 2001 ",:ater year \\ as 33.2 
cfs or approximately 11 percent lower than the historic average. 

2.4.5 FLOODPLAINS AND ALLUVIAL VALLEYS 

The presence oftloodplains and alluvial valleys adjacent to proposed surface facilities located in 
the analysis area were identified from a combination of field reconnaissance and review of 
existing mapping information. Maps prepared by the Office of Surface Mining and Reclamation 
were reviewed in order to determine the presence of alluvial valley floors in the analysis area. 
Additional information was obtained from DOGM pertaining to the amount and volume of water 
contained by unconsolidated alluvial deposits located in the analysis area drainages. including 
Muddy Creek and North Fork Quitchupah Creek. 

2.4.6 RESERVOIRS AND PONDS 

The effol1 to identify reservoirs and ponds in the analysis area included a review of USGS 7.5 
minute topographical maps. aerial photographs. range allotment information. M L NF GIS 
coverages. and consultation with MLNF rangeland resource specialists. No reservoirs were 
identified in the analysis area . Ponds were subsequently field-verified during 2001-2003. 

In July of 2002. DOGM requested a field inventory of all ponds in and adjacent to the analysis 
arca. During the field reconnaissance effort, Ihe lucalitHI uf butll lIalural ponds and stock ponds 
(i.e. constructed ponds) were measured using a Trimble GeoExpiorer3 GPS unit thai is accurate 
to +/- 2 meters in the horizontal plane. Several physical parameters were also measured or 
esti mated for each pond incl udi ng surface area. presence of water. source of water. and maxi m um 
depth capacity. Field reconnaissance information was compiled into a report and submitted to 
DOGM for review. A subset of ponds \vere then selected for quarterly monitoring of water depth 
including three stock ponds in or immediately adjacent to thc Greens Hollow tract. Maximum 
water depth was first determined by measuring the vel1ical distance from (I benchmark placed 
near the discharge channel of each pond, to the lowest point in the impoundment. In order to do 
this. a horizontal plane was established by stretching a leveled string from the benchmark to a 
location directly above the lowest point in the pond. and measuring the vertical difference . 
Subsequent measurements were made on a quarterly basis by completing the same process. 
Additional information on the location of ponds outside of the Tract boundary was obtained from 
M LN F range allotment fi les for the Ferron and Emery grazing allotments. ;\ II data collected 
from ponds is provided in Cirrus (2004b). 

2.4.7 WATER RIGHTS 

Water rights associated with springs and streams in the analysis area were identiiied using \1 ate I' 
rights files. hydrographic survey maps, and GIS information obtained from Utah DWRi . 
Discussion with Utah DWRi specialists indicated that GIS locations of water rights were typically 
estimated and \\ollid likely not correspond precisely with GPS locations of water features. 
Add itional in formation \,\ as obtained from hydrograph ic survey maps regarding the geograph ic 
locations of \\ater rights. A comprehensive assessl1lent of all \\ aiel' rights in the analysis area \\as 
completed using GPS locations of springs. hydrographic survey maps, and GIS information to 
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( determine potential water rights associated with identified water features. A complete listing of 
all water rights and their associated water features identified during the Muddy Creek Tract field 
survey is contained in Cirrus (2004b). A more recent review of all \.\oater rights in the mining 
analysis area boundary identified additional perfected or approved water rights acquired on 
springs and streams during the past 10 years. These additional water rights included 28 held by 
the U.S. Forest Service and I additional water right held by Canyon Fuel Company (Cirrus 2014). 
Additional discussion of existing water rights in the mining analysis area is included below in 
Section 3.1.3. 

2.4.8 DRINKING WATER SOURCE AREAS 

Map coverage of drinking \\ater source areas. including protection zones for surface and ground 
\-vater sources, as well as points of diversion were obtained from the Utah DOW. Although many 
of these areas were located at nearby locations outside of the analysis area. it was determ ined 
these should be addressed due to the potential for indirect impacts to occur. Additional 
information on drinking water source areas was obtained through discussions with surface and 
ground water resource specialists at the Utah DOW. A complete listing of all drinking water 
source areas and their respective protection zones is contained in Cirrus (2004b). More recent 
discussions with the Utah DOW have confirmed these source areas and protection zones have not 
changed since the Muddy Creek Tract survey was finished (Jensen 2013). 

3.0 RESULTS AND DISCUSSION 
This section of the technical report describes surface and ground water resources in the analysis 
area (Section 3. I ) und thcn dctcrm i ncs potential e ffeets of the conceptual III i lie uperal iU11 UII tllese 
resources (Section 3.2). The source of data used to describe existing water resources was 
described in detail in Sections 2.2, 2.3, and 2.4. A description of the alternatives that define 
conceptual mine operations is included in Section 1.3. 

3.1 DESCRIPTION OF THE AFFECTED ENVIRONMENT 

The Greens 1-10110\\' tract comprises an area of about 10 square miles located in the southern 
Wasatch Coal Field, approximately 60 miles southwest of Price. Utah. and about 6 miles 
nort!l\\·est of Emery, Utah. The analysis area is 17.2 square miles including the Greens Hollow 
tract and a 900 foot buffer zone surrounding the tract (Figure 2). Elevations within the analysis 
area range from approxilllately 7,400 feet near Muddy Creek on the east to about 9.700 feet on 
the east flank of White Mountain , located on the west side of the analysis area. The two primary 
streams draining this area are Muddy Creek and North Fork Quitchupah Creek. The Muddy 
Creek watershed above USGS Station 09330500. Muddy Creek ncar Emery. Utah. is 
approximately 108 square miles. The North Fork Quitchupah Creek watershed above the SUFCO 
Mine monitoring station 042 is approximately 24 square III i les. A pproxilllately 10.8 square miles 
(63 percent) of the ana lysis area is contained in the Muddy Creek drainage and 6.4 square miles 
(37 percent) are found in the North Fork Quitchupah Creek drainage. 

Water resources in the analysi s area include springs. streams. and ponds that arc primarily used 
for wildlife and stock watering purposes. There are no registered \vater supply wells in the 
analysis area and grounci \\ aler is only lIsed at the point of surface discharge at springs and seeps. 
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Water yield from upper watersheds, including the analysis area, provides most of the domestic 
and agricultural water needs for the lower valley. 

3.1.1 GROUND WATER AQUIFERS AND SPRINGS 

The ground water baseline assessment provides a description of pre-mine conditions for each 
water-bearing stratulll, including the coal seam, and any potentially impacted strata above and 
belmv the coal seam. Lithology and structure of the analysis area have been described by 
Anderson (2004) and include the Blackhawk. Price River, Castlegate. and North Horn geologic 
formations as \\.e ll as landslide deposits overlaying the North Horn formation. Figure 4 provides 
the locations of springs with measurable fiow and geologic formations within or in reasonable 
proximity to the Greens Hollow' tract. As mentioned previously, Figure 3 depicts the lithology in 
the analysis area. 

The Masuk Member of the Mancos Shale (also known as the Blue Gate Shale Member of the 
Mancos Shale) outcrops along the eastern edge of the Wasatch Plateau, including along the lower 
pOl1ion of Muddy Creek to the east of the analysis area. The Masuk Member of Mancos Shale 
consists of blue-gray shale or silty claystone that weathers light blue-gray to light tan. The unit 
does not feature springs or comprise an aquifer. 

The Mesaverde Group overlies the Mancos Shale and consists of the Star Point S<lndstone, 
Blackhawk Formation, Castlegate Sandstone, and Price River Formation which all contain 
ground water and are capable of transm itting ground water flow. 

The Star Point Sandstone consists of three massive sandstone layers, the uppermost of which 
intertongues .. vith the Blackhawk Formation (Thiros and Cordy 1991). The Star Point Sandstone 
is the lowest aquifer unit that could be affected by proposed mining. The target coal seam 
(Lower Hiawatha) is located near the base of the Blackhawk Formation. The Blackhawk 
Formation is comprised of interbedded coals, sandstones, shale and 1lludstone. Sandstone 
decreases towards the base of the Blackhawk whi Ie the coals are present in the lower part of the 
Blackhawk. The finer-grained rocks in the Blackha\vk can contain abundant s\velling clays 
(Mayo and Associates 1997a). Vel1ical flow is restricted but may occur as unsaturated flow 
along fractures through perching beds (Lines 1985). The target coal and the Star Point Sandstone 
are likely to be saturated everywhere in the Greens Hollow tract but lllay be unsaturated beyond 
the Tract near outcrops at the edge of the plateau and in canyons (Thi ros and Cordy 1991). 
Th iros and Cordy (1991) also note that artesian pressures ranging from 129 to 3 I 5 feel were 
measured in four observation wells completed in the upper Hiawatha coal seam by SUFCO in the 
vicinity of Duncan Mountain . Three other monitoring wells completed in the upper Hiawatha 
coal near the edge of the Wasatch Plateau were found to be dry. Most of the ground water in the 
Blackhawk formation is found in sandstone paleochannels or as localized perched zones above 
the saturated portion of the Blackhawk Formation. Vertical , or hori zontal h)" draulic 
com III unication bet\\ een sandstone channels is prevented by the shale and III udstone layers that 
surround sandstone paleochannels 

Thiros and Cordy (1991) observed lhat ground \\ ater 1100v in the Castlegate Sandstone occurs as 
perched ,vater flowing laterally along bedding plancs in the direction of dip. Ground water flow 
in the Castlegate Sandstone is limited, as indicated by thc occurrence of only one spring 
discharging from thi s formation in the Greens Hollow tract. The Castlegate Sandstone is overlain 
by the Price River Formation, The Price River Formation consists of medium- to coarse-grained 
sandstone, interbedded shale. and some thin beds of conglomerate. Mudstone drapes deposited 
duri ng lo\\,- fio\V periods separate fi uvial sandstones frolll each other both horizonta Ily and 
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vertically (USDA-FS 1999). Siltstones and shales in the Price River Formation \\ere found to 
include 15 percent smectite (swelling) clays (DOGM 1992). It appears that much of the ground 
water recharge for the Price River Formation nows laterally .vhere it discharges as springs and 
seeps. Some ground water nO\\ s vertically into the Castlegate Sandstone, where it is perched 
above the Blackhawk Formation, although only one Castlegate spring occurs in the Tract. 
Vertical flow from the Castlegate Sandstone into the Blackhawk Formation is restricted by shales 
and clays although some vertical movement still occurs as unsaturated now along fi'actures in the 
Blackhawk. 

The North Horn Formation overlies the Mesaverde Group and is the uppermost consolidated 
formation in the Greens HolIO\v tract. The North Horn Formation occurs over a large portion of 
the Tract. Flagstaff Limestone is found at the tops of ridges and mountains \vest of the analysis 
area. The North Horn Formation is considered to be the uppermost unit that could be affected by 
proposed mining because the Flagstaff Limestone outcrop is more than one-half 111 ile to the west 
of the Tract. Unconsolidated deposits formed by weathering and erosion occur as colluvium, 
alluvium and soils. Slumping and landslides associated with clay-rich units in the Price River and 
Not1h Horn Formations also occur further back from the escarpments and can be identified by the 
humlllocky topography. The slumps and landslides vary in size from a few acres to hundreds of 
acres (Anderson 2004). Based on the geologic characteristics of the North Horn and the large 
number of springs and seeps, it appears that most ground water in the North Horn Formation 
moves laterally and ultimately discharges in the form of springs and seeps. Vertical flow into the 
Price River Formation is restricted by shales and clays in the North Horn Formation. Danielson 
and Sylla (1983) found that 90 percent of springs and seeps that were inventoried in coal-resource 
areas in the southern Wasatch Plateau, discharged from the North Horn Formation. The data 
from this study were not sufficient to determine if ground water in the North Horn Formation is 
perched or part of a continuous saturated zone. In eitlwr event, it is clear that shales and clays in 
the North Horn Formation restrict vertical flow of ground water. 

During the spring and fall of 2001-2004 Cirrus monitored all springs with measurablc flow 
locatcd in the Grecns Hollow tract and adjacent areas. A detailed description of monitoring 
efforts is provided in Section 2.4. Location information for each spring along with measuremcnts 
of now and specific conductancc are summarized in Table I. Elcctronic data tiles with field 
IllCaSLll'elllents and water quality analysis rcsults are provided in DOGM (2013a). Figure 5 and 
Figure 6 sho\\ thc range of measurements for nO\\ and spccific conductance, respectively, for 
springs associated with each geologic formation, based on all measurements collected at these 
sites frol11 200 I to 2012. Eight springs were also monitored in thc analysis area on a seasonal 
basis (i.e. four timcs pCI' year) for baseline now and water quality. The rationale for selection of 
these springs is described in Scction 2.3. No monitoring wells were installed for the baseline 
program. although several monitoring \vells have previously bcen installed on nearby coal leases. 
Water level data from these wclls were used where applicable, to support the discussion of 
ground water resources . 

The Utah DWQ is responsible for monitoring water quality or all \vaters of the State and \\ orb 
cooperatively with other agencies to achieve this task. Water quality samplcs collected from the 
eight monitored springs \\ere assessed for compliance \\ ith applicable numeric critcria and 
pollution indicator valucs used by the Utah DWQ. Numeric criteria and pollution indicator 
values have becn assigncd to all water bodies in Utah (including streams, rivers, lakes. and 
reservoirs) with the objective of protecting the highest beneficial use of the water resource. 
Beneficial use categories associated with the analysis area include Class I C (Drinking Water). 
Class 2B (Secondary Contact Recreation). Class 3A (Cold Water Aquatic Life), Class 3C (Non 
game Fish). and Class 4 (Agriculture). 
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\Vater quality of springs and streams is considered dynamic and can exhibit seasonal and 
interannual variations. These patterns can be observed at disturbed sites as well as at locations 
that are considered pristi ne and without anthropogenic in fl uence. Naturally high concentrations 
of some water quality constituents can also occur as water comes in contact with parent materials 
found in Utah and surrounding areas that have high ambient concentrations of certain constituents 
such as saline Mancos Shale. A threshold is used by the Utah DWQ to account for normal levels 
of variation \\<hen water quality samples are evaluated. If less than 10 percent of samples violate 
standards or poll ution indicator values, \\ ater quality is considered [0 fui Iy support the assigned 
beneficial use. If more than 10 percent of samples are in violation, the water body is considered 
impaired and further investigation is warranted. The number of samples and length of monitoring 
required for an evaluation varies according to the water quality parameter in question. 

Samples collected in the fall of 2001 from eight springs were also analyzed for stable and 
unstable isotopes. The unstable isotopes I-IC and 3H were measured to provide esti mates of the 
approximate age or residence time of water issuing from springs, while the stable isotope ratios of 
oxygen (180 /160 repol1ed as 0 180) and hydrogen (~H/H reported as oD) were measured to help 
characterize likely recharge sources and mechanisms for springs and the underlying aquifers. The 
stable isotope ratio of dissolved inorganic carbon ( 11C/ 12C reported as 011C) is typically collected 
to help in the age adj ustment of the carbon-14 results. The isotope analysis results for the 
analysis area springs are included in Figure 7 and are discussed below. 

Tritiul11 is a naturally occurring radioactive isotope of hydrogen that has a hal f-li fe of 12.43 years. 
Tritiulll levels in rainfall dramatically increased above natural background levels starting in about 
1954 as a result of nuclear testing. Tritium is measured in \1 units (TU) and, if detectable, 
provides a qualitative indicator that the ground water has a component of water that recharged 
since about 1954. Because 1/-1 is part of the \-vater molecule, 'II is not affected by reactions other 
than radioactive decay; therefore, '\-I is an excellent tracer of recent ground water recharge. 
Ground water that recharged prior to 1954 will contain I ittle to no 3H. I nterpretation of '\1 results 
are often qualitative due to processes that influence 'II concentrations. Actual -\1 concentrations 
could be the result of I) recent low-concentration recharge, 2) older "bomb" '\-I that has decayed 
to the measured levels, or 3) a III ixture of young and old ground water. 

Carbon-14 pl'Ovides information regarding the number of years that have elapsed since the ground 
water recharged. A direct estimate of age from the I~C analysis overestimates actual age due to 
geochemical processes in ground water flow that act to reduce concentrations of I-IC and make the 
water appear older. Some of the processes that act to reduce I~C include reactions with carbonate 
and silicate rocks. sulfate reduction, and methanogenesis. 

Carbon-13 ('-'C), a naturally occurring stable isotope of carbon. is sometimes used in conjunction 
with chemical and mineralogic data to evaluate chemical reactions that occur in aquifers and to 
adjust ages determined from I.IC analysis. These chemical and mineralogic reactions may add 
carbon that does not contain I.IC to the dissolved phase or remove carbon that may contain I~C 
from the dissolved phase. Carbon-13 data are expressed ill delta notation (8) as per mil (parts pCI' 
thousand) differences relative to the ratio of "c to I~C in a standard Peedee belemnite (POB) 
reference. The large range of 8 J1C in various carbon reservoirs is largely a result of carbonate 
geochemistry and isotope selectivity by bacteria. 

Understanding the distribution of isotopes in the carbon cycle begins with carbonate 
geochemistry. Soil \\ater typical I) exhibits a 8 J1C in the range of -22 to - 24 due to CO~ 
generated from decaying vegetation. Reactions of CO2 with carbonate rocks act to enrich I'C or 
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increase the is I'C to a level of about - 12.7 expected for an equilibrium \vith calcite at a pH of 
about 7.6 (Clark and Fritz 1997a). Further I~C enrichment can occur at higher pH and with 
dissolution of dololll ite. The 8 I'C observed at most of the anal) sis area spri ngs was ill the range 
of - 12.6 to -10.8. Carbon-13 results have been used to try and adjust I~C ages . HO\\ever. the 
corrections result in over correction to the I~C ground \\ater age because of insufficient 
information to model reactions that add or remove carbon from ground water along flow paths 
that represent different geochelll icahettings in the analysis area. The corrections \\ ere based on 
the assumption that the presence of dissolved carbonate species originated from calcite 
dissolution along lhe flowpath and is presumed to be I~C free. Both the North Hom and Flagstaff 
formations are comprised of significant amounts of limestone. Add itionally. secondary calcite 
cements are typically found in sandstone. siltstone, and shale formations. The dissolved 
inorganic carbon (DIC) isotope ratios (ouC) typically increase as carbonate is dissolved and result 
in a dilution factor of approximately 85 percent (Clark and Fritz 1997a). Dilution calculations 
\,ere carried out using the Ol-'C values. The equation lIsed to calculate the dilutions is based on 
the measured DIC ODC values measured frol11 field samples and empirical (51'C values for soil 
CO2 (-14 to -23 %0) and calcite (0 %0) available for dissolution (Equation I). Comlllon values 
used in Equation I including (51 .1C values for soil CO2 and calcite are found in Clark and Fritz 
(1997a) However, these values may not reflect values that correctly represent the hydrogeologic 
system in the Greens Hollow tract. Reviewing the oUC of soil CO2 values as a function of pH 
indicates a value closer to -15 %0 with pH values near 7.5 (Clark and Fritz 1997b). The results 
indicate the potential for dilution from I~C free carbonates is easily attributable to less than 100 
percent modern carbon (PMC) associated with the samples. The amount of error in this type of 
analysis and lack of sufficient data make it difticult to determine exact values. 

Equation I 
a11(' _al'e 

dilulion = . /)f( ' • ""·'''''IC''.' 
",1 .,(, ",1 .,( , 
o .\'011- ( '()1 -0 ' cur/JOJWfl' 

Tritium and IIC ,vere also used previously to evaluate mean residence time (age) of ground water 
in the Pines Tract Area and the SUr-CO Mine area, Based on comparison of the IIC and 'H 
compositions in SUFCO Mine ground \\atcr with near-surface ground water. it \\as determined 
that a hydrologic disconnect exists between near-surface ground water systems and ground water 
systems encountered in the SUFCO Mine (Mayo and Associates 1999). Ground water inflows 
collected in the mine have mean ground watcr residence times of7,000 years to 20.000 years and 
contain no ' H, while near-surface ground waters have modern IIC and abundant concentrations of 
-'H, Carbon-14 and 'H data \\-ere collected from nine springs and t\\-o creek segments in the Pines 
Coal Lease Tract (Mayo and Associates 1998). Abundant \\ and anthropogenic IIC content in 
ground \\-aters discharging from the Castlegate Sandstone ind icated that ground \\ ater at these 
springs recharged during the last 50 years. Two of the Blackhawk Formation springs also had 
consistent modern isotopic contents, The three other Blackhawk Formalion springs that \\ere 
sampled showed small amounts of 'H (0.08-0.74 TU) and indicated uncorrected radiocarbon ages 
of 500 years to 4.000 years, The apparent inconsistency in these results was attributable to the 
dilution by IIC free carbonate dissolution as indicated by (5I'C values for DIe. Due to a lack of 
data. mixing of older and modern ground waters discharging from these springs cannot be ruled 
out as a possible reason for the ciiscrepanc). 

For qualitative evaluation. the ' H and IIC measured fl'Om springs in the Greens HoIIO\\ tract are 
plotted in Figure 8, These results sho\\ that water issuing from most springs in the analysis area 
contains ' 1-\ anci is considered to be of relatively recent recharge despite having unadju sted IIC 
ages ranging from zcro to 1.910 years. A Ithough measurements of unadj usted IIC could renect 
mixtures of older ground \\atcr it is typical for dilutions of 85 percent to occur due to carbonate 
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dissol ution and is most I ikely the reason for 10\\ er than 100 percent pmc carbon val ues. 
However. the \\ater issuing frolll Price River Formation spring M_SPI8 is much older than 
ground water issuing from the other springs based on the absel~ce of 3H and the older unadjusted 
I~C age of 1.910 years. 

The stable isotopes of hydrogen (H) and oxygen (180 ) are naturally occurring components of 
\\ ater in the hydrologic cycle. The ratios of 2H/H and 180 / 1('0 change during evaporation and 
condensation. These ratios also change during ground water transport through the process of 
mixing and dispersion with other water sources. Interpretation of changes in isotope ratios in 
ground water can help identify flow paths and recharge sources. The stable isotope ratios of 2H/H 
and ISO;'60 in \\'ater samples are expressed in terms of per mille difference (0 %0). with respect to 
an international standard for Vienna Standard Mean Ocean Water (VSMOW): 

Equation 2 o %0 = {(R sample/R vsmo\\')- 1 } xl 000 

where R is the isotope ratio 2H/H or 180 / 160. A sample which has a 8 180 of -15 has an ISO 
content of 0.015 less than that of the reference standard. VSMOW. Evaporation changes the 
isotope composition, as the lighter molecules of water, H/'O, are more volatile than the heavier 
water molecules containing the isotopes lH and 180 . Thus, water vapor that evaporates from the 
ocean at 25 DC features a 8 %0 of 180 of -9.3 and a 8 %0 of 2H of -76 (Clark and Fritz 1997b). 
When the atmospheric \vater condenses, the heavier \vater molecules condense first leaving the 
residual atmospheric \",ater vapor more depleted in 2H and ISO. Since the degree of condensation 
increases at 100ver temperatures. variations in the isotope contents of precipitation are primarily 
due to temperature effects. The 8 %0 for 2H and the 8 %0 for 180 in precipitation are 'highly 
correlated. A plot of this correlation is referred to as the global meteoric water line, a generic line 
(8 )H = 8 * 8 180 + 10) developed by Craig (1961). Values along the meteoric water line 
indicate changes due to condensation temperature of precipitation. This usually matches 
precipitation quite well for coastal areas, but for precipitation in continental interior locations and 
arid climates, the intercept usually increases while the slope usually remains at eight. 

Evaporation processes and sublimation of snow also result in changes in the isotope ratios after 
precipitation reaches the land surface. Water in lakes and rivers may become enriched in heavy 
isotopes through evaporation. Evapotranspiration also increases the heavy isotopes in ground 
water recharge. The isotopic composition of ground water changes through mixing. dispersion 
and dissolution of oxygen based minerals. If areal recharge is the main component of ground 
water flov\, the isotopic composition of ground water corresponds to the average composition in 
areal recharge. Likewise. if recharge from a surface water body is the main component of ground 
water flo\\, then the isotopic composition of ground water will correspond to the average isotopic 
composition in the water body as long as there is no significant increase in dissolved ions. Stable 
isotope analyses can also be used to assess the contribution of cool and warm season precipitation 
to the recharge budget. and to evaluate the timing and extent of evaporation during recharge. For 
example. cool season precipitation in the Sierra Nevada Mountains (mostly sno\\ fall) has an 
average deuterium value that is 40 to 70 pennillighter than average summer rainfall (Rademacher 
et al 2002). 

The 8 %0 for 21l and the 8 %0 for 180 for each sampled spring are plotted in Figure 9. Without 
analysis of the 8 %0 for 2J-j and the (5 %0 for IRO measurecl in precipitation at varioLis times of the 
year. it is not possible to determine the local meteoric water line for interpreting the spring 
results. The global meteoric water I ine from Craig ( 1961) and the local meteoric \\ ater line for 
sno\\ in Yellowstone are shown on Figure 9. Deviation to the right of the meteoric water line 
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indicates the relative extent of enrichment of I~O due to evapomtion of water and sublimation of 
snow. Deviations to the left of the local meteoric water line are less coml11on but could occur as a 
result of recharge of ground \\ ate I' from snow that includes a water component frolll condensation 
on cold snm\ surfaces or from earlier climates that had a different local meteoric \vater line. 

The results in Figure 9 show varying degrees of evaporation or sublimation influences at most of 
the springs. The results for spring M _ SP08 and M _ SP 18 are sl ightly right of the local meteoric 
wafer line for sno\\ in Yellowstone. indicating that evaporation or sublimation intluences may 
have been minimal for the recharge sources for these springs. The resuits also sho\\ that the 
water issuing frolll springs in the analysis area are predominantly recharge that originates from 
sno\v. with perhaps slight but varying degrees of contribution from warm period precipitation. 
The water isotopes also show no 'H in M_SPI8 and less I.'e. indicating older ground water. The 
apparent age based on '~C may not be as old as indicated in Figure 8 due to dissolution of 
carbonates that are low in I~e. The water isotopes from M_SP 18 also sho\\' relatively depleted 
values when compared to the other springs (M_SPO!. M_SP02. M_SP04. M_SP07. M_S P08, and 
M_SPI4) indicating a potentially colder temperature at the time or area of recharge. This could 
be related to a different time period with a cooler temperature or water from a different recharge 
area of colder temperatures. 

3.1.1.1 Springs and Ground water in the Flagstaff Formation 

The Flagstaff Limestone is the uppermost consolidated formation near the analysis area. located 
west of the analysis area boundary. The spring and seep survey for the Greens Hollow project 
found no ground water issuing frol11 the Flagstaff Formation. 

3.1.1.2 Springs and Ground water in the North Horn Formation and Landslide Deposits 
Overlying the North Horn Formation 

The majority of the springs identified in the analysis area were issuing from the North I-lorn 
Formation. The North Horn Formation is estimated to be up to 1,490 feet thick in the analysis 
area based on the geologic report by Anderson (2004). No drilling in the area has penetrated both 
the upper and lower contacts of the formation. The shaley nature of the formation and its 
occurrence at higher elevations that receive more precipitation makes it vulnerable to mass 
movement. slope failures. and landslides. The shales and clays of the North 1·lorn Formation 
serve to retard the vertical flow of water causing ground Ivater to move horizontally along 
bedding planes or through fractures. It is uncertain whether ground water aquifers in the North 
Horn and Upper Price River Formations are continuously saturated or whether unsaturated zones 
occllr beneath perched saturated zones. Indications of extensive unsaturated horizolls in the Price 
River and Castlegate Salldstone in drill-holes and wells in the adjacent sur"co Mine and Pines 
Lease Tract. as repolied in the Pines Tract EIS. suggests that perched ground water conditions are 
likely. [n any even!. it is clear that the clays and shales in the North I lorn and Price River 
Formations severely restrict vertical flo\\ of ground water to deeper units in the analysis area as 
indicated by the large number of springs in these units and the occurrence of only olle spring. 
M_SP87. in the underl) ing Castlegate Sandstone. 

The springs in Figure 5 appear to have no preference as to slope direction. Ancierso n (2004) 
observed a similar lack of pattern for the location of landslides and slumps relative to slope 
directions. The diameter of the circles associated 1\ itll each spring in Figure 5 shows the Ilo\\' 
range for both maxillluill and minimulll flows measured during the baseline mOil ito ring period. 
Most of the springs iss uing frol11 the North Horn Formation \\ere either seasonal springs 
exhibiting very 10\\ flows during the late summer and fall or exhibited very 10\\ flo\\' throughout 
the year. As mentioned above in Section 2.4.4. a rcviel\ of annual strealllflO\\ from Muddy 
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( Creek and precipitation levels recorded at nearby SNOTEL stations, indicate that water year 2002 
(October 1.200 I through September 30.2002) was well below historic averages and in the Imver 
tenth percentile of historic annual precipitation totals (USGS 2013. USDA-NRCS 2013). 

Monitoring results for field parameters for the North Horn Formation springs are summarized ill 
Table 2. These results are compared with relevant water quality standards for surface waters 
located ill the analysis area. These standards are found in R317-2. Utah Administrative 
Code(UAC). The Utah DWQ has classified surface waters in the analysis area as: 

I C - raw \vater source for domestic water systems 
• 28 - protected for secondary contact recreation. 

3C - protected for nongame fish and other aquatic Ii fe 
4 - protected for agricultural uses including irrigation and stock watering. 

The relevant water quality criteria for field parameters in surface water in the analysis area are: 
6.5 > pH < 9; temperature < 2T C: and dissolved oxygen > 3.0 mg/1. It should be noted here that 
the 3C beneficial use classification is used for springs in preference to class 3A - cold water 
aquatic life. Generally speaking. the 3C classification is considered to protect forms of aquatic 
life that include nongame fish as well as non-fish aquatic species such as amphibians and 
macroinvertebrates. This assessment assumes that the topographical locations and discharge rates 
from springs in the analysis area would not support fish populations. therefore measured water 
quality parameters from springs are compared to the 3C classification. 

The results in Table 2 show that \vater from all North Horn Formation springs meets the relevant 
pH and temperature criteria but that many of the dissolved oxygen values do not meet relevant 
water quality criteria. This is not unexpected. because the spring water is derived from ground 
\vater that is typically very low in dissolved oxygen. 

North Horn Formation springs M_SP04. M_SP07, M_SPOS. and M_SPI4 were also sampled for 
water quality analysis as well as monitored for field parameters. Monitoring results from 
individual springs are described belO\v. A summary of the laboratory analysis results for all four 
of the North Horn Formation springs is included in Table 3, which provides a comparison with 
relevant water quality criteria for inorganic constituents and dissolved metals. The relevant 
aquatic criterion for ammonia nitrogen depends upon temperature and pH and the relationship is 
tabulated in R317-2. LJAC. Monitoring of total manganese and total iron is required by Utah 
DOGM rules, although there is no Utah \\·ater quality standard for either of these parameters. 

The Table 3 results sho\\ that all North Horn Formation Springs and the springs issuing from 
landslide deposits overlying the bedrock of the North Horn Formation generally meet the relevant 
criteria and pollution indicator values associated with each constituent. Occasional violations of 
the Class I, Class 3. and Class 4 criteria were noted at two springs for arsenic (one violation) and 

' seleniulll (1\1/0 violations). All violations occurred on the same sample date. The remaining 
measurements of arsenic and selenium are wetl below numeric criteria. It is assullled the limited 
number of\\ater quality violations observed at these springs are within the normal range of\vater 
quality variations ancl clo not indicate impairment. The results shown in Table 3 provide a 
baseline for comparison \\ ith \\ater quality monitoring results obtained in the future. 

Spring M_SP04 issues frolll the North Horn formation in a small drainage to the south of Greens 
110110\\', on the \\est side of the Tract. The slope above the spring appeared to be stable with no 
indications of slumping/soil movement. Time series plots of flo\\', field parameters. and StitT 
diagrams of major ion chemistry for this spring are provided in Figure 10. These results shO\\ 
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modest seasonal fluctuation in flO\v and ti eld parameters. Flows ranged from less than I gpm to 
about 3 gplll. Specific conductance ranges from about 380 to 930 uS/c m and did not appear to 
correlate with the measured flow rate. The spring water is a mixed cation bicarbonate water with 
sodium being the dominant cation. It exhibits consistent ion chcmistry that does not change with 
flow or specific conductance. 

Spring M_SP07 is located on the boundary of the Greens Hollow tract and issues from the base of 
the NOl1h Horn Formation near the outcrop of the Price River Formation. Water from this spring 
flows from the base of a slump down to a \\-ide, flat-bottomed drainage swale connected to 
Cowboy Creek. This \vater forms a small wet pocket at the bottom of the drainage but does not 
reach Cowboy Creek. Time series plots of flow, field parameters, and Stiff diagrams of major ion 
chemistry for this spring are provided in Figure II. These results show slight seasonal fluctuation 
in flow and tield parameters. Flows generally ranged from about 0.2 gpm to about 0.6 grm, 
although a flow of 1.14 gpm was measured on June 20, 200 I. Specific conductance ranged from 
about 440 to about 880 uS/cm and did not appear to correlate with the measured flow rate. The 
spring water is a mixed cation bicarbonate water. It exhibits consistent ion chcmistry that does 
not change with flow or specific conductance. 

Spring M _ SP08 issues from the North Horn Formation and is located toward the south east 
portion of the Tract. This is a developed spring that feeds a spring box and a cattle trough. Time 
series plots offlow, field parameters, and Stiff diagrams ofm~or ion chemistry for this spring are 
provided in Figure 12. These results show seasonal fluctuation in flows. Flows ranged frolll 0 to 
about 1.2 gpm. Specific conductance and conductance ranged from about 330 to about 1,000 
uS/cm and did not appear to correlate with the measured flow rate. The spring water is a mixed 
cation bicarbonate water. 

Sprillg M_SPI4 is located Ilear tile i1ead ofCO\vboy Creek to the west of the Greens Hollow tract. 
Spring M_SPI4 is developed for water supply and supports a spring box located about 50 feet 
downstream from the source and a cattle trough. located abou1 250 feet down slope . Water from 
the spring and overflo\\ from the trough, flow do\Vn into small tributary drainages of Cowboy 
Creek. Time scries plots of flow, field parameters, and Stiff diagrams of major ion chemistry for 
this spring are providcd in Figure 13. The discharge is highly variable and seasonal with high 
flow rates noted in Mayor June of 200 1. 2003, and 2004 and discharge drying up in thc fal I of the 
year. The maximum discharge rate noted was 61.4 gpm in May 2004. Specific conductance 
ranged from about 300 to about 540 uS/CI1l with the 10\ver specific conductance corresponding 
with thc higher flow rates. The spring water is a calciul1l bicarbonate water which did not vary 
among the samples collected. 

3.1.1.3 Springs and Ground water in the Price River Formation and Landslide Deposits 
Overlying the Price River Formation 

The lithology of the Price River Formation is genetically similar to the underlying Castlegate 
Sandstone but the formation contains finer-grained clastics or more shale and si Itstone, with 
minor conglomerate. The unit is semi-resistant and generally a slope-former (Anderson 2004). 
Like the NOl1h Horn Formation. the outcrop of the Price River Formation is susceptible to 
slumping and landslides due to thc occurrence of shales and cia) s. 

Laboratory measurements of spring discharge from the Price River Formation are summarized in 
Table 4 and compared to relevant \\ater quality standards. Figure 5. Figurc 6, and the sUlllmary 
in Table 2 sho\\ that springs issuing from the Price River Formation generally exhibit higher 
levels of specific conductance and lower flO\v rates as compared to the springs issuing from the 
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North Horn Formation. Table 2 results also sho'w that water from all Price River Formation 
springs meet the relevant criteria for pH and temperature but do not meet relevant criteria for 
dissolved o:~ygen. The low dissolved oxygen vslues are to be expected as groLind \\ater is 
typically very low in dissolved oxygen. 

The highest flow from Price River Formation springs was observed st Spring M_SP02. Price 
River Formation Springs selected for baseline water quality analysis included Springs M_SPO I. 
M SP02. M SPI 8. and M SP39. 

Spring M _ SPO I is located along Greens Hollow. at Rough Brothers csbin. The spring was 
developed sometime during 1930-40 and has been used for culinary and irrigation purposes at the 
cabin since that time. Di sc ussions held \\ ith the owner of the cabin during the Muddy Creek 
Tract survey, indicated thst flo\v from the spring has been steadi Iy dropping from 1999- 2004 due 
to drought conditions. Time series plots of flow. field parameters. and Stiff diagrams of major 
ion chemistry for this spring are provided in fo'igure 14. These results show slight seasonal 
fluctuation in flow and field parameters. Flows generally ranged from about 0.2 gpm to about 0.9 
gplll. Specific conductance ranged from about 435 uS/c m to slightly over 900 US/C lll and did not 
appear to correlate with the measured flow rate. The spring water is a mixed cation bicarbonate 
water with calcium being the dominant cation similar to Spring M_SP02. It exhibits consistent 
ion chemistry that does not change with flow or specific conductance. 

Spring M_SP02 is located near the Greens Hollow stream crossing and provides water for a cattle 
trough located about 100 feet to the east and eventually for pond Pl. Time series plots of flow. 
field parameters, and Stiff diagrams of major ion chemistry for Spring M_SP02 are provided in 
Figure 15. The Emery Water Conservancy District (EWCD) is also monitoring flo\V at this 
spring. The daily flow summaries for the time period frolll July 3. 2002 through November 14, 
2003 are also plotted in Figure 15. These results show some differences between the continuous 
flow measurements by the EWC D and the seasonal manual flow measurements taken st the time 
of sampling for baseline characterization for this study. As discussed previously. some of the 
discrepancy Illay be explained if the EWCD flow monitors are not capable of detecting low flows. 
However, at this location. a zero flow was reported by the EWCD gauge on May 20. 2003 while a 
flow measurement of 6.86 gpm was recorded at the spring box. On the same date. a flow 
measurement of 0.57 gpm was recorded by Cirrus at the pipe entering the cattle trough. which is 
the same location as the EWCD gage. The EWCD meters may have also been disturbed by ranch 
hands during maintenance of the spring box and cattle trough. Manual flow measurements at this 
spring suggest seasonal fluctuations with flows ranging from 0 to about 13.4 gplll. Specific 
conductance is fairly constant at this spring and ranges from 469 to 499 uS/cm for the 2001 to 
2004 with speci fic conductivity increasing to the 800 uS/cm range for measurements in 2006 and 
2007. with no correlation with 110w rates. The spring water is a mixed cation bicarbonate water 
\\ith calcium being the dominant cation. It exhibits consistent ion chemistry that does not change 
with flow or specific conductance. 

Spring M _ SP 18 is a developed spring located at the south end of a \vide, gently sloped tributary 
to Muddy Creek. The spring box is heavily corroded. Its outlet appeared to be plugged or 
partially plugged during some of the sam pling visits and \\ater inside the spring box looked 
stagnant. At one lime. this spring box ,vas connected to a cattle trough. During the Muddy Creek 
Tract survey. the linc was broken just belo\\ the cattle exciosure surrounding the spring box . 
Another large cattle trough located approximately :y. mile north of the spring may have also been 
filled by this same spring. It was dry during the baseline monitoring period. Time series plots of 
flow. field parameters. and Stiff diagrams of major ion chemistry for this spring are provided in 
Figure 16. These results show seasonal fluctuation in discharge with 110ws ranging fi'olll 0 to 
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about 0.5 gpm. Specific conductance ranged from 726 to 1,435 US/Clll and did not appear to 
correlate with the measured flow rate. The spring water is a mixed cation mixed anion water. 
The changes in specific conductance and changes in anion composition observed at this spring 
may be due to the poor condition and maintenance of the spring box, including the corroded 
condition, stagnant water, and dead animals that were occasionally found in the spring box. 

Spring M_SP39 is located in the Greens Hollow tract, adjacent to CO\\boy Creek. It is developed, 
with a series of three spring boxes. The top spring box is disconnected and does not appear to be 
nO\\ing anymore (water in the spring box appeared to be stagnant). The middle spring box 
discharges into the lower spring box, which discharges into Cowboy Creek. Time series plots of 
now. field parameters, and Stiff diagrams of major ion chemistry for this spring are provided in 
Figure 17. The EWCD has monitored flow at this spring. The daily flow summaries for the time 
period from July 3. 2002 through November 14,2003 are also plotted in Figure 17. These results 
initially show good agreement with the manual measurements, ,,,ith discrepancies starting to 
appear in November 2002. As noted, some discrepancy may be explained if EWCD flow 
monitors are not capable of detecting low nows. Furthermore. the initial agreement between 
manual and instrument measurements followed by a period of disagreement seems to indicate 
tampering by humans. The manual measurement results show large seasonal nuctuation in flows. 
Flows ranged from 0.27 to 4.66 gpm. Specific conductance ranged from 573 to 1,035 US/Clll 
with higher values occurring at the lower measured now rates. The spring water is a mixed cation 
bicarbonate water. 

Laboratory analysis results for all four Price River formation springs are compared with the 
relevant water quality criteria for inorganic constituents and dissolved metals in Table 4. These 
results show the Price River Formation springs that were sampled for baseline water quality 
generally met all relevant criteria for all constituents except for slight exceedances of arsenic. 
cadmium, lead. TDS, and zinc 

Arsenic exceeded the I C standard of 0.0 I mg/I for one of six sample dates at two spring 
monitoring sites. Factors contributing to a higher concentration on this date (November 2002) are 
not known at this time. However. it is assumed these violations do not characterize typical 
nuctuations in water quality from these springs. All other measurements from these springs were 
well below the I C standard. As a result, it is assumed these violations do not represent \vater 
quality impairment. 

All measurements of cadmium and lead were below the Method Detection Limit (MOL) used to 
measure each sample including 0.005 mg/I and 0.07 rng/L respectively. Due to the slight 
differences between \\ater quality standards and the laboratory's MOL for each parameter. it is 
not possi ble to determ ine if these measurements exceed the associated 1 C. 3A and 3C standards. 
However, based on local knowledge of geology, soil, and land use/development in the analysis 
area, it is likely that water chemistry at these sites generally reflects natural conditions. is not a 
danger to animal or human health. and is in support of the assigned beneficial use. 

Measurements of TDS and zinc both had single measurements that exceeded water quality 
standards including a TDS measurement of 1.214 Illg/1 collected from Spring M_SP39 on Ma) 
12.2004 and a zinc value of 0.13 mg/I collected from Spring M_SPO I on October 7. 2003. It is 
assumed these single violations do not indicate watcr quality impairment at either spring. 
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3.1.1.4 Springs and Ground water in the Castlcgatc Sandstone 

The Castlegate Sandstone forms a steep cliff escarpment along most st ream valley segments of 
Muddy Creek. Box Canyon. and Greens Canyon. This unit is between 195 and 326 feet thick. 
with an average thickness of 239 feet (Anderson 2004). Near cliff exposures and in stream 
bottoills. the Castlegate Sandstone becomes friable due to the dissolution of the carbonate cement 
thus becoming more capable of supporting active ground water systems (USDA-FS 1999). 

Spring M_SP8 7 is the only Castlegate Sandstone spring identified in the Greens HoIIO\\ tract. It 
issues from the base of an overhanging cliff at the contact with the Blackhawk Formation at an 
elevation of about 250 feet above the south side of Muddy Creek. Flows at this spring ranged 
from about 2.2 to about 3.1 gpm with little seasonal fluctuation. Specific conductance ranged 
from 627 to 1.277 uS/c m \\ith no correlation with the flow rate. Spring M_SP87. like other 
Castlegate Sandstone springs in the Muddy Creek Tract analysis area and Pines Coal Tract. issues 
from the base of the sandstone at the contact with the Blackhawk Formation , where the 
occurrence of abundant swelling clays serves to impede downward movement of ground water. 
causing lateral movement. Structure appears to influence ground water flow in the Castlegate 
Sandstone in the Muddy Creek Tract analysis area as all of the springs are located on the east or 
southeast side of the canyons, as would be expected for ground water following the dip slope. No 
springs were found to issue from the Castlegate Sandstone in Greens Canyon. This suggests that 
either the recharge area between Greens Canyon and Box Canyon is insufficient to sustain ground 
\\-ater flow in the downdip direction in the Castlegate Sandstone or that an absence of shales and 
swelling clays in the upper part of the I3lackha\vk Formation in this area does not allow ground 
\\ater levels to rise sufficiently to sustain spring flows. 

Ground water issuing from spring M_SP87 exhibits much higher levels of specific conductance 
than Castlegate Sandstone springs located in Box Canyon that were measlll'ed during monitoring 
of the Muddy Creek Tract. Spring M_SP87 also exhibits a somewhat higher pi I that is similar to 
the Price River Formation. These results. together with consistent flow from the spring, suggest 
that recharge for the spring passes through the Price River formation. Spring M_SP87 is located 
near the mouth of an unnamed tributary to Muddy Creek. It is likely that mLich of the recharge for 
this spring occurs along this strealll valley . 

3.1.1.5 Springs and Ground water in the Blackhawk Formation 

The average thickness of the Blackhawk Formation in the analysis area is 825 feet with a 
minimulll thickness of 714 feet. The mineable coal is found in the lower quarter of the formation 
(Anderson 2004). The sandstone units become more separated and isolated towards the base of 
the I3lackha""k. The interbedded claystones. siltstones. and sandstones of the Wasatch Plateau 
are rich in swelling clay minerals of the montmorillonite or smectite group. Material from the 
I3lackha\\ k Formation was exam ined by X-ray diffi'action and found to contain an average 0 r 24 
percent smectite. a s\velling clay. (DOGM 1992) These swelling clays decrease the vertical 
hydraul ic conductivity, \\ hich impedes the vertical flow of ground water in the Blackhawk 
Formation. No springs issuing frol11 the Blackhawk Formation \\ere noted in the analysis area. 

3.1.1.6 Springs and Ground" atcr in the Sta r Poin t Sandstone 

The Lipper Star Point Sandstone consists of three massive sandstone layers (USDA-FS 1999); the 
lower Star Point Sandstone is an upward prograding sequence of thin sandstones. siltstones, and 
shales. \\hich intertongue with the underlying Masuk Member of the Mancos Shale (USDA-FS 
1999). The Masuk member of Mancos Shale acts as a low permeability base or boundary such 
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that Star Point Sandstone is the lowermost ground water bearing bedrock formation evaluated in 
this study. The Muddy Creek Tract spring and seep survey found no ground ,,'ater issuing from 
the Star Point Sandstone. including the Greens Hollo'v\ tract. As discussed in Section 2.2. Thiros 
and Cordy (1991) conducted a gain-loss study of North Fork Quitchupah Creek that found an 
increase in flows where the creek crossed the Star Point Sandstone outcrop. The Pines Tract EIS 
determined that recharge of the Blackhawk formation and underlying Star Point Sandstone is 
quite low and occurs primarily in the vicinity of the outcrops (USDA-FS 1999). 

3.1.1.7 Gmund water in Alluvium 

Thin alluvial deposits are found along the bedrock-dominated channels in the canyon bottoms. 
Mapped alluvial deposits occur along Muddy Creek below Box Canyon. east of the analysis area. 
Muddy Creek does have a floodplain and unmapped alluvial deposits along most of the stream 
channel in the analysis area. Although ground \vater undoubtedly occurs in the alluviul1l of 
Muddy Creek , ground water levels would vary seasonally with flows in the creek. Ground water 
in the alluvium does not support any direct use for wells. However, the alluvium likely serves to 
store surface runoff water during high flows and release water as level s in the creek drop. helping 
maintain perennial flow in the lower portions of the Muddy Creek Canyon. Muddy Creek's 
gradient, as measured from the USGS 7.S-minute topography, averages about 3 percent in this 
area. 

The Office of Surface Mining and Reclamation (1985) has prepared reconnaissance maps to 
assist in identifying Alluvial Valley FloOl"s for the coal regions of central Utah. These maps show 
no subirrigated alluvium or potentially flood irrigable alluvium in the analysis area. 

The Utah DOGM has also made a negative determination on the existence of unconsolidated 
stream laid deposits holding streams and sufficient water to support agricultural activities in the 
SLJFCO Mine Plan Area and adjacent area. This area and determination includes Muddy Creek 
and the North Fork Quitchupah Creek. 

3.1.1.8 Ground water Summary 

The general pattern for ground water flo\\' in the vicinity of Greens Hollow is from recharge areas 
at the higher topographic elevations to disc harge areas at the 100,\er topographic elevations along 
the stream valleys. Of course, the site geology controls the patterns, pathways and rates or 
ground water flow. Ground water recharge and discharge is localized in the North Hom and 
Price River Formations. These geologic units contain the majority of springs found in the 
analysis area. The location of springs has no apparent relationship with geologic structure and no 
preference as to the slope direction. It is apparent that clays and shales in the North 110rn and 
Price River Formations restrict vertical flow of ground water to deeper units in the analysis area, 
causing the springs to appear at higher topographic positions. 

Geologic structure appears to influence the location of springs issuing from the Castlegate 
Sandstone. Spring M_SP87 is the only Castlegate Sandstone spring, in the Greens lIollow tract. 
This spring is located south of Muddy Creek on the north si de of the coal tract and exhibits much 
higher specific conductance than the other Castlegate Sandstone springs located east of the 
analysis area in the Box Canyon drainage and a somewhat higher pH that is similar to the Price 
River formation, These results , together \\ ith the consistent flmv of the spring, suggest the 
recharge for this spring passes through the Price River Formation. Spring M _ SP87 is located 
near the mouth of an unnamed tributary to Muddy Creek and it is likely that much of the recharge 
for this spring occurs along the stream valley. 
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No springs were identi fied that disc harge fro111 the Blackhawk Formation in the Greens Hollow 
tract. 

The assessment and discussion of measured flows in the above sections is not meant to assign 
significance or importance to certain springs based on discharge voluilles or length of flmv. All 
springs in the analysis area are considered important. However. some springs can be considered 
to have a higher value as a result of investments in development or due to the support provided by 
these springs to dependent ecosystems. Systematically identifying the values associated with 
individual springs can provide guidance for mine plan development and/or mitigation measures. 
While it is unlikely that mining developments can occur in a way that would avoid all springs. 
some knowledge of the value of individual springs could be used to design a practical mine plan 
\\-ith a relatively high probability of minimizing impacts on high value springs. Springs located 
adjacent to wetlands are a significant source of water to vegetation and wi Idlife that util ize these 
areas as primary or secondary habitat. Improvements to livestock management can result 
following spring development as animals are drawn to troughs located away from fragile areas of 
ground water discharge. Springs located in upgradient source areas for wetlands and riparian 
corridors can be some distance away. yet still provide seasonal or perennial flows that support 
these features. The following factors were used to define the value of each spring in the analysis 
area. 

High Value: Springs that are located within 25 feet of wetland areas, provide surface 
tributary flow to the adjacent wetland, or developed in support of human or livestock use. 

Moderate Value: Springs located within 500 feet of wetland areas or riparian corridors. 

Unknown Value: Springs not classified as High or Moderate Value. 

Table 5 and Figure 4 indicate the classification of each spring. Note that four springs were 
classified as Unknown value. The remaining springs are either located in source areas. adjacent 
to vvetlands and riparian corridors, or provide tributary support to these features . A total of 14 
springs were classified as High value and 15 springs were classified as Moderate value. A total 
of eight springs in the analysis area have been developed for human use (Rough Brothers of the 
Hills cabin) or livestock use. Additional detail on vegetation and wildlife species that depend on 
springs as a primary source of water is provided in their respective sections of the Greens Hollo\\ 
SEIS. 

3.1.2 SURFACE WATER 

Surface water resources include streams and associated floodplains. reservoirs. stock ponds. and 
springs. As springs are a surface manifestation of ground \'vater, they are described above in 
Section 3.1.1. The remaining surface water resources are described in detail below. 

The mine plan indicates that North Fork Quitchupah Creek would receive discharge associated 
\\ ith ll1ining of the Greens Hollow tract. The northern and central portions of the Tract drain into 
Muddy Creek \\ hile the southern pO/iion of the Tract drains into No/ih Fork Quitchupah Creek as 
sho\\ n in Figure I. The remaining area of the Tract is comprised of portiolls of several drainages 
thai contribute flow to Muddy Creek or North Fork Quitchupah Creek. These drainages include 
North Fork Muddy Creek. South Fork Muddy Creek. Horse Creek, and several ullnamed 
tributaries. Major drainages located adjacent to Ihe Greens Hollow tract include North Fork 
Muddy Creek. Horse Creek. Box Canyon. lower North Fork Quitchupah Creek. and Soutil FOI"k 
Muddy Creek. The divide between the Muddy Creek and North Fork Quitchupah Creek drainages 

29 
2014 

Surface and Ground Water I echnical Repo/1 
Greens Hollo\\' Coal Lease Tract 



( 

( - -

) 

is locally known as Big Ridge and extends across the southern end of the analysi s area. This 
feature separates headwater areas of Cowboy Creek and NOl1h Fork Quitchupah Creek. The 
headwater areas for Greens Hollo\\', Cowboy Creek. and North Fork Quitchupah Creek extend to 
the west of the T rac!. 

The mainstem of Muddy Creek is perennial as it passes across the northern end of the Greens 
Hollow tract. During 2001-2004, Greens Canyon contributed seasonal flo\\ into the mainstem of 
Muddy Creek, while upper portions of Cowboy Creek and Greens Hollow were noted to be 
perennial. North Fork Quitchupah Creek is the only perennial stream located within the Greens 
Hollow tract that does not flow into Muddy Creek. The extent of perennial flO\" was observed 
during the fall of 2001 through 2003. The most extensive coverage of perennial flO\v was 
observed during fall 2001 and was used to assess impacts on perennial streams. The extent of 
perennial streams observed during the fall of 200 1 is shown in Figure 4. By definition, perennial 
stream channel segments contain flO\ving water throughout each yeaI'. In order for flows to be 
maintained outside of periods of surface runoff, grollnd water Illust intersect perennial stream 
channels in amounts that offset any loss to seepage (Mosley and McKerchar 1993). The amount 
and extent of perennial flO\\ is therefore influenced by annual precipitation levels, surface runoff. 
and shallow ground water recharge. As mentioned above in Section 2.4.4, annual streamflow 
levels recorded from Muddy Creek indicate that \vater years 2001-2003 were below historic 
averages. Based on all avai lable, approved records, the historic (1952-2012) annual average for 
Muddy Creek near Emery is 37.5 cfs (USGS 2013). Annual average streamtlow during the 2001 
water year \vas 33.2 cfs or approximately 11 percent lower than the historic average. 

Baseline stream monitoring stations were established at several locations along Greens Canyon 
(M_STR I, M_STR2), Greens Hollow (M_STR6), and Cowboy Creek (M_STR3. M_STR4, 
M_STR5) as shown in Figure 4. Additional monitoring locations were established on the South 
Fork Muddy Creek just above its confluence with the North Fork Muddy Creek (M_STRS) and 
on the unnamed tributary Ihat enters Muddy Creek near the north boundary of the analysis area 
(Figure 4). Other monitoring has been performed by the SUFCO Mine at two locations on North 
Fork Quitchupah Creek inside the analysis area including M_STR9 and M_STR 1 0 (Figure 4). 

Table 6 summarizes field measurements of water quality for each station . These results are 
described in more detail in the following sections for individual drainages . The statistics in Table 
6 are based on visits when tlow was measured. I n addition to periodic monitoring, continuous 
flow measurements were collected at six stream monitoring stations on Greens Canyon and its 
tributaries. These measurements are described in more detail below. 

3.1.2.1 M \leidy Creek 

As it traverses the northern edge of the analysis area Muddy Creek flows in a narrow, deep 
canyon with sleep cl iff's formed by the Castlegate Sandstone. Below its confl uence \\ ith 10\\ er 
Box Canyon Creek, the valley bottom becomes somewhat wider (averaging about 300 feet) and 
the sinuosity of the channel increases. However, the channel is still entrenched , and is confined 
in a narrow vallcy bottom . Mapped alluvium and a small floodplain occllr in this reach below 
Box Canyon. As defincd by the extent of Castlegate Sandstone outcrops. cliff escarpments may 
extend upstream along both sides of Muddy Creek above the contluence of North Fork and South 
Fork Muddy Creek (Anderson 2004). 

Muddy Creek has been gauged by the LJSGS at Station 09330500. located about 5 miles 
ciownstream of the analysi s area and about 4 miles north of the town of Emery. The cirainage area 
above this gage is reporteci to be 105 square miles by the USGS but was cieterl11iileci to be IOS.8 
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square miles in' this study. Muddy Creek is a source of drinking \\ater and irrigation water for the 
to\vn of Emery . . Annual average discharge at this gage for water years 1953 through 2012 
(October 1952 through September 2012) is 37.5 cubic feet per second (cfs) (USGS 2013). 
Variations in annual discharge were common with a low mean discharge of 9.4 cfs reported for 
water year 1977 and a high mean discharge of 86.1 cfs in \vater year 1983. The baseline 
11l0nitori ng period for the Muddy Creek Tract study began in the summer of 200 I. just before the 
beginning of water year 2002, and extended through June 2004. The average annual flows for 
water years 2002 and 2003 \vere 18.4 and 31.8 cfs. respectively. which are below the average 
annual flow for the period of record as indicated in Figure 18. 

Flows are seasonal with the highest monthly flows occurring as a result of snowmelt runoff in 
May and June and the lowest monthly flows occurring in December, January, and February, as 
indicated in Figure 19. There is a vast difference between the highest and lowest monthly flovvs 
for the period of record. particularly during the peak snowmelt runoff months of May and June. as 
indicated in Figure 19. Monthly flO\vs during the baseline water year 2002 were well below the 
corresponding average tlO\\s for all months. Monthly flows during water year 2003 matched the 
average monthly flo\\s quite closely, although all months except March 2003 \\-ere below the 
period of record avcrage flov\. 

Intense summer thunderstorms occasionally result in short-term flash flooding that produce high 
peak flows but not large volumes of runoff. Peak flows for various return periods ,,·ere 
determined for the USGS Station 09330500, located on Muddy Creek about 5 miles downstream 
of the analysis area. 1\\0 methods were used for estimating flood flow frequency, including the 
regional regression analysis methods for ungaged locations as outlined in "The National Flood
Frequency Program-Methods for Estimating Flood Magnitude and Frequency in Rural Areas in 
Utah" (Mason et al. 1999) and a log-Pearson Type III Frequency Analysis of the 60 years of 
annual maxilllulll flov, data available for the USGS Station 09330500 on Muddy Creek. The 
flood frequcncy results for this location determined from each of these methods compare 
favorably as indicated in Table 7 and Figure 20. This provides greater confidence in the 
frequency results determined for the other relevant drainage basins using the procedures in USGS 
Fact Sheet 124-9. 

Muddy Creek and its tributaries from the Utah Highway 10 crossing to the headwaters has been 
assigned several benefic inl use classifications under Utah legislation R3 17-2 Standards of Qual ity 
lor Waters of the State including the following: 

Ie - rel\\ water source for dOlllcstic water systems 
28 - protected tor secondary contact recreation. 
3A - protected for coldwater species of aquatic life. 
4 - protected for agricultural uses including irrigation and stock watering. 

The portion of Muddy Creek and tributaries that are located in the outer boundary of the Manti
LaSal National Forest is classified as a Category I - Iligh Quality Water. This segment is subject 
to stringent antidegradation I im its that preclude ne\v poi nt source discharges. Before it is used 
for domestic purposes. Mudd) Creck \\ater undergoes full conventional treatment (USDA-FS 
1999). Additional information regarding the use of Muddy Creek as a domestic water source is 
included belO\\ under Section 3.1.4 Drinking Water Source Areas. 

Baseline monitoring has been performed at M_STR8 on the South Fork Muddy Creek near the 
Tract boundary as shown on Figure 4. Monitoring at this station began on 9/26/02. A summary 
offield monitoring results is provided in Table 6 and Figure 21. A summary of the water quality 
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results is shown in Table 8. Measured flow rates ranged from 968 to 15,644 gplll for the six 
repol1ed measurements . The baseline water quality results shO\,; low TOS and nitrate/nitrite. 
None of the analyzed parameters exceeded the respective standards. 

3.1.2.2 Greens Canyon and Tdbutaries 

Greens Canyon and its primary tributaries, Greens Hollow and Cowboy Creek. drain the majority 
of the surface of the Greens Hollow tract as shown in Figure I. The headwaters of Greens 
Hollow and Cowboy Creek extend slightly \vest of the coal lease. Baseline stream monitoring 
stations were established at several locations along Greens Canyon. Greens Hollow. and Cowboy 
Creek as shown in Figure I. Moving upstream from the confluence of Greens Canyon and 
Muddy Creek. the stations are M_STRI. M_STR2, M_STR3. M_STR5. and M_STR4. Station 
M_STR6 is upstream of M_STR2 in Greens Hollo\-\'. A summary of the field measurements for 
each station is shown in Table 6 and plotted in Figures 22. 23. 24. 25. 26 and 27. including 
stations M_STRI through M_STR6. respectively. 

Station M _ STR I is located approximately 900 feet above the confluence of Greens Canyon and 
Muddy Creek. Of the 16 visits reported between 6/6/0 I and 5/ 10/04 . the site was dry 13 times. 
The field and water quality measurements met the standards as shown in Table 6 and Table 9 
with the exception of arsenic . Arsenic exceeded the I C standard of 0.0 I mg/I for one of the three 
sample dates. This violation was equal to the laboratory's MOL and is likely within the normal 
range of water quality variation experienced in many streams during the spring runoff season. 
The other two samples were well below the I C standard. It is anticipated this violation is not 
indicative of water quality impairment for Greens Canyon and does not pose risks to human or 
animal health. 

Station M STR2 is located mid-way along Greens Canyon. beginning at the confluence of 
Cowboy Creek and Greens Hollow and continuing downstream to where Greens Canyon joins 
Muddy Creek. The stream channel above the station, up to the confluence of Cowboy Creek and 
Greens Hollow, is primarily bedrock. This station \vas installed per OOGM request in August 
2002 and was monitored eight times between 8/7/02 and 5/10/04. The station was dry only for 
the first visit with flows averaging 12.4 gpm and a maximul11 flow recorded of 74 .2 gpm for the 
six visits before 2004. The 5/10/04 visit reported a flow rate of 460 gpm. All standards and 
pollution indicator values that were used to evaluate field and laboratory samples were met. as 
shown in Table 6 and Table 10. with the exception of total phosphorus. Measurements of total 
phosphorus had a maximum value of 0.12 mg/I and exceeded the pollution indicator value of 0.05 
mg/I assigned to Class 2B and Class 3A beneficial uses. The remaining samples were slightly 
above or below 0.05 mg/1. Visual inspection of the stream channel did not indicate the presence 
of algal growth and dissoh'ed oxygen measurements were all above desired levels at this station 
for Class 3A aquatic life forms. Therefore it is likely that nutrient concentrations at this station 
are not contributing to eutrophic conditions resulting in \vater quality impairment. Total 
phosphorus concentrations measured from streams. ponds. and springs in the analysis area are 
influenced by a combination of natural and anthropogenic sources. Natural sources include 
stream erosion, wild animal wastes and leaf fall. Anthropogenic sources are primarily livestock 
manures captured by surface runotT. or deposited directly by grazing animals. The total amount 
contributed by each source varies according to location. season. precipitation, wildlife popUlation 
dynamics and grazing management practices. The 0.05 Illg/1 concentration used to evaluate total 
phosphorus is a pollution indicator value and not a numeric criteria or \vater quality standard. 
Concentrations of total phosphorus greater than 0.05 mg/I are not inherently toxic to human or 
animal life. Total phosphorus concentrations greater than 0.05 mg/I have potential to contribute 
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to algae gro\vth and eutrophic conditions that result in 10\. levels of dissolved oxygen which are 
hazardous or even lethal to aquatic life. 

Station M_STR3 is located on Cowboy Creek approximately 400 feet above the contluence with 
Green's Hollow. Th is station was monitored 16 times between 6/610 I and 5/1 0104. The station 
was dry for only two of those visits, ,vith flow averaging 8.5 gpm and a maximum flow of 54.9 
gpm for the 15 visits before 2004. A flow rate of 491 gpm was reported on the 5/10/2004 visit. It 
was noted on several visits that flow in Cowboy Creek had dried up shortly downstream of the 
station. The dissolved oxygen level was measured slightly below 4 mg/l during two visits. Other 
pollution indicator values and water quality standards were met as shown in Table 6 and Table II 
with the exception of total phosphorus and arsenic. Total phosphorus had a maximLim value of 
0.13 mg/l wh ich exceeds the 0.05 mg/l pollution ind icator value. The median of the remaini ng 
total phosphorus samples was 0.05 mg/1. Arsenic \vas detected in nine of 12 samples at levels 
that were below the Class I C standard of 0.0 I mg/l. The three remaining arsenic samples \vere 
measured using a test associated with a detection limit of 0.1 mg/1. 1\\0 of these samples had 
concentrations < 0.1 mg/l while the remaining sample had a measured arsenic concentration of 
0.1 mg/l and equal to the detection limit. It is assumed these violations are not indicative of water 
quality impairment for Cowboy Creek and do not pose risks to human or animal health. 

Station M_STR4 is located in upper Cowboy Creek, where the canyon begins to narrow and 
become confined. This station was monitored during 37 visits between 6/7/0 I and 9125/12, 
although laboratory measurements were only collected during 2001-2004. This site was dry 
during 21 of the 37 visits. The pollution indicator values and water quality standards were all 
met. as shO\vn in Table 6 and Table 12 with the exception of total phosphorus and arsenic. Total 
phosphorus had a maximum value of 0.10 mg/1. The five remaining total phosphorus samples 
were at or below 0.05 mg/1. Arsenic had a maximum value of 0.1 mg/l while four of six total 
samples that were measured were below the standards associated with Class I C and Class 3A 
beneficial use. The remaining sample had a concentration < 0.1 mg/l as defined by the MOL. It 
is assumed these violations are not indicative of ,vater quality impairment for Cowboy Creek and 
do not pose risks to human or animal health. 

Station M_STR5 is located on Cowboy Creek. approximately 1,150 fect upstream from station 
STR3. This station was installed per OOGM request in August 2002 and was monitored on eight 
sample elates between 8/8/02 and 5/11104. Flow was noted during each visit to the station. This 
section of Cowboy Creek \,as observed to be perennial during 2001. Field notes indicated the 
source of water came from below a large outcrop approximately 300 feet upstream. Flow in the 
creek ranged frolll 1.4 to 61.6 gpm for the seven visits before 2004. A flow rate of 598 gpm was 
reported on the 5/11/2004 visit. The water was relatively cold and highly oxygenated (minimum 
measurement of 7.23 mg/l). The watcr quality standards and pollution indicator values were all 
met as shown in Table 6 and Table 13. 

Station M STR6 is located in Greens Hollow. This station was monitoreci 16 times between 
61710 I and 5111/04 and was dry five times. The tield standard for temperature \\ as exceeded two 
times and the dissolved oxygcn standard was exceeded once. The other water quality standards 
\\ cre met. as sho\\ n in Table 6 and Table 14. Meas urements of total phosphorus sho\\ ed that five 
of the nine samples exceeded the 0.05 mg/l pollution indicator valuc. The maximum value of 
total phosphorus \\ as 0.14 mg/l and one sample measured 0.10 mg/l. The remaining seven 
samples were measured slightly above. equal to. or below 0.05 mg/l. Measurements of dissolved 
cyanide identified t\\'o sample measurements in excess of the Class 3A standard of 0.0052 Illgl l. 
The remaining seven salJlples were below the MDI. as well as the Class 3A standard. It is likely 
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these exceedances are in the range of natural water quality variations and do not pose risks to 
human or animal health. 

A longitudi nal survey \~as conducted for Greens Canyon and its tributaries, Greens HoIIO\\ and 
Cowboy Creek. The extent of the longitudi nal survey is shown on Figure 28. The survey shows 
Cowboy Creek being steeper in the headwaters and near the confluence with Greens Canyon, as 
the creek enters the Castlegate and Blackhawk formations. Greens Hollow has a relatively 
consistent slope until it enters the Blackhawk formation. The Greens Canyon stream channel is 
entirely in the Blackhawk formation, with a noticeable increase in the channel slope 
approximately 2.S00 feet above the confl uence with Muddy Creek. 

A gain/loss study for Greens Canyon and its tributaries, Greens Hollo\\ and Cowboy Creek, was 
conducted in September, 2001. These results are shO\,vn on Figure 29 . The only Greens Hollow 
inflow noted \\as f)'om Springs M_SP04, M_SP05, and M_SP06. The stream was flowing until 
the Castlegate Sandstone below M_STR6, where it was dry to the confluence with Greens 
Canyon. There was a loss of approximately 1.7 gpm where the stream flowed primarily over the 
Price River Formation and another loss of 1.9 gpm in the Castlegate Sandstone downstream of 
M STR6. 

Flow was noted in Cowboy Canyon until the middle of the Price River Formation. The Canyon 
was dry again until approximately 300 feet upstream of M_STRS, where water is coming from 
below a rock outcrop associated with the Blackhawk Formation. The stream loses and then gains 
water frol11 M_STR5 to M_STR2 all along the Blackhawk Formation with flow disappearing 
below M_STR2. This study showed losses for both streams in the Blackhawk Formation and the 
Castlegate Sandstone. Greens Hollow did not flow in the Blackha\',k Formation. Cowboy Creek 
and Greens Canyon had both gains and losses in the Blackhawk Formation. This was not 
unexpected given the variability in geologic conditions within these formations. Also, given the 
seasonal and year-to-year Jluctuations in spring flows and associated ground water conditions 
\\ ith in these formations, the results may not be representative of the gai ns and losses that may 
occur during other seasons or other years. 

3.1.2.3 Unnamed Tributaries To Muddy Creek 

Several small unnamed tributaries drain into Muddy Creek from the northern part of the Greens 
Hollow tract. A baseline monitoring station, M_STR7. has been maintained on the largest of 
these tributaries as shown in Figure 4. No flo\\ \vas noted at this location during six monitoring 
visits between 9/25/02 and 5/13/04. 

3.1.2.4 North Fork Quitchupah Creek 

NOIih Fork Quitchupah Creek flo\\s into Quitchupah Creek, which eventually flows into Ivie 
Creek. I vie Creek joins Muddy Creek about 10m iles south of the to\\ n of Emery. The average 
yield in North Fork Quitcilupah Creek was estimated at 3.4 d's (1.526 gallons/minute) by Thiros 
and Cordy (1991). using regional regression relationships. This report included a gain loss study 
of North Fork Quitchupah Creek. which showed an apparent gain in flo\\' where the creek crossed 
the Castlegate Sandstone. a loss offlO\\ as it crossed the Lipper part of the 81ackhawk Formation. 
a slight gain in flO\\ crossing the lo\\er Blackh8\\k Formation. a considerable galll ill tlcm 
crossing Star Point Sandstone and a loss ill tlcm crossing the Mancos Shale. 

The North Fork Quitchupah Creek is a perennial stream. sur-co Station 006 (M_STR9) 
monitors the South Fork of North Fork Quitchupah Creek and Station 007 (M_STR I 0) monitors 
the upper segments of North Fork Quitchupah Creek. These stations are located near the 
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confluence of these streams. just before the deep canyon that forms do\\ nstream of the Castlegate 
Sandstone outcrop. A sUlllmary of water quality parameters is shown on Tables 6.15. and 16 and 
Figures 30 and 31. Most of the parameters for these stations were analyzed on a totals basis 
while many of the standards are for dissolved constituents. M_STR9 had occasional violations of 
the temperature standard and exceeds the pollution indicator value for total phosphorous of 0.05 
mg/l over half the time with a maximum reported concentration of 1.12 mg/l. The highest 
concentrations of total phosphorus \\ere typically measured in the spring season. Concentrations 
of total phosphorus during other times of the year were slightly above or below 0.05 mg/l. 
M _ STR I 0 had one violation of the pH standard and occasional violations of the tem perature 
standard. The water at this station exceeds the pollution indicator value for total phosphorous of 
0.05 mg/l over half the time \\ ith a Illaximum reported concentration of 1.64 mg/l. Peak 
concentrations of total phosphorus were observed during the spring season as well as the fall 
season. 

As mentioned above in Section 3.1.2.2. total phosphorous concentrations come from both natural 
and anthropogenic sources. The relative amounts contributed by each source can vary by 
location. season. year, wi Idl ife population dynam ics and I ivestock management practices 
employed in the analysis area. The seasonal peaks observed during monitoring at these two sites 
are typical of patterns associated with surface runoff from snowmelt or intense storm events. 
Peaks during the fall season are less COlll1110n but could also be influenced by decaying organic 
matter. direct manure deposition. and low base flows. Although total phosphorus concentrations 
do exceed the 0.05 mg/l pollution indicator value, Utah DWQ monitoring has not identitied 
problems due to high phosphorus in downstream segments of North fork Quitchupah Creek. At 
the present time. the upper segment of Quitchupah Creek is not supporting the beneficial use for 
cold water aquatic life due to poor condition of benthic macroinvertebrates, as indicated in the 
20 I 0 303(d) list of impaired waters for Utah (Utah DWQ 2012). The upper segment extends 
from State Highway 10 to the headwaters and includes North and South Fork Quitchupah Creek. 
The pollutant sources leading to this condition are currently unknown and the priority to develop 
a TMDL and identify each source is low. 

South Fork joins North Fork Quitchupah Creek fi'om the \vest ncar the analysis area boundary as 
shown on Figure I. Dry Fork enters the North fork Quitchupah Canyon further dO\\nstream and 
SUFCO Station 042 monitors the North Fork just above its confluence with Quitchupah Creek. 

Since 1982. SUFCO Mine discharges have increased base flows in North Fork Quitchupah Creek. 
l3efore September 1982. III ine water was discharged into East Spring Canyon. Since 1983. 
Canyon fuel has been discharging excess intercepted ground water from their underground 
workings. via a UPDES discharge point. into North Fork Quitchupah Creek. This discharge 
averaged approximately 1,000 gpm during the period of 1983 through 1994 (Mayo and 
Associates 1999). Between 1994 and 1996. discharge averaged approximately 1.500 gpm (Mayo 
and Associates 1997b). Discharge rates tend to relate to coal production rates and are not 
seasonally affected (DOG M 2005). 

Mayo and Associates (1997b) studied the current and past intluence of the mine water discharge 
on Quitchupah Creck. The) note that flow in North Fork Quitchupah Creek above the mine 
discharge point averages about 2,650 gpm in spring (5.9 cfs) and about 290 gplll (0.6 cfs) in low, 
base flow conditions in late fall. The average increase in flow due to mine discharge is therefore 
substantial. about 37 percent iii spring ancl 337 percent in fall. The source oflhe additional \\·ater 
is from the Blackhawk Formation zones immediately above coal seams. This \\uter is deeper 
ground \\ ater and otherwise disconnected frolll shallow ground water zones that naturally support 
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stream flows in the channel. Adverse impacts on Quitchupah Creek's stream morphology and/or 
stability due to 15 years of increased flows were not noted in this report. In the CU1llulative 
Hydrologic Impact Assessment of the SUFCO Mine, DOGM (2003a) states that "no adverse 
impacts have been identified from discharging mine water". However. no information on 
channel characteristics or monitoring of channel changes was included in either of these reports. 

3.1.2.5 Floodplains 

Below its confluence with lower Box Canyon Creek, Muddy Creek Canyon becomes somewhat 
wider (averaging about 300 feet) and the channel's sinuosity increases. However, the channel is 
still entrenched, and is confined \-vithin a narrow valley bottom. As discussed previously in 
Section 3.1.2.1, a small floodplain occurs in this reach of Muddy Creek, immediately below the 
confluence with Box Canyon. Muddy Creek's gradient. as measured hom the USGS 7.S-minute 
topography, averages about 3 percent in this area. 

The estimated 100-year peak flO\\ on Muddy Creek at the confluence with Box Canyon is 3,423 
cfs. Flows of this magnitude would inundate most of the 300-foot bottom of the valley. 

The North Fork Quitchupah Creek downstream of the Greens Hollow tract flows in a narrow, 
deep canyon with steep cliffs formed by the Castlegate Sandstone and bedrock channel 
conditions. Below its confluence with Quitchupah Creek. the valley bottom becomes wider with 
low terraces of limited extent. The channel is incised such that there is no broad flood plain. 

3. t .2.6 Ponds 

A total of 19 ponds were identitied in or adjacent to the analysis area including 11 natural ponds 
and eight stock ponds. Natural ponds are formed in depressions that occur at topographic breaks 
in slope (e.g. benches, slumps, etc) or in low lying areas of drainages. Natural ponds are filled 
through a combination of surface runoff from snowmelt and high intensity preci pitation events as 
well as shallow ground water discharge. The presence of water in natural ponds throughout the 
summer is more likely influenced by the rate of ground water discharge than the ability to capture 
surface runoff. Overstory vegetation that surrounds natural ponds can also provide shade and 
reduce evaporation levels. Natural ponels are utilized by livestock and wildlife as a water source. 
Although water levels in natural ponds were noted to decrease during the summer. fe,v natural 
ponds dried up entirely. 

Stock ponds are designed and constructed by humans. All stock ponds are fed by surface runoff 
occurring from snowmelt and high intensity precipitation events. A total of nine cattle troughs 
were also identified in the analysis area. The location of stock ponds. natural ponds, and cattle 
troughs are shown on Figure 32. QUal1erly field visits to five stock ponds in the Muddy Creek 
Tract boundary from sUlllmer 2002 through fall 2003 (including several in the Greens Hollow 
tract) indicated that Illost stock ponds were dry by the early summer season. A II Illonitoring data 
collected from stock ponds is contained in Cirrus (2004b). 

3.1.2.7 Surface Water Summary 

All of the surface water in the Greens 1-10110\\ tract drains into either the North Fork Quitchupah 
Creek or Muddy Creek. Field monitoring of tributary stream channels during 2001-2004 
indicatecl that little perennial surface flo\\' from the Greens Hollow tract reached Muddy Creek. 
Seasonal flo" \\as observed at station STR I during the spring of t\\O monitored years including 
2003 and 2004. No flow was observed at this station later than the end of June during any year of 
monitoring. No flow \\-as observed at station STR7 during quarterly monitoring visits \\ hich 
were generally made in .Iunc. August. and October. Perennial surface flo\\ in North Fork 
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Quitchupah Creek. \vhich crosses the Greens Hollow tract does reach Quitchupah Creek. As 
mentioned above in Section 2.4.4. tlow monitoring data was collected during below average 
water years. This conclusion is based on more than 30 years of record at stations on Muddy 
Creek and nearby SNOTEL stations (USGS 2013 , USDA-NRCS 20 I 3). 

Nineteen ponds and nine cattle troughs are located in or immediately adjacent to the Greens 
Hollow tract boundary. Field observations indicated that inflows to stock ponds are characterized 
by surface runoff occurring from snowmelt and high intensity precipitation events. 

3.1.3 WATER RIGHTS 

Water on National Forest System lands is used consumptively for livestock and \\ildlife watering. 
Some. but not all. springs have been developed . Forest Service claims for water rights were 
prepared in the 1980's as part of a general adjudication process. It appears that there was 
direction at the time of the filings to emphasize point to point claims on streams. Since that time, 
the Forest Service has continued to work with the Utah DWRi to develop an efficient and 
comprehensive method for documenting and claiming water uses on lands administered by the 
Forest Service. To that end. subbasin claims are being developed that would assert a claim of 
right for all developed and undeveloped waters on National Forest System lands. Therefore. all 
developed and undeveloped springs in the permit modification area should be assumed to have a 
claim of right associated with them, irrespective of whether there is a specific filing in the 
Division of Water Rights database. 

There are no registered \\'atcr rights for water production \\ells used for Illunicipal. domestic, or 
irrigation purposes in the analysis area. POilits of diversion were obtained from the Utah DWRi . 
A complete listing of all water rights in the analysis area and their associated water features is 
provided in Cirrus (2004b) and Cirrus (2014). 

Spring M_SPOI is located adjacent to Rough Brothers of the Hills cabin. on the south side of 
Greens Hollow. The water right number associated with this spring is 94-472. as shown on the 
Hel iotrope Mountain hydrographic survey map. The water use for water right 94-472 described 
in the Utah DWRi database is stock watering. The owner of this water right is listed as the USFS. 
As mentioned above in Section 3.1.1.3. this spring has been developed with a spring box and 
pipeline system and is currently used for culinary \\ater and irrigation use. 

All points of diversion in the analysis area are shown in Figure 33. with each symbol potentially 
representing multiple waleI' rights. A total of 70 water rights that are approved or perfected werc 
identified (Cirrus 2014). The majority of these rights (65) belong to the LJSFS for stock watering 
along streams and from springs. Canyon Fuel Company holds 5 \vater rights that are approved or 
perfected in the analysis area. Water is used by Canyon Fuel Company for temporary water 
mitigation and exploratory drilling incident to coal mining. 

A search of all water rights associated with Muddy Creek down to the confluence \vith the Dirty 
Devil River indicated that water is primarily used for irrigation purposes. The Utah Division of 
Water Resources has identified a total of 17.000 ac-ft/yr that al'c diverted from Muddy Creek for 
irrigation purposes (Utah DWRe 200 I). Use of culinary \\ ater is described belm, in Section 
3.3.2.5. Industrial lise of water from Muddy Creek is limited to temporary (short-term) use by 
construction and privately 0\\ ned mining operations. These I;\ater rights are generally limited to 
less than 2 ac-ft/yr. Applications for large water rights (> 1.000 ac-ft/yr) have been submitted in 
the past by Utah P(m er and Light and Consol idation Coal Company. These applications \vere 
denied. 
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3.1.4 DRINKING WATER SOURCE AREAS 

Drinking water source protection zones are designated areas surrounding a well. spring. tunnel or 
surface water body through which pollution could move and eventually contaminate a water 
source (Utah DDW 2005, Utah DDW 20 12). These areas are typically divided into zones that 
define the time of travel to the intake structure. Analysis of drinking water source protection 
zones was restricted to only those zones that intercepted the analysis area. A general description 
of the protection zones that were found in the analysis area includes the following (Utah DDW 
2005): 

Zone I: 

Zone 2: 

Zone 3: 

Zone 4: 

Surface Water: One-half mile fi'om the high water mark of each side of the 
stream channel and from 100 feet below intake up to 15 miles above intake. 

Surface Water: Begins at the end of zone one and extends up to 50 miles 
upstream, 1000 feet frolll each side of stream channel (bank-full). 

Surface Water: Begins at the end of zone two and extends up to watershed 
boundary and 500 feet on each side measured from high \vater mark of the 
source. Note: The Utah DDW has not defined this zone for surface water bodies 
in the analysis area. 

Surface Water: All of the watershed contributions to the source that is not part of 
zones one through three. 

No regulatory overtones are established for each of these zones (.Jensen 2004, Jensen 20 13). 
However. it should be noted that a greater potential exists for contamination of drinking water 
from activities in the lower number zones. 

Three surface water protection zones were identified in the analysis area for a diversion from 
Muddy Creek, near the town of Emery (figure 34). Water fr0111 Muddy Creek is initially diverted 
into a canal at a point immediately below a USGS stream gage (Station 09330500) located near 
the mouth of Muddy Creek Canyon. Water is then diverted from the canal at a site located 
approximately 2.000 feet north of the town. Information frolll the Utah DDW indicates this 
diversion is capable of supplying 250 gpm and serves a population of 293 individuals. All 
domestic water used frolll this source is fully treated before entering the culinary water system. 
Culinary water is supplied to Emery and other nearby towns by the Castle Valley Special Service 
District. Per capita use of culinary water for the District has been calculated at 191 gallons/day 
(Utah DWRe 200 I). Based on the population numbers above, the annual culinary water use for 
Emery is approximately 63 acre-ft per year. The surface water protection zones associated with 
this diversion are included in Figure 34 ancl extend upstream frolll the diversion point to include 
the upper pOl1ion of the Muddy Creek watershed. 
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5.0 LIST OF PREPARERS WITH 
QUALIFICATIONS OF PREPARERS 

Eric K. Duffin !VIS, Watershed ScientistlHydrologist, Cirrus Ecological Solutions. Mr. 
Duffin has 17 years of experience in watershed science including hydrology, water quality, soil 
physics, fluvial geomorphology, and computer science. His graduate and post-graduate work 
examined snowmelt runoff, soil erosion, infiltration, evapotranspiration, and unsaturated soil 
moisture flow in sagebrush-steppe ecosystems. His experience includes evaluation and analysis of 
proposed watershed improvements, conducting hydrologic inventories, quantifying point and 
non-point source pollution, computer modeling, stream surveying, water quality sampling, 
datalogger programming and remote data retrieval. He has managed TMDL projects, served on 
several NEPA 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 working with the coal mining industry working on hydrologic 
characterization, operational planning, and environmental permitting and compliance. He has 
participated in the preparation of baseline surface and ground water information 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 Mexico, Twentymile Coal 
Company's Foidel Creek Mine in Colorado, Mountain Coal Company's Mt. Gunnison No. I 
Mine in Colorado, and Meridian Coal Company's Bull Mountains No. I Mine in Montana. Dr. 
O'Hayre also managed the hydrologic analyses and related pennit 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. Mr. 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 development for the Wyoming Powder River 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 withdrawal of water on the shallow aquifer and 
springs for a prospective CBM project in Australia. He also worked on the salt loading model 
used to evaluate various 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). 
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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 
0.5 o 1 Miles --===----

1:53,500 GEOLOGY SYMBOLS 
01 Landslide Mass movement 
Tf Aagstaff Limestone 
Tkn North Hom Formallon 
Kpr Price River Formallon 
Kcg Casllegate Sandslone 
Kbh Blackhawk Formallon 

Legend 

C 
o 

Greens Hollow Coal Lease Tract 

Mining Analysis Area Boundary 

National Forest Boundary 

Perennial Streams (USGS) 

Intermittent Streams (USGS) 

Min. Spec. Condo (mmhos/cm) 

• 0·250 

• • e 
e 

2S0·S00 

500·750 

750·1100 

1100-1500 

Max. Spec. Condo (mmhos/cm) 
• 0·250 

• • e 
e 

500·750 

750·1100 

1100-1500 



Tf !/) 
,r 

/"') 
I 

Kpr 

\. . .............. 

o 

. ... . . - .. ....... . . ---t 

Figure 7. Spring Water Isotope Sampling 
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Figure 8. Greens Hollow Tract Springs Unstable Isotope Results 
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Figure 9. Greens Hollow Tract Springs Stable 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 

11/30/02 6/1/03 11/30/03 

M..snt. tDf/ll'OOJ 

i' i • • I t" "_ 

M_SP08 - Discharge 

~-

5/31/04 11/29/04 5131105 

M_SP08 - Temperature & pH 

11/29/05 6131106 11/29/06 5/31/07 11/29/07 

I ~ Temperature C 
- ... · -pH 

20 r------------------------------------------------ ---------------------------===========; 12 

15 r-------------------------------------------------------------------------------------------------t9 .... ... .......... -.. _ .......... -....... .J. e · . .. ... _ ....... _--. - . . . . .. --"' . - .. .. --.-.- -- . . - .. --. ....- . - . - - . . ... . . --- - - · ...... _ .. ·7 
10 I-.~ ..... ~,_=-=__=--=_=_=--~a'/~=::=======~/~:~=~=;~::::====:::::::~~~;~~~~===:.-~:--........ -= --:!. -~ -*,,_~:~~:===~=====1 6 :a 5 /- ~ _ 3 

O ~----~------~----~----_,------~-----T------~----_.------._----~----____ ----,_----_,--~ O 
611/01 11/30101 611102 11/30/02 611103 11130103 5/31104 11129104 5131/05 11129/05 5/31106 11/29/06 5131/07 11129/07 

M_SP08 - Specific Conductivity 
1500 ~-------------------------------------------------------------------------------------------------------, 

E 
" i 1000 r----/--::;i"'"--~~\~=------_----===::::=.::::~:::;=====+=:::;----j 

~ 500 t~ 

0 
6/1/01 11/30/01 6/1/02 11/30/02 6/1/03 11/30/03 5/31104 11/29/04 5/31/05 11/29/05 5/31/06 11/29/06 5/31/07 11/29/07 

M_SP08 - Turbidity & DO I ...... Turbidity 

- ..... . . Dissolved Oxygen 

25 -10 

5' 20 ... 6 .... /\ ~ !. 15 6 
~ L1 .' ~. .5. 
'" 10 -' 4 :;; 

I~ ·f -· ··\ .. ···-- 0 
:; 0 

5 2 .... 
"A- i ~ 0 --- 0 

blIIU'1 11/30/0 I ell/02 11/~0/02 0/1/03 11/30/03 0131(04 11129/04 G/31taG 11129/0!j G/31(OO 11/20/06 6/31107 11t:!0/07 



Figure 13. North Horn Formation Spring M_SP14 
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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 (lOct.-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 

700 

600 

500 

..... 
III -~ 
3: 
~ 400 
> 
:E ... 
c: 
0 
~ 
CII 
~ 300 ... 
CII 
:> 
<t 

200 

100 

I ,, :;::: t::; 9 -= ~ = ! ~a --- . ---. 
0.1 ~ I - ~- g , ~ ~- _. ~--=12 - A - 8i • 

January February March April May June July August September October November December 

Month 

..... Average Monthly Flow Minimum Monthly Flow -6-Maximum Monthly Flow o Year 2002 -o-Year 2003 



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 22. M_STR1 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 26. M_STR5 Field Parameters 
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Figure 27. M_STR6 Field Parameters 
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Figure 30 M_STR9 Field Parameters 
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Figure 31. M_STR10 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 35. Bedrock geologic map of the Greens Hollow 
Coal Lease Tract and adjoining leases. 
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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. 

." .. '.':'":"~ ...•.. 
."., ~ • • - t .· .. . . 

.' • - : 'I.. : ... . '1. 

-----------------------------------

Not to scale Modified after Peng and Chiang, 1984 

) 



1 0.5 

Figure 40. Water Level Elevation in Castlegate Sandstone 
and Blackhawk Formations. 
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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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Figure 43. Spring Locations with Areas of High Impact (Alternative 3) ~1 I CI 

and Overburden Thickness ~ 
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Figure 44. Surface Water Features with Areas of High Impact (Alternative 3) 
and Overburden Thickness 
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~.ble 1. Spring Loc3lion and Field Monltorin Sumnwy of SprinCs wiLh Mcosurnbl< Flow. 

LOCATION MONITORING RESULTS 

UTM Coordinates Date Discharge (gpm) S ecific Conduct<"lncc (uS/em) 

" E E " " E E 
Cl> E ~ c 0 '" ~ E c 

" 2! " E ~ fi: 
~ E ~ 

Ui \lJ " .;( '" 0 ~ 'K '" 0 
~ 

:i1 ~ 
u 0 ~ 

:i1 i u < Z « 
FORMATION NAME ElevaLion (ft) Eastin]! Northing 

M SP03 8961 463762 4319529 6119/0 I 6/3/04 \.1)4 1.95 0.08 4 3 378.58 824 76.80 4 

M SP04 8812 464246 4319267 6/1'1101 5/12104 1.34 3.23 0.75 9 0 687.04 929 379.40 9 

M SP05 8937 464212 4319133 9126102 5112104 0.17 026 0.08 4 (I 686.75 910 524.00 4 

M SP06 8952 464215 4319121 6119101 5/12104 1.79 2.30 1.47 7 O. 682.57 918 474.00 7 

M_SP07 8709 465280 4317433 6120101 5110104 0.46 1.14 0.21 9 0 655 .50 878 441.50 9 

M SPOg 8820 464754 4317178 6/20/01 I 9125112 0041 119 001 25 5 657 .91 1013 331 .70 8 

M_SP09 8849 464791 4317141 6/20/01 5110104 0/)3 1.00 0.25 2 5 446.70 464 429.40 2 

M SPI2 8739 464583 4319397 6119101 , 6/3104 0.60 0.94 0.26 6 1 544.18 785 398.70 6 

M_SP13 9637 462562 4318345 6121101 6/6104 6.06 19.00 0.52 4 3 373 .03 543 206. 10 4 

M SP14 9584 462545 4318227 6121101 6/6104 2253 61.40 086 5 3 357.80 542 294.70 5 

M SPIS 8811 463884 4316685 7111101 615104 1.56 4.82 0.2' 5 2 588.26 930 433.20 5 

M SP19 8968 462644 4316124 7111101 615104 2.56 3. 13 1.98 7 0 520.50 851 442.90 7 

M_SP20 9395 462191 4316826 7111101 615/04 2.34 8.62 (l.71 7 0 502.36 814 420.30 7 
North Hom Formati.)n M SP21 9616 461814 4317195 7111101 6/5/04 1.34 366 098 4 3 350.88 558 240.00 4 

M SP40 9163 463677 4318041 9126101 6/6104 0.40 0.66 0. 18 6 0 638.00 900 48300 6 

M SP41 9223 463475 4318025 9126101 616104 0.75 2.25 0.40 6 0 483.93 799 285.40 6 

M_SP43 9568 461919 4317186 1013101 615104 l.J3 2.08 ().3~ 6 0 427.63 638 344.00 6 

M SP44 9599 461759 4317150 I orvo I 615104 3,48 13.03 0.20 6 0 416.27 721 269.00 6 

M SP53 8941 466373 4317126 10124/01 9125/12 0. 11 0.48 0.06 77 0 452.34 694 36&.20 5 

M_SP59 8920 466357 4317186 10124/01 616104 0.31 0.69 0. 12 5 1 548.66 859 445.90 5 

M_SP60 8801 462887 4316092 5/2/02 615104 0.73 0.89 0.60 5 0 555.34 943 402.70 5 

M SP61 9596 461&HI 431716& 512102 6/5104 0.32 0.37 025 5 0 316.12 593 36.10 5 

M_SPloo 8975 463616 4316719 9127102 615104 0.87 1.08 0.77 4 0 433.83 683 291 .60 4 

M_SP103 8999 463271 4316302 5121103 615/04 Ul 1.51 0.94 3 0 499.40 706 376.60 3 

M SP104 9052 463250 4316335 5121103 615/04 0.25 0.38 012 2 I 506.50 686 32700 2 

M_SPI05 8971 463233 4316280 5/21103 6/5104 0.79 0.95 0.62 3 0 479.97 696 362.90 3 I 

M_SPI06 8997 462626 4316155 5121103 615/04 0.75 1.10 0.48 3 0 586.40 878 430.20 

~ -1 M_SPOI 8420 465615 4319979 6119101 9/6112 0.47 1.11 0. 16 29 0 562.23 851 434.70 

M_SP02 8335 466086 4319977 611910 I 916112 3.71 13.40 0.05 19 10 476.22 499 437.30 6 I 
Price River Formation M_SPI8 8295 465794 4320892 612YOI 916112 0.31 077 0.06 27 2 889.71 1276 726.00 7 

M SP39 8225 466990 431&775 8/30/01 1 9/6112 1.22 4.66 0.22 28 0 748.38 1035 573.00 8 

M_SP45 8505 465156 4319780 1014101 I 613/04 1.64 2.23 0.61 6 0 724.23 977 369.40 6 
Castlegate Formatil n M_SP87 7922 465309 4322427 5126/02 I 5113/04 2.60 3.08 2.19 5 U 810.HO 1277 627.00 5 



Table 2. Field Monitoring Summary of Springs by Geologic Formation. 

Formation Castlegate Price River North Horn Project Area 

Number of Springs 1 5 27 33 

Discharge (gpm) 
Number of 

5 109 179 293 
Measurements 

Maximum 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 

Average 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 (mg/l) . 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/cm) 

Number of 
5 36 140 181 

Measurements 

Maximum 1,277 1,276 1,013 1,277 

Minimum 627 369 36 36 

Median 699 588 479 499 

Average 811 680 528 566 



Table 3. Water Q~ality Results - North Horn Formation Springs (includin~ M SP04. MSP07. M SP08. and M SP14). 

Criteria (mgll) 

Parameter Na"e Criteria 1C Criteria 2B Crileria 3A Criteria 3C 

Acidity. as CaCO, 

Aluminum (D) 0.75 0.75 

Ammonia, as N 
b b 

Arsenic (0) 0.01 0.1 0.340 0.340 

Bicarbonate, as HC03-

Boron (D) 

Cadmium (D) 0.01 '0.002 '0.002 

Calcium (D) 

Calcium (T) 

Carbonate. as CO, 

Chloride 

COPP"r (O) '0.013 '0.013 

Iron (D) 1 1 

Iron (T) 

Lead (D) 0.015 '0.065 '0.065 

Magnesium (D) 

Magnesium (T) 

Manganese (D) 

Manganese (T) 

Molybdenum (D) 

Nitrite, as N 

N02+N03, as N 

Ortho-Phosphate 

Potassium (D) 

Potassium (T) 

Selenium (D) 0.05 0.0184 0.0184 

Sodium (D) 

Sodium (T) 

Sulfate 

Total Alkalinity. as CaCO, 

TOlal Anions 

Total Cations 

Total Dissolved Solids 

Total Hardness. as Caco, 
Zinc (D) '0.12 '0.12 

, Concentrations are ~ased on sample measurements above delecLion limits (No. of Delects). 

b Specific criterion vories with pH per Utah Administrative Code R317-2, Table 2.14.2. 

Criteria 4 

0.75 

0.01 

0.2 

0.1 

0.05 

"1 ,20(0 <2,000 

, Specific criterion varies with hardness per Utah Administrative Code R317-2. Table 2.14.3b. 

Concentration' (mg/I) 
Max Min 

38 7 

0.05 0.Q3 

0.2 0.2 

0.1 0.0006 

580 340 

0.11 0.06 

<0.005 <0.005 

79 45 

83 48 

7 7 

60 2.1 

<0.01 <0.01 

0.41 0.02 

2.5 0.03 

<0.07 <0.07 

43 24 

43 24 

0.02 0.01 

0.05 0.01 

<0.02 <0.02 

<0.03 <0.03 

0.33 0.D7 

0.09 0.09 

2.7 0.7 

6.7 0.7 

0.1 0.0005 

130 15 

130 15 

44 6 

480 279 

12 6.6 

12 6.7 

651 238 

340 230 

0.02 0.01 

d For irrigation. 

, For stock watering. 

No. of ~Jo. of Non-
fJedian Mean Samples No. of Detects Detects 

17 J9 19 19 

0.05 0.04 19 5 1'" 

0.2 0.2 19 I 18 

0.00125 0.01 19 18 1 

530 516 27 27 

0.07 0.08 19 17 2 

<0.005 <0,005 19 0 19 

63 61 19 19 

64 65 27 27 

7 7 25 I 24 

29 30 27 27 

<0.01 I <0.01 19 0 19 

0. 105 0.16 19 4 15 

0.36 I 0.7 24 17 7 

<0.07 I <0.07 19 0 19 

37 I 35 19 19 

38 I 35 27 27 

0.02 I 0.02 19 3 16 

0.02 0.02 19 8 II 

<0.02 <0.02 19 0 19 

<0.03 <0.03 19 0 19 

0. 15 0. 18 19 19 

0,09 0.09 19 I 18 

1.8 1.8 19 19 

2 2 2? 20 2 

('.0026 0.01 18 17 I 

87 92 19 19 

89 84 ?? 22 

24 23 27 27 

440 419 27 27 

\0 10 15 IS 

10 \0 15 15 

SOl 486 27 "7 

3\0 296 19 19 

0.01 0.01 19 8 11 
-

--., 



Table 4. Water Quality Results - Price River Formation SprinRS (including M SPO) . M SP02. M SP18, and M SP39). 
Criteria (mg/I) Concentration" (mg/I) 

Parameter Name Criteria IC Criteria 2B Criteria 3A Criteria 3C Criteria 4 Max Min 

Acidity. as CaCO, 56 11 

Aluminum (D) 0.75 0.75 0.06 0.04 

Ammonia, as N " " <0.02 <0.02 

Arsenic (D) om 0.340 0.340 0.1 0.1 0.0005 

Bicarbonate. as HC03- 552 344 

Boron (D) 0.75 0.19 0.05 

Cadmium (D) 0.0\ '0.002 '0.002 O.!)] <0.005 <0.005 

Calcium(D) 130 73 

Ca1cium(T) 140 73 

Carbonate, as CO, <5 <5 

Chloride B33 35 

Copper (D) '0.013 '0.013 O.? <0.01 <0.01 

Iron (D) I I O.OB 0.02 

Iron(n 37 0.02 

Lead (D) 0.015 '0,065 '0.065 0.1 <0.07 <0.07 

Magnesium (D) 50 33 

Magnesium (n 50 33 

M,mganese (0) 0.01 0.01 

Manganese (T) 0.24 0.01 

Molybdenum (D) <0.02 <0.02 

Nitrite. as N <0.03 <0.03 

N02+N03. as N 0.12 0.03 

Ortho-Phosphate <0.05 <0.05 

Potassi urn (0) 5.2 1.7 

Potassium (T) 6.6 1 

Selenium (D) 0.05 0.0184 0.0184 0.05 O.OOBB 0.0019 

Sodium (D) 96 43 

Sodium(T) 100 43 

Sulfate 330 26 

Total Alkalinity, as CaCO, 453 2B2 

Total Anions 15 9.1 

Total Cations 14 9.1 

Total Dissolved Solids "1.200 <2.000 1214 449 

Total Hardness, as CaCO, 

Zinc (0) '0.12 '0.12 

'Concentrations are based on sample measurements above detection limits (No. of Detects). 

" Specific criterion varies with pH per Utah Administrative Code R317-2. Table 2.14.2. 

, Specific criterion varies with hardness per Utah Administrative Code R317-2 . Table 2.14.3b. 

510 330 

0.13 0.01 
--

d For irrigation. 

, For stock watering. 

Median 

1B 

0.05 

<0.02 

0.00095 

473 

0.07 

<0.005 

BO 

81 

<5 

56 

<0.01 

0.04 

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 

3B5 

10.5 

10.5 

553 

390 

0.01 

No. of No. of No. of Non-
Mean Samples Detects Detects 

22 19 19 0 

0.05 19 4 15 

<0.02 19 0 19 

0.01 19 1B 1 

464 31 31 0 

O.OB 19 1B 1 

<0.005 19 0 19 

90 19 19 0 

90 27 27 0 

<5 31 0 31 

B2 27 27 0 

<0.01 19 0 19 

0.05 19 5 14 

3 26 12 14 

<0.07 19 0 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 

61B 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 

M_SP04 X Moderate 

M_SP05 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_SPI4 X X nigh 

M_SP15 X Moderate 

M_SP18 X High 

M_SP19 X Moderate 

M_SP20 X X High 
I 

M_SP21 X Moderate 

M_SP39 X X X High 

M_SP40 X Moderate 

M_SP41 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 Moderate 

M_SPlOO X Moderate 

M _SP103 Unknown 

M _SP104 Unknown 

M _SP105 Unknown 

M _SPI06 X Moderate 



To"le 6. Field M o ni to rin g S ummary [or Greens H o llow T r act S u.r filcc W ilIe r M onitoring S latioll$. 

[S llI lion IV M STRt M _STRl M STRJ M _STR4 M _STR5 rtL~'TR6 M_STR7 l\l _~'TRIj i\I _STR9 M STRlO 
S. Fork ofN. UpperN. 

Lower Upper Fork Fork 
Greens Greens Cowboy Cowboy Cowboy Greens Unnamed South Fork Quitchupah Quitchupah 

Locntion Canyon Canyon Creek Creek Creek Hollow Drainage MuddyCk. Ck. Ck. 
Start 6/6/01 817102 6/6/01 617101 8/8/02 61710 t 9/25102 9126102 10/5179 1015179 

End 5110/04 5/10104 5/10104 9/25112 5/1 Jl04 511 Jl04 5/13/04 51U104 9/12112 9126112 

"Visits 16 8 16 37 8 16 6 6 94 98 
Flow (GPMl 
IINOF 13 1 2 21 t 5 6 0 I 0 

n So.U1ples 3 7 14 16 7 II 0 6 90 91 

Maximum 672 460 491 717 598 27 0 15.644 1.116 6.032 

Minimum 9.7 1.2 0.5 0.7 1.4 1.9 00 967.7 0.1 0.2 

Median 50.1 2.9 2.6 12.6 2.0 5.7 0.0 2,767.0 112.2 188.5 

Aver::lge 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 

1/ 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 

Minimum 8.48 7.97 7.72 8.48 6.50 7.92 0.00 8.69 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 8.3 8.3 

Dissolved Oxygen (mgll)· Criteria >4 (or >8 when early life sta~es are present) 

II Samples 3 7 13 14 7 10 0 6 43 44 

M~xjmum 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 95 7.4 7.7 

Average 8.3 8.3 6.1 7.8 8.2 68 0.0 9.9 7.5 7.8 

Water Temperature (Degree 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 

Avenlge 8.1 8.8 8.4 12.6 8.4 12.8 0.0 6.6 135 12.5 

Specific Conductivity (uS/cm) 

II Samples 2 7 13 7 7 10 0 6 58 63 

.Maximum 567 722 659 869 616 822 0 371 1.300 1.384 

Minimum 448 416 202 386 346 439 0 65 398 294 

Median 507.7 509.0 404.7 514.0 445.8 5720 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 

Turbidity (ntu) 

II Samples 3 7 13 7 6 10 0 5 50 53 

Maximum 19.6 39.9 5L4 76.3 22.5 96.3 0.0 6.8 640.0 1125.0 

Minimum 7.5 0.7 0.0 0.0 1.4 83 0.0 1.5 1.7 0.9 

Median 18.4 3.7 2.8 4.7 4.0 21.4 0.0 2.2 29.7 24.0 

Average 15.2 14.0 12.4 15.4 8.5 36.7 0 .0 3.5 50.6 143.4 



Table 7. Flood Flow Analysis for Greens Hollow Drainages 
Mean 

Elevation 
Drainage Basin Location Area (ares) Area (sq Mi) (ft. msl) Q2 Q5 Q10 Q25 Q50 Q100 

Greens Canyon @ STR-1 5,859 9.15 8720 199 443 656 1,017 1,351 1,716 
Greens Hollow @ STR-6 1,573 2.46 8786 102 243 371 592 800 1,033 
Cowboy Creek @ STR-3 3,580 5.59 8795 154 351 526 823 1,101 1,406 
Unnamed Trib'Jtary @ STR-7 555 0.87 8296 64 164 258 424 582 764 
NF. Quitchupah @ Sufco 042 15,373 24.02 8382 336 718 1,045 1,591 2,092 2,628 I 

Muddy Creek @ Sufco 405 46,372 72.46 9254 528 1,039 1,455 2,143 2,763 3,405 I 
Muddy Creek @ USGS 09330500 69,639 108.8 8879 676 1,315 1,832 2,685 3,451 4,239 
Frequency Analysis Estimate for 
Muddy Creek @ USGS 09330500 69,639 108.8 441 959 1,502 2,495 3,523 4,866 



Table B. Water Quality Results (2002·2004) • Stream Monitorin~ Station M STRB, South Fork 01 Muddy Creek. 

Parameter Name Criteria (mgtl) 

1C 2B 
Acidity, as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic (D) 0.01 
Bicarbonate. as HC03· 
Boron (D) 
Cadmium (D) 0.01 

Calcium (D) 
Calcium m 
Carbonate. as C03--
Chloride 
Chromium (01 0.05 
Copper (D) 

Cyanide (D) 
HydroxIde 
Iron (D) 
Iron (D 
Lead (D) 0.D15 

Magnesium (D) 
Magnesium (1) 
ManQanese (01 
Manganese (T) 
Mercury (D) 0.002 
Molvbdenum (D) 
Nickel (D) 

Nitrite, as N 
N02+N03. as N 
Orlho-Phosphale 
Potassium (D) 
Potassium IT) 
Selenium (OJ 0.05 0 .05 
Silver (D) 0.05 

Sodium (D) 
Sodium (1) 
Sulfate 
Total AlkaJlnitv. as CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardne$.s. as CaC03 
Total Phosohorus 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 

0.75. 

b 

0.15 

2e 

0.016 
0.013e 
0.0052 

1 

0.065e 

0.0024 

0.468e 

0.0184 
0.0016e 

0.05 

0.120e 

Detected Values (mgtl) # Samples 

4 Max Min Median Mean 
na na na BOl 6 

0.04 0.03 0.035 0.04 6 

na na na BDL 6 

0.1 0.0011 0.0009 0.001 0.001 6 
280 230 255 258 6 

0.75 na na na BDl 6 
0.01 na na na BDL 6 

54 43 47.5 49 6 
63 46 48 52 3 
9 2 7 6 6 

3.1 1.4 1.95 2.1 6 
0.1 na na na na a 
0.2 na na na BDL 6 

na na na na a 
na. na na BDl 2 
na na na BDL 6 

0.45 0.02 0.11 0.19 6 
0.1 na na na BDl 6 

27 22 24.5 25 6 
28 25 25 26 3 
na na na BDl 6 

0.02 0.01 0.02 0.02 6 
na na na na 0 
na na na BDL 6 
na na na na a 
na na na BDL 6 
0.8 0.54 0.675 0.7 6 
na na na BDL 6 
0.7 0.6 0.6 0.6 6 
na na na na a 

0.0008 0.0006 0.00065 0.ee07 6 
na na na na 0 

12 5.5 8.95 9 .6 
na na na na a 
12 6.6 8.85 9 6 

230 200 221 219 6 
5 4.2 4.6 5 5 

5.2 4.4 4.9 4.9 5 
1,2OOd 270 208 238 238 6 

2,000. 

230 210 220 222 6 
na na na na 0 
44 5 12 18 6 

0.01 0.01 0.01 0.01 6 

d = For irrigation. 
e = For stock watering. 

# Detects #BDl 

a 6 
2 4 

a 6 

4 2 
6 a 
0 6 
a 6 

6 0 
3 a 
5 1 
6 a 
a 0 
a 6 

a a 
a 2 
a 6 
6 a 
a 6 

6 a 
3 a 
0 6 
3 3 
0 0 
a 6 
a a 
0 6 
6 a 
a 6 
6 0 
a a 
4 2 
0 0 

6 0 
a 0 
6 a 
6 0 
5 0 
5 0 
6 a 

6 0 
0 0 
6 0 
2 4 



Table 9. Water Qualitv Results (2001-2004)- Stream MonitorlnQ Station M STR1. Lower Greens Canyon. 
Parameter Name Criteria (mg/I) 

1C 2B 
Aciditv. as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic (D) 0.01 
Bicarbonate, as HC03-
Burull (D) 
Cadmium (D) 0.01 

Calcium (D) 
Calcium (T) 
Carbonate, as C03--
Chloride 
Chromium (OJ 0.05 
Copper (D) 

Cyanide (D) 
HydroxIde 
Iron (D) 
Iron (T) 
Lead (D) 0.015 

Magllesium (D) 
MaQnesium III 
MarlfLanese (OJ 
Manganc3c (T) 
Mercury (O) 0.002 
Molybdenum (D) 
Nickel (D) 

Nitrite. as N 
N02+N03, as N 
Ortho·Phosphale 
Potassium (D) 
Potassium m 
Selenium (0) 0.05 0.05 
Silver (0) 0.05 

Sodium (D) 
Sodium en 
Sulfate 
Total Alkalinity. as CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness, as CaC03 
Tolal 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 

0.75. 

b 

0.15 

2, 

0.016 
0.013, 

0.0052 

1 

0.065, 

0.0024 

0.468, 

0.0184 
0.0016, 

0.05 

0.120, 

Detected Values (mgll) 
4 Max Min Median Mean 

na na na SOL 
0.03 0.03 0.03 0.03 

na na na SOL 

0.1 0.1 0.0008 0.001 0.03 
350 260 349 320 

0.75 l1a nil nil SOL 
0.01 na na na SOL 

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 SOL 
na na na SOL 

0.57 0.15 0.5 0.41 
0.1 na na na SOL 

27 19 na 23 
35 19 32 29 
na na na SOL 

0.02 0.02 0.02 0.02 
0.0002 0.0002 0.0002 0.0002 

na na na SOL 
0.0016 0.0016 0.0016 0.002 

na na na SOL 
na na na SOL 

0.07 0.07 0.07 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 SOL 

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 

1,200d 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. 

( 

# 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 0 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 



Table 10. Water Quality Results (2002-2004) - Stream Monitoring Station M STR2, Greens Canyon . 
Parameter Name Criteria (mgll) 

lC 28 
Acidity. as CaC03 
Aluminum (0) 

Ammonia, as N 

Arsenic (D) 0.01 
Bicarbonate, as HC03-
Boron (D) 
Cadmium (D) 0.01 

Calcium (0) 
Calcium (T) 
Carbonate, as C03--
Chloride 
CI1romium (D) 0.05 
Copper (D) 

Cyanide (OJ 
Hydroxide 
Iron (D) 
Iron en 
Lead (D) 0.015 

Maanesium (D) 
MaQnesiumln 
Manganese (D) 
Manganese In 
Mercury (0) 0.002 
Molybdenum (OJ 
Nickel (D) 

Nitrite, as N 
N02+N03 asN 
Ortho-Phosphate 
Potassium (OJ 
Potassiumm_ 
Selenium (D) 0.05 0.05 
Silver (D) 0.05 

Sodium(Oj 
Sodium m 
Sulfate 
Total Alkalinity, as CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness, as CaC03 
Total Phosphorus 0.05 
Total Suspended Solids 
Zinc (OJ 

a = Criterion varies with pH and hardness. 
b = Criterion varies with pH and temperature. 
c = Crilerion varies with hardness. 

3A 

0.75a 

b 

0.15 

2, 

0.016 
0.013, 

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 BDL 
0.06 0.05 0.04 0.06 

na na na BDL 

0.1 0.0016 0.0009 0.001 0.001 
411 280 356 355 

0.75 0.07 0.05 0.055 0.06 
0.01 na na na BDL 

77 48 58 64 
77 58 56.5 67 
14 5 6 8 
38 5.3 26.4 25 

0.1 na na na BDL 
0.2 na na na BDL 

na na na BDL 
na na na BDL 
na na na BDL 
1.6 0.05 0.41 0.6 

0.1 na na na BDL 

53 18 33 38 
52 20 35 39 

0.02 0.02 0.015 0.02 
0.07 0.01 0.02 0.04 
na na na BOL 
na na na BDL 
na na na BDL 

na na na SDL 
0.11 0.11 0.085 0.11 
0.08 0.08 0.07 0.08 
.4.1 2.4 2.7 3.1 
4.8 2.7 2.75 3.6 

0.0021 0.0006 0.00135 0.0012 
na na na BDL 

54 28 41 44 
52 28 41.5 44 

140 9.1 41.5 74 
337 230 292.5 295 
10 4.9 7.25 8 
11 5.1 7.3 8 

1,2ood 531 271 394.5 438 
2,000. 

410 190 280 315 
0.12 0.03 0.05 0.07 
83 9 41 33 

0.02 0.01 0.02 0.01 

d = For irrigation. 
e = For stock watering. 

It Samples It Detects #8DL 

6 0 6 
7 2 5 

6 0 6 

7 4 3 
7 7 0 
6 4 2 
7 0 7 

6 6 0 
7 7 0 
7 3 4 
7 7 0 
6 0 6 
7 0 7 

6 0 6 
2 0 2 
6 0 6 
7 6 1 
7 0 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 0 
6 6 0 
7 7 0 
7 7 0 
5 5 0 
5 5 0 
7 7 0 

6 6 0 
6 6 0 
6 5 1 
7 4 3 



Table 11 . Water Quality Results (2001-2004) - Stream Monitoring Stalion M STR3, Lower Cowboy Creek. 
Parameter Name Criteria (mg/l) 

1C 28 
Ac1cllty, as GaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic (D) 0.01 
Bicarbonate, as HC03-
!:loron CUI 
Cadmium (D) 0.01 

Calcium (D) 
Calcium (T) 

Carbonate, as C03-
Chloride 
Chromium (D) 0.05 
Copper (D) 

Cyanide (D) 
Hydroxide 
Iron (D) 
Iron(T) 
Lead (D) 0.015 

MaQnesium(D) 
~agnesium (Tl 
Manganese (D) 
MHlllIHIII:<~1,j .iTl 
Mercury (D) 0.002 
Molybdenum (D) 
Nickel (D) 

Nitrite. as N 
N02+N03, as N 
Ortho·Phosphate 
Potassium (D) 
Potassium (T) 
Selenium (D) 0.05 0.05 
Silver (D) 0.05 

Sodium (D) 
Sodium (T) 

Sulfate 
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 

0.75. 

b 

0.15 

2, 

0.016 
0.013, 

0.0052 

1 

0.065, 

0.0024 

0.468, 

0.0184 
0.0016, 

0.05 

0.120, 

Detected Values (mgll) 
4 MaJ< Min Median Mean 

6 6 6 6 
0.05 0.03 O.O~ 0.01\ 

na na na SOL 

0.1 0.1 0.0008 0.001 0.01 
373 250 356 346 

0.75 0.07 0.05 0.055 0.06 
0.01 na na na BDL 

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 

0.005 0.002 0.003 0.003 
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 
O.OU 0.02 0.02 0.03 
na na na SOL 
na na na BDl 

0.01 0.0013 0.0022 0.004 

na na na SOL 
0.31 0.03 0.085 0.12 
0.07 0.07 0.07 0.07 
3.4 2.1 2.7 2.6 
4.5 2 2.75 3 

0.0027 0.0005 0.00135 0.0014 
na na na BDL 

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 0.01 0.02 0.02 

d = For irrigation. 
e = For stock watering. 

I 

# Samples # Detects #80L 

5 1 4 
12 5 7 

5 0 5 

12 9 3 
12 12 0 
5 4 1 
12 a 12 

5 5 0 
12 12 a 
12 2 10 
12 12 a 
12 3 9 
12 3 9 

12 3 9 
2 a 2 
5 1 4 

12 8 4 
12 a 12 

5 5 a 
12 12 0 
5 2 3 
7 5 :? 
12 0 12 
5 a 5 
12 5 7 

7 0 7 
12 6 6 
7 1 6 
5 5 a 
12 12 a 
12 10 2 
12 0 12 

5 5 a 
12 12 0 
12 12 0 
12 12 a 
4 4 a 
4 4 0 
12 12 0 

5 5 0 
12 9 3 
7 7 0 
12 5 7 



Table 12. Water Quality Results (2001-2004) - Stream Monitoring Station M STR4. Upper Cowboy Creek. 
Parameter Name Criteria (mgll) 

1C 28 
Acidity. as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic (D) 0.01 
Blcarbona.te, as HC03-
Boron (D · 
Cadmium (D) 0.01 

Calcium (D) 
Calclumln 
Carbonate. as C03--
Chloride 
ChromlumJPJ 0.05 
Copper (D) 

Cyanide (D) 
Hvdroxlde 
Iron (D) 
Ironm 
Lead (D) 0.015 

Magnesium (D) 
Magnesium m 
ManganeselD} 
Manganese (Tl 
Mercury (D) 0.002 
Molypdenum (D"] 
Nickel (D) 

Nitrite, as N 
N02+N03. as N 
Ortho·Phosphate 
Potassium (D) 
Potassium m 
Selenium (D) 0.05 0.05 
Silver (D) 0.05 

Sodium (Dl 
Sodium (T) 
Sulfate 
Total Alkalinity, as CaC03 
Total AnioI1s 
Total Cations 
Total Dissolved Solids 

Total Hardness, as CaCOS 
Totall"hosp]1orus 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 

0.75. 

b 

0.15 

2, 

0.016 
0.013, 

0.0052 

1 

0.065, 

0.0024 

0.468, 

0.0184 
0.0016, 

0.05 

0.120, 

Detected Values (mgll) 
4 Max Min Median Mean 

na na na BDL 
0.06 0.03 0.045 0.05 

na na na BDL 

0.1 0.1 0.0008 0.00125 0.03 
431 280 360.5 364 

0.75 na na na BDL 
0.01 na na na BDL 

52 50 51 51 
60 34 55.5 50 
17 5 12 12 
60 5.6 29 31 

0.1 0.0039 0.0039 0.00.39 0.0039 
0.2 0.0011 0.0011 0.0011 0.0011 

0.004 0.004 0.004 0.004 
na na na SOL 
na na na BDL 

0.57 0.18 0.29 0.33 
0.1 na na na BDL 

27 18 22.5 23 
43 19 37.5 35 

0.01 0.01 0.01 0.01 
0.03 0.02 0.025 0.03 
na na na SDL 
na na na SOL 

0.01 0.0016 0.0019 0.005 

na na na BDL 
0.05 0.05 0.05 0.05 
na na na BDL 
2 1.6 1.8 2 
3 1 2.15 2 

0.0016 0.0006 0.00095 0.0010 
na na na BDL 

49 27 38 38 
87 25 65.5 63 
71 9.3 30 38 

372 240 317.5 318 
7.1 5.2 6.15 6.2 
6.9 5.3 6.1 6.1 

1,200d 548 280 414 420 
2,000. 

240 200 220 220 
0.1 0.01 0.035 0.0 
21 17 19 19 

0.01 0.01 0.01 0.01 

d = For irrigation. 
e = For stock watering. 

It Samples # Detects #8DL 

2 0 2 
6 2 4 

2 0 2 

6 4 2 
6 6 0 
2 0 2 
6 0 6 

2 2 0 
6 6 0 
6 6 0 
6 6 a 
6 1 5 
6 1 5 

6 1 5 
1 0 1 
2 0 2 
6 5 1 
6 0 6 

2 2 0 
6 6 0 
2 2 0 
3 2 1 
6 0 6 
2 0 2 
6 3 3 

3 a 3 
6 1 5 
4 0 4 
2 2 0 

.6 6 a 
6 4 2 
6 0 6 

2 2 a 
6 6 0 
6 6 0 
6 6 0 
2 2 a 
2 2 0 
6 6 0 

2 2 a 
6 4 2 
2 2 0 
6 2 4 



Table 13. Water Quality Results (2002-2004) - Stream Monitoring Station M STR5, Cowboy Creek. 
Parameter Name Criteria (mg/l) 

1C 2B 
Acidity, as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic [D) 0 .01 
Bicarbonate, as HC03-
t:!oron(U) 
Cadmium (D) 0.01 

Calcium [D) 
Calcium (T) 
Carbonate. as C03-
Chloride 
Chromium (D) 0.05 
Copper (D) 

Cyanide (D) 
Hydroxide 
Iron (D) 
iron (TJ 
Lead (D) 0.015 

Magnesium (D) 
Magnesium (T) 

Manganese lOt 
Mnl1[Jnl1f!~A (T) 
Mercury (D) 0.002 
Mercury (Tl 
Molybdenum {D} 
Nickel (D) 

Nitrite, as N 
N02+N03 as N 
Ortho·Phosphate 
Potassium (O) 
Potassium {T} 
Selenium (D) 0.05 0.05 
Silver (D) 0.05 

Sodium (D) 
Sodium (TJ 
Sulfate 
Total Alkallnlly, as CaC03 
Total Anions 
Total Cations 
Total Dissolved Solids 

Total Hardness, as CaC03 
Total Phosphorus 0.05 
Total Suspended Solids 
Zinc (0) 

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 

2e 

0.016 
0.013e 
0.0052 

1 

0.065e 

0.0024 

0.468e 

0.0184 
0.0016e 

0 .. 05 

0. 12Oe 

Detected Values (mgfl) 
4 Max Min Median Mean 

na na na BDL 
0.05 0.03 0.04 0.04 

na na na BDL 

0.1 0.0009 0.0006 0.0008 0.0008 
360 290 318 331 

0.75 u.uo U.U5 U.05 0.05 
0.01 na na na BDL 

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 BDL 

0.002 0.002 0.002 0.002 
na na na BDL 
na na na BDL 

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 BDL 

0.02 0,01 0.02 0.02 
na na na BDL 
na na na BDL 
na na na BDL 

0.01 0.0069 0.01 0.01 

na na na BDL 
0.27 0.03 0.14 0.14 
na na na BDL 
2.2 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 

1,200d 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 # BDL 

6 0 6 
8 3 5 

6 0 6 

8 5 S 
8 8 0 
6 4 2 
8 0 8 

6 6 0 
8 8 0 
8 5 3 
8 8 0 
7 1 6 
8 0 8 

6 0 6 
2 0 2 
6 0 6 
8 7 1 
8 0 8 

6 6 0 
8 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 



Table 14. Water Quality Results (2001·2004) · Stream Monitoring Slalion M STRG, Greens Hollow. 
Parameler Name Criteria (mgll) 

1C 28 
Acidity. as CaC03 
Aluminum (D) 

Ammonia, as N 

Arsenic {D} 0.01 
Bicarbonate, as HC03-
Boron (D) 
Cadmium (D) 0.01 

Calcium (D) 
Calcium IT) 
Carbonate. as C03-· 
Chloride 
Chromium (D) 0.05 
Copper (D) 

Cyanide (D) 
Hydroxide 
Irol1(D) 
Iron (1') 
Lead (D) 0.015 

MaCineslum (D) 
Magnesium (T) 
Manganese (D) 
Manqanese (n 
Mercury (D) 0.002 
Molybdenum (D) 
Nickel (D) 

Nitrite, as N 
N02+N03, as N 
Orlho-Phosphate 
Potassium (0) 
Potassium (T) 
Selenium (D) 0.05 0.05 
Silver (D) 0.05 

Sodium (D) 
Sodlumm 
Sulfate 
Total Alkalinity. as CaC03 
Total Anions 
Tolal Cations 
Total Dissolved Solids 

TOlal Hardness, as CaC03 
Total Phosphorus 0.05 
Total Suspended Soiids 
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 

0.468e 

0.0184 
0.0016e 

0.05 

0. 12Oe 

Detected Values (mgtl) 
4 Max Min Median Mean 

na na na BDL 
0.05 0.03 0.045 0.04 

na na na BDL 

0.1 0.0025 0.0015 0.0016 0.0019 
538 381 430 439 

0.75 0.06 0.05 0.055 0.06 
0.01 na na na BDL 

55 55 55 55 
66 37 58 56 
17 2 9.5 10 

57.9 21 40 41 
0.1 0.006 0.0045 0.0051 0.005 
0.2 0.0019 0.0014 0.00165 0.002 

0.015 0.008 0.0115 0.01 
na na na BDL 
na na na BDL 
1.7 0.3 0.54 0.8 

0.1 na na na BDL 

31 25 28 28 
42 25 36 35 

0.01 0.01 0.01 0.01 
0.04 0.03 0.035 0.04 
na na na SOL 
na na na BDL 

0.01 0.0014 0.0027 0.004 

na na na SOL 
0.08 0.04 0.05 0.06 
na na na BDL 
2.8 2.7 2.75 2.8 
9 2 3.2 4 

0.0014 0.0008 0.0009 0.0010 
na na na SOL 

85 80 82.5 83 
101 77 86 87 
53 21 41 40 

441 341 373 373 
8.8 8.3 8.55 8.6 
8.8 8.6 8.7 8.7 

1,2OOd 595 451 515 508 

2,000e 

260 240 250 250 
0.14 0.03 0.06 0.07 
42 21 25 29 

0.02 0.01 0.01 0.01 

d = For irrigation. 
e = For stock watering. 

1# 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 0 4 
9 3 6 
4 0 4 
2 2 0 
9 9 0 
9 7 2 
9 0 9 

2 2 0 
9 9 0 
9 9 0 
9 9 0 
2 2 0 
2 2 0 
9 9 0 

2 2 0 
9 8 1 
3 3 0 
9 4 5 



Table 15. Water Quality Results (1980-2012) - Stream Monitoring Station M_STR9, South Fork of North Fork Quitchupah 
Creek 

Parameter Name 

lC 
Acidity. as CaC03 
Ammonia, as N 

Arsenic (T) 
Bicarbonate. as HC03-
Boron (T) 
Cadmium (T) 
Calcium (D) 
Calcium (T) 
Carbonate, as C03--
Chloride 
Chromium (T) 
Copper (T) 
Hydroxide 
[ron (D) 
[ron (T) 
1.",11 11 (T) 

Magnesium (D) 
Magnesium (T) 
Manganese (D) 
Manganese (T) 
Mercury (T) 
Nickel (T) 
Nitrite, as N 
N02+N03, as N 
Ortho-Phosphate 
Potassium (D) 
Potassium (T) 
Selenium (I ) 
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 = Criterion varies with hardness . 
b = For irrigation. 

Criteria (mgll) Detected Values (mgll) 

2B 3A 4 Max Min Median Mean 
34.2 0.01 2.5 8.4 

, na na na BDL 
0.003 0.002 0.003 0.003 
549 128 306.70 320 
1.08 0.04 0.106 0.18 
na na na BDL 

94.7 49 56.0 59 
156 22.4 63.03 65 
79 0.01 9 14 
45 2.9 10.2 15 
na na na BDL 

0.012 0.01 0.011 0.01 
0.1 0.01 0.1 0.1 

I 0.51 0.006 0.03 0.08 
24.6 0.D18 0.71 1.4 

0.003 0.001 0.002 0.002 
56.4 30 33 34 
108 2.88 34.1 35 
0.14 0.002 0.02 0.03 
0.73 0.005 0.05 0.07 
0.1 0.1 0.1 0.1 
na na na BDL 
na na na BDL 

0.08 0.08 0.08 0.08 
0.7 0.01 0.03 0.1 
ti.47 0.91 I.tiR 1.9ti 

4 1 3.5 3 
1141 na nil 

~~, 

DUL 

na na na BDL 
110 10.9 19.1 28 
100 10.8 46.1 49 
405 18 90.0 95 

450 184 251.4 269 
14.5 4.5 6.50 7.1 
14.3 4.7 6.3 7.1 

1,2OOb 

2,0000 850 269 401.0 428 
610 203 294 307 

0.05 0.05 1.12 0.014 0.1 0.2 
13 13 13 13 

0.003 0.003 0.003 0.003 

c = For stock watering. 

# Samples # Detects #BDL 

15 13 2 

2 0 2 
3 2 1 

79 79 0 
48 44 4 
3 0 3 

44 44 0 
51 51 0 
60 28 32 
92 92 0 
2 0 2 
2 2 0 

43 14 29 
93 37 56 
93 91 2 
2 2 0 

44 44 0 
51 50 1 
89 49 40 
93 75 18 
2 1 1 
2 0 2 
3 0 3 
8 1 7 
II II 0 
43 42 1 
13 13 0 
3 " " V J 

2 0 2 
44 44 0 
50 50 0 
91 91 0 

89 89 0 
49 49 0 
49 49 0 

91 91 0 
77 77 0 
18 18 0 
1 1 0 
2 I 1 

( 



( Table 16. Water Quality Results (1979-2012) - Stream Monltorln~ Stallon M STR10. Upper North Fork Qultchupah Creek. 

Parameter Name Criteria (mg/I) Detected Values (mg/I) # Samples # Detects #BDL 

lC 2B 3A 4 Max Min Median Mean 
Acidity. as CaC03 18 0 1.2 4 15 13 2 
Ammonia, as N a na na na BDL 2 0 2 
Arsenic (T) 0.001 0.001 0.001 0.001 4 2 2 
Bicarbonate, as HC03- 493 156 246.6 257 81 81 0 
Boron (T) 0.82 0.01 0.10 0.15 48 40 8 
Cadmium (T) na na na BDL 4 0 4 
Calcium (D) 66 37 50 49 45 45 0 
Calcium (T) 144 20.5 54.80 57 52 52 0 
Carbonate , as C03-- 21 0 8 9 62 23 39 
Chloride 86 1 7 9 96 94 2 
Chromium (T} na na na BDL 2 0 2 
Copper (T) 0.01 0.01 0.01 0.01 2 2 0 
Hardness,jcalc) 0.2 0 0.1 0.1 45 16 29 
Iron (D) 1 1 0.008 0.04 0.14 94 31 63 
Iron (T) 29.6 0.02 0.4 2.1 95 82 13 
Lead (T) 0.005 0.004 0.0045 0.005 2 2 0 
Maqnesium (D) 26 12.1 17.0 18 45 45 0 
Magnesium {Tl 240 0.48 21.33 28 52 51 1 
Manganese (D) 0.2 0.002 0.01 0.03 91 40 51 
Manganese (T) 1.46 0.002 0.02 0.09 94 66 28 
Mercury (T) na na na BDL 2 0 2 
Nickel (T) na na na BDL 2 0 2 
Nitrite, as N na na na BDL 5 0 5 
N02+N03, as N na na na SDL 8 0 8 
Ortho-Phosphate 0.23 0.01 0.025 0.06 10 8 2 
Potassium (D) 1.65 0.48 0.83 0.90 44 34 10 
Potassium (T) 9.1 0.67 2 3 14 13 1 

( ) Selenium (T) na na na BDL 4 0 4 
Silver (T) na na na SDL 2 0 2 
Sodium (D) 39 4.80 18.60 18 45 45 0 
Sodium (T) 163.9 6 22.32 30 52 52 0 
Sulfate 475 9 25.0 36 96 96 0 
Total Alkalinity, as 
CaC03 404 165 206.0 215 91 91 0 
Total Anions 7.8 3.6 4.7 4.8 50 50 0 
Total Cations 7.5 3.6 4.8 4.9 50 50 0 
Total Dissolved Solids 1,200b 

2,000c 904 128 263 275 96 96 0 
Total Hardness, as 
CaC03 720 150 210 221 81 81 0 
Total Phosphorus 0.05 0.05 1.64 0.005 0.06 0.27 22 17 5 
Total Suspended Solids 1 1 1 1 2 2 0 
Zinc (T) 0.01 0.01 0.01 0.01 2 2 0 

a = Criterion varies with hardness. c = For stock watering. 
b = For irrigation. 



source 
water and for irrigation p~oses. Cabin and yard are fenced. Stainle;s steel spring 
box is located to the back of the cabin under an old barrel and discharges into a 
galvanized pipe leading to an Wlderground SIQr.lS.Ubnl: and to a trough next to the 
cabin. Water 

Comments Spring box is located next to Greens Hollow road crossing and instrumented by 
EWCD. Water quality samples were collected periodically for laboratory testing. 
Information obtained from ranchers indicates that this spring box is the water source 
for the trough located about 100 feet to the east on the south side of Greens Hollow. 
Water overflows the cattle trough at down slope end and continues to flow along the 
south side of Greens Hollow. 



Comments Appears to be headwater spring for Greens Hollow. Water originates in stream 
channel (about IS feet deep) with some ripariao/wetland vegetation growing in the 
bottom. Channel ends aooroximatelv 30 feet uostream from measurement 

CommetJls Water originates near base of2 firs in a small drainage off Greens Hollow. There is 
no stream channel above the spring. Water flows downstream about 5 feet into 
tributary, surrounded by a wetland with sedge vegetation. The slope is modera1e 
above the spring's source. Slope appears stable, no evidence of slumping/soil 
movement. Water 



is seeping out ofa small depression, mid-slope and north ofSP06, and has very 
low flow. It was originally considered to be a part ofSP06 and field measurements 
for SP06 were taken below the confluence of the two springs. Starting Sept 2002, 
both springs were measured separately because cattle heavily trampled the area of 
confluence. 

water quality measurements were 
spring/seeps (SPOS and SP06) located in the upper portion of a tributary flowing into 
Greens Hollow. SP06 is located at the base of an aspen-covered slope (small bench), 
has much greater discharge than SPOS, and forms a small pond. The two springs were 
measured separately starting Sept 2002 because cattle heavily trampled the area of 



near 
source down to a moderately wide, flat-bottomed drainage (no channel) connected to 
Cowboy Creek. Water accwnulates in fl oor of drainage, fonns small wet pocket, but 
flc·w does not reach Cowboy Creek. Water quality samples were collected 

. .' .. - .. . 



Small seep that enters top of meadow to east ofSP08. Water discharges from base of 
slope in aspen stand, disperses into broad flow after entering meadow. Cattle trample 
area. 

Developed spring with cattle trough (Lowery Springs?). Spring box is about 20 feet 
up slope of trough on east side of drainage leading down to Cowboy Creek. Water 
flows from trough across slope, eventually entering channel. Small pocket of sedge 
below trough (north). Not certain if sedge is supported by a seep or overflow from 
trough. No water in channel above this location. Instrumented spring, monitored by 





source of water in Cowboy Creek. Moderately sloped, 
wide valley. Spring source is located in a slightly incised channel in an aspen stand, 
just below a point where the channel drops about 2 feet and becomes more incised. 
This site is usunllv drv in the fall. 

Comments Developed spring originating on gentle slope; spring box located about 
downstream from source. Spring box does not capture all the flow from spring. 
Cattle trough located 250 feet down slope. Water from spring and overflow from 
trough enter drainage, eventually reach Cowboy Creek, about 114 mile downstream. 
Flow in Cowboy Creek approximately doubles below confluence. Water quality 



large seep or wallow on left side of channel near headwater oftnoutary to 
North Fork Quitchupah Creek. Good stand of willow and other shrubs around it. 
This spot is usually pretty well trampled by September. In 2001, flow of tributary 
below spring was measured instead of spring itself. The area drained by this tributary 
falls completely within the bOlIDdary of the project area. It was assumed that flow in 
str-..arn was contributed primarily from spring flow, although recent rain activity may 
have been 

seep 
of3 pines, about 50 feet from edge of bench. T:l.e water flows through a wet me;ldow 
on bench then converges into a steep rocky channel draining the bench area. It e'1ters 



Developed spring located at south end of wide, gently sloped valley above Muddy 
Creek. Field water quality was measured in spring box, which is heavily corroded. 
Line is broken below spring box, just below fence crossing, and no water reaches 
trough. Pipe appeared to be plugged or parrially plugged on some visits, water 
appeared stagnant, and dead rodents were found in spring box. Water quality samples 

. _ _ on a _ 
North Fork Quitchupah Creek. Two seeps located below have immeasurable flow. 
Field water quality parameters measured at spring source, flow measured below 
springs and seeps to obtain total flow from this location. Some evidence of slumping. 
Best way to locate it is to stay in main channel and look for the confluence with a 
smaller incised channel. 



\..[Ullcnupan Creek.. Spring found in aspen grove near toe of slope. This area is 
us.allytrampled by cattle in the fall. Collect field water quality measurements at the 
first point where steady surface flow is observed. Flow is measured at the downslope 
ed!:e of meadow where channel drops off. Flow from this spring usually reacEtes the 
clwmeL 

Creek. Look for flagging or tag on ,mall besh or .spen tree at top of 
channel bank. This site is usually dry during the fall season. Best access is from the 
end of a spur road coming off the main A TV trail along Big Ridge. 5 minute hik, 
from end of spur road. 



.......... ~ 

area _ _ 
Many areas appear to have settled: wet areas are as much as I - 2 feet below the 
surrounding soil surface. Field water quality and flow taken immediately below the 
point of confluence. In May, need to subtract flow discharging from wetland above 
spring into the channel. This flow comes from snowmelt runoff and SP75 and is not 

in the fall. 

Developed spring near White Mountain Cabin, surrounded by large seep face on 
stream bank upstream and downstream from spring. During springtime, measured 
flow in stream channel above and below spring and seeps in order to calculate entire 
contribution from spring and seeps. No flow in channel above spring and seeps in the 



next to each other on either side ot a medrum-slze spruce 
tree, on bench area immediately north of Julius Flat reservoir spillway and darn. 
These springs appear to be above the elevation of the resenroir bottom. During the 

this area was hiked and 



are located next to each other on either side ot a medIum-Size spruce 
tree, on bench area inunediately north of Julius Flat reservoir spillway and dam. 
These springs appear to be above the elevation of the reservoir bottom. During the 



seeps and a few !t'flDgs are concentrated in a stream 
channel that drops into a large pond. Field wate:: quality parameters measured in this 
channe~ below confluence of flows, about lOO:ee1 above where il drops off lo pOnd. 
Flow measured at point where channel drops off 10 pond. Look for flag on large 



M-SP35 6}3}03 7:59:29 PM 

'. 



approximately 200 feet west ofSP36, on a moderate slope 
Muddy Creek. Small amount of slwnping noted above water 

crust on soil surface surrounding this location. 

Spring originates from base ofIarge rock about 250 feet above South Fork 
Creek. Water flows downhill a short distance then splits into two streams. Flow 
measured at drop created by water flowing across small game trail. Spring is hard to 
see from above, surrounded by sedge/willow m:x. Water quality samples were 
collected 



\--

Comments Developed spring located along Cowboy Creek. Includes three spring boxes: top 
spring box is disconnected and has no flow, only stagnant water; water from midd1e 
spring box flows into lower spring box, which discharges into Cowboy Creek. 
Instrumented spring, monitored by EWCD. Water quality saroples were collected 



Name 
GPS location 

Comment. 

M-sPd REMAINS OF BRUSH RES 61Al2OO3 lUO. 18 f'M 

This is the discharge point from what is left of Brush Reservoir. This pond is fed by 
several seep faces located on the north end. The- dam is breached. There is usually a 
smaller pond/wetland below the larger pond, We measured water quality paramelers 
and flow at the outlet point below the smaller pc,nd on the far south end. Discharge 
from the smaller pond is concentrated in a small channel that allows flow 
measurements to be taken. Look for flag or metal tag at brush on cut bank, east side. 
This site is usuallY dry in the fall. 



-

Comments This spring originates at the edge of a large clearing at upslope end of a bench above 
a tributary to the North Fork Quitchupah Creek. No recent slumping observed in the 
area. The clearing is heavily trampled. Flow is usually measured about 25 feet below 
the source. Flow usually dries up about 250 feet below source, does not make it to 
the stream channel. 





on a ClIspersea seep tace near a 
Field water quality measured at middle source in a small poo] near the base of an 
aspen. Flow measured down slope from seep face at two different locations, on the 
east and west side of the sloDe. where water is concentrated into two stream channels. 



_ a wet area 
Flow measured at pool. Discharge from pool goes subsurface before 

Black Fork Creek as a dispersed seep face, neal confluence with South Fork 



source is located in the bottom third of steep slope above South Fork Muddy 
Creek. Water discharges in small depression, consisting of clay material. This soil 
type appears consistent with the nearby slope. Slope is mostly open above. Field 
water 





site contains several small springs and seeps discharging into a wet meadow 
located on a bench above the South Fork Muddy Creek. Field water quality 
parameters were measured at the largest spring and flow was measured at the outlet of 
the wet meadow, at the edge of the bench, below the confluence of all the springs and 



Water originates in small bowl (100 square feet) , barren and surrounded by 
Water lS somewhat dispersed from source, concentrates about 10 - 20 feet below. 
Area is usually trampled in the fall. Water flows over edge of bench towards a 
stream channelloc.ted about ISO feet down slope. Water usually disappears about 50 
fe~t or so below the source and does not reach the stream channel. Best access is to 

Water discharges from a depression in the north channd bank 
feet above the North Fork of Quitchupah Creek. Turbidcty influenced by bank 
erOSIOn. 



( 

'--



no measurements were 
S~ring is located under a Large conifer tree on a gentle slope leading to Beaver Creek, 
below the two-track road going around Julius Flat. Area used by wildlife and cattle as 
evidenced by Il'3ils an 

GPS loca:ion 

Comments Spring location was recorded in 1001 but no measurements were taken until100~ . 

This sDrine. is located on the North side of an unnamed tribu:arv to Beaver Creelc . 



unnamed tnoutary to the 
on a gentie, grassy slope with downed timber, about 100 feet above the creek. 



spring is located on the North side of the North Fork Mudjy Creek, on a steep 
slope with dense tree and brush cover. ]t originates at the northwest comer of an 
aspen stand, just below a stand of Juniper trees. Flow from the spring crosses a well
used trail on its way down to the North Fork. There is a small seep with no 
measurable flow directly to the east of the sorinz. about 5-10 feet 



on a steep 
slope covered with trees and brush. About 50 feet below the source, flow from 
M_SP70 joins the flow from this spring. Below the confluence, the water crosses a 
well-used wildlife/cattle trail, then discharges into a small wetland area on a bench on 
the north bank of the North Fork. 

on a steep 
slope covered with trees and brush. It originates in the middle of a tangle of deadfall 
and is difficult to access. About 50 feet below source, flow from this spring joins flow 
from SP _69. Below the confluence, the water crosses a well-used wildlife/cattle trail , 
then discharges into a small 



_ under some 
up the slope to the north ·)f an Un:lamed tributary to the North 



seep and I - 3 springs. Flow measured below confluence_ Water quality parameters 
measured on west side. Water does not appear to reach stream channel. Usually no 
flow in the fall. 





Comments 

• I .y. "';ot- •. ~ ........ 

Large seep that originates just below a barbed wire fence, just west ofSP32. Water 
concentrates into a channel about 30 feet below the fence. Moderate slope, some 
minOT slumping. This site is usually dry in the fall. Best way to access site is to 
follow fence line from M SP72. 

point of water discharge within stream channel of unnamed tributary to 
Horse Creek. Appears to be general groundwater inflow into heavily incised channeL 
WQ and flow measured about 100' below origin, at flag on willow bush located on 

fuLl. 





· _. _ a stream channel near ilieboundary of the tract 
buffer. Flow and water quality measurements taken on the stream, below a large 
pond/seep area. GPS location is for that measurement point. Total discharge from 
seeps/springs calculated by substracting flow in stream channel at tract buffer 
boundary from flow in stream channel below the seeps. Need flume to measure flow 
at this site. 

_ area 10000led (lo\Vns[t~ru Of :st'lS) :uone. same stream 
quality and flow measurements taken in stream channel at a small wildlife crossing, 
just below the lowest seep. Small seep area just above on left side when looking 
upstream. Total discharge from seeps/springs calculated by subtracting flow in 
stream channel below M SP85 from flow in channel below M SP86. Need flume to 
measure flow at this site.- -







spring originates on the northeast side ot the hast t-ork. tlox Canyon, on a niUTOW 
bench below a cliff, and crosses a well-used wildlife/cattle path. This spring appears 
to be Pines #216 and is marked with a stake labeled "EFB52':N)". The spring/seep 20 
feet to the east was flowing very slowly at the time of tbe first visit, not measurable. 
On subsequent visits, it was measured as SP98. After SUFCO mined under the East 
Fork Box Canyon in the winter of2003-2004, both SpriDgS stopped flowing and ·.vere 

a rockslide. 



"--



Water appears from under a big boulder in the stream ebnnel. Metal tag near sClUTee 
is labeled Pines 207. This spring is diffic:I!t ane somewbat daDgerous to get to, cue to 
extremely steep slopes and cliffS surrounding it. Water is dripring from a big 
overhang just upstream. of the spring but no mec.surable flow there. Water flows ()D 

surface for about 70 feet below spring then disappears. It reap?ears with additioaal 
flow from other seeos/sDrifl1!S at SP95. 



spring originates on the northeast side of the East Fork Box Canyon, on a narrow 
bench below a rock face, aod crosses a well-used wildlife/cattle path. Water 
disappears underground near edge of bench and reappears on slope just below bench. 
This spring appear to be Pines #217A aod is marked with a stake labeled "EFB53(S)". 
It is located abeut 50 feet south ofSP94. After SUFCO mined under the East Fork 
Box Canyon in the winter of 2003-2004, both springs stopped flowing (unlike SP93 
and SP98. they were untouched 



Commenls This spring is located on a gentle sLope above an 
about 150 feet east ofSP64 and 75 feet east ofSPliO. 
the west of this sDring ioins flow from SP10l before 
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Comments 

4322997 
463336 
This spring is located on the North side of the North Fork Muddy Creek, on a steep 
slope covered with trees and brush. Flow from the spring crosses a well-used game 
trail on its way down to the North Fork. Many leeches in water near source. 







_ berNeen SP49 and 51'48. Spring IS on the 
hillside just above a small wetland, on the nort1-_ side of the North Fork Muddy Creek. 
There are a few large fir trees in the area. Water comes out ·:>fthe ground, stays 3.bove 

for only a few feet, then disappears for about 5 ft, then flows above grou:ld 



was not flowing at the time, but 
later proved to be a new spring. It is located on a fairly steep, forested north-facing 
slope with some deadfall, 300 - 400 feet to the east of the actual SP76. Elk and elk 

were observed near this 
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4.0 CHAPTER 4 - ENVIRONMENTAL 
CONSEQUENCES OF THE ALTERNATIVES 

4.1 INTRODUCTION 

This chapter discusses the environmental consequences of implementing the Proposed Action and 
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 follows, 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 subsequent 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 
Chaptcr 2 (Table 2.1). Wherc pertincnt, each rcsource section also includes sections describing 
unavoidable adverse impacts, effects related to short-term uses versus long-term productivity, and the 
irreversible or irretrievable commitment of resources. 

4.1.1 EXISTING MINE AND RELATIONSHIP TO THE GREENS HOLLOW TRACT 

The Greens Hollow tract is located in the southern Wasatch Plateau where there are other coal leases, 
including the Quitchupah, Pines, and SITLA leases. These existing leases have been mined using 
longwall methods, and mining is continuing in portions of these leases. Subsidence impacts of the mining 
have been studied and documented in Anderson (2008a), Bigelow (2009), Canyon Fuel Company (2007), 
Mayo and Associates (1999), Petersen (2006, 2007, and 2009), and Thiros and Cordy (1991). A primary 
concern with subsidence mining is potential impacts to water resources and corresponding impacts on 
dependent resources, including vegetation, wildlife, and rangelands. 

Beginning in late 2003, mining in the Pines Coal Lease undermined and subsequently subsided the North 
Water area, a tributary to the East Fork of Box Canyon (see Figure 4.1). Subsidence of the North Water 
Canyon area of the East Fork of Box Canyon in the winter of 2005 to 2006 resulted in the loss of flow at 
three springs (Pines 105, Pines 311, and Pines 310 Lower), the loss of water in two ponds, relocation of 
spring discharge at 3 springs and the depletion of surface and alluvial (subsurface) flow supporting a 
major riparian area (Petersen 2009). No flow to these areas has been restored (Weiser 2009). A 
mitigation plan to restore the North Water spring area has been finalized (Canyon fuel Company 2013) 
and recently approved (DOGM 2013b). Although surface discharge is currently lost from 3 springs, 
stream monitoring below the springs has indicated the Castlegate Sandstone groundwater system that 
supported surface discharge from these springs, continues to function and provides groundwater flow at 
pre-subsidence levels in the East fork of Box Canyon Creek (Petersen 2009). Subsidence has also 
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occurred beneath many other springs along the East Fork of Box Canyon in the Pines Coal Lease without 
impacting discharge. 

Surface tensile cracks also occur in upland areas post subsidence, particularly where cover above the 
Castlegate Sandstone is limited. In these areas, hydrologic impacts could occur during periods of 
overland flow if cracks remain open. Due to the lack of overburden above the Castlegate Sandstone 
layer, "healing" of the cracks has been much slower. In order to draw inferences between the impacts that 
were observed in the North Water area and the potential for similar impacts to occur in the Greens Hollow 
tract, this section compares the geology and hydrology ofthc North Water Canyon area of the Pines Coal 
Lcase with the Grccns Hollow tract. 

The sedimentary geology is the dominant factor influencing the hydrologic system of the area. The 
geology also determines how subsidence affects the surface resources of the area. The geologic units of 
importance for this comparison, listed from bottom to top (oldest to youngest), with their dominant 
characteristics that could influcnce hydrology and other resources, are as follows (see also Figure 3.2): 

Blackhawk Formation: This unit consists of interbedded sandstone, siltstone, shale, and coal. The 
economic coal seams occur ncar the base of the Blackhawk Formation. The shale from the 
Blackhawk Formation was examined by X-ray diffraction and found to contain an average of 24 
percent smectite, a swelling clay. (DOGM 2005). These swelling clays decrease the vertical 
hydraulic conductivity, which impedes the vertical flow of ground water in the Blackhawk 
Formation. Thereforc, the upper portion of this formation is nearly impervious and generally 
perches water in thc basal portion of the Castlegate Sandstone. 

Castiegate Sandstone: This unit is a massive (blocky) fluvial sandstone with minor interbedded 
conglomerate and rarc siltstone or shale. The unit is porous and permeable and is an important 
aquifer. The CastIegate Sandstone has a prominent fracture pattern and prominent bedding planes. 
Minor thin lenses of gray to carbonaceous shale as well as coal pods may be present. Weathered 
Castlegate Sandstone results in sandy sediments that are ineffective in sealing cracks in the 
surface-exposed, consolidated sandstone and does not prevent the downward flow of water. 
Abundant swclling clays at the contact border with the Blackhawk Formation impede downward 
movement of ground water and result in lateral movement. Structure appears to influence 
groundwater flow in the Castlegate Sandstone in the Greens Hollow and Pines Lease tracts as all 
of the springs are located on the east or southeast side of the canyons in these areas (Cirrus 2004), 
as would be expected for ground watcr following the dip slope. 

Price River Formation: This unit is a deposit of chicfly sandstone with interbedded siltstonc and 
shale, with minor conglomerate. Where it occurs, shale deposits severcly restrict veliical flow of 
ground watcr to decper units. This process is indicated by the relatively larger number of springs 
that issue from the Price River Formation in comparison to other geologic formations such as the 
Castlegate Sandstone. Indications of extensivc unsaturated horizons in the Price River and 
Castlegate Sandstone Formations found in drill holes and wells in the Pines Coal Lcase Tract, 
suggest that perched ground water conditions are likely (Forest Service 1999). 

North Horn Formation: This unit is similar to the Price River Formation, but is mostly shale with 
interbedded siltstone and sandstone. The shaley nature of the formation and its occurrence at 
higher elevations that receive more precipitation make it vulnerable to mass movement, slope 
failures, and landslides. The shales and clays of the North Horn Formation serve to retard the 
vertical flow of water causing ground water to move horizontally along bedding planes or through 
fractures. Similar to the Price River Formation, this process is evident due to the relatively larger 
number of springs that discharge from this formation in comparison to the Castlcgate Sandstone 
Formation. 
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A primary difference between the Greens Hollow tract and the Pines Tract is the geologic units or 
stratigraphy exposed on the surface of the tracts (Figure 4.1). The Price River Formation is present over 
only about 25 percent of the Pines Tract. The majority of the Price River Formation in the Pines Coal 
Lease Tract ranges in depth from 0 to 50 feet with some areas ranging in depth from 100 to 500 feet. 
Most of the surface of the tract consists of Castlegate Sandstone with little soil cover. The North Water 
Canyon area of the Pines Coal Lease, where the springs, ponds, and alluvial flow were lost, is very near 
the top of the Castlegate Sandstone where the unit is exposed at the surface (Figure 4.1). Hence, soils in 
the N0l1h Water Canyon area are derived from the Castlegate Sandstone and predominantly clean, well
sorted sand with very little silt or clay-sized material. When undermined, fractures form in zones of 
permanent tension, around the margins of each longwall panel, which tend to remain open. Over time, 
the surface tension fractures tend to fill with the available sandy soil. However, because this material is 
sand, with little silt and clay, it has a high porosity and permeability and has little potential to 
hydraulically seal the fractures. Therefore, springs and drainages lost to the subsidence cracks or 
fractures can be permanently dewatered and surface fractures outside the riparian habitat can remain 
permanently open to water flow. 

In contrast, over most of the Greens Hollow tract, the Price River and North Horn Formations are mapped 
as the surface-exposed bedrock units and overlay the Castlegate Sandstone (Figure 4.1). Exposed or 
shallowly buried Castlegate Sandstone layers in the Greens Hollow tract are limited to the extreme north 
and northeast edge of the tract in the lower Cowboy Creek, lower Greens Hollow, and Muddy Creek 
drainages. These areas, approximately 3 percent of the tract, correspond to the upper extent of the 
Castlegate Sandstone and are the only places on the tract where it is exposed on the surface. South and 
west of these areas the Price River Formation thickness increases quickly and then transitions to the North 
Horn Formation (gaining up to 1,700 feet in thickness above the top of the Castlegate Sandstone). The 
soils formed on the Price River and North Horn Formations contain abundant silts and clays. When 
comparcd to thc Castlcgate Sandstone, the silts and clays in the Price River and North Horn Formations 
are more likely to deform and are less likely to propagate subsidence-caused tension fractures to the 
surface. Thicker cover above the Castle gate Sandstone reduces the severity of subsidence impacts at the 
surface due to the dampening effect of the increased thickness. 

It is the judgment of professionals (i.e., Hamid Maleki [mining engineer], Paul Anderson [project 
geologist], Katherine Foster [FS Hydrologist], and Art O'Hayre [hydrogeologist]), that where the 
Castlegate Sandstone is buried by 50 feet or more of overburden of the Price River and North Horn 
Formations, silts and clays are present in sufficient quantities to seal subsidence cracks over time (the 
period varies depending on precipitation levels and erosion rates) through the processes of weathering, 
surface erosion, and deposition. The clays contain about 24 percent smectite clay (DOGM 2005), which 
swells when hydrated, effectively sealing fractures and stopping the downward flow of water. Therefore, 
the areas where hydrologic impacts similar to those experienced in the N0l1h Water Canyon area could 
occur are limited to the lower Cowboy Creek, lower Greens Hollow, and Muddy Creek drainages where 
the Castlegatc Sandstone is at or near the surface. Widespread subsidence impacts across the Greens 
Hollow tract similar to those experienced in the North Water Canyon area would not be expected. 
Excluding areas where hydrologic impacts could be similar to those experienced in the North Water 
Canyon area was a large factor in the formulation of Alternative 3. The potential impacts for Alternative 
2, however, in the area where the Castlegate Sandstone is at or near the surface could be similar to those 
experienced in the North Water Canyon area. 

Based on the geology/stratigraphy and hydrology of the two tracts, anticipated impacts to other resources 
would also be quite different between the Pines Tract and the Greens Hollow tract and are discussed in 
this EIS on a resource by resource basis. 
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Compari5ion of Manti-LaSal Forest Water Monitoring and Sufco Water Monitoring 2004,2013, 2014, 2015 
2013 (F5) 

Manti-laSal Forest Name Sufco Monitoring 

of Spring Site No. X Coordinate (FS) 

Green Hollow Spring 1 

Green Hollow Spring 2 

Green Hollow Spring 3 

Green Hollow Spring 4 

Green Hollow Spring 5 

Green Hollow Spring 6 

Green Hollow Spring 7 

Green Hollow Spring 8 

Green Hollow Spring 15 

Green Hollow Spring 16 

Green Hollow Spring 17 

Green Hollow Spring 18A 

Green Hollow Spring 18B 

Green Hollow Spring laC 

Green Hollow Spring 19 

Green Hollow Spring 20 

Green Hollow Spring 21 

Green Hollow Spring 22 

Green Hollow Spring 23 

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 30 

Green Hollow Spring 31 

Green Hollow Spring 32 

Green Hollow Spring 33 

Green Hollow Trough 1 

Green Hollow Trough 2 

Green Hollow Trough 3 

Cowboy Spring 2 

Cowboy Spring 3 

Cowboy Spring 4 

Cowboy Spring 5 

Cowboy Spring 6 

Cowboy Spring 7 

Cowboy Spring 8 

Cowboy Spring 9 

Cowboy Spring 10 

Cowboy Spring 11 

Cowboy Spring 12 

Cowboy Spring 13 

Cowboy Spring 14 

Cowboy Spring 15 

Cowboy Spring 16 

Cowboy Pond 

Cowboy Trough(5pring 

Cowboy Spring 2 

Clay Spring 

Clay Spring 1 

Clay Spring 2 

M-5P18 1M) 

M·5P02IM) 

M-5P39 1M) 

M·5P01IM) 

M-5P45 

M-5P15 

M·5P60 1M) 

M-5P03 

M·5P04 

M-5P06IM) 

M·5P05 

M·5P40 

M-5P41 1M) 

M·5P14 

M-5P39 (M) 

M·5P39 1M) 

M-5P53 1M) 

465730 

466978 

466021 

466922 

465519 

465106 

465420 

464453 

463580 

463810 

463894 

463855 

463842 

463852 

463863 

462825 

462602 

463081 

462984 

463717 

464182 

464144 

464148 

462589 

462606 

463294 

463758 

463958 

462590 

463087 

465828 

467080 

466126 

466097 

465542 

465169 

464847 

465043 

463613 

463407 

462868 

462477 

462853 

464979 

466911 

466916 

464665 

464614 

462393 

466304 

467027 

464387 

463333 

463361 

2004 & 2013 5ulco Flow Rate 

V Coordinate (FS) Historic Flow (gal/min) 

4321098 

4319927 

4320183 

4318979 

4320142 

4320014 

4321861 

4321263 

4316947 

4316882 

4316844 

4316094 

4316060 

4316079 

4315573 

4316290 

4316374 

4320324 

4319938 

4319726 

4319466 

4319328 

4319344 

4316428 

4316393 

4316888 

4319694 

4319425 

4316362 

4317259 

4321235 

4319923 

4320148 

4318234 

4317857 

4317821 

4317966 

4317906 

4318245 

4318235 

4318398 

4318430 

4318087 

4317937 

4318985 

4318981 

4317374 

4317948 

4318314 

4317351 

4319014 

4320853 

4319905 

4320218 

0.115 6(30(13 

0 .063 6(30(13 

1 44 6(28/13 

0292 6(30(13 

0 .673 6/3(04 

0.268 6(5(04 

0.676 6(5(04 

1.949 6/3/04 

2.921 5/12/04 

1.624 5/12(04 

0.264 5/12(04 

0.447 6(6/04 

0509 6(6/04 

61,402 6(6(04 

1.44 6(28(13 

1.44 6/28(13 

0.091 6/28(13 

None 

026 

0.03 

1.4 

031 

None 

None 

031 

None 

0.21 

None 

0 .23 

0.24 

0.68 

1.95 

None 

None 

None 

0 .76 

1.44 

0.13 

0 .155 

0,11 

0.43 

0.12 

None 

0.33 

0.s5 

0.24 

0.28 

None 

None 

None 

0.08 

None 

2013 (F5) 

Date 

2014 Sulco 

Historic Flow 

6/27/2013 <0.05 6(29/14 

6(27/2013 

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(2(2013 

7/9(2013 

7/9(2013 

7(9(2013 

7(9(2013 

7(9(2013 

7/9(2013 

7(9(2013 072 6/30/14 

7(16(2013 

7(16(2013 

7(16(2013 

7(16(2013 147 6/30(14 

6(27(2013 

6(27(2013 

7(2(2013 

7/10(2013 

7(10(2013 

7(31(2013 

7(31(2013 

8(7(2013 

8/7/2013 

8(12(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 

7(15(2013 

2014 (FS) 

Flow Rate 

(gal/min) 

None 

None 

None 

1.6932 

0.55696 

1.2941 

0.14458 

None 

0.2652 

0.259 

0.29596 

0.1756 

0.235 

1.0761 

0.7034 

0.1176 

0.1682 

0.1505 

1.5469 

2.4146 

1.4488 

0.1841 

01295 

0.597 

0.7444 

None 

3.1935 

1.52788 

None 

01877 

02183 

0.9542 

None 

03023 

1.633 

None 

20.09 

0.0938 

0.5093 

None 

11964 

0.0735 

1.1892 

None 

097357 

0.52918 

2014 (F5) 

Date 

6(4/2014 

6(9/2014 

6/9/2014 

6(4(2014 

6(9(2014 

6(10(2014 

6/9/2014 

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 

6/16(2014 

6/16(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(9(2014 

6/9/2014 

6(4(2014 

6(4(2014 

6(4(2014 

6(4(2014 

6(4(2014 

6(12/2014 

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(9(2014 

6(10(2014 

6(16(2014 

2015 (FS) 

Flow Rate 

(gal/min) 

0.23 

2.33 

None 

0.99 

036 

093 

.08 

None 

None 

None 

None 

None 

None 

0.28 

0.28 

0.49 

0.38 

0.15 

None 

0.89 

1.53 

1.37 

0.13 

None 

None 

0.47 

None 

0.18 

2.11 

0.036 

None 

None 

None 

None 

0.11 

0.12 

0.43 

None 

0.17 

114 

None 

433 

0.15 

None 

None 

0.88 

None 

0.11 

None 

0.06 

None 

See Note 

None 

0.33 

2015 (FS) 

Date 

6/22/2015 

6(22/2015 

6/22/2015 

6(24/2015 

7(8/2015 

6(23(2015 

6(22(2015 

6(22(2015 

7(22(2015 

7(22/2015 

7(22(2015 

7/26(2015 

7/26/2015 

7/27/2015 

7/26(2015 

7(22/2015 

7(22/2015 

6/22(2015 

6/22(2015 

6(25(2015 

6/25(2015 

6(25(2015 

6(25(2015 

7/22(2015 

7/22(2015 

7(22(2015 

6/25(2015 

6(25(2015 

7/22/2015 

7/22(2015 

6/22/2015 

6(23(2015 

6(23(2015 

6/24(2015 

7/8(2015 

7(8/2015 

7(8/2015 

7(8/2015 

7(20/2015 

7(20/2015 

7(6(2015 

7(6/2015 

7(6(2015 

7(8(2015 

6(24(2015 

6/24(2015 

7/8(2015 

7(29(2015 

7(6/2015 

6(24/2015 

6(24(2015 

6(22/2015 

6(22(2015 

6(22/2015 

Source Type Field Notes (F5) 

Seep 

Seep 

Seep 

Spring 

Spring 

Spring 

Spring 

Seep 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Cylinder in ground, no flow in cylinder seen, ground wet around cylinder 

Creek from upstream merges with seep, so can't measure the spring flow 

Developed box, but no flow, water inside and down from box 

Box, pipes on side of main flow. Not much water is coming through development. Also a white pipe on side with decent 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 Springs 13 & 14. 

Right by a cabin and fenced in. Very inconsistent flow out of pipe. Pipes bring water to a barrel trough. 

No development. There is a cabin about 800 ft downstream 

lots of fallen trees over the spring, meausrment difficult due to slow flow 

No development. 

Trampled by cows, flow from MSP 100 flows in close by, Track name is correctly entered. 

Trampled by cows 

This spring flows only 1 foot before it joins the main creek 

Spring was very difficult to measure 

Flows may have contained flow from GRNHlWSP18A 

Difficult to measure seeping over a large area, measured a distance below source 

Spring flows about 6 feet to creek 

Flows directly to Quitchumpah Creek 

Spring Spring on edge of stream, very easy to miss, flows for 1 foot before entering main stream Possibly underground flow from main stream. 

Spring/seep Lots of scattered cow bones One flow we could measure, but the rest is a large seep. 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

5pring 

Spring 

Seep 

Spring 

Spring 

Seep 

Trough 

Trough 

Trough 

Seep 

Spring 

Spring 

Spring 

Seep 

Spring 

Spring 

Seep 

Trampled by cows 

Couldn't pinpoint one spring. Creek starts flowing much fuller than above after it goes through section 

No development, spring runs directly to stream, no wetland around it 

Smelled like sulphur, flow combined for 26 and 26 B 

Close to GRNHLW5P26 

Trampled by cows 

Flows about 3 feet until it reaches large creek, much colder than main stream though. 

Trampled by cows 

Trampled by cows and deer It runs into the GRNHlWSP24 stream 

No development The track is the head of the spring where there is a small wetland area 

Very difficult to navigate . The head is diredy west, difficult due to deadfall 

No development, So slow it is difficult to get an accurate flow . 

Dead mice, no water flowing in or out as far as we can tell. 

There is a leak between the two circular troughs . 

Trough is dry completely Upstream, the pipe is broken with lots of water coming out 

Both trough empty and half full of dirt, pipe broken 

Some flow, mostly large seep Flows were hard to collect. Trampled by cows 

Source is about 65 higher than waypoint. 

Source is 105 feet higher than waypoint, stream flows into stagnant pond 

No development 

No development and trampled 

No development 

Trampled 

Spring/creek Cylinder box in creek, trough (empty) downstream 200 ft . Basically a creek springing out of the ground. 

Spring 

Spring 

Seep 

Spring 

Spring 

Spring 

Pond 

Trough 

Spring 

Spring 

Spring 

Spring 

Trampled, hard to determine flow 

Dry, may have been spring at one time due to vegetation 

Trampled, we couldn't decide which springs matched up with last year's, 50 we made new spring names/waYPoints . Outside 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 5ure which waypa]nt referred to which springs, so we created new waypoints . 

Fencing around spring . Rough below and black pipe leading from spring to trough 

No development, elk wallow at bottom 

No development 

There was a disconnect in the pipes leading to the trough, so the water was not reaching the trough, 

Piped water out of ground 

Couldn't find any resemblance of a spring nearby. Replaced as Uay ~pflng 3 

Spring flows into a pond and to the Side of pond 

A lot of small springs/seeps 



"J 

) 

Clay Spring 3 464509 4321149 

Clay Spring 4 464013 4320609 

MSP 100 M-SP100 463555 4316929 1076 6/5/04 

Big Ridge Spring lA 465560 4316155 

Big Ridge Spring 1B 465555 4316158 

1M) Currently Monitored by Sufco, if no 1M) site was historically monitored and there is some data available 

(FS) Forest Service monitoring 

None 

07514 

6/9/2014 None 6/22/2015 Spring looked like it might have been a spring once upon a time, but now is completely dry Wet recently? 

0.26 7/8/2015 Spring Spring box, with green and black piping, rough at the bottom 

6/3/2014 0.35 7/22/2015 Spring Trampled a little bit . Red waypoint on the GPS, not one on the spring map we got. Spring box, fencing, black pipe 

0.13 7/29/2015 Spring No development combined flow lA & 1B 

0.13 7/29/2015 Spring No development combined flow 1A & lB 





GREENS HOLLOW LEASE 

NATURAL AND STOCK PONDS 



L --' Greens Hollow Pond Monitoring 2016 

Pond 4/13/2016 5/10/2016 5/20/2016 6/21/2016 6/22/2016 7/13/2016 7/14/2016 7/18/2016 
Slab (M-P01) Dry 2" Water on bottom 
M-P02 

M-P03 

M-P04 

M-POS 

West Pine (M-P06) 

M-P07 

M-P08 

M-P09 

M-P10 

M-Pll 

GH-P01 

GH-P02 

GH-P03 

GH-P04 

GH-POS 

GH-P06 

GH-P07 

GH-P08 

GH-P09 

1/2 Full 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 
stream buffers and overburden thickness. 
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1 __ C::=: __ C:=:=:=:=:::::::J1 Miles 
0.5 o 

1 :53,500 

Legend 
f."\.catile Troughs 

c:lGreens Hollow Coal Lease Tract ............ Overburden contours (200 ttl Springs 

a Mining Analysis Area Boundary .... Perennial Flow 2001 ~ High 

CArea of Subsidence Mining ~Perennial Streams (USGS) C Moderate • Natural Ponds 

t;,3 National Forest Boundary _ •• Intermittent Streams (USGS) • _ Stock Ponds 
Unknown 

CJGreensHoliow8ectIOnsPLSS 81 Stream Buffer 

C3 Angle of Draw Buffer 

• 

Greens Hollow Federal Coal Lease Tract 166 Final Environmental Impact Statement 



Pond Coordinates 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-P11 468775 4317115 

GH-P01 467706 4321564 

GH-P02 466226 4320098 

GH-P03 464509 4321158 

GH-P04 462921 4319030 

GH-P05 463051 4318992 

GH-P06 463482 4318853 

GH-P07 462388 4318326 

GH-P08 464483 4319649 

GH-P09 464511 4319616 

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 7-14-2016 . 

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 Source Described As Pond In Greens Hollow EIS Determined Not To Be A Pond 

10 Easting Northing Description 

Water Source #1 

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 Depth: 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: Seot. 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 Depth: 4 ft. Date: Sept. 28, 2002. 



Max 

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: Seot. 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: MP9. Pond Type: Natural Basin. 
Water Source: Shallow groundwater. Size: 80 ft. dia. 0.11 ac. Depth: Dry. 
Max Deoth: 1 ft. Date: Sent. 28, 2002. 

Pond Identification: MP 11. Pond Type: Benn across Drainage. 
Water Source: Runoff. Size: 25 ft. x 80 ft. 0.05 ac. Depth: Dry. 
Max Deoth: 1.0 ft. Date: Sent. 28, 2002. 

Pond Identification: MPI0. Pond Type: Natural Basin. 
Water Source: Runoff. Size: 35 ft. x 62 ft. 0.05 ac. Depth: Dry. 
Max Deoth: 1.5 ft. Date: Sent. 28. 2002. 
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GREEN HOLLOW TRACT 
ADJACENT AREA 

UNDERGROUND WATER SAMPLING 
ANALYSES AND AGE DATING 

2015 AND 2016 

REFER TO PHC FOR A DISCUSSION OF THESE 
~NALYSES 
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locations. 
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SUFCO MINE UNDERGROUND WATER SAMPLING 
LOCATIONS FOR ANALYSIS AND AGE DATING 
2015 AND 2016, GREENS HOLLOW TRACT 
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SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # 94-110 

SAMPLE DATE 11/11/2013 6/30/2014 9/25/2014 11/12/2014 07/29/2015 1111112015 

Analvsis' 

Field Water Temperature C 5.2 6.1 9.2 4.4 7.1 5,9 

pH (field) 7.59 7.52 7.6 7.54 7.47 7.50 

Dissolved Oxygen (field) NM NM NM NM NM NM 

Sp. Conductivity (field) 724 744 775 777 756 756 

Flow gpm 0.115 0.299 0.205 0.181 0253 0.179 

Hardness, mg equivalent CaC03/L 268 282 291 282 300 

Acidity NO <5 15 11 15 

Oil and Grease, (HEM) NM NM NM <5 

Anions meq/L 7.3 8.41 8.39 8,64 6,26 

Balance % 4.3 -1.84 0,19 ·2.09 2,04 

Cations meq/L 7.9 8.11 8.42 8.28 8,63 

Alkalinity, mg CaC03/L (pH 4 5) 342 398 395 408 390 

Carbonate Alkalinity as CaC03 <5 <5 <5 <5 

Bicarbonate Alkalinity as CaC03 398 395 408 390 

Nitrogen, Ammonia NO <0.1 <0.1 <0.1 <01 

Total Dissolved Solids 428 445 468 427 411 

Total Suspended Solids 94 NM 15 91 10 

Nitrate 0.32 0.24 0.27 0.29 

Nitrite <0.05 <0.05 <0.05 <0.05 

Nitrate + Nitrate as Nitrogen 0.2 NM 1.47 0.27 0,37 

Chloride, CI 10 10 11 11 11 

Sulfate, S04 9 8 8 8 9 

Ortho-Phosphate-P ND <0.05 <0.05 <0.05 <0,05 

Mercury, Hg - Dissolved 1-l9/L NO <0.2 <0.2 <0.2 <0,2 

Phosphorus, Total 0.32 <0.05 <0,05 <0.05 <0,05 

Metals' 

Aluminum, AI - Total 1.7 0.39 0.13 0.8 0,34 

Aluminum, AI - Dissolved NO <0.03 <0.03 <0.03 <0,03 

Arsenic, As - Dissolved NO <0.01 <0.01 <0.01 <001 

Boron, B - Dissolved NO 0,04 0.04 0,03 005 

Barium, Ba - Dissolved 0.306 0.314 0,378 0,351 0.372 

Cadmium, Cd - Dissolved NO <0.001 <0,001 <0.001 <0001 

Calcium, Ca - Total 69.1 70,07 75.08 80.68 76.86 

Calcium, Ca - Dissolved 64.2 67 70.64 67.26 7031 

Chromium, Cr - Dissolved NO <0.001 <0.001 <0.001 <0.001 

Copper, Cu - Dissolved NO <0.01 <0.01 <0.01 <001 

Iron, Fe - Total 0.99 0.22 <0.05 0.31 013 

Iron, Fe - Dissolved NO <0.03 <0.03 <0,03 <003 

Lead, Pb - Dissolved ND <0,01 <0.01 <0.01 <001 

Magnesium, Mg - Dissolved 26.1 28 27.85 27,66 30.18 

Manganese, Mn - Total 0.028 0.008 <0.002 0.019 0,005 

Manganese, Mn - Dissolved 0.006 0.002 <0.002 <0,002 <0,002 

Molybdenum, Mo - Dissolved ND <0,005 <0.005 <0,005 <0005 

Nickel, Ni - Dissolved ND 0.001 <0.001 <0,001 <0.001 

Potassium, K - Total 1.8 1.23 1.48 1.47 

Potassium, K - Dissolved 1.3 1.48 1.22 1.28 12 

Selenium, Se - Total 0.26 <0.02 <0.02 <0.02 003 

Selenium, Se - Dissolved 0,08 <0,02 <0.02 <0.02 <0.02 

Silver, Ag - Dissolved ND <0.002 <0.002 <0.002 <0.002 

Sodium, Na - Total 67.4 62.99 62.14 67.92 5992 

Sodium, Na - Dissolved 58.7 56 59.09 60.22 59.92 

Zinc, Zn - Dissolved ND <0.004 <0.004 <0.004 0.012 

'units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # A-2S-1 

SAMPLE DATE 11/11/2013 6/30/2014 9/25/2014 11/11/2014 07129/2015 11/9/2015 

Analysis' 

Field Water Temperature C 9.5 12.9 5.9 12.1 7.2 

pH (field) 7.98 7.97 7.97 7.37 8.03 

Dissolved Oxygen (field) NM NM NM NM NM 

Sp Conductivity (field) 832 882 909 832 902 

Flow gpm NOF 0.106 0.028 0.063 0.062 0.045 

Hardness, mg equivalent CaC03/L 77 75 73 81 

Acidity <5 <5 <5 <5 

Oil and Grease, (HEM) NM NM NM NM 

Anions meq/L 8.93 9.55 9.98 9.46 

Balance % 1.24 ·0.76 2.31 128 

Cations meq/L 9.15 9.41 10.45 9.7 

Alkalinity, mg CaC03/L (pH 4.5) 410 438 459 421 

Carbonate Alkalinity as CaC03 <5 <5 20 <5 

Bicarbonate Alkalinity as CaC03 410 438 439 421 

Nitrogen, Ammonia <0.1 <0.1 <0.1 02 

Total Dissolved Solids 511 584 480 540 

Total Suspended Solids NM 137 357 158 

Nitrate 0.18 0.24 0.31 <0.05 

Nitrite <0.05 <0.05 <0.05 <0 05 

Nitrate + Nitrate as Nitrogen NM 1.02 0.31 3.37 

Chloride, CI 14 14 14 3 

Sulfate, S04 16 19 19 46 

Ortho-Phosphate·P <0.05 <0.05 <0.05 <0.05 

Mercury, Hg . Dissolved ~g/L <0.2 <0.2 <0.2 <0 2 

Phosphorus, Total 0.08 0.17 <0.05 0.13 

Metals' 

Aluminum, AI· Total 2.13 1.16 4.17 3.93 

Aluminum, AI • Dissolved <0.03 0.26 <0.03 <0.03 

Arsenic, As - Dissolved <0.01 <0.01 <0.01 <0.01 

Boron, B . Dissolved 0.05 0.07 0.06 0.07 

Barium, Ba • Dissolved 0.095 0.111 0.099 0.116 

Cadmium, Cd . Dissolved <0.001 <0.001 <0.001 <0.001 

Calcium, Ca . Total 23.53 47.32 29.23 3377 

Calcium, Ca . Dissolved 18 17.85 17.92 1883 

Chromium, Cr - Dissolved <0.001 <0.001 <0.001 <0 001 

Copper, Cu • Dissolved <0.01 <0.01 <0.01 <0.01 

Iron, Fe - Total 0.86 0.66 2.03 2.03 

Iron, Fe - Dissolved <0.03 0.11 <0.03 <0.03 

Lead, Pb - Dissolved <0.01 <0.01 <0.01 <0.01 

Magnesium, Mg - Dissolved 8 7.44 6.96 822 

Manganese, Mn - Total 0.031 0.156 0.074 0094 

Manganese, Mn - Dissolved <0.002 0.003 <0.002 <0.002 

Molybdenum. Mo - Dissolved <0.005 <0.005 <0.005 <0.005 

Nickel, Ni - Dissolved 0.001 <0.001 <0.001 <0.001 

Potassium, K· Total 1 1.48 2.21 2.56 

Potassium, K· Dissolved 1.78 1.24 1.34 1.43 

Selenium, Se - Total <0.02 <0.02 <0.02 <0.02 

Selenium, Se· Dissolved <0.02 <0.02 <0.02 <0.02 

Silver, Ag - Dissolved <0.002 <0.002 <0.002 <0.002 

Sodium, Na - Total 192.55 344.87 205.84 165.06 

Sodium, Na • Dissolved 174 181 205.84 185.06 

Zinc, Zn - Dissolved <0.004 <0.004 <0.004 0.014 

'units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # Seep 99 

SAMPLE DATE 

Field Water Temperature C 

pH (field) 

Dissolved Oxygen (field) 

Sp. Conductivity (field) 

Flow gpm 

Hardness, mg equivalent CaC03/L 

Acidity 

Oil and Grease, (HEM) 

Anions meq/L 

Balance % 

Cations meq/L 

Alkalinity, mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate 

Nitrite 

Nitrate + Nitrate as Nitrogen 

Chloride, CI 

Sulfate, S04 

Orlho-Phosphate-P 

Mercury, Hg - Dissolved >I9/L 

Phosphorus, Total 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

'units are in mg/L unless otherwise noted 

NM = Not Measured 

7/9/2016 

310 
44 

1.01 

0.Q75 

11/14/2016 

5.5 
7.79 
NM 

637 
0.13 

370 
30 

02 

0,013 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SOUTH FORK QUITCHUPAH 

SAMPLE DATE 

Field Water Temperature C 
pH (field) 
Dissolved Oxygen (field) 
Sp. Conductivity (field) 
Flow gpm 
Turbidity 

11/11/2014 

Hardness, mg equivalent CaC03/L 274 

Acidity <5 

Oil and Grease, (HEM) <5 
Anions meq/L 6 22 
Balance % -1.56 
Cations meq/L 6.03 
Alkalinity, mg CaC03/L (pH 4.5) 202 
Carbonate Alkalinity as CaC03 <5 
Bicarbonate Alkalinity as CaC03 202 
Nitrogen, Ammonia <0 1 
Total Dissolved Solids 372 
Settleable Solids NM 

Total Suspended Solids 13 
Nitrate 0.36 
Nitrite <0.05 

Nitrate + Nitrate as Nitrogen 0.36 
Chloride, CI 2 
Sulfate, S04 102 
Ortho-Phosphate·P <0.05 
Mercury, Hg - Dissolved ~g/L <0.2 

Phosphorus, Total <0.05 

Aluminum, AI- Total 
Aluminum, AI- Dissolved 
Arsenic, As - Dissolved 
Boron, B - Dissolved 
Barium, Ba - Dissolved 
Cadmium, Cd - Dissolved 

Calcium, Ca - Total 
Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 
Copper, Cu - Dissolved 
Iron, Fe - Total 
Iron, Fe - Dissolved 
Lead, Pb - Dissolved 
Magnesium, Mg - Dissolved 

Manganese, Mn - Total 
Manganese, Mn - Dissolved 
Molybdenum, Mo - Dissolved 
Nickel, Ni - Dissolved 
Potassium, K - Total 
Potassium, K - Dissolved 

Selenium, Se - Total 
Selenium, Se - Dissolved 
Silver, Ag - Dissolved 

Sodium, Na - Total 
Sodium, Na - Dissolved 
Zinc, Zn - Dissolved 

·units are in mg/L unless otherwise noted 

NM = Not Measured 

0.21 
<0.03 
<001 

003 
0.093 
<0001 
6077 
561 
<0.001 
<0.01 
0.12 
<0.03 
<0.01 

3243 
0.009 
<0002 
<0.005 
<0.001 

1.19 
1 12 
<0.02 
<0.02 
<0.002 

12.9 
12.22 
<0.004 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SOUTH FORK QUITCHUPJ 

SAMPLE DATE 

Field Water Temperature C 
pH (field) 

Dissolved Oxygen (field) 

Sp. Conductivity (field) 
Flow gpm 

Turbidity 

11/11/2014 

Hardness, mg equivalent CaC03/L 274 

Acidity <5 

Oil and Grease, (HEM) <5 

Anions meq/L 6.22 

Balance % -1.56 
Cations meq/L 6 03 

Alkalinity, mg CaC03/L (pH 4.5) 202 
Carbonate Alkalinity as CaC03 <5 

Bicarbonate Alkalinity as CaC03 202 
Nitrogen, Ammonia <0.1 

Total Dissolved Solids 372 

Settleable Solids NM 
Total Suspended Solids 13 
Nitrate 036 

Nitrite <0 05 

Nitrate + Nitrate as Nitrogen 0.36 
Chloride, CI 2 

Sulfate, S04 102 
Ortho-Phosphate-P <0,05 

Mercury, Hg - Dissolved ~g/L <0.2 

Phosphorus, Total <0,05 

Aluminum, AI- Total 

Aluminum, AI - Dissolved 
Arsenic, As - Dissolved 

Boron, B - Dissolved 
Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 
Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 
Iron, Fe - Total 

Iron, Fe - Dissolved 
Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 
Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 
Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 
Sodium, Na - Total 

Sodium, Na - Dissolved 
Zinc, Zn - Dissolved 

'units are in mg/L unless otherwise noted 

NM = Not Measured 

021 

<003 
<0,01 
0,03 

0.093 

<0001 
60,77 

56.1 

<0,001 

<0.01 

0.12 
<0,03 

<0.01 

32.43 

0009 

<0002 
<0005 

<0,001 

1 19 
1.12 

<0,02 

<002 

<0.002 
12,9 
12.22 
<0.004 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # Seep G 

SAMPLE DATE 7/23/2016 11/15/2016 

Analvsis· 

Field Water Temperature C 1.7 
pH (field) 7.55 
Dissolved Oxygen (field) NM 
Sp. Conductivity (field) 1374 
Flow gpm 0.176 

Hardness, mg equivalent CaC03/L 

Acidity 

Oil and Grease, (HEM) 

Anions meq/L 

Balance % 

Cations meq/L 

Alkalinity, mg CaC03/L (pH 4.5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 386 
Nitrogen, Ammonia 

Total Dissolved Solids 880 899 

Total Suspended Solids 130 162 
Nitrate 

Nitrite 
Nitrate + Nitrate as Nitrogen 

Chloride, CI 60 

Sulfate, S04 248 
Ortho-Phosphate-P 

Mercury, Hg - Dissolved ~g/L 

Phosphorus, Total 

) 
Metals· 

Aluminum, AI - Total 

Aluminum, AI- Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 67.99 
Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 1.93 191 
Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 35,1 

Manganese, Mn - Total 0.085 0.06 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K- Total 

Potassium, K - Dissolved 2.53 
Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 161 .65 
Zinc, Zn - Dissolved 

'units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SFQ-SPR2 

SAMPLE A E 

Field Water Temperature C 

pH (field) 

Dissolved Oxygen (field) 

Sp Conductivity (field) 

Flow gpm 

Turbidity 

07/16/2015 

Hardness, mg equivalent CaC03/L 280 

Acidity <5 

Oil and Grease, (HEM) NM 

Anions meq/L 6 17 

Balance % 1.09 

Cations meq/L 6 31 

Alkalinity, mg CaC03/L (pH 4 5) 206 

Carbonate Alkalinity as CaC03 <5 

Bicarbonate Alkalinity as CaC03 206 

Nitrogen, Ammonia NM 

Total Dissolved Solids 182 

SetUeable Solids <0.1 

Total Suspended Solids 53 

Nitrate 022 

Nitrite <0.05 

Nitrate + Nitrate as Nitrogen NM 

Chloride, CI 4 

Sulfate, S04 93 

Ortho-Phosphate-P NM 

Mercury, Hg - Dissolved ~g/L NM 

Phosphorus, Total 0 13 

Aluminum, AI- Total 

Aluminum, AI- Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

·units are in mg/L unless otherwise noted 

NM = Not Measured 

NM 

<003 

<0.01 

004 

NM 

<0.001 

NM 

55,05 

NM 

<0.01 

0,27 

<0.03 

<0.01 

3472 

0,036 

<0.002 

<0,005 

NM 

NM 

1.45 

NM 

<0.02 

NM 

NM 

15.34 

<0,004 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # South Fork Qultch. Upper 

SAMPLE DATE 11/11/2013 7/1/2014 09125/2014 11/11/2014 07/29/2015 11/09/2015 

Analysis· 

Field Water Temperature C 4.6 12.5 13.6 0.1 13.4 0.3 

pH (field) 8.63 8.61 872 8.43 8.77 8.42 

Dissolved Oxygen (field) 10 B.3 8.05 10.40 8.1 10.02 

Sp Conductivity (field) 514 515 518 593 497 503 

Flow gpm 12B 731 151 12 411 70 

Hardness. mg equivalent CaC03/L 264 253 255 274 255 

Acidity ND <5 <5 <5 <5 

Oil and Grease, (HEM) <5 <5 <5 <5 

Anions meq/L 6 5.74 5.57 6.22 5.3 

Balance % -1.9 -23 0.33 -1 .56 2.58 

Cations meq/L 5.B 5.48 5.61 6.03 5.58 

Alkalinity, mg CaC03/L (pH 4.5) 199 193 175 202 172 

Carbonate Alkalinity as CaC03 6 <5 <5 <5 

Bicarbonate Alkalinity as CaC03 187 175 202 172 

Nitrogen, Ammonia ND <0.1 <0.1 <0.1 <0.1 

Total Dissolved Solids 328 322 350 372 302 

Total Suspended Solids 4 19 8 13 24 

Nitrate 0.4 0,37 0.23 0.36 0.31 

Nitrite ND <0.05 <0.05 <0.05 <0.05 

Nitrate + Nitrate as Nitrogen 0.3 NM 0.15 0.36 2.28 

Chloride. CI 2 2 2 2 2 

Sulfate, S04 97 88 97 102 B7 

Ortho-Phosphate-P ND <005 <0.05 <0.05 <0.05 

Mercury, Hg - Dissolved ~g/L ND <0.2 <0.2 <0.2 <0.2 

Phosphorus, Total ND <0.05 <0.05 <0.05 1.99 

Metals * 

Aluminum , AI - Total 0.05 0.5 0.07 021 0.27 

Aluminum, AI - Dissolved ND <0.03 <0.03 <003 <003 

Arsenic, As - Dissolved ND <0.01 <0.01 <0.01 <0.01 

Boron, B - Dissolved ND 0.03 004 003 0.04 

Barium , Ba - Dissolved 0.093 0.097 0104 0093 0.098 

Cadmium, Cd - Dissolved ND <0.001 <0001 <0.001 <0.001 

Calcium, Ca - Total 50.3 52.68 5306 6077 51 .07 

Calcium, Ca - Dissolved 52.8 52 50.55 561 48.34 

Chromium, Cr - Dissolved ND <0001 <0001 <0.001 <0.001 

Copper, Cu - Dissolved ND <001 <0.01 <0.01 <0.01 

Iron, Fe - Total 0.05 027 <0.05 0.12 016 

Iron, Fe - Dissolved ND <0.03 <003 <0.03 <0.03 

Lead, Pb - Dissolved ND <0.01 <001 <0.01 <0.01 

Magnesium, Mg - Dissolved 32.1 30 3126 32.43 32.62 

Manganese, Mn - Total ND 0.012 0.004 0.009 0.01 

Manganese, Mn - Dissolved ND <0.002 <0.002 <0,002 <0.002 

Molybdenum, Mo - Dissolved ND <0005 <0.005 <0,005 <0.005 

Nickel, Ni - Dissolved ND 0.002 <0.001 <0 001 <0.001 

Potassium, K - Total 1.1 1 129 1.19 117 

Potassium, K - Dissolved 1.1 116 1.14 1,12 1.01 

Selenium, Se - Total 0.22 <0.02 <002 <0.02 003 

Selenium, Se - Dissolved 0.07 <0.02 <0.02 <0,02 <0.02 

Silver, Ag - Dissolved ND <0.002 <0.002 <0.002 <0 002 

Sodium, Na - Total 12.7 10.38 11.32 12.9 1065 

Sodium, Na - Dissolved 11.8 9 11 14 12.22 10.65 

Zinc, Zn - Dissolved ND <0.004 <0004 <0.004 0.005 

·unlts are In mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SFQ·US 

SAMPLE DATE 

Field Water Temperature C 
pH (field) 
Dissolved Oxygen (field) 

Sp. Conductivity (field) 

Flow gpm 
Turbidity 

07/16/2015 

Hardness, mg equivalent CaC03/L 268 

Acidity <5 
Oil and Grease, (HEM) NM 

Anions meq/L 5 93 

Balance % 0 33 

Cations meq/L 5.97 
Alkalinity, mg CaC03/L (pH 4.5) 200 

Carbonate Alkalinity as CaC03 <5 
Bicarbonate Alkalinity as CaC03 200 

Nitrogen, Ammonia NM 
Total Dissolved Solids 198 

Settleable Solids 0.3 
Total Suspended Solids 263 

Nitrate 023 

Nitrite <0.05 
Nitrate + Nitrate as Nitrogen NM 

Chloride, CI 3 
Sulfate, S04 88 

Ortho-Phosphate-P NM 

Mercury, Hg - Dissolved 1J9/L NM 
Phosphorus, Total 0.35 

Aluminum, AI· Total 
Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 
Boron, B - Dissolved 

Barium, Ba • Dissolved 

Cadmium, Cd - Dissolved 
Calcium, Ca - Total 
Calcium, Ca • Dissolved 

Chromium, Cr - Dissolved 
Copper, Cu • Dissolved 

Iron, Fe - Total 

Iron, Fe· Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg· Dissolved 
Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo· Dissolved 
Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K· Dissolved 

Selenium, Se - Total 
Selenium, Se - Dissolved 
Silver, Ag • Dissolved 

Sodium, Na • Total 

Sodium, Na • Dissolved 

Zinc, Zn - Dissolved 

'units are in mg/L unless otherwise noted 

NM = Not Measured 

NM 
0.4 

<0.01 

004 

NM 
<0.001 

NM 
52.71 

NM 
<0.01 

0.66 
<0.03 
<0.01 

33.05 
0147 

<0002 

<0.005 

NM 
NM 

1.14 

NM 
<0.02 

NM 

NM 
13.59 

<0.004 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH CREEK ABOVE RES. 

SAMPLE DATE 11/8/2013 7/2/2014 9/26/2014 11/21/2014 7/31/2015 11/14/2015 

Analvsis' 

Field Water Temperature C 19.2 0.2 

pH (field) 8.76 8.50 

Dissolved Oxygen (field) 7.08 1079 

Sp. Conductivity (field) 491 633 

Flow gpm 71 78.000 

Turbidity NM NM 

Hardness, mg equivalent CaC03/L 182 272 235 259 
Acidity ND <5 <5 <5 
Oil and Grease, (HEM) ND <5 <5 <5 

Anions meq/L 56 6.11 7.2 7.12 

Balance % 29 ·1.37 3.4 -1.77 

Cations meq/L 6 5.95 7.7 6.88 

Alkalinity, mg CaC03/L (pH 4 5) 224 211 279 258 

Carbonate Alkalinity as CaC03 <5 <5 <5 
Bicarbonate Alkalinity as CaC03 211 279 258 

Nitrogen, Ammonia ND <0.1 <0.1 <0.1 

Total Dissolved Solids 328 336 449 432 

Total Suspended Solids 23 28 147 36 
Nitrate 0.25 <0.05 0.18 

Nitrite <0.05 <0.05 <0.05 
Nitrate + Nitrate as Nitrogen ND NM 1.11 1.15 
Chloride, CI 9 2 18 10 
Sulfate, S04 45 89 53 81 
Ortho-Phosphate-P ND <0.05 <0.05 <0.05 

Mercury, Hg - Dissolved ~g/L ND <0.2 <0.2 <0.2 
Phosphorus, Total 0.02 <0.05 0.1 <0.05 

~ 

Aluminum, AI - Total 0.4 0.69 0.98 0.52 
Aluminum, AI - Dissolved ND <0.03 0.34 <0.03 

Arsenic, As - Dissolved ND <0.01 <0.01 <0.01 

Boron, B - Dissolved ND 0.04 0.06 0.03 

Barium, Ba - Dissolved 0127 0.105 0.173 0.127 

Cadmium, Cd - Dissolved ND <0.001 <0.001 <0.001 

Calcium, Ca - Total 52.6 60.24 53.16 59.04 

Calcium, Ca - Dissolved 47.7 57 42.83 54.59 

Chromium, Cr- Dissolved ND <0.001 <0.001 <0.001 
Copper, Cu - Dissolved ND <0.01 <0.01 <0.01 

Iron, Fe - Total 0.23 0.39 0.58 0.28 

Iron, Fe - Dissolved ND <0.03 0.15 <0.03 

Lead, Pb - Dissolved ND <0.01 <0.01 <0.01 

Magnesium, Mg - Dissolved 264 32 31.04 29.73 

Manganese, Mn - Total 0.006 0.03 0.046 0.008 

Manganese, Mn - Dissolved ND 0.009 0.002 <0.002 
Molybdenum, Mo - Dissolved ND <0.005 <0.005 <0.005 

Nickel, Ni - Dissolved ND 0.002 <0.001 <0.001 

Potassium, K - Total 1 3 1 3.71 1.38 
Potassium, K - Dissolved 1-3 1.57 3.68 1.23 

Selenium, Se - Total 0.18 <0.02 <0.02 <0.02 
Selenium, Se - Dissolved 007 <0.02 <0.02 <0.02 

Silver, Ag - Dissolved ND <0.002 <0.002 <0.002 

Sodium, Na - Total 38.6 11 67.11 41.61 

Sodium, Na - Dissolved 322 11 67.11 38.5 
Zinc, Zn - Dissolved ND <0.004 <0.004 <0.004 

·units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH CREEK AT ~ 

SAMPLE DATE 

Field Water Temperature C 

pH (field) 
Dissolved Oxygen (field) 
Sp Conductivity (field) 

Flow gpm 

Turbidity 

07/31 /2015 

Hardness, mg equivalent CaC03/L 164 

Acidity <5 
Oil and Grease, (HEM) <5 

Anions meqlL 5.44 

Balance % 1.32 
Cations meqlL 5.59 

Alkalinity, mg CaC031L (pH 4.5) 211 
Carbonate Alkalinity as CaC03 <5 

Bicarbonate Alkalinity as CaC03 211 
Nitrogen, Ammonia 0.1 

Total Dissolved Solids 304 
Settleable Solids NM 

Total Suspended Solids 63 

Nitrate <0.05 
Nitrite <0.05 

Nitrate + Nitrate as Nitrogen 1.27 
Chloride, CI 12 

Sulfate, S04 42 
Ortho-Phosphate-P <0.05 

Mercury, Hg - Dissolved ~g/L <0.2 

Phosphorus, Total 0.1 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 
Boron, B - Dissolved 

Barium, Ba - Dissolved 
Cadmium , Cd - Dissolved 

Calcium, Ca· Total 
Calcium, Ca • Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 
Iron, Fe· Dissolved 

Lead, Pb - Dissolved 
Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 
Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 
Selenium, Se - Total 

Selenium, Se - Dissolved 
Silver, Ag - Dissolved 

Sodium, Na • Total 

Sodium, Na· Dissolved 

Zinc, Zn - Dissolved 

'units are in mg/L unless otherwise noted 

NM = Not Measured 

2.16 
0.04 

<0.01 

0.06 
0,114 
<0.001 

31.07 

2415 
<0001 

<0.01 

1.13 
<003 

<0.01 

25.09 

0024 
<0.002 

<0.005 

0001 
284 

2.1 
<002 

<0.02 

<0.002 

52.12 

52.12 
0.006 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH CREEK MIDDLE 

SAMPLE DATE 11/8/2013 7/2/2014 11/21/2014 07/31/2015 11/14/2015 

Analysis· 

Field Water Temperature C 1.2 18.6 0.2 17.5 0.3 

pH (field) 8.78 8.59 8.67 8.57 8.36 

Dissolved Oxygen (field) 10.24 7.27 10.37 7.42 10.38 

Sp Conductivity (field) 624 587.00 661.00 666 634 

Flow gpm 156 130 186 33 69 

Turbidity (ntu) 10.2 NM NM 

Hardness, mg equivalent CaC03/L 256 232 249 226 

Acidity NO <5 <5 <5 

Oil and Grease, (HEM) NO <5 <5 <5 

Anions meq/L 6.2 6.71 6.8 7.51 

Balance % 4.2 -2.87 -3.79 1.4 

Cations meq/L 6.7 6.34 6.3 772 

Alkalinity, mg CaC03/L (pH 4 5) 230 258 232 277 

Carbonate Alkalinity as CaC03 17 <5 <5 

Bicarbonate Alkalinity as CaC03 241 232 277 

Nitrogen, Ammonia NO <0.1 <0.1 0.1 

Total Dissolved Solids 364 348 396 430 

Settleable Solids NM NM NM 

Total Suspended Solids 17 37 64 53 

Nitrate <0.05 0.3 <0.05 

Nitrite <0.05 <0.05 <0.05 

Nitrate + Nitrate as Nitrogen NO NM <0.05 203 

Chloride. CI 8 8 6 16 

Sulfate, S04 65 64 95 74 

Ortho-Phosphate-P NO <0.05 <0.05 <005 

Mercury, Hg - Dissolved ~g/L ND <0.2 <0.2 <0.2 

Phosphorus, Total 0.02 0.06 0.06 0.08 

Metals· 

Aluminum, AI - Total 0.3 1.81 2.22 1.21 

Aluminum, AI - Dissolved NO <0.03 <0.03 <0.03 

Arsenic, As - Dissolved NO <0.01 <0.01 <001 

Boron, B - Dissolved NO 0.05 0.03 0.07 

Barium, Ba - Dissolved 0.114 0.126 0.104 0.117 

Cadmium, Cd - Dissolved NO <0.001 <0.001 <0.001 

Calcium, Ca - Total 51.2 47.4 58.45 37.69 

Calcium, Ca - Dissolved 50 42 51.87 3438 

Chromium, Cr - Dissolved NO <0.001 <0.001 <0.001 

Copper, Cu - Dissolved NO <0.01 <0.01 <0.01 

Iron, Fe - Total 0.17 0.82 1.08 0.61 

Iron, Fe - Dissolved NO <0.03 <0.03 <003 

Lead, Pb - Dissolved NO <0.01 <0.01 <0.01 

Magnesium, Mg - Dissolved 31.8 31 29.01 34.13 

Manganese, Mn - Total 0.005 0.D15 0.019 0.017 

Manganese, Mn - Dissolved ND <0.002 <0.002 <0.002 

Molybdenum, Mo - Dissolved NO <0.005 <0.005 <0.005 

Nickel, Ni - Dissolved NO 0.002 <0.001 0001 

Potassium, K - Total 1.2 2 1.62 293 

Potassium, K - Dissolved 1.3 2.38 1.09 2.65 

Selenium, Se - Total 0.18 <0.02 <0.02 0,02 

Selenium, Se - Dissolved 0.07 <0.02 <0.02 <0.02 

Silver, Ag - Dissolved NO <0.002 <0.002 <0.002 

Sodium, Na - Total 39.5 43.71 32.2 71 .98 

Sodium, Na - Dissolved 36.3 38 29.89 71 .98 

Zinc, Zn - Dissolved NO <0.004 <0.004 <0.004 

·units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH CREEK UPPER 

SAMPLE DATE 11/11/2013 7/2/2014 9/25/2014 11/11/2014 7/29/2015 11109/2015 

Analysis· 

Field Water Temperature C 4.5 16.5 15.5 0.9 13.4 0.3 

pH (field) 8.42 8.24 8.48 8.56 8.52 8.45 

Dissolved Oxygen (field) 10.04 7.3 8.39 10.36 7.76 10.06 

Sp Conductivity (field) 547 549 527 570 505 505 

Flow gpm 59 81 7.8 129 27 67 

Hardness, mg equivalent CaC03/L 260 203 262 

Acidity NO <5 <5 

Oil and Grease. (HEM) NO <5 NM 

Anions meq/L 6 5.82 5.53 

Balance % -2.2 -2.24 1.54 

Cations meq/L 5.7 5.57 5.71 

Alkalinity, mg CaC03/L (pH 4 5) 198 232 183 

Carbonate Alkalinity as CaC03 22 <5 

Bicarbonate Alkalinity as CaC03 211 183 

Nitrogen, Ammonia NO <0.1 <0.1 

Total Dissolved Solids 316 305 314 

Total Suspended Solids 11 39 42 

Nitrate 0.4 <0.05 0.29 

Nitrite NO <0.05 <0.05 

Nitrate + Nitrate as Nitrogen 0.3 NM 0.21 

Chloride, CI 2 8 2 

Sulfate, S04 95 46 88 

Ortho-Phosphate-P NO <0.05 <0.05 

Mercury, Hg - Dissolved ~g/L NO <0.2 <0.2 

Phosphorus, Total 0.01 0.06 0.05 

Metals' 

Aluminum, AI - Total 0.2 1.03 0.52 

Aluminum, AI - Dissolved NO <0.03 <0.03 

Arsenic, As - Dissolved NO <0.01 <0.01 

Boron, B - Dissolved NO 0.04 0.04 

Barium. Ba - Dissolved 0.093 0.14 0.103 

Cadmium, Cd - Dissolved NO <0.001 <0.001 

Calcium, Ca - Total 50.6 39.78 53.16 

Calcium, Ca - Dissolved 51.8 36 49.68 

Chromium, Cr - Dissolved NO <0.001 <0.001 

Copper, Cu - Dissolved NO <0.01 <0.01 

Iron, Fe - Total 0.13 0.53 0.35 

Iron, Fe - Dissolved ND <0.03 <0.03 

Lead, Pb - Dissolved NO <0.01 <0.01 

Magnesium, Mg - Dissolved 31.7 27 33.38 

Manganese, Mn - Total NO 0.014 0.016 

Manganese, Mn - Dissolved NO <0.002 <0.002 

Molybdenum, Mo - Dissolved NO <0.005 <0.005 

Nickel, Ni - Dissolved ND 0.002 <0.001 

Potassium, K - Total 1.1 2 1.34 

Potassium, K - Dissolved 1.1 2.56 1.05 

Selenium, Se - Total 0.21 <0.02 <0.02 

Selenium, Se - Dissolved 0.07 <0.02 <0.02 

Silver. Ag - Dissolved ND <0.002 <0.002 

Sodium. Na - Total 12.8 35.75 10.47 

Sodium, Na - Dissolved 11.6 34 10.47 

Zinc, Zn - Dissolved ND <0.004 <0.004 

·units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH SEEP 

SAMPLE PATE 

Field Water Temperature C 

pH (field) 

Dissolved Oxygen (field) 

Sp Conductivity (field) 

Flow gpm 

Hardness, mg equivalent CaC03/L 

Acidity 

Oil and Grease, (HEM) 

Anions meq/L 

Balance % 

Cations meqlL 

Alkalinity, mg CaC031L (pH 4.5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate 

Nitrite 
Nitrate + Nitrate as Nitrogen 

Chloride, CI 

Sulfate, S04 

Ortho-Phosphate-P 

Mercury, Hg - Dissolved ~glL 

Phosphorus, Total 

Aluminum, AI- Total 

Aluminum, AI- Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

· units are in mg/L unless otherwise noted 

NM = Not Measured 

11/14/2016 

6.8 
7.57 
NM 

841 
0.56 

580 
39 

0,23 

0.009 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH SPRING 

SAMPLE DATE 11/8/2013 11/21/2014 07/31/2015 11/14/2015 

Analysis' 

Field Water Temperature C 6.7 17.0 

pH (field) 7.39 750 

Dissolved Oxygen (field) NM NM 

Sp. Conductivity (field) 786 777 

Flow gpm 14.000 13200 

Turbidity NM NM 

Hardness, mg equivalent CaC03/L 282 264 271 

Acidity ND 7 6 

Oil and Grease, (HEM) NM NM 

Anions meq/L 7.9 8.75 B 79 

Balance % 6.2 -0.95 1.19 

Cations meq/L 8.9 8.59 9 

Alkalinity, mg CaC03/L (pH 4.5) 326 371 373 

Carbonate Alkalinity as CaC03 <5 <5 

Bicarbonate Alkalinity as CaC03 371 373 

Nitrogen, Ammonia ND <0.1 <0.1 

Total Dissolved Solids 428 503 472 

Settleable Solids NM NM 

Total Suspended Solids 50 12 NM 

Nitrate 0.08 0.06 

Nitrite <0.05 <005 

Nitrate + Nitrate as Nitrogen ND <0.05 0.22 

Chloride, CI 12 11 11 

Sulfate, S04 50 49 49 

Ortho-Phosphate-P ND <0.05 <005 

Mercury, Hg - Dissolved ~g/L ND <0.02 <0.2 

Phosphorus, Total 0.02 0.1 <005 
} 

Metals' 

Aluminum, AI- Total 03 0.12 <0.03 

Aluminum, AI - Dissolved ND <0.03 <0.03 

Arsenic, As - Dissolved ND <0.01 <0.01 

Boron, B - Dissolved ND 0.05 007 

Barium, Ba - Dissolved 0148 0.157 0.163 

Cadmium, Cd - Dissolved ND <0.001 <0.001 

Calcium, Ca - Total 61 ,8 57.23 54.96 

Calcium, Ca - Dissolved 57 55.62 53.45 

Chromium, Cr - Dissolved ND <0.001 <0.001 

Copper, Cu - Dissolved ND <0.01 <0.01 

Iron, Fe - Total 0.29 0.08 <0.05 

Iron, Fe - Dissolved ND <0.03 <003 

Lead, Pb - Dissolved ND <0.01 <0.01 

Magnesium, Mg - Dissolved 33.8 30.42 33.52 

Manganese, Mn - Total 0011 0.002 <0002 

Manganese, Mn - Dissolved ND <0.002 <0.002 

Molybdenum, Mo - Dissolved ND <0.005 <0,005 

Nickel, Ni - Dissolved ND <0.001 <0.001 

Potassium, K - Total 1.3 1.2 1.23 

Potassium, K - Dissolved 1.4 1.2 1.23 

Selenium, Se - Total <0.02 <0.02 

Selenium, Se - Dissolved 0.21 <0.02 <0.02 

Silver, Ag - Dissolved 0.07 <0.002 <0.002 

Sodium, Na - Total BO.4 78.33 81.39 

Sodium, Na - Dissolved 74.8 75.36 81.39 

Zinc, Zn - Dissolved ND <0.004 <0004 

'units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH SPRING A 

SAMPLE DATE 11/8/2013 7/31/2014 11/21/2014 07/31/2015 11/14/2015 

Analvsis' 

Field Water Temperature C 6.7 6.4 6.2 6.7 6.8 

pH (field) 7.47 7.5 7.54 7.52 7.45 

Dissolved Oxygen (field) NM NM NM NM NM 

Sp. Conductivity (field) 882 946 944 904 997 

Flow gpm 1.47 1.76 1.42 160 083 

Hardness, mg equivalent CaC03/L 288 292 305 

Acidity NO 10 <5 

Oil and Grease, (HEM) NM NM 

Anions meq/L 8.5 10.56 10.5 

Balance % 6.4 ·1.49 2.03 

Cations meq/L 9.6 10.25 10.94 

Alkalinity, mg CaC03/L (pH 4.5) 355 458 454 

Carbonate Alkalinity as CaC03 <5 <5 

Bicarbonate Alkalinity as CaC03 458 454 

Nitrogen, Ammonia NO <0.1 <0.1 

Total Dissolved Solids 488 576 595 

Settleable Solids NM NM 

Total Suspended Solids 20 <5 NM 

Nitrate 0.06 0.09 

Nitrite <0.05 <0.05 

Nitrate + Nitrate as Nitrogen NO 3.16 0.13 

Chloride, CI 15 15 15 

Sulfate, S04 47 47 48 

Ortho·Phosphate·P NO <0.05 <0.05 

Mercury, Hg • Dissolved Ilg/L NO <02 <0.2 

PhosphcJI us, Tolal 0.04 .;005 <:0 .05 

Metals' 

Aluminum, AI· Total 0.2 0.06 0.11 

Aluminum, AI· Dissolved NO <0.03 <0,03 

Arsenic, As· Dissolved NO <0.01 <001 

Boron, B • Dissolved 0.06 0.07 0.09 

Barium, Ba· Dissolved 0.153 0.169 0173 

Cadmium, Cd· Dissolved NO <0.001 <0.001 

Calcium, Ca • Total 60.3 59.38 60.61 

Calcium, Ca· Dissolved 55 58.45 58.42 

Chromium, Cr· Dissolved NO <0.001 <0,001 

Copper, Cu • Dissolved NO <0.01 <0.01 

Iron , Fe· Total 0.13 0.07 <0.05 

Iron, Fe · Dissolved NO <0.03 <0.03 

Lead, Pb· Dissolved NO <0.01 <001 

Magnesium, Mg • Dissolved 36.5 35.53 38.63 

Manganese, Mn • Total NO 0.005 <0.002 

Manganese, Mn • Dissolved NO <0.002 <0.002 

Molybdenum, Mo· Dissolved NO <0.005 0005 

Nickel, Ni • Dissolved NO <0.001 <0.001 

Potassium, K· Total 1.5 1.61 1.57 

Potassium, K· Dissolved 1.5 1.61 1.55 

Selenium, Se· Total 0.17 <0.02 002 

Selenium, Se· Dissolved 0.07 <0.02 <0.02 

Silver, Ag • Dissolved NO <0.002 <0.002 

Sodium, Na • Total 101 100.35 11045 

Sodium , Na· Dissolved 88.7 100.35 110.45 

Zinc, Zn • Dissolved NO <0.004 0.007 

'units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH SPRING B 

SAMPLE DATE 11/8/2013 11/21/2014 07/31/2015 11/14/2015 

Analysis' 

Field Water Temperature C 6.1 62 

pH (field) 7.52 7.48 

Dissolved Oxygen (field) NM NM 

Sp Conductivity (field) 738 717 

Flow gpm 6.020 0.340 

Turbidity NM NM 

Hardness. mg equivalent CaC03/L 347 346 363 

Acidity NO <5 <5 

Oil and Grease. (HEM) NM NM 

Anions meqlL 6.9 8.45 B.32 

Balance % 83 0.02 2.44 

Cations meq/L B.1 8.45 8.73 

Alkalinity. mg CaC03/L (pH 4.5) 307 383 379 

Carbonate Alkalinity as CaC03 <5 <5 

Bicarbonate Alkalinity as CaC03 383 379 

Nitrogen. Ammonia NO <0.1 <0.1 

Total Dissolved Solids 396 441 436 

Settleable Solids NM NM 

Total Suspended Solids 16 8 NM 

Nitrate <0.05 <0.05 

Nitrite <0.05 <0.05 

Nitrate + Nitrate as Nitrogen NO <0.05 0.13 

Chloride, CI 3 5 3 

Sulfate, S04 30 32 31 

Orlho-Phosphate-P NO <0.05 <0.05 

Mercury. Hg - Dissolved ~glL NO <0.2 <02 

Phosphorus, Total 0.02 <0,05 <0.05 

Metals' 

Aluminum, AI - Total 0.2 0.14 005 

Aluminum. AI - Dissolved NO <0.03 <0.03 

Arsenic, As - Dissolved NO <0.01 <0.01 

Boron, B - Dissolved NO 0.03 0.05 

Barium, Ba - Dissolved 0.241 0.265 0.266 

Cadmium, Cd - Dissolved NO <0.001 <0.001 

Calcium, Ca - Total 78.4 75.79 7565 

Calcium, Ca - Dissolved 72.1 71.69 72.84 

Chromium. Cr - Dissolved NO <0.001 <0.001 

Copper, Cu - Dissolved NO <0.01 <0.01 

Iron, Fe - Total 0.14 0.09 <0 05 

Iron, Fe - Dissolved NO <0.03 <0.03 

Lead, Pb - Dissolved NO <0.01 <0.01 

Magnesium, Mg - Dissolved 40.5 40.52 44.01 

Manganese, Mn - Total NO <0.002 <0.002 

Manganese, Mn - Dissolved NO <0.002 <0.002 

Molybdenum, Mo - Dissolved ND <0.005 <0.005 

Nickel, Ni - Dissolved NO <0.001 <0.001 

Potassium, K - Total 1.5 1.31 1.42 

Potassium, K - Dissolved 1.4 1.28 1.41 

Selenium, Se - Total 0.26 <0.02 0.03 

Selenium, Se - Dissolved 0.07 <0.02 <0.02 

Silver, Ag - Dissolved ND <0.002 <0.002 

Sodium, Na - Total 30.8 35.78 33.12 

Sodium, Na - Dissolved 26.1 34.61 33.12 

Zinc, Zn - Dissolved ND <0.004 <0.004 

'unlts are In mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH SPRING C 

SAMPLE DATE 11/8/2013 11/21/20H 07131/2015 11/14/2015 

Analysis' 

Field Water Temperature C 74 7.9 

pH (field) 7.41 7.48 

Dissolved Oxygen (field) NM NM 

Sp. Conductivity (field) 919 921 

Flow gpm 2380 1.570 

Turbidity NM NM 

Hardness, mg equivalent CaC03/L 313 287 300 

Acidity NO 9 6 

Oil and Grease, (HEM) NM NM 

Anions meq/L 9.2 9.91 10.22 

Balance % 4.6 -1.7 -0.03 

Cations meq/L 10 9.58 1022 

Alkalinity, mg CaC03/L (pH 4 5) 301 348 353 

Carbonate Alkalinity as CaC03 <S <5 

Bicarbonate Alkalinity as CaC03 348 353 

Nitrogen, Ammonia NO <0.1 <0.1 

Total Dissolved Solids 536 566 563 

Settleable Solids NM NM 

Total Suspended Solids 34 6 NM 

Nitrate 0.16 0.26 

Nitrite <0.5 <0.05 

Nitrate + Nitrate as Nitrogen 02 3.28 0.26 

Chloride, CI 34 31 30 

Sulfate, S04 105 100 112 

Ortho-Phosphate-P NO <0.05 <0.05 

Mercury, Hg - Dissolved ~g/L NO <0.2 <0.2 

Phosphorus, Total NO <0.05 0.06 

~ 

Aluminum, AI - Total NO 0.Q3 0.35 

Aluminum, AI - Dissolved NO <0.03 <0.03 

Arsenic, As - Dissolved NO <0.01 <0.01 

Boron , B - Dissolved 0.05 0.07 0.09 

Barium, Ba - Dissolved 0.058 0.059 0062 

Cadmium, Cd - Dissolved NO <0.001 <0.001 

Calcium, Ca - Total 70.3 67.38 72 31 

Calcium, Ca - Dissolved 71 ,5 65.16 6638 

Chromium , Cr - Dissolved NO <0.001 <0.001 

Copper, Cu - Dissolved NO <0.01 <0.01 

Iron, Fe - Total NO <0.05 0.24 

Iron, Fe - Dissolved NO <0.03 <003 

Lead, Pb - Dissolved NO <0.01 <001 

Magnesium, Mg - Dissolved 327 30.08 32.63 

Manganese, Mn - Total NO <0.002 0.006 

Manganese, Mn - Dissolved NO <0.002 <0.002 

Molybdenum, Mo - Dissolved NO <0.005 <0.005 

Nickel , Ni - Dissolved NO <0.001 <0001 

Potassium, K - Total 2.1 2.12 2.41 

Potassium, K - Dissolved 2.2 2.09 2.3 

Selenium , Se - Total 0.09 <0.02 002 

Selenium, Se - Dissolved 0.09 <0.02 <0.02 

Silver, Ag - Dissolved NO <0.002 <0.002 

Sodium, Na - Total 83.3 89.49 9571 

Sodium, Na - Dissolved 85.7 87.4 95.71 

Zinc, Zn - Dissolved NO <0.004 0.01 

'units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # SKUTUMPAH SPRING D 

SAMPLE DATE 11/ll/20B 

Analysis· 

Field Water Temperature C 

pH (field) 

Dissolved Oxygen (field) 

Sp. Conductivity (field) 

Flow gpm 

Turbidity 

Hardness, mg equivalent CaC03/L 18 
Acidity ND 
Oil and Grease, (HEM) 

Anions meq/L 3.2 
Balance % -12 
Cations meq/L 2.5 
Alkalinity, mg CaC03/L (pH 4.5) 151 
Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia ND 
Total Dissolved Solids 133 
Settleable Solids 

Total Suspended Solids 848 
Nitrate 

Nitrite 

Nitrate + Nitrate as Nitrogen 0.3 
Chloride, CI 2 
Sulfate, S04 3 
Ortho-Phosphate-P 0.45 
Mercury, Hg - Dissolved ~g/L ND 
Pho~flhonJ~, Tot,,1 22 

Metals' 

Aluminum, AI - Total 61.7 
Aluminum, AI - Dissolved 7.3 
Arsenic, As - Dissolved ND 
Boron, B - Dissolved 0.09 
Barium, Ba - Dissolved 0.049 
Cadmium, Cd - Dissolved ND 
Calcium, Ca - Total 222 
Calcium, Ca - Dissolved 3.4 
Chromium, Cr - Dissolved 0.006 
Copper, Cu - Dissolved NO 
Iron, Fe - Total 26.6 
Iron , Fe - Dissolved 3.25 
Lead, Pb - Dissolved NO 
Magnesium, Mg - Dissolved 2.3 
Manganese, Mn - Total 1.48 
Manganese, Mn - Dissolved 0.014 
Molybdenum, Mo - Dissolved ND 
Nickel, Ni - Dissolved ND 
Potassium, K - Total 14.4 
Potassium, K - Dissolved 2.8 
Selenium, Se - Total 0.39 
Selenium, Se - Dissolved ND 
Silver, Ag - Dissolved ND 
Sodium, Na - Total 51.9 
Sodium, Na - Dissolved 43.3 
Zinc, Zn - Dissolved 0.02 

) ·units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # Divide Spring 

SAMPLE DATE 7/1/]014 9/25/2014 11/11/2014 07129/2015 11 /14/2015 

Analysis' 

Field Water Temperature C 7.4 7.9 

pH (field) 7.59 778 
Dissolved Oxygen (field) NM NM 

Sp Conductivity (field) 743 703 

Flow gpm 1.63 DAMP DRY 0268 Dry 

Hardness, mg equivalent CaC03/L 312 331 

Acidity 11 8 

Oil and Grease, (HEM) NM NM 

Anions meq/L 8.5 7.85 

Balance % -2.1 2.26 

Cations meq/L 8.15 822 

Alkalinity, mg CaC03/L (pH 4.5) 330 300 

Carbonate Alkalinity as CaC03 <5 <5 

Bicarbonate Alkalinity as CaC03 330 300 

Nitrogen, Ammonia <0.1 <0.1 

Total Dissolved Solids 429 419 

Total Suspended Solids NM <5 

Nitrate 0.05 <005 

Nitrite <0.05 <005 

Nitrate + Nitrate as Nitrogen NM <0.05 

Chloride, CI 8 7 

Sulfate, 804 81 79 

Ortho-Phosphate-P <0.05 <005 

Mercury, Hg - Dissolved iJg/L <0.2 <0.2 

Phosphorus, Total <0.05 <005 

Metals' 

Aluminum, AI - Total 0.04 006 

Aluminum, AI - Dissolved <0.03 <0.03 

Arsenic, As - Dissolved <0.01 <0.01 

Boron, B - Dissolved 0.06 0.07 

Barium, Ba - Dissolved 0.183 0.217 

Cadmium, Cd - Dissolved <0.001 <0.001 

Calcium, Ca - Total 55 59.12 

Calcium, Ca - Dissolved 55 54.48 

Chromium, Cr - Dissolved <0.001 <0.001 

Copper, Cu - Dissolved <0.01 <0.01 

Iron, Fe - Total <0.05 <0.05 

Iron, Fe - Dissolved <0.03 <0.03 

Lead, Pb - Dissolved <0.01 <0.01 

Magnesium, Mg - Dissolved 43 4741 

Manganese, Mn - Total <0.002 0.002 

Manganese, Mn - Dissolved <0.002 <0002 

Molybdenum, Mo - Dissolved <0.005 <0.005 

Nickel, Ni - Dissolved 0.001 <0001 

Potassium, K - Total 1,36 

Potassium, K - Dissolved 1.33 1.23 

Selenium, Se - Total <0.02 0.03 

Selenium, Se - Dissolved <0.02 <0.02 

Silver, Ag - Dissolved <0.002 <0.002 

Sodium, Na - Total 48.72 35.97 

Sodium, Na - Dissolved 43 3597 

Zinc, Zn - Dissolved <0.004 <0,004 

'units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # HANSEN SEEP 

SAMPLE DATE 

Field Water Temperature C 

pH (field) 

Dissolved Oxygen (field) 

Sp Conductivity (field) 

Flow gpm 

Turbidity 

10/28/2014 

Hardness, mg equivalent CaC031L 430 

Acidity 17 

Oil and Grease, (HEM) NM 

Anions meqlL 16 

Balance % -2.45 

Cations meqlL 15.24 

Alkalinity, mg CaC031L (pH 4.5) 383 

Carbonate Alkalinity as CaC03 <5 

Bicarbonate Alkalinity as CaC03 383 

Nitrogen, Ammonia <0.1 

Total Dissolved Solids 928 

Total Suspended Solids 50 

Nitrate <0.05 

Nitrite <0.05 

Nitrate + Nitrate as Nitrogen NM 

Chloride, CI 114 

Sulfate, S04 247 

Ortho-Phosphate-P <0.05 

Mercury, Hg - Dissolved j.lgiL <0.2 

Phosphorus, Total 0.08 

Aluminum, AI- Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium , Cr- Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

·units are in mglL unless otherwise noted 

NM = Not Measured 

0.33 

<0.03 

<0.01 

0.07 
0.125 

<0.001 

130.44 

113.03 

<0.001 

<0.01 

0.37 

<0.03 

<0.01 

35.82 

0.228 

0.081 

<0.005 

<0.001 

2.78 

2.66 

<0.02 

<0.02 

<0.002 

171.43 

151.39 

0.01 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # HORSE CREEK 

SAMPLE DATE 11/8/2013 7/2/2014 

Analysis· 

Field Water Temperature C 

pH (field) 

Dissolved Oxygen (field) 

Sp Conductivity (field) 

Flow gpm 

Turbidity 

Hardness, mg equivalent CaC03/L 176 137 

Acidity NO <5 

Oil and Grease, (HEM) NO <5 

Anions meq/L 41 3.59 

Balance % 1.2 -4.24 

Cations meq/L 4.2 3.29 

Alkalinity, mg CaC03/L (pH 4.5) 195 173 

Carbonate Alkalinity as CaC03 <5 

Bicarbonate Alkalinity as CaC03 173 

Nitrogen, Ammonia NO <0.1 

Total Dissolved Solids 224 191 

Total Suspended Solids 20 60 

Nitrate <0.05 

Nitrite <0.05 

Nitrate + Nitrate as Nitrogen NO NM 

Chloride, CI 2 2 

Sulfate, S04 5 4 

Ortho-Phosphate-P NO <0.05 

Mercury, Hg - Dissolved ~g/L NO <0.2 

Phosphorus, Total 0.03 0.07 

Metals· 

Aluminum, AI- Total 0.4 2.62 

Aluminum, AI - Dissolved ND <0.03 

Arsenic, As - Dissolved ND <0.01 

Boron, B - Dissolved NO 0.02 

Barium, Sa - Dissolved 0.169 0.164 

Cadmium, Cd - Dissolved ND <0.001 

Calcium, Ca - Total 49.2 40.76 

Calcium, Ca - Dissolved 45.4 33 

Chromium, Cr - Dissolved NO <0.001 

Copper, Cu - Dissolved NO <0.01 

Iron, Fe - Total 0.26 1.19 

Iron, Fe - Dissolved ND <0.03 

Lead, Pb - Dissolved NO <0.01 

Magnesium, Mg - Dissolved 15.2 14 

Manganese, Mn - Total 0,007 0.021 

Manganese, Mn - Dissolved NO <0.002 

Molybdenum, Mo - Dissolved ND <0.005 

Nickel, Ni - Dissolved NO 0.002 

Potassium, K - Total 1,1 1 

Potassium, K - Dissolved 1 1.89 

Selenium, Se - Total 0.19 <0.02 

Selenium, Se - Dissolved 0.06 <0.02 

Silver, Ag - Dissolved ND <0.002 

Sodium, Na - Total 163 13.92 

Sodium, Na - Dissolved 14.3 12 

Zinc, Zn - Dissolved NO <0.004 

·units are in mg/L unless otherwise noted 

NM = Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # U-Mud 

SAMPLE DATE 

Analysis· 

Field Water Temperature C 

pH (field) 

Dissolved Oxygen (field) 

Sp. Conductivity (field) 

Flow CFS 

Hardness, mg equivalent CaC03/L 

Acidity 

Oil and Grease, (HEM) 

Anions meq/L 

Balance % 

Cations meq/L 

Alkalinity, mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate 

Nitrite 

Nitrate + Nitrate as Nitrogen 

Chloride, CI 

Sulfate, S04 

Ortho-Phosphate-P 

Mercury, Hg - Dissolved ~g/L 

Phosphorus, Total 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

mits are in mg/L unless otherwise noted 

NM - Not Measured 

6130/2014 

13.0 

8.78 

817 

381 

63 cfs 

196 

<5 

<5 

4.15 

-0,22 

413 

199 

15 

184 

<0 1 
199 

16 

0.68 

<0.05 

1 

7 
<0 as 
<0 2 

<0.05 

0.20 

<0.03 

<0.01 

0.01 

0,170 

<0.001 

4580 

42 00 

<0.001 

<0.01 

012 

<0 03 

<0.01 

22.00 

0.006 

<0.002 

<0.005 

0002 

<0 14 

0.55 

<0.02 

<0 02 

<0.002 

4.67 

4.00 

<0 004 

9/18/2014 

132 

872 

8.26 

378 

19.4 cfs 

194 

<5 

<5 

4.06 

156 

419 

192 

5 

187 

0.2 

198 

<5 

036 

<0 as 

8 

<0.05 

<0.2 

<0.05 

014 

<0 03 

<0.01 

0.02 

0.190 

<0.001 

4145 

40.17 

<0.001 

<0 01 

0.11 

<0.03 

<0 01 

2276 

0007 

<0.002 

<0.005 

<0.001 

068 

0.68 

<0.02 

<002 

<0.002 

6.73 

6.73 

<0 004 

11/5/2014 

1.6 

87 

997 

440 

11 6 cfs 

464 

<5 

<5 

1289 

4.00 

13.96 

380 

29 

351 

<0.1 

820 

11 
0.05 

<0 as 
0.05 

60 

173 

<0.05 

<0.2 

<0.05 

0.17 

<0.03 

<0 01 

0.07 

0020 

<0 001 

105.90 

98 as 
<0 001 

<0 01 

0.36 

<0.03 

<0 01 

53.30 

0018 

0002 

<0 002 

<0 001 

373 

357 

0.02 

<0 02 

<0.002 

110 84 
10566 

<0004 

6/26/2015 

148 

878 

831 

379 

60 cfs 

196 

<5 

<5 

3.89 

3.68 

419 

187 

<5 

187 

<0 1 

217 

13 

036 

<0.05 

033 

6 

<0 05 

<0 2 

<0 as 

009 

<0.03 

<0,01 

002 

0,191 

<0 001 

46.81 

41 .01 

<0.001 

<0.01 

005 

<0 03 

<0.01 

22.70 

0.009 

<0.002 

<0 005 

<0 001 

063 

0.63 

<002 

<0.02 

<0.002 

591 

5.91 

0.009 

9/29/2015 

114 

872 

821 

360 

163 cfs 

194 

<5 

<5 

402 

2.23 

4.2 

190 

<5 

190 

<01 

220 

11 

039 

all 

23 

1 

9 

<005 

<0 2 

<0,05 

008 

<0 03 

<001 

0.02 

0.183 

<0.001 

40.07 

3767 

<0,001 

<0.01 

006 

<0.03 

<0.01 

2426 

0003 

<0.002 

<0 005 

<0 001 

0.78 

067 

<002 

<002 

<0 002 

7.48 

7.15 

<0.004 

10/28/2015 

36 

865 

9.86 

412 

9.04 cfs 

216 

<5 

<5 

4.28 

4.67 

4.7 

201 

<5 

201 

03 

255 

5 

051 

012 

063 

2 

10 

<0 05 

<0.2 

<0.05 

012 

<0 03 

<001 

001 

0.176 

<0 001 

45.16 

4516 

<0001 

<0 01 

011 

<0.03 

<0.01 

25.04 

0.003 

<0.002 

<0.005 

0002 

0.74 

0.74 

<0.02 

<0,02 

<0.002 

8.43 

8.43 

0.005 

9/28/2016 11/7/2016 

10.1 46 

8.75 8.79 

8.88 9.1 

388 416 

19.1 cfs 9.61 cfs 

250 

24 

017 

0008 

216 

7 

<0.05 

<0.002 



~ 
SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSTR~ 

SAMPLE DATE 61712001 08/16/2001 09/25/2001 10/30/2001 04/1712002 05/01/2002 06/05/2002 08/08/2002 11/13/2002 03l11/2() 

& 9/2412002 & 3/2712( 

Analysis· 

Field Water Temperature C 2010 12.4 11.5 27 96 82 23,3 

pH (field) 848 8.3 7.92 8.39 877 851 852 

Dissolved Oxygen (field) 654 7.13 3.14 8.73 716 855 5.13 

Sp Conductivity (field) 80800 439 575 446 462 819 569 

Flow gpm 1685 4.7 1.9 6438 18165 4455 3020 NOF NOF NOA 

Tumidity 6750 81.4 30 116 963 832 409 

Hardness, mg equivalent CaC03/l 

Acidity 
Anions meq/L 

Balance % 

Cations meqIL 
Alkalinity, mg CaC031L (pH 4 5) 351 ()Q 391 373 350 

Carbonate Alkalinity as CaC03 14 ()Q 5 8 7 

BicarbOnate Alkalinity as CaC03 4()Q00 477 439 412 

Nitrogen, Ammonia <003 

Total Dissolved Solids 45700 539 536 556 

Total Suspended Solids 

Nitrate + Nitrate as Nitrogen <003 005 0.08 

Chloride, CI 40.()Q 431 40 53 

Sulfate, 504 35 DO 442 46 53 

Mercury, Hg - Dissolved Ilg/L <00002 <00002 <00002 <0.0002 <00002 <00004 <00004 

Phosphorus. Total <0.05 0.06 005 0.14 

~ 

Aluminum, AI- Tolal 
Aluminum, AI - Dissolved <0.03 DDS 005 <003 <007 007 0.04 
Arsenic, As - Dissolved 000 0.0022 00025 <01 <01 <01 
Boron. 8 - Dissolved 
Barium. Sa - Dissolved 

Cadmium, Cd - Dissolved <00005 <0 ()Q05 <00005 <00005 <0 0005 <00005 
Calcium, Ca - Total 37.00 S5 58 45 
Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 000 00051 0006 <0005 <0 005 <0 0005 
Copper, Cu - Dissolved 0.00 <001 00019 <001 <001 <001 
Imn, Fe - Total 110 03 0.4 08 
Iron, Fe - Dissolved 
Lead, Pb - Dissolved <0.005 <0 005 <0 005 <0005 <0 07 <007 
Magnesium, Mg - Total 33 ()Q 38 32 34 
Manganese, Mn - Total 
Manganese, Mn - Dissolved 
Molybdenum, Mo - Dissolved 
Nickel, Ni - Dissolved 000 00027 0()Q37 <001 <0,01 <001 
Potassium, K - Total 200 ;} 

PotaSSium, K - Dissolved 
Selenium, 5e - Total 00009 
Selenium, Se - Dissolved 000 0()Q11 0.0009 00008 <01 <0.1 
Silver, Ag - Dissolved <00005 <00005 <00005 <0.0005 <0 0005 <00005 
Sodium, Na - Total 101.00 90 85 90 
Sodium, Na - Dissolved 
Zinc, Zn - Dissolved 001 001 001 001 001 001 
Cyanide- Dissolved <0002 0015 <0002 <0 002 <0002 <0002 
Orthophosphate <005 

Jnits are in mg/l unless otherwise noted 

NM - Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-4 

SAMPLE DATE 

Analysis· 

Field Water Temperature C 
pH (field) 

Dissolved Oxygen (field) 

Sp Conductivity (field) 

Flow gpm 

Turbidity 

Hardness, mg equivalent CaC031L 

Acidity 

Anions meqfL 
Balance % 

Cations meq/L 

Alkalinity, mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaeOa 
Bicarbonate Alkalinity as CaeQ3 

Nitrogen, Ammonia 
Total Dissolved Solids 
Total Suspended Solids 
NllrlIte • tI\!raJl! .s tlllrotlOl\ 
Chloride, CI 

Sulfate, S04 

Mer<:ury, Hg • Dissolved ~gIL 

Phosphorus, Total 

Metals· 

Aluminum, AI- Total 
Aluminum, AI - Dissolved 
menic, As - Dissolved 
Boron, B - Dissolved 
BaMum, Ba - Dissolved 
Cadmium, Cd - Dissolved 
Calcium. Ca - Total 
Calcium, Ca - Dissolved 
Chromium, Cr - Dissolved 
Copper, Cu - Dissolved 
Iron, Fe - Total 
Iron, Fe - Dissolved 
Lead, Pb . Dissolved 

Magnesium, Mg - Dissolved 
Manganese, Mn - Total 
Manganese, Mn - Dissolved 
Molybdenum, Mo - Dissolved 
Nickel, Ni - Dissolved 
Potassium, K - Total 
Potassium, K - Dissolved 
Selenium, Se - Total 
Selenium, Se - Dissolved 
Silver, Ag - Dissolved' 
Sodium, Na • Total 

Sodium, Na - Dissolved 
Zinc, Zn - Dissolved 

06/19/2001 

5.6 

B.05 

NM 

499 

2.838 

0.62 

·units are in mg/l unless otherwise noted 

NM = Not Measured 

08/2812001 05/0312002 09126/2002 

4.7 4.5 5.3 

7.73 7 .61 7.41 

NM NM 6.21 

379 866 844 
1.832 2.043 0.900 

0.47 0.00 0.91 

11/1212002 0512012003 OB/0512oo3 t 0106/2003 0511212004 

4.8 42 5.4 54 4.4 
756 7.38 740 7,50 7.59 

664 769 7.40 7.30 0.69 

685 929 408 861 512 

1.230 3.226 0849 0747 2,92t 

5.40 0.00 010 1.02 0.69 

6126/2015 

4.9 

7.68 

tiM 

986 
1.81 

NM 

590 

36 

014 

0007 

9/30/2015 

6.9 

7.89 

NM 

872 

0.251 

NM 

550 

152 

0.48 

0044 

t1l1/2015 

5.6 

7.72 

NM 

873 

0.638 

NM 

517 

109 

037 

0018 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCOSITE# MSP-5 

SAMPLE DATE 

Analysis' 

Field Water Temperature C 

pH (field) 

Sp. Conductivity (field) 

Flow gpm 

Turbidity 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 

Cations meq/L 

Alkalinity, mg CaC03/L (pH 4.5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate + Nitrate as Nitrogen 

Chloride, CI 

Sulfate, S04 

Mercury, Hg - Dissolved 1J9/L 

Phosphorus, Total 

Aluminum, AI- Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

'units are in mg/L unless otherwise noted 

NM = Not Measured 

09/26/2002 

7.7 

7.77 
780 

0082 

19.00 

05/20/2003 

4.3 

7.60 

910 

0216 

035 

09/25/2003 

73 

7.78 

533 

0.119 

17 70 

05/12/2004 

3.9 

7.92 

524 

0.264 

016 

6126/2015 

7.8 

7.8 

934 

0.127 

NM 

577 
34 

041 

0.027 

913012015 

89 

7.91 

870 

0085 

NM 

561 

115 

0.38 

0,078 

11/1/2015 

6.6 

7.84 

888 

0.157 

NM 

548 

93 

0.83 

0073 



SUMMARY OF WATER QUAUTY ANALYSES 

SUFCO SrrE# MSP-6 

SAMPLE DATE 06119/2001 1010412001 05/03/2002 0912612002 5/20/2003 912512003 5/1212004 612612015 9/2912015 111112015 

Analysis· 

Field Water Temperature C 930 630 490 54 46 53 47 5.5 5.8 55 

pH (field) 9 9 7.55 7.62 759 778 7.82 7.68 7.77 

Sp Conductivi1y (field) 550 474 899 895 918 514 528 932 868 aa7 

Flowgpm 230 1.86 208 1549 1472 1665 1624 1.45 134 1.23 

Turbidi1y 75 132 088 124 ~ 005 NM NM NM 

Hardness, mg equivalent CaC03/L 137 133 133 

Acidi1y <5 10 <5 

Anions meqIL 10.11 9.68 10.27 

Balance % -0.66 3.49 -0.35 

Cations meqIl 9.98 10.38 10.2 

Alkalini1y, mg CaC03/l (PH 4 5) 469 452 478 
Carbonate Alkalinity as CaC03 <5 <5 <5 

Bicarbonate Alkalinity as CaC03 469 452 478 

Nitrogen, Ammonia <0.1 <0.1 <0.1 

Total Dissolved Solids 557 559 542 

Total Suspended Solids 11 25 

N~rote 0.13 0.17 0.18 

Nitrite <0.05 <0.05 <0.05 

NIH'ille .,. Nrtr.nf! as Nitrogen 0.14 1.43 0.9 
Chloride, cr 15 12 15 

Sulfa1e, 504 15 15 15 

Mercury, Hg - Dissolved ~gIl <0.05 <0.05 <0.05 

Phosphorus. Total <0.2 <0.2 <0.2 

0.07 <0.05 <0.05 

Metals· 

Aluminum, AI- Tolal 019 0.08 015 

Aluminum, AJ - Dissolved <003 <003 <003 

Arsenic, As - Dissolved <0.01 <001 <0.01 

Boron, 8 - Dissolved 006 0.08 005 
Barium, Sa - Dissolved 0191 0.187 0166 

Cadmium, Cd - Dissolved <0001 <0001 <0001 

Calcium, Ca - Total 34 72 26.81 27.14 

Calcium, Ca - Dissolved 256 261 264 

Chromium, Cr - Dissolved <0.001 <0001 <0.001 

Copper, Cu - Dissolved <001 <001 <001 

Iron, Fe - Total 017 <005 0,1 

Iron. Fe - Dissolved <003 <003 <003 

Lead, Pb - Dissolved <0.01 <001 <001 

Magnesium. Mg - Dissolved 17.69 16.59 1631 

Manganese, Mn - Total 0032 0002 0,008 

Manganese, Mn - Dissolved <0.002 <0.002 <0002 

Molybdenum, Mo - Dissolved <0005 <0.005 <0005 

Nickel, Ni - Dissolved <0.001 <0.001 <0001 

Potassium, K - Total 126 1.31 144 

Potassium, K - Dissolved 128 1.26 1,44 

Selenium, Se - Total <002 <002 <002 

Selenium, Se - Dissolved <002 <002 <002 

Silver, Ag - Dissolved <0.002 <0002 <0002 

Sodium, Na - Total 16864 201.34 17322 

Sodium, Na - Dissolved 165 sa 17666 17256 

Zinc, Zn - Dissolved 001 <0004 <0004 

• units are in mg/L unless otherwise notec 

NM = Not Meausred 



j 

SUMMARY OF WATER QUALITY ANALYSES 

SUFCOSITE# MSP-09 

SAMPLE DATE 

Field Water Temperature C 

pH (field) 

Sp Conductivity (field) 

Flowgpm 

Turbidity 

Hardness, mg equivalent CaC03/L 
Acidity 

Anions meq/L 

Balance % 

Cations meq/L 

Alkalinity, mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate + Nitrate as Nitrogen 

Chloride, CI 

Sulfate, S04 

Mercury, Hg - Dissolved ~g/L 

Phosphorus, Total 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolveo 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

Jnits are in mg/L unless otherwise noted 

NM - Not Measured 

6120/2001 

79 

753 

464 

1000 

143 

8/29/2001 

NOF 

5/312002 

3.6 

8.55 

429 

0.254 

141.00 

912612002 512012003 

NOF NOF 

101712003 511012004 612512015 9126/2015 111112015 

NOF NOF NOF NOF NOF 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-11 

SAMPLE PATE 

Field Water Temperature C 

pH (field) 

Sp. Conductivity (field) 

Flowgpm 

Turbidity 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 
Cations meq/L 

Alkalinity, mg CaC03/L (pH 4.5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate 

Nitrite 

Nitrate + Nitrite as Nitrogen 

Chloride, CI 

Sulfate, S04 

Ortho-Phosphate-P 

Mercury, Hg - Dissolved ~g/L 

Phosphorus, Total 

Aluminum, AI- Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Sa· Dissolved 

Cadmium, Cd • Dissolved 

Calcium, Ca - Total 

Calcium, Ca . Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb • Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K • Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag • Dissolved 

Sodium, Na • Total 

Sodium, Na • Dissolved 

Zinc, Zn . Dissolved 

nits are in mg/L unless otherwise noted 

NM . Not Measured 

5121/2003 

4.7 

7.84 

451 

0.685 

942 

10/8/2003 

7.3 

7.68 

430 

1.095 

6.80 

61512004 

7.6 

770 

878 

0476 

11600 

6/27/2015 

6.1 

767 

884 

0.345 

NM 

539 

32 

0,32 

0.017 

9/29/2015 

7 

765 

824 
0,339 

NM 

519 

52 

0.51 

0.018 

111712015 

55 

7.64 

834 

0325 

NM 

543 

229 

1,92 

0.089 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-12 

SAMPLE DATE 

Analysis' 

Field Water Temperature C 

pH (field) 

Sp Conductivity (field) 

Flowgpm 

Turbidity 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 
Balance % 

Cations meq/L 

Alkalinity, mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate 

Nitrite 

Nitrate + Nitrite as Nitrogen 

Chloride, CI 

Sulfate, S04 

Ortho-Phosphate-P 

Mercury, Hg - Dissolved iJg/L 

Phosphorus, Total 

Aluminum, AI - Total 

Aluminum, AI- Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

Jnits are in mg/L unless otherwise noted 

NM - Not Measured 

5121/2003 

80 

8.18 

363 

0.795 

18,20 

10/8/2003 6/512004 

12.8 10.3 

809 7.78 

381 696 

0.617 0945 

0.00 0,35 

6127/2015 

9.3 

767 

700 

0.652 

NM 

397 

64 

0.09 

0.011 

9129/20 15 

1U 

798 

646 

0.475 

NM 

382 

64 

038 

0.025 

11n12015 

89 

7.89 

665 

0.568 

NM 

397 

18 

009 

o DOg 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # M-SP15 

SAMPLE 10: MSP-15 

SAMPLE DATE 

Field Water Temperalure C 

pH (field) 

Sp Conductivity (field) 

Flowgpm 

Turbidily 

Hardness, mg equivalenl CaC03/L 

Acidily 

Anions meq/L 

Balance % 

Calions meq/L 

Alkalinily, mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonale Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate 

Nitrite 

Nilrale + Nitrite as Nitrogen 

Chloride, CI 

Sulfale, S04 

Ortho-Phosphale-P 

Mercury, Hg - Dissolved ~g!L 

Phosphorus, Tolal 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

80ron, 8 - Ulssolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Polassium, K - Tolal 

Polassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Tolal 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

'units are in mg/L unless olherwise noted 

NM - Not Measured 

7/1112001 

135 

826 

621 

4822 

6990 

10/3/2001 

64 

834 

433 

1733 

368 

51212002 9/2712002 5/2112003 10/8/2003 

54 149 
770 765 
448 NOF 509 NOF 
0548 0433 
000 1407 

61512004 

155 

814 

930 

0268 

252 

6/27/2015 

129 

742 

1073 

0059 

NM 

528 

31 

029 

0046 

9/29/2015 111712015 

DRY DRY 



SUMMARY OF WATER QUAUTY ANALYSES 

SUFCO SITE # MSP-19 

SAMPLE DATE 

Analysis· 

Field Water Temperature C 
pH (field) 

Sp Conductivity (field) 

Flowgpm 

Turbidity 

Hardness. mg equivalent CaC03/L 
Acidity 

Anions meqll 

Balance % 
Cations meqll 

Alkalinity. mg CaC031l. (pH 4 5) 

Carbonate Alkalinity as CaC03 
Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 
Total Dissolved Solids 
Total Suspended Solids 
N~rate 

N~rite 

Nitrate + Nitrite as Nitrogen 
Chloride. CI 
Sulfate. S04 

Ortho-Phosp!1ate-P 

Mercury, Hg - Dissolved ~gIl. 
Phosphorus. Tolal 

~ 

Aluminum. AI - Total 
Aluminum. AI - Dissolved 
Arsenic, As - Dissolved 
Boron, B - Dissolved 
Barium, Ba - Dissolved 
Cadmium, Cd - Dissolved 
Calcium, Ca - Total 

Calcium. Ca - Dissolved 
Chromium, Cr - Dissolved 
Copper, Cu - Dissolved 

Iron. Fe - Total 
Iron. Fe - Dissotved 
Lead, Pb - Dissolved 

Magnesium. Mg - Dissolved 
Manganese. Mn - Total 
Manganese, Mn - Dissolved 
Molybdenum, Mo - Dissolved 
Nickel, Ni - Dissolved 
Potassium. K - Total 

Potassium. K - Dissolved 
Selenium, Se - Total 
Selenium, Se - Dissolved 
Silver, Ag - Dissolved 

Sodium, Na - Total 
Sodium. Na - Dissolved 
Zinc, Zn - Dissolved 

Inits are in mgIL unless otherwise noted 

NM - Not Measured 

7/11/2001 

104 
824 

508 

2.260 
590 

10/312001 51212002 

61 51 
783 8.28 
443 456 

1.976 3031 
017 046 

9/27/2002 5/2112003 10/812003 61512004 

58 52 61 55 
794 786 821 823 
457 449 480 851 
2114 2866 2555 3128 
035 1230 0.68 134 

--
6/27/2015 

673 
797 

57 

255 
NM 

522 

40 

036 

0.044 

912912015 

63 
604 
624 

173 
NM 

523 
12 

027 

0004 

11f7J2015 

798 
829 

195 
NM 

519 
15 

011 

0004 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCOSITE# MSP-20 

SAMPLE DATE 

Analysis" 

Field Water Temperature C 

pH (field) 

Sp Conductivity (field) 

Flowgpm 

TurtJidity 

Hardness, mg equivalent CaC03/L 
Acidity 

Anions meq/L 

Balance % 

Cations meq/L 

Alkalinity, mg CaC031L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bk:arbonate Alkalinity as caC03 
Nitrogen, Ammonia 
Total Dissolved Solids 
Total Suspended Solids 
Nitrate + Nitrate as Nitrogen 
Chloride, CI 

Sulfate, S04 

Mercury, Hg - Dissolved ~glL 

Phosphorus, Tolal 

~ 

Aluminum, AI - Total 
Aluminum, AI - Dissolved 
Arsenic, As - Dissolved 
Boron, B - Dissolved 
Banum. Sa - Dissolved 
Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 
Chromium, Cr - Dissolved 
Copper, CU - Dissolved 

Iron, Fe - Tolal 
Iron, Fe - Dissolved 
Lead, Pb - Dissolved 
Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 
Nickel, Ni - Dissolved 
Potassium, K - Total 
Potassium, K - Dissolved 
Selenium, Se - Total 

Selenium, Se - Dissolved 
Silver, Ag • Dissolved 

Sodium, Na . Total 

Sodium, Na - Dissolved 
Zinc, Zn - Dissolved 

mits are in mglL unless otherwise noted 

NM - Not Measured 

711112001 

142 

784 

486 

3507 

352 

101312001 51212002 912812002 512212003 

121 10.5 74 76 
785 7.97 779 759 
435 432 435 420 
0 ,909 0814 0706 1041 
5.20 000 2000 1905 

-
101812003 61512004 

110 108 

831 792 

494 814 

0781 8621 

18.60 035 

612512015 

83 

778 

824 

524 

NM 

468 

13 

015 

0016 

912612015 

75 
7.38 

769 

104 

NM 

505 

87 

037 

0049 

111112015 

6.8 

7.69 
763 

1.21 

NM 

453 

23 

085 

0042 

9/27/2016 

7 

7.56 
781 

0-98 

NM 

484 

13 

0.11 

0.004 

10/26/2016 

7.8 

779 

770 

098 
NM 

440 

7 

013 

0013 



SUMMARY OF WATER QUAUTY ANALYSES 

SUFCOSITE# MSP-40 

SAMPLE DATE 

Analysis· 

Field Water Temperature C 
pH (freld) 

Sp Conductivity (freld) 

Flowgpm 

Turbidity 

Hardness, mg equivalent CaC03/l 

Acidity 

Anions meq/L 
Balance % 

Cations meqlL 

Alkalinity, mg CaC03lL (pH 4.5) 

Carbonate Alkalinity as caC03 
Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 
Total Suspended Solids 
Nitrate + Nitrate as Nitrogen 
Chloride, CI 

Sulfate, S04 

Mercury, Hg - Dissolved ~g1l 

Phosphorus, Total 

~ 

Aluminum, AI - Total 
Aluminum, AI- Dissolved 

Arsenic, As - Dissolved 
Boron, B - Dissolved 

Barium, Ba - Dissolved 
Cadmium, Cd - Dissolved 

Calcium, Ca - Total 
Calcium, ca - Dissolved 
Chromium, Cr - Dissolved 
Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 
Lead, Pb - Dissolved 
Magnesium, Mg - Dissolved 
Manganese, Mn - Total 
Manganese, Mn - Diss~ved 

Molybdenum, Mo - Dissolved 
Nickel, Ni - Dissolved 

Potassium, K - Total 
Potassium, K - Dissolved 

Sel!!nlum, So - Total 
Selenium, Se - Dissolved 

Silver, Ag - Dissolved 
Sodium, Na - Total 
Sodium, Na - Dissolved 
Zinc, Zn - Dissolved 

nits are in mglL unless otherwise noted 

NM - Not Measured 

912612001 

79 
764 
497 
0657 
3040 

512/2002 912812002 512212003 

75 84 69 
792 772 7T7 
865 483 538 
0455 0338 0314 
1160 070 1503 

10/9/2003 6/6/2004 

83 7.7 
776 810 
900 545 
0180 0447 
1900 068 

6125/2015 

74 
782 
959 

0102 
NM 

584 
283 

3.43 

0228 

9/26/2015 

95 
7T7 
905 

0082 
NM 

598 
337 

113 

0253 

1111/2015 

778 
925 
0093 
NM 

554 
218 

087 

0076 

9/27/2016 10/26/2016 

9.1 
7.85 
956 
0.068 
NM 

606 
106 

0.37 

0.017 

8.4 
7.93 
943 
0.087 
NM 

569 
32 

037 

0018 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-41 

SAMPLE DATE 

Analysis'"' 

Field Water Temperature C 

pH (field) 

Sp Conductivity (field) 

Flowgpm 

Turbidity 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 

Cations meqlL 

Alkalinity, mg CaC03/L (pH 4.5) 

Carbonate Alkalinity as caC03 
Bicarbonate Alkalinity as CaC03 

Nrtrogen, Ammonia 
Total Dissolved Solids 

Total Suspended Solids 
Nitrate + Nitrate as Nitrogen 

Chloride, CI 

Sulfate, S04 

Mercury, Hg - Dissolved ,",gIL 
Phosphorus, Total 

~ 

Aluminum, AI - Total 

Aluminum, AI- Dissolved 
Arsenic, As - Dissolved 
Boron, B - Dissolved 

Barium, Sa - Dissolved 
Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 
Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 
Manganese, Mn - Total 

Manganese, Mn - Dissolved 
Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

snits are in mgfL unless otherwise noted 

NM - Not Measured 

9/26/2001 

53 

785 

285 

0422 

125 

51212002 9/28/2002 5/22/2003 10/9/2003 

102 51 39 49 
853 797 7.99 767 
616 323 429 799 
2253 0.427 0472 0402 
2890 4.50 24.03 086 

61612004 

60 

814 

452 

0509 

048 

-
6/25/2015 

97 

752 

897 

0974 

NM 

952 

28 

018 

0031 

9/26/2015 

59 

7.94 

765 

0313 

NM 

521 

435 

11 

0.111 

11/1/2015 

7 ,87 

789 

0.321 

NM 

479 

60 

0.68 

0.016 

9/27/2016 10/26/2016 

54 

7.97 

795 

0.193 

NM 

503 

107 

1.62 

0.068 

5.2 

7.98 

796 

0.245 

NM 

490 

37 

0.47 

0015 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCOSITE# MSP-44 

SAMPLE DATE 

Analysis'" 

Field Water Temperature C 

pH (neld) 

Sp Conductivity (field) 

Flow gpm 
Turbidity 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 

Cations meq/L 

Alkalinity, mg CaC031L (pH 4 5) 

Carbonale Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate 

Nitrite 

Nitrate + Nitrate as Nitrogen 

Chloride, CI 

Sulfate, 504 
Ortho-Phosphate-P 

Mercury, Hg - Dissolved 1-l9/L 
Phosphorus, Total 

~ 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic. As - Dissolved 

Boron, B - Dissolved 

Barium, Sa - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr- Dissolved 

Copper, Cu - Dissolved 

Iron Fe - Total 

Iron, Fe - Dissolved 

lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Tolal 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Tolal 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 
Zinc, Zn - Dissolved 

"units are in mgfl unless otherwise noted 

NM- Not Measured 

10/3/2001 

92 
752 
314 
0561 
539 

5/212002 

4.8 
766 
269 
2018 
000 

912812002 

103 
766 
376 
0196 
11000 

512212003 

61 
765 
276 

13029 
1191 

912412003 

121 
793 
721 

0197 
1530 

61512004 

54 
765 
542 
4900 

000 

--
612912014 

59 
764 
554 
318 

NM 

298 

6.12 
3,85 
6.61 
283 
<5 

283 
<0.1 

313 

0.34 

19 
<005 

<02 
<005 

<003 

<003 

<0,01 

002 
0358 
<0 001 

78.17 

66 00 
<0001 

<001 

<005 

<0 03 

<001 

3300 
<0002 

<0002 

<0005 

0001 
<0.14 

048 
<002 

<002 

<0002 

1500 
1500 
<0004 

911812014 

59 
776 
922 
146 

NM 

259 
<5 

6.49 
·0.87 
6,38 

296 
<5 

296 
<0.1 

340 
26 

0.24 
<0.05 

25 
<005 

<02 
<005 

033 
<003 

<001 

0.02 
0340 
<0001 

6767 
6482 
<0001 

<001 

022 
<003 

<0 01 

2348 
0010 
<0002 

<0005 

<0 001 

058 

0.58 
<002 

<002 

<0 002 

2825 
2748 
<0,004 

1013112014 

52 
778 
934 

133 
NM 

261 
12 
6.66 
·2,11 
6,38 

304 
<5 

304 
0,1 

358 
27 
0,06 
<0.05 

<0.05 

2 

26 
<0.05 

<0.2 

<0.05 

024 
<0 03 

<001 

<001 

0342 
<0001 

6673 
6352 
<0001 

<001 

012 
<003 

<001 

24.9 
0010 
0002 
<0005 

<0001 

0.69 
0.69 
<002 

<002 

<0002 

2696 
2629 
<0004 

612512015 

7.67 
570 

421 
NM 

303 

6,26 
1,93 
6.50 
297 
<5 

297 
<0.1 

348 
37 
0.16 
<0.05 

0,14 

14 
<0.05 

<0.2 

<0.05 

0.48 
<003 

<001 

002 
0407 
<0.001 

8783 
6847 
<0.001 

<001 

0,34 
<0 03 

<0 01 

3210 
0,046 
<0002 

<0 005 

<0 001 

0.57 
057 
<0,02 

<002 

<0002 

994 
9.94 
0004 

912612015 

92 
754 
581 
0493 
NM 

267 

6,35 
2.49 
6.67 
297 
<5 

297 
0.3 
367 

006 
<005 

029 

18 
<005 

<02 
<0 05 

02 
<003 

<001 

002 
0341 
<0_001 

6625 
6337 
<0001 

<001 

012 
<003 

<001 

2632 
0006 
<0002 

0006 
0002 
06 
<014 

<0 02 

<002 

<0002 

3295 
3097 
<0 004 

111112015 

83 
759 
594 
045 

NM 

270 
<5 
676 
15 
697 
308 
<5 

308 
09 
365 
14 
0.12 
<0,05 

086 

26 
006 
<02 
<005 

021 
<003 

<001 

002 
0.347 
<0,001 

6595 
6595 
<0001 

<001 

0.13 
<003 

<001 

2555 
0005 
<0002 

0006 
<0 001 

064 

064 

<0.02 

<0 02 

<0 002 

3615 
3583 
<0004 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-45 

SAMPLE DATE 

Analysis· 

Field Water Temperature C 

pH (field) 

Sp. Conductivity (freld) 

Flowgpm 

Turbidity 

Hardness. mg equivalent caC03/L 

Acidity 

Anions meqIL 

Balance % 

Cations meqlL 

Alkalinity, mg CaC03lL (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicaroonate Alkalinity as CaC03 

Nitrogen, Ammonia 
Total Dissolved Solids 

Total Suspended Solids 

Nitrate + Nitrate as Nitrogen 
Chloride. CI 

Sulfate, 504 

Mercury. Hg - Dissolved ~g/L 

Phosphorus, Total 

Metals .. 

Aluminum, AI- Total 
Aluminum, AI - Dissolved 
Arsenic, As - Dissolved 
Boron, B - Dissolved 
Barium, 8a - Dissolved 

Cadmium, Cd - Dissolved 
Calcium, ca -Total 
Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 
Copper, Cu - Dissolved 
Iron. Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 
Manganese, Mn - Total 
Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 
Potassium, K - Dissolved 
Selenium, Se - Total 

Selenium, Se - Dissolved 
Silver, Ag - Dissolved 

Sodium, Na - Total 
Sodium, Na - Dissolved 
Zinc, Zn - Dissolved 

mits are in mglL unless otherwise noled 

NM - Not Measured 

1014/2001 

5.9 

732 

508 

2230 

060 

5/312002 9/2512002 512112003 9/27/2003 

35 6.0 37 59 

785 7.56 7.30 7.30 
959 977 977 545 

1837 1713 1624 1541 
000 000 167 029 

5/312004 

50 

742 

369 

0573 

106 

6/2612015 

51 

747 

995 

125 

NM 

594 

<5 

<005 

<0.002 

9/3012015 

65 

7.47 

923 

121 

NM 

560 

34 

034 

0005 

11/5/2015 

59 

7.36 

933 

121 

NM 

565 

25 

03 

0006 

9/29/2016 10/31/2016 

65 

738 

952 

t 29 

NM 

532 

13 

1.45 

0021 

61 

746 

940 

103 

NM 

597 

55 

025 

0.004 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCOSITE# MSP~O 

SAMPL£DATE 

Analysis· 

Field WaterTemperature C 

pH (field) 

Sp. Conductivity (field) 

Flowgpm 

Turllidity 

Hardness, mg equivalent CaC031l 

Acidity 

Anions meqIL 
Balance % 

Cations meq/l 

Alkalinity, mg CaC031L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 
Nitrogen, AmmOilia 
Total Dissolved Solids 
Total Suspended Solids 
Nitrate 
Nitrite 
Nitrate + Nitrite as Nitrogen 
Chloride. CI 
Sulfate, S04 

Ortho-Phosphate-P 
Mercury, Hg - Dissolved J..Ig/L 
Phosphorus, Total 

Metals .. 

Aluminum, AI- Total 
Aluminum. AI- Dissolved 
Arsenic. As - Dissotved 
Boron, B - Dissolved 
Barium. Sa - Dissolved 
Cadmium, Cd - Dissolved 
Calcium, Ca - Total 
Calcium, Ca - Dissolved 
Chromium, Cr - Dissolved 
Copper, Cu - Dissorved 
Iron. Fe - Total 
Iron, Fe - Dissolved 
Lead, Pb - Dissolved 
Magnesium. Mg - Dissolved 
Manganese, Mn - Total 
Manganese. Mn - Dissolved 
Molybdenum, Mo ~ Dissolved 
Nickel. Ni - Dissolved 
Potassium. K - Total 
Potassium. K • Dissolved 
selenium, Se . Total 
selenium. Se - Dissolved 
Silver. Ag - Dissolved 
Sodium, Na - Total 
Sodium, Na - Dissolved 
Zinc. Zn - DIssolved 

nits are in mg/l unless otherwise noted 

NM - Not Measured 

51212002 

57 
764 
403 
0888 

5.70 

9127/2002 

8.0 
752 
512 
0726 

010 

512112003 

65 
7.63 
491 

0761 
1425 

10/812003 

7.8 
7.63 
428 
0600 
081 

6/412004 

96 
779 
943 

0676 
076 

813012014 

115 
768 
931 

072 
NM 

299 
<5 
10.45 
-2.77 
9.88 
439 
<5 
439 
<0.1 
513 

018 
<005 

39 
27 
<0.05 
<02 
<005 

0.14 
<0.03 
<001 
007 

0263 
<0.001 
5978 
5400 
<0001 
<001 
008 

<003 
<001 
40.00 
0007 
<0002 
<0005 
0001 
200 

200 
<0.02 
<002 
<0002 
9990 

89.00 
<0004 

-
912312014 

84 
767 

935 
0.57 
NM 

11/612014 

69 
7.61 
932 

056 
NM 

325 

8 
1006 
306 
1070 
421 
<5 

421 
<0.1 
507 
13 
013 
<005 
<005 
39 

26 
<0 05 
<02 
<005 

0_05 
<003 
<001 
012 
0.297 
<0001 
6105 
6105 
<0.001 
<001 
<005 
<003 

<001 
41.92 

0002 
<0002 
<0005 
<0001 
1.74 
174 
<002 
<0.02 
<0.002 
9604 
9559 
0009 

6/2712015 

6.9 
7.61 

960 

0.545 
NM 

312 
<5 
997 

1.58 
1029 
416 
<5 

416 
<01 

535 

011 
<005 
276 
39 

26 
<005 
<02 
<005 

023 
<003 
<001 

005 
0034 
<0001 
5873 

5296 

0009 
<001 
014 
004 
<0.01 
4364 
0017 
0004 
0018 

0002 
1.76 
176 
<002 
<002 
<0002 
9222 
92.22 
0096 

912912015 

85 
7.8 
876 

0348 
NM 

306 
<5 
10.03 
2.01 
10.44 
425 
<5 

425 
0.3 
552 

23 
0.17 
0.39 
1.36 
35 
25 
<0.05 
<0.2 
<0.05 

091 
003 
<0,01 

0.07 
0281 
<0001 
6987 
5387 
<0001 
<001 
055 
<003 
<001 
4174 
0043 
<0002 
<0005 
<0001 
214 
1.81 
003 
<002 
<0.002 
10443 

96.2 
<0 004 

11n12015 9/26/2016 11/6/2016 

67 
747 
893 
039 

NM 

300 
<5 

10.3 
-1.06 
10.8 
435 
<5 

435 
0.1 
535 
93 

0.3 
0.32 
1.41 
38 

25 

<0.05 
<0.2. 

0.08 

089 
<003 
<001 
006 
0262 
<0001 
685 
54 05 
<0001 
<0.01 
058 

<003 
<001 
39.98 
0.039 
<0002 
<0005 

0001 
235 

168 
003 
<002 
<0002 

10541 
93.24 
<0004 

B.3 
7.51 

909 
0.33 
NM 

549 
20 

0.07 

0003 

73 
7.83 
896 

0299 
NM 

513 

<0 os 

<0.002 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCOSITE# MSP-82 

SAMPLE DATE 

Analvsis' 

Field Water Temperature C 

pH (field) 

Sp, Conductivity (field) 

Flowgpm 

Turbidity 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 
Cations meq/L 

Alkalinity, mg CaC03/L (pH 4.5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 

Total Suspended Solids 

Nitrate + Nitrate as Nitrogen 

Chloride, CI 

Sulfate, S04 

Mercury, Hg - Dissolved fjg/L 

Phosphorus, Total 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

nits are in mg/L unless otherwise noted 

NM - Not Measured 

5/25/2002 

68 
7.65 
667 
2,383 

0.00 

10/7/2002 6/3/2003 9/23/2003 6/4/2004 

46 51 59 50 
8.01 7.70 7,98 787 

370 629 471 491 
1.303 5384 1.259 3601 
0.00 16.95 147 0.00 



( 

SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MsP-37 

sAMPLEOATE 

Analysis· 

Field Water Temperature C 
pH (field) 

Sp Conductivity (field) 

FIOYIgpm 
Turbidity 

Dissolved Oxygen 

Hardness, mg equivalent CaC031L 
Acidily 

Anions meq/L 
Balance % 

Cations meqIL 

Alkalinily. mg CaC03IL (pH 4 5) 

Carbonate Alkalinity as Cac03 
Bicarbonate Alkalinity as CaC03 
Nitrogen, Ammonia 
Total Dissolved Solids 
Total Suspended Solids 
Nitrate 

Nitrite 
Nitrale + Nitrate as Nitrogen 
Chloride, CI 

Sulfate, 804 

Ortho-Phosphate-P 
Mercury, Hg - Dissolved ~IL 

Phosphorus, Total 

Metals· 

Aluminum. AI - Total 
AJuminum. AI - Dissolved 
Arsenic, As - Dissolved 
Boron. B - Dissolved 
Barium, Sa - Dissolved 
Cadmium, Cd - Dissolved 
Calcium, Ca - Total 
Calcium, Ca - Oissolved 
Chromium, Cr· Dissolved 

Copper. Cu - Oissolved 

Iron. Fe - Total 
Iron, Fe - Dissolved 

Lead, Pb - Dissolved 
Magnesium, Mg - Dissolved 
Manganese, Mn - Total 
Manganese, Mn - Dissolved 
Molybdenum, Mo· Dissolved 
Nickel, Ni - Dissolved 
Potassium, K· Total 
Potassium, K· Dissolved 
Selenium, Se· Total 
Selenium, Se - Dissolved 
Silver, Ag - Dissolved 
Sodium, Na - Tolal 
Sodium, Na - Dissolved 
Zinc. Zn - Dissolved 

Inits are in mgIL unless otherwise noted 

NM - Not Measured 
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SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-100 

SAMPLE DATE 9/27/2002 5/21/2003 1016/2003 61512004 6/27/2015 9/29/2015 11/7/2015 9126/2016 11/6/2016 

Analvsis' 

Field Water Temperature C 6.8 79 6.7 94 6.3 7 6.8 74 7.1 

pH (field) 7.25 7.35 7.36 747 751 7.47 7.46 7.59 7.53 

Sp. Conductivity (field) 388 373 292 683 695 651 661 677 673 

Flowgpm 0.774 0.840 0.794 1.076 0802 0.77 0.754 0 .838 0.872 

Turbidity 0.20 36.78 0.63 0.51 NM NM NM NM NM 

Hardness. mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 

Cations meqlL 

Alkalinity. mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 369 407 364 426 375 

Total Suspended Solids 12 46 67 13 35 

Nitrate 

Nitrite 

Nitrate + Nitrite as Nitrogen 

Chloride, CI 

Sulfate, S04 

Ortho-Phosphate-P 

Mercury, Hg - Dissolved ~glL 

Phosphorus, Total 

Metals' 

Aluminum, III Total 

Aluminum. AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium. Ca - Dissolved 

Chromium. Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total <0.05 0.2 0.17 0.16 032 

Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium. Mg - Dissolved 

Manganese, Mn - Total 0.004 0.016 0.012 0.01 0.015 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium. Se - Total 

Selenium. Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium. Na - Dissolved 

Zinc, Zn - Dissolved 

mits are in mglL unless otherwise noted 

NM - Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-103 

SAMPLE DATE 5/21/2003 10/8/2003 61512004 6/27/2015 9/29/2015 11/7/2015 9/29/2016 11/6/2016 

Analysis' 

Field Water Temperature C 103 16.5 9.2 9.4 10.9 8,6 10.7 9.6 
pH (field) 8.28 8.27 7.67 7.59 7.55 758 7.77 7.79 
Sp. Conductivity (field) 377 416 706 703 669 675 690 680 

Flow gpm 1.193 0939 1.506 1.16 0.878 0963 0.591 1.13 
Turbidity 3567 1.23 012 NM NM NM NM NM 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 

Cations meq/L 

Alkalinity, mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 389 404 387 415 374 
Total Suspended Solids 145 9 14 192 70 
Nitrate 

Nitrite 

Nitrate + Nitrite as Nitrogen 

Chloride, CI 

Sulfate, S04 

Orlho-Phosphate-P 

Mercury, Hg - Dissolved ~g/L 

Phosphorus, Total 

Metals' 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron. Fe - Total 0.5 <0_05 <0.05 1.61 0.14 
Iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 0035 <0002 0.006 0.1 0.01 
Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

mits are in mg/L unless otherwise noted 

NM - Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-104 

SAMPLE DATE 5/21/2003 10/8/2003 61512004 6/27/2015 9/29/2015 111712015 9/26/2016 11/6/2016 

Analysis' 

Field Water Temperature C 11 .5 20.4 124 12.9 5.7 10.3 9.3 

pH (field) 851 826 7.94 788 7,95 8.02 824 

Dissolved Oxygen (field) 327 686 NM NM NM NM NM 

Sp Conductivity (field) 0115 0.382 678 577 665 624 673 

Flowgpm 1251 NOF 2.75 0279 0.279 0.355 0.308 0313 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 
Cations meq/L 

Alkalinity, mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 392 326 355 379 323 

Total Suspended Solids 39 67 239 76 257 

Nitrate 

Nitrite 

Nitrate + Nitrite as Nitrogen 

Chloride, CI 

Sulfate, S04 

Ortho-Phosphate-P 

Mercury, Hg - Dissolved ~g/L 

Phosphorus, Total 

Metals' 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, B - Dissolved 

Barium, Ba - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 0.06 026 103 0,84 1.86 

iron, Fe - Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 0.011 0.023 0.274 0.034 0,114 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

nits are in mg/L unless otherwise noted 

NM - Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-105 

SAMPLE DATE 5/21/2003 10/8/2003 61512004 6/27/2015 9/29/2015 111712015 9/26/2016 11/6/2016 

Analysis' 

Field Water Temperature C 80 12.8 10.3 9.3 111 8.9 10.3 9.7 

pH (field) 8.18 8.09 7.78 7.67 798 789 797 8.04 

Sp. Conductivity (field) 363 381 696 700 646 665 667 670 

Flow gpm 0795 0.617 0.945 0.652 0475 0568 0586 0.579 

Turbidity 18.20 0.00 0.35 NM NM NM NM NM 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 

Cations meq/L 

Alkalinity, mg CaC03/L (pH 4.5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 397 382 397 396 332 

Total Suspended Solids 64 64 18 232 150 

Nitrate 

Nitrite 

Nitrate + Nitrite as Nitrogen 

Chloride, CI 

Sulfate, S04 

Ortho-Phosphate-P 

Mercury, Hg . Dissolved ~g/L 

Phosphorus, Total 

Metals' 

Aluminum, AI . Total 

Aluminum, AI . Dissolved 

Arsenic, As • Dissolved 

Boron, B - Dissolved 

Barium, Ba • Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca . Total 

Calcium, Ca . Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu . Dissolved 

Iron , Fe - Total 0.09 0.38 009 2.27 3.73 

Iron, Fe . Dissolved 0.011 0,025 0.009 

Lead, Pb . Dissolved 

Magnesium, Mg . Dissolved 

Manganese, Mn - Total 0.14 0.462 

Manganese, Mn . Dissolved 

Molybdenum, Mo . Dissolved 

Nickel, Ni . Dissolved 

Potassium, K· Total 

Potassium, K . Dissolved 

Selenium, Se· Total 

Selenium , Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na • Total 

Sodium, Na • Dissolved 

Zinc, Zn - Dissolved 

Jnits are in mg/L unless otherwise noted 

NM - Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP·106 

SAMPLE DATE 5/21/2003 10/8/2003 61512004 6/27/2015 9/29/2015 111712015 9/26/2016 111712016 

Analysis· 

Field Water Temperature C 47 7.3 7.6 6.1 7 55 68 6 

pH (field) 7.84 7.68 7.70 7.67 7.65 764 774 7.78 

Sp. Conductivity (field) 451 430 878 884 824 834 860 863 

Flowgpm 0.685 1.095 0.476 0.345 0339 0.325 0.586 0.334 

Turbidity 9.42 680 116,00 NM NM NM NM NM 

Hardness, mg equivalent CaC03/L 

Acidity 

Anions meq/L 

Balance % 
Cations meq/L 

Alkalinity, mg CaC03/L (pH 4 5) 

Carbonate Alkalinity as CaC03 

Bicarbonate Alkalinity as CaC03 

Nitrogen, Ammonia 

Total Dissolved Solids 539 519 543 539 496 
Total Suspended Solids 32 52 229 75 27 

Nitrate 

Nitrite 

Nitrate + Nitrite as Nitrogen 

Chloride, CI 

Sulfate, S04 

Ortho-Phosphate-P 

Mercury, Hg - Dissolved ~g/L 

Phosphorus, Total 

Metals· 

Aluminum, AI - Total 

Aluminum, AI - Dissolved 

Arsenic, As - Dissolved 

Boron, S - Dissolved 

Barium, Sa - Dissolved 

Cadmium, Cd - Dissolved 

Calcium, Ca - Total 

Calcium, Ca - Dissolved 

Chromium, Cr - Dissolved 

Copper, Cu - Dissolved 

Iron, Fe - Total 032 051 1.92 1.41 1,96 

Iron, Fe· Dissolved 

Lead, Pb - Dissolved 

Magnesium, Mg - Dissolved 

Manganese, Mn - Total 0.017 0.018 0.089 0.049 0049 

Manganese, Mn - Dissolved 

Molybdenum, Mo - Dissolved 

Nickel, Ni - Dissolved 

Potassium, K - Total 

Potassium, K - Dissolved 

Selenium, Se - Total 

Selenium, Se - Dissolved 

Silver, Ag - Dissolved 

Sodium, Na - Total 

Sodium, Na - Dissolved 

Zinc, Zn - Dissolved 

nits are in mg/L unless otherwise noted 

NM - Not Measured 



SUMMARY OF WATER QUALITY ANALYSES 

SUFCO SITE # MSP-206 

SAMPLE DATE 9/18/2014 

Analysis' 

Field Water Temperature C 
pH (field) 
Dissolved Oxygen (field) 
Sp. Conductivity (field) 
Flowgpm 

Hardness, mg equivalent CaC03/L 137 
Acidity <5 
Anions meq/L 10.13 
Balance % -0.57 
Cations meq/L 10,01 
Alkalinity, mg CaC03/L (pH 4.5) 469 
Carbonate Alkalinity as CaC03 <5 
Bicarbonate Alkalinity as CaC03 469 
Nitrogen, Ammonia <0.1 
Total Dissolved Solids 559 
Total Suspended Solids 23 
Nitrate 016 
Nitrite <0 05 
Nitrate + Nitrite as Nitrogen 
Chloride, CI 15 
Sulfate, S04 15 
Ortho-Phosphate-P <0 05 
Mercury, Hg - Dissolved ~g/L <0 2 
Phosphorus, Total 0.05 

Aluminum, AI - Total 
Aluminum, AI - Dissolved 
Arsenic, As - Dissolved 
Boron, B - Dissolved 
Barium, Ba - Dissolved 
Cadmium, Cd - Dissolved 
Calcium, Ca - Total 
Calcium, Ca - Dissolved 
Chromium, Cr - Dissolved 
Copper, Cu - Dissolved 
Iron, Fe - Total 
Iron, Fe - Dissolved 
Lead, Pb - Dissolved 
Magnesium, Mg - Dissolved 
Manganese, Mn - Total 
Manganese, Mn - Dissolved 
Molybdenum, Mo - Dissolved 
Nickel, Ni - Dissolved 
Potassium, K - Total 
Potassium, K - Dissolved 
Selenium, Se - Total 
Selenium, Se - Dissolved 
Silver, Ag - Dissolved 
Sodium, Na - Total 
Sodium, Na - Dissolved 
Zinc, Zn - Dissolved 

mits are in mg/L unless otherwise noted 

NM - Not Measured 

0.58 
<0.03 
<0.01 
005 
0.193 
<0.001 
29.81 
2845 
<0.001 
<0.01 
0.39 
<0.03 
<0.01 
6202 
0.016 
<0002 
<0.005 
<0001 
125 
1.22 
<0.02 

<0.02 
<0002 
167.69 
166.53 
<0,004 
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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. 

CFC 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 existing 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 .:md surface-water systems in the Greens Hollow 

Tract and a description of the probable hydrologic consequences of coal mining in the Greens 

Hollow Tract and adjacent areas as required by Utah Coal Mining rule R645-301-728 . This 
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report is written in support of Chapter 7 (Hydrology) of the Mining and Reclamation Plan 

(MRP) for the Sufco Mine. 

2.0 METHODS OF INVESTIGATION 

The hydrology and hydrogeology of the 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 below. 

Maps and reports 

Existing published and unpublished hydrologic, hydrogeologic, and geologic maps were 

obtained and reviewed. Several investigations of the hydrogeology and hydrology of the 

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) fer 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 
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evaluated the effects of subsidence of Castle gate Sandstone springs and streams in the East 

Fork of Box Canyon Creek drainage. 

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 of these 

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 ~rea are described below. 
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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 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 instances 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 ;Jerformed in actively 

flowing, shaded areas where possible. Discharge temperature measurements at springs 

were performed as close to the spring discharge locations as possible. 
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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. 

pH Measurements 

pH Measurements were performed 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 performed 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 ll'.eter utilizes a replaceable membrane and was regularly ·:)alibrated. 
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Collection and analysis of isotopic data 

Water samples from the Greens Hollow Tract and the surrounding Sufco Mine permit area 

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-18 analyses were also performed by Geochron Laboratories. 

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 appropriate, tightly sealed 

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). 
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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/wqdb.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 

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 WATEQF 

(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 
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of the area. North of the 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 of the tract is bordered by the generally north-

sloping upland areas that drain toward the South Fork of Muddy Creek. The southern 

portions of the tract area include the eastward and southward sloping flanks of White 

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 

south. In the northern portions of the tract area are broad expanses of gently sloping plateaus 

of generally low relief that 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 

east-west trending Greens Hollow Creek and Cowboy Creek drainages cut across the central 

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 th~ flanks of White Mountain along the western 

margin of the tract. Total surface relief in the tract is about 2,280 feet. 
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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. 

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 of the 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 of 9,200 feet, averaged 44 inches, with a water 

content of 14.4 inches (Whaley and Lytton, 1979). Historic precipitation data from the 

NOAA Salina 24E weather station, which has been maintained at the Sufco Mine surface 

facilities area since 1984, is presented in Table 3. 

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 of the 
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Palmer Hydrologic Drought Index (PHDI) 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-2001 the region was experiencing a period of mild to 

moderate wetness. Beginning in mid-200! 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-20 1 0 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 PHDI values (Figure 3). 

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, 
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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 ofthe 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. 

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 
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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. 

North Horn Formation 

The North Hom Formation consists of variegated (mainly shades of red) shales with minor 

sandstone, conglomerate, and freshwater limestone (Doelling, 1972). It is estimated to be 

about 1,490 feet thick in the study area, although no drilling in the area has penetrated both 

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 
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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 present in 

the formation. 

Castlegate Sandstone 

The Castle gate 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 

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 Castle gate Sandstone was formed in a braided fluvial depositional 

system. 

Blackhawk Formation 

The Blac~rnawk Formation consists of lenticular, discontinuous b~ds 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 
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of the tract. In areas adjacent to the Greens Hollow Tract, the Blackhawk is exposed in the 

bottoms of the North and South Forks of Quitchupah Creek and also Box Canyon. 

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). 

In the Sufco Mine area, the upper 500 feet ofthe formation generally has massive, fine- to 

medium-grained, cliff-forming sandstone units (Thiros and Cordy, 1991). The number and 

thicknesses of sandstone units decreases toward the base of the unit. The lower 300 feet of 

the formation contains thinly-bedded sandstone and shale. The thickness of the Blackhawk 

Formation in the region is about 800 feet. 

Star Point Sandstone 

The upper Star Point Sandstone consists of three massive sandstone layers, the uppermost 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 exposed 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 
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thin interbeds of siltstone or claystone. The lower Star Point Sandstone is an upward 

prograding sequence that intertongues with the underlying Masuk Member of the Mancos 

Shale. The thickness of the Star Point Sandstone is about 200 feet in the region. 

Mancos Shale, Masuk Member 

The Masuk Member ofthe 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 of the 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 

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 NI0° to I5°W and are inclined nearly vertical. Joints are 

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 
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surface traces of these joints are up to a 1,000 feet in length and are spaced about 16 to 33 

feet apart. 

In the Acord Lakes area along the western margins of the Sufco Mine lease, an 

approximately north-south trending nonnal 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 loes Valley Fault system, which has a 

displacement of several hundreds of feet, trends along the eastern margins of the Sufco Mine 

pennit 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 details are listed on Table 1. Infonnation presented 

in Table 1 includes monitoring site geographic coordinates, elevations, associated geologic 

formations, monitoring periods, baseline monitoring parameters, and infonnation on water 

usage. Monitoring locations are plotted on Figure 2. Discharge and water-quality data for 

Probable Hydrologic Consequences of 
Coal Mining in the Greens Hollow Tract 

16 29 April 2017 



) 

PETERSEN HYDROLOGIC, LLC 

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 hydrographs 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 of the Greens 

Hollow Tract and surrounding area, that also includes spring and stream monitoring 

locations, is presented in Figure 4. 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. 
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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. 

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. 

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 W 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+ + HC03- (Equation 3) 
and 

CaMg(C03)2 (dolomite) + 2H+ = Ca2+ + Mg2+ + 2 HC03- (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 
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evolutionary pathway described in Equations 1 through 4 typically have relatively low TDS 

concentrations. 

Groundwaters from formations containing soluble evaporite minerals often acquire a 

different solute geochemical type, and dissolved solids concentrations that are sometimes 

appreciably greater than that typically resulting from geochemical evolutionary pathway as 

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+ + sol- + 2H20 (Equation 5) 

NaCl (halite) = Na+ + cr (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 

according to: 

2NaAISh06 . H20 + Ca2+ = Ca(AISh06)2 . H20 +2Na+ (Equation 8) 
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Ratios of chloride to sodium (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 

groundwaters and surface waters (Table 5). If halite dissolution (Equation 6) was the 

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 groundwater 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 of local groundwater flow condJions 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 ofthe spring discharges, 
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including appreciable tritium contents and rapid response to seasonal and climatic recharge 

variability. 

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 Hydrologic, 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 dischc:rge point from several different recharge locations, eacb 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 evaluating the 

age of groundwater. 
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The radiocarbon e4C) 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 

groundwaters. Groundwaters with radiocarbon activities greater than about 50 pmC in 

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 CO2 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 

CO2 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: 
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Carbonic acid dissociates to produce acid (H+) and bicarbonate according to: 

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: 

Or 

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 CO2 typically has a ()13C value between about -18 and -27 

%0, most groundwaters that follow this geochemical evolutionary pathway have a ()13C value 

in the range of approximately -9 to -13 %0 (Mayo and Associates, 1999). The fact that the 

() 13C 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 ()13C falls 

appreciably outside of this range, other factors in the water's carbon evolutionary pathway 

must be considered to determine a groundwater mean residence time. 
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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 14C levels increased dramatically above 

background levels. 14C levels reached a peak of approximately two times background levels 

(200 pmC) in 1963. Thus, groundwaters with 14C contents significantly greater than about 50 

percent modern 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 Aonear 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 time of the groundwater, sometimes even calculating a recharge 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 

antbropogenic 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). 
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It should be noted that the radiocarbon ages determined for groundwater from springs in 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 

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 

ranging from about 4,000 to 15,000 years. 
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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 

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 of tritium 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 

molecules 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 than the 
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identification of a thennonuclear weapons peak in groundwater as was done in previous 

decades. 

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 detennine 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 detennining 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 sampled from 

spring M-SP18 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 

perfonned 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-SP18 (Table 6) considered 

together with the assumed absence of tritium, may suggest a mean groundwater residence 

time on the order of about 50 years. 
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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 

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 systems, 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. aI2003). 

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. 
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Monitoring site locations are shown on Figure 2 and monitoring site details are listed on 

Table 1. 

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 permit 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 hydro graphs 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 hydrographs for wells 

in the study area are presented in Attachment C. 

Groundwater has been encountered in the Sufco Mine in moderate quantities in sandstone 

channels in the mine mof. These groundwater inflows are commonly short-li'.'ed and do not 

exhibit seasonal or climatic variability in discharge rates (Personal communication, Mark 

Bunnell, 2017; Mayo and Associates, 1997, 1999). Groundwater sometimes also discharges 
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from fault zones that are intercepted by the mine workings. Groundwater inflows into the 

mine through the mine floor are not common. 

The following discussion of the characteristics is based in large measure on concepts 

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 

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 82H and 8180 analyses 

from 329 sampling locations. Much of the hydrologic data as well as information 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 of two 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 of these two regimes is fundamentally a consequence of the vertical and 

horizontal heterogeneity and discontinuity rock strata in the region. A discussion of the 
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active- and inactive-zone groundwater regimes in the Greens Hollow Tract at the Sufco Mine 

is presented below. 

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 ofthe 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). 

Discharge hydrographs for springs in the study area are presented in Attachment A. It is 

apparent in the spring hydrographs 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 hydrograph for spring M-SP18 (which contained no tritium 

when sampled) shows pronounced responses to climatic variability, with the response to 

seasonal recharge being muted or non-existent (See Attachment A). Such conditions are 
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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-SPI O. A relatively large storage capacity relative to the spring 

discharge rates in the groundwater systems that support these springs may also buffer the 

discharge from the springs. 

Active-zone groundwater systems exist in the Greens Hollow Tract area primarily where 1) 

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 

into deeper horizons is prevented by the presence of low permeability bedrock horizons that 

are widely present in the North Hom and Price River Formations 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 2re 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 result of the lack of recharge potential to deeper groundwater 

Probable Hydrologic Consequences of 
Coal Mining in the Greens Hollow Tract 

32 29 April 2017 



) 

PETERSEN HYDROLOGIC, LLC 

systems, either vertically or horizontally, because of 1) the abundance of low-permeability 

rocks in the rock sequence, and 2) the lenticular, discontinuous nature of the interbedded 

more permeable horizons that limits the extent of potential groundwater movement. 

Inactive-zone groundwater systems are not influenced by either annual recharge events or by 

short-term climatic variability. This is evidenced by the lack of seasonal or climatic 

discharge responses of groundwater inflows into the Sufco Mine. Rather, groundwater 

inflows encountered in the Sufco Mine typically drain rapidly after first being encountered 

(Personal communication, Mark Bunnell, 2017). All groundwater inflows into the Sufco 

Mine have been from inactive-zone systems, as evidenced by the radiocarbon ages of the 

waters and the lack of tritium in in-mine groundwaters (Table 6), and the lack of seasonal or 

climatic response in discharge rates. 

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 

6roundwater recharge potential and the limited potential for lateral groundwater migration in 

the lenticular rock bodies of the Blackhawk Formation. 
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The groundwater flow characteristics within individual geologic formations present in the 

Greens Hollow Tract are summarized in the following section. 

Quaternary Alluvium 

Groundwater is likely present in the Quaternary alluvial deposits that exist in the bottoms of 

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; 

Petersen Hydrologic, 2012), surface streams are sometimes perched above the underlying 

low-permeability sediments. 

North Horn Formation 

Because of the pervasiveness oflow-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 in the unit. Locally, groundwater flow in the minor limestone units may also 

support groundwater flow to springs and seeps. Recharge to the sandstone paleochannel 
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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 of the pervasiveness of low-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 

groundwater flow in the North Hom Formation are limited to perched, local, partitioned 

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 Formation. 

Price River Formation 

Groundwater discharge from the Price River Formation in the Greens Hollow Tract is 

meager (Table 2a). Baseflow discharge rates at the three springs identified in the Price River 

Formation 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 cflow-

permeability shales in the formation which impedes the potential for groundwater flow in the 

formation. Additionally, where the Price River Formation is overlain by the North Hom 

Formation, the potential for vertical recharge from the overlying formation to the underlying 

Probable Hydrologic Consequences of 
Coal Mining in the Greens Hollow Tract 

35 29 April 2017 



) 

PETERSEN HYDROLOGIC, LLC 

Price River Formation is low because of the poor vertical groundwater transmitting 

properties of the overlying North Horn 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 of low precipitation, evapotranspiration of soil-zone moisture, and the 

presence of near-surface clayey horizons. 

The presence of the Price River Formation at the land surface over significant portions of the 

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 Formation 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. 

Castiegate Sandstone 

The Castlegate Sandstone is a massive, cliff-forming sandstone 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 
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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 of low-

permeability mudstone drapes and bounding layers that are interbedded in the formation. 

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 more capable of 

supporting shallow, active groundwater systems. 

Near-vertical jointing in the Castlegate Sandstone is pervasive and readily observable where 

the formation 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 permeable strata are sometimes 

underlain by the thin clay or shale perching layers that exist locally in the formation. 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 ofthe discontinuous nature of the shale layers, and the fact that 

individual permeable sandstone strata are not continuous over significant distances, long, 

regional-type flow systems generally do not develop in the Castlegate Sandstone. Rather, 

Castlegate Sandstone groundwater systems, where they exist, are typically local in nature 

with small to moderate quant:.ties of groundwater commonly being discharged. 

Where the Price River Formation, which generally does not support vertical migration of 

fluids, is present above the Castle gate Sandstone, the potential for recharge to the Castlegate 
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Sandstone is minimal. This conclusion is supported by the observation that there are only 

three Castle gate Sandstone springs and the identified combined discharge from the 

Castlegate Sandstone is meager in the Greens Hollow Tract (See Tables 2a and 5). 

Accordingly, recharge to the Castlegate Sandstone commonly likely occurs where the 

formation 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 of the Greens Hollow 

Tract). In the Greens Hollow Tract and adjacent area, the Castle gate 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 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. 

Blackhawk Formation 

Because of the presence of interbedded low-permeability units in the Blackhawk Formation 

and the vertical and lateral discontinuity of sandstone horizons, the potential for vertical and 

horizontal movement of groundwater within the Blackhawk Formation is limited. For this 

reason, it is observed that groundwater flow in the formation occurs primarily through 

sandstone paleochannels, or occasionally through faults and fractures, while regional 
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migration of groundwater across lithologies (either vertically or horizontally) is minimal. 

The direction of groundwater flow within permeable 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 permeable strata in the 

Blackhawk Formation (both at a micro and macro scale), and the fact that individual 

sandstone channels often interpenetrate and are truncated, regional type groundwater flow 

regimes typically do not form in the formation. 

The Blackhawk Formation is known to contain swelling clays that tend to naturally heal 

mining-induced fractures in the formation. Well drilling reports and laboratory analysis of 

samples indicate that the claystone layers in the Blackhawk Formation contain swelling clays 

which plastically deform when fractured (Mayo and Associates, 1997). Chempet Research 

Corporation (1989) found that Blackhawk Formation claystone layers contain up to 58% 

montmorillonite. 

Effects o{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 modern, overlying groundwaters into the Sufco Mine, an 

investigation was performed by Mayo and Associates (1997) during which a sample of 

groundwat~r 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-

Probable Hydrologic Consequences of 
Coal Mining in the Greens Hollow Tract 

39 29 April 2017 



) 

PETERSEN HYDROLOGIC, LLC 

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 contain abundant anthropogenic carbon and tritium) were being 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.V.). 

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. 

Water level hydrographs 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 of the inactive-groundwater system 

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-
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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 the underground mine workings and the shallow, active-zone 

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 of the 

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. 

Star Point Sandstone 

Groundwater flow in the Star Point Sandstone regionally occurs primarily through joints, 

fractures, and faults. Appreciable groundwater flow through unfractured 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, f:prings 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 
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discharges from a fracture zone in the south-facing Star Point Sandstone cliff below 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 of Sufco 047 (25.27 pmC) indicates a mean groundwater 

residence time of approximately 7,300 years (Mayo and Associates, 1997). The tritium 

concentration at spring Sufco 047 (0.1 to 0.2 TU), which is near the lower laboratory 

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. 

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. 
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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. 

10.0 DESCRIPTION OF SURFACE-WATER SYSTEMS 

Baseline information 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 hydrographs 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 form 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, 
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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. 

The primary surface water sub-drainages in the Greens Hollow Tract are described below. 

Muddy Creek Drainage 

Surface-water drainage from most of the 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 of the 

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 
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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). Maps 

and data showing the results of their study are available in the 2005 Groundwater and 

Surface Water Technical Report (USFS, 2005). Cirrus found that flow was present from the 

headwaters to regions about mid-way through the stream's traverse through the Price River 

Formation. Below that point, the stream was dry as the stream channel crossed the 

Castlegate 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 Horn 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 for 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 coniitions were observed by the author during quarterly mcnitoring 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 
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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 flowing at a low rate 

(0.636 gpm) during the 26 June 2015 monitoring event (Table 2a). 

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 of their 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 si:uated 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 (Mayor June) coincident with the peak of the springtime snowmelt runoff with 
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discharge rates exceeding 100 cfs. During wet climatic cycles, discharge in Muddy Creek 

during the springtime runoff has exceeded 500 cfs. During the late summer and fall monsoon 

season, large discharge rates of several hundred cfs also occur occasionally. During 

baseflow conditions, discharges of less than 10 cfs in Muddy Creek are not uncommon. It 

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 

quality measurements have been performed on behalf of the Sufco 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 
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conductance, were measured at each of the stream monitoring stations. The water quality 

information is also provided in Table 7. 

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 

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-McBirney model 2000 electromagnetic current velocity meter. Based on our 

professional experience and the prevailing stream conditions we estimate that the discharge 

measurements are accurate to within about 5 to 10 percent of actual values. 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 
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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 of the test, which could possibly have influenced the discharge rates in the creek. 

However, it is our opinion that the effects ofthe intermittent light to moderate precipitation 

likely did not excessively influence the discharge rates in the Muddy Creek drainage. 

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, if there 

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 
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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), appreciable gains or 

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 Creek 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 Tract are also within 

the South Fork of Quitchupah Creek surface water drainage. 
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Long-term monitoring of the North Fork of Quitchupah Creek (1979-2016) has taken place at 

monitoring site Sufco 007 (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 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 Formation and the Price River Formation to monitoring station Sufco 007 which at the 

lower (eastern) margin ofthe 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 Sufco 007 on the North Fork is a function of seasonal and climatic 

variability. Yearly discharge peaks are readily apparent in the discharge hydrograph 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 
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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 regional drought conditions 

that prevailed during these times. 

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 drained over the 

summer and fall months. 
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The peak and baseflow discharge rates in the South Fork 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 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 of the Skutumpah Creek drainage is present within the 

Greens Hollow Tract. However, it is noteworthy that the quantities of surface water flowing 

in Skutumpah Creek and the South Fork of Quitchupah Creek are 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, T21S, 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 F()fest Service diversion for stock watering use is present 

higher in the drainage. 
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Surface waters in both the North Fork and the South Fork of Quitchupah Creek as monitored 

at Sufco 007 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 of the TDS concentrations of surface waters 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 of this 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 meager discharge of less than 1 gpm was present at monitoring site 006A. 

Discharges of less 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 of the alluvial geometry). 
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11.0 PROBABLE HYDROLOGIC CONSEQUENCES DETERMINATION 

The following section describes the Determination of Probable Hydrologic Consequences of 

Coal Mining in the Greens Hollow Tract. 

728.100 Quality and quantity ofsutface water and groundwater under seasonalJlow 

conditions 

Information 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 hydro graphs 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. 
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728.200 Baseline hydrologic in/ormation 

Spring and seep surveys were conducted at the Greens Hollow Tract by Cirrus Ecological 

Solutions, LC for the u.S. Forest Service beginning in 200l. 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. Spring and seep 

locations were determined in the field using hand-held GPS receivers. 

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://ogm.utah.gov/coal/edi/wgdb.htm. 
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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 mining activities in 

the Greens Hollow Tract and adjacent area. 

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 

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 groundwaters 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 impactec by mining operations. This conclusion is based on the following lines of 

evidence: 

1) The Price River and North Hom Formations are known to contain abundant, 

relatively thick shale and claystone layers. These low-permeability layers 
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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 Horn 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). 

2) While surface cracking in these formations (which typically extend less than 

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 

deeper formations. 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 formations 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 formations are 

typically plastic in nature and of low-permeability. These materials, through 

infilling or in-place swelling, tend to rapidly heal all but the largest tension 

cracks, minimizing i:npacts to local groundwater flow regimes. That this is 

the case is supported by decades of previous experience in the Wasatch 

Plateau and Book Cliffs coal districts of Utah, where literally hundreds of 

springs discharging from these formations have been undermined without 
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perceptible or quantifiable impacts occurring to groundwater and surface-

water quality or quantity. 

It should be noted that, while the downward migration of shallow groundwater into deeper 

geologic formations 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-

permeability 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 

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 

informative to consider the response of Castle gate Sandstone groundwater systems to 

previous coal mining activities in the Pines Tract at the Sufco Mine. At the Pines Tract area, 

the Castle gate 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 

Castle gate Sandstone bedrock in some locations generally consists predominantly of loose, 

clean sand, which is likely permeable. The potential for groundwater recharge through the 
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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 of the 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 forming 

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 additional fractures formed in response to 

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 

Sand~tone springs to mining in the Pines Tract included: 

o The brittle, jointed characteristics of the near-surface Castle gate Sandstone 

framework at the Pines Tract 
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o The shallow depths of groundwater flow in the Castle gate 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. 

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 ·vVhen wetted (USFS, 2014). Accordingly, impacts to gr;)undwater 

systems in these formations such as those that occurred 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 
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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 district. 

Additionally, in order to protect hydrologic resources along perennial stream courses, the 

least 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 of the lower Cowboy Creek, lower Greens Hollow, and Muddy Creek drainages. 

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 of the 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 will likely 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 
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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 hydraulic 

communication with the ground surface or shallow overlying active-zone groundwater 

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 likely not being replenished to any appreciable extent by 

recharge from adjacent or overlying groundwater systems or from infiltration of surface 

waters. 
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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 of the land surface overlying coal mining areas is a 

commonly observed phenomenon in the Utah coal mining environment. Surface subsidence 

can occur where the rock strata overlying mined-out areas sags into the voids left by the 

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: 

• 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 hydfaulic 
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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 extend downward to 

a depth of 50 feet. 

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 groundwater aquifers, springs, seeps and streams will occur as 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 
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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 hydrologic systems 

(DOGM, 2013). 

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 unfractured rocks will likely exist between the bottom of 

the shallow tension cracks near the surface and the top of the fractured zone above longwall 

mined regions. This sequence of low-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 Coal seam to be mined. As discussed previously, the Upper 

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 
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known or suspected hydrologic connection between in-mine ground waters and groundwaters 

discharging from the Star Point Sandstone. We concur with this conclusion. 

In summary, based on the characterization of groundwater and surface-water systems 

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 

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 waters to deeper grouncwater 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 as a result of 
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tension fracturing. This is the case for two reasons. First, the hydraulic conductivites of 

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 

impacted by subsidence fracturing, the potential for diminution of baseflow 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 0/ sur/ace 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. 
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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. 

With the exception of modest quantities of pyrite or similar sulfide minerals, no significant 

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 W ions (acid) into the mine water. The acid produced from pyrite and 

marcasite oxidation temporarily lowers the pH ofthe water. However, the acid produced 

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 re::lamation 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 
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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. 

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 

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 

aciiity, 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 
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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. 

It should be noted that in the event that subsidence fracturing of bedrock horizons beneath a 

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 

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. 
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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 as a result of 

mining activities in the Greens Hollow Tract above is considered minimal. 

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 

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. If the mine discharge water is of better :]uality 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 standards of the receiving water (DOGM, 2016). 
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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. 

728.333 What impact the proposed coal mining and reclamation operation will have on 

flooding or streamflow alteration 

There are no known 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. 
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728.334 What impact the proposed coal mining and reclamation operation will have on 

groundwater and surface-water availability 

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 Castlegate Sandstone springs or their groundwater flowpath areas in the Greens Hollow 

Tract (such as Spring M-SP87) 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 overlying Price River and North Hom Formations 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 periJd 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 storage and is not being 

actively recharged. Rather, the rate of discharge from the mine is best correlated with the 
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rate at which the mine workings are advanced into new mining areas, and not to the total 

cumulative footprint ofthe mine workings (Mayo and Associates, 1997). It should not be 

assumed that the groundwater discharging from the mine will be a long-term source of water. 

It should be noted that discharge in spring Pines 303, which discharges from a sandstone 

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 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. 

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 draining 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 
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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 known uses or State 

appropriations of these waters. 

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 

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 groundwaters 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. 
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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 

groundwaters and surface waters in Tables 10 and 11, respectively. 

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 

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 of26 springs in the Greens Hollow Tract and adjacent area. 

This includes spring!] that discharge from the North Hom Formation, Price River Formation, 

and Castle gate 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 Monitoring Plan. These springs are listed here for clarity regarding the 
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specific springs recommended for monitoring in connection with mining activities at the 

Greens Hollow Tract. 

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 these springs for 

discharge and field water-quality parameters. 

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 

of M-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 
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drainage entering the steep-walled Castlegate Sandstone canyon. We recommend the 

monitoring of discharge and field water quality parameters at this site. 

We recommend the monitoring of Muddy Creek at site U-Mud. U-Mud is located 

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 

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 
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1979 and are currently part ofSufco's approved monitoring plan. We recommend that Sufco 

006 and Sufco 007 be monitored for field and laboratory water quality parameters. 

In contemplating future mining in the Greens Hollow Tract, it is acknowledged that 

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 long wall 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 specific locations of these future monitoring locations 

will be determined as a final mining plan is developed for respective mining areas. 

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 provide verification that mining-related impacts to groundwater 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 impac:s. 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 impacts, it is 
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necessary to evaluate all factors relevant to the prevailing hydrologic conditions together 

with the monitoring data. This is because other factors, which are not related to the mining 

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 

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/data/cirs/drd964x.phdi.txt. 

The use ofStiff(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/coal/edi/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 pot~ntial mining-related impacts, is provided on the Utah rivision of 

Oil, Gas and Mining web page at http://ogm.utah.gov/coal/water/default.htm. 
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Figure 1 Location of Sufco Mine and Greens Hollow Lease area. 
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Figure 2 
Baseline monitoring locations 
for the Greens Hollow Tract. 
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Figure 6 
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Table 1 Greens Hollow Tract baseline monitoring site details 

Station 10 

location 
UTM NA027 

North Horn Formation springs 
M-SP04 464246 
M-SP05 

M-SP06 
M-SP07 

M-SP08 
M-SP09 

M-SPlO 

M-SPll 

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-SPlOO 

M-SP103 

M-SP104 

M-SP105 

M-SP106 
94-110 

A2S-1 

Divide Spring 

GW-13 

Spg 99 

Spring 0 

464212 

464215 
465280 

464754 
464791 

467693 

462772 

464583 

462545 

463884 

462644 

462191 

463677 

463475 
461759 

465156 
466373 
466357 

462887 

463616 

463271 

463250 

463233 
462626 

461800 

461387 
461297 

467720 

461609 
461296 

Price River Formation springs 
M-SP01 465615 

M-SP02 

M-SP18 

M-SP38 
M-SP39 

M-SP82 

Hansen Seep 
006A Spring 
Skutumpah Spring 

Spring 94-113 
Spring A 

Spring B 

466086 

465794 

462767 
466990 

465886 
462514 
462827 

460903 
469793 

460639 
460661 

Castlegote Sandstone springs 

4319267 

4319133 

4319121 
4317433 

4317178 
4317141 

4317562 

4319958 

4319397 

4318227 

4316685 

4316124 
4316826 

4318041 
4318025 

4317150 
4319780 
4317126 

4317186 

4316092 

4316719 

4316302 

4316335 

4316280 

4316155 

4315754 
4316234 

4314348 

4317723 

4315684 

4315975 

4319979 

4319977 

4320892 

4321782 

4318775 

4323447 
4313461 
4312962 

4313360 

430516~ 

4313578 

4313547 

Elev. 

(feet) 

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 

~,599 

8,505 
8,941 

8,920 
8,801 

8,975 

8,999 

9,052 

8,971 

8,997 
9,224 

9,460 

8,840 

8,600 

9,352 

9,541 

8,420 

8,335 

8,295 

8,273 

8,225 
8,106 

8,399 
8,330 
8,400 

J,317 
8,520 

8,520 

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. 

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; 2015-2016 
2002-2004;2015-2016 

2001-2004; 2014-2016 
2001-2004 

2001-2004; 2006-2016 
2001-2004; 2011; 2015-2016 

2002-2004 

2001-2004; 2015-2016 

2001-2004; 2015-2016 
2001-2004 

2001-2004; 2015-2016 

2001-2004; 2015-2016 

2001-2004; 2015-2016 

2001-2004; 2015-2016 
2001-2004; 201S-2016 

2001-2004; 2014-2016 
2001-2004; 2015-2016 
2001-2004; 2006-2016 

2001-2004; 2015 
2002-2004; 2014-2016 

2002-2004; 2015-2016 

2003-2004;2015-2016 

2003-2004;2015-2016 

2003-2004; 2015-2016 

2003-2004; 2015-2016 
2013-2016 

2013-2016 
2013-2016 

1995-2016 

2014-2016 

2013-2016 

2001-2004; 2006-2016 

2001-2004; 2006-2016 

2001-2004; 2006-2016 

2001-2004 

2001-2004; 2006-2016 
2002-2004 
2012-2014 
2010-2016 

2014-2016 
2012-2016 

2013-2016 
2013-2016 

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 

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 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Yes 

No 
Yes 

No 
Yes 
Yes 
Yes 

Yes 
Yes 

Yes 

No 

No 

Yes 
Yes 

Yes 

No 
Yes 

No 

No 

Yes 

No 

No 
No 

No 

No 
Yes 
No 

No 
No 
Yes 

No 

No 

No 
No 

No 
Yes 

Yes 
Yes 

No 

Yes 
Yes 

Yes 

Yes 

Yes 

No 
Yes 

No 
Yes 
Yes 
Yes 

Yes 
Yes 

Yes 

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 
Developed spring with trough - 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 

Previously developed spring, now defunct - 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 

Undeveloped spring - no use apparent 

Undeveloped spg. previously cabin water supply 

Developed spring, flows to nearby trough - stock/wildlife use 

Developed spring, flows to nearby trough - stock/wildlife use 

Undeveloped spring - stock/wildlife use 

Developed spring. flows to nearby trough - 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 



--
Location Elev. Baseline Baseline Lab solutes/ 

Station 10 UTM NA027 (feet) Geologic Fm. Monitoring Period Field Lab Anal. metals Comments/Use 

M-SP87 470404 4318092 7,931 Castlegate S.S. 2002·2004; 2009; 2014·2016 Yes Yes Yes Undeveloped spring - stock/wildlife use 

USP-1 465340 4322471 7,810 Castlegate 5.5. 2009 Yes No Yes Undeveloped spring - stock/Wildlife use 

USP-2 465713 4322578 7,810 Castlegate 5.5. 2009 Yes No Yes Undeveloped spring - stock/wildlife use 

Streams 

M-STR01 469241 4320776 7,462 Blackhawk Fm. 2001-2004 Yes Yes Yes Greens Canyon lower site; stock/wildlife use 

M-STR02 468670 4320106 7,740 Blackhawk Fm. 2002-2004 Yes Yes Yes Greens Canyon middle site - stock/wildlife use 

M-STR03 468331 4319623 7,927 Blackhawk Fm. 2001-2004 Yes Yes Yes Cowboy Creek above Greens Hollow - stock/wildlife use 

M-STR04 467758 4318904 8,164 Castlegate 5.5. 2001-2004; 2006-2016 Yes Yes Yes Cowboy Creek below lease boundary - stock/wildlife use 

M-STR05 468320 4319250 7,980 Blckhwk/Cstlgt cont. 2002-2004 Yes Yes Yes Cowboy Creek near base of Blackhawk - stock/wildlife use 

M-STR06 467424 4319577 8,170 Castlegate S.s. 2001-2004; 2015-2016 Yes Yes Yes Greens Hollow Creek - stock/wildlife use 

M-STR07 466926 4321557 8,015 Price River Fm. 2002-2004 (Dry) (Dry) (Dry) Unnamed eph. trib to Muddy Creek in N. tract area - no use apparent 

M-STR08 464513 4322181 7,930 Blackhawk Fm. 2002-2004 Yes Yes Yes South Fork Muddy Creek above North Fork - stock/wildlife use 

Pines 405 471581 4320035 7,190 Star Point 5.5. 1997-2016 Yes Yes Yes Muddy Creek below lease area - stock/Wildlife use 

5 Fork Quitch Upr. 461329 4314316 8,840 North Horn Fm. 2013-2016 Yes Yes Yes S. Fk. Quitchupah Creek just below Skut. Diversion - stock/wildlife use 

Skut Creek Upr. 461235 4314290 8,840 North Horn Fm. 2013-2016 Yes Yes Yes Skutumpah Creek upper - stock/wildlife use 

Sufco 007 464886 4314993 8,218 Price River Fm. 1979-2016 Yes Yes Yes North Fork Quitchupah below lease - stock/wildlife use 

Sufco 006 463784 4312810 8,220 Price River Fm. 1979-2016 Yes Yes Yes South Fork Quitchupah Creek below lease - stock/wildlife use 

Sufco 006A 462900 4312941 8,320 Price River Fm. 2010-2016 Yes Yes Yes South Fork Quitchupah Creek below lease - stock/wildlife use 

U-Mud 464739 4322439 7,840 Blackhawk Fm. 2014-2016 Yes Yes Yes Upper Muddy Creek below forks - stock/wildlife use 

Wells 
MW-15-5-2 466354 4318730 8,270 Castlegate Sandstone 2015-2016 Castlegate Sandstone well, constructed in 2015 

01-8-1 467150 4317092 8,988 Blackhawk Fm. 2001-2016 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. 
Potto ... nlfr'drologIe,LLC 

Stream Monitoring Data 
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 

Date 

30-Jun-t4 
t8-Sep-14 
5-Nov-14 
25-Jun-15 
29-Sep-15 
28-0ct-15 
23-Jun-15 
28-Sep-16 
7-Nov-16 

26-Jun-97 
27-Aug-97 
22-0ct-97 
1-Jun-Q0 

21-Aug-00 
6-Dec.Q0 
1-Jun-Ol 
7-Sep.Ql 

27-Nov-Ql 
18-May-Q2 
26-Sep-Q2 
18-Nov-02 
8-Jun-03 

21-Sep.Q3 
5-Dec-Q3 
13-Jun-04 
21-Sep-04 
21-Dec-04 
23-May-05 
5-Sep-05 

20-Dec.Q5 
23-Jun.Q6 
24-Sep.Q6 
8-Dec-06 
24-Jun-Q7 
16-Sep-Q7 
S-Dec-07 
28-Apr-Q8 
17-Sep-08 
3-Nov-Q8 

29-May-Q9 
14-Sep-Q9 
2-Dec-09 
17-May-l0 
13-Sep-l0 
27-Nov-l0 
IS-Jun-ll 
19-5ep-ll 
IS-Nov-ll 
9-Jun-12 
7-Sep-12 

Flow 
gpm 

28,274 
8,707 
5,206 

25,928 
7,315 
4,057 
~ci,3b.j 

8,572 
4,313 

18,625 
9,874 

9,470 
4,488 

> 22440 
14 

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 

5J,7b0 
8,580 
4,040 
17,560 
8,340 
4,480 

134,840 
22,090 
8,037 
16,400 
5,470 

Field Measurements 
T pH Cond. D.O. 

·C S.U. ~S/cm mgn 

13.0 8.78 
13.2 8.72 
1.6 8.7 

14.8 8.78 
11.4 8.72 
3.6 8.65 
16.1 8.69 
10.1 8.75 
4.6 8.79 

13.8 8.4 
12 8.5 

13.8 8.4 

381 
378 
440 
379 
360 
412 
355 
388 
416 

282 
365 
282 

8.17 
8.26 
9.97 
8.31 
8.21 
9.86 
7.54 
8.88 
9.10 

11.2 8.57 355 6.5 
15.3 8.19 382 6.53 
-Q.5 8.4 387 11.38 
8.8 8.49 369 8.42 
9.5 8.72 391 7.92 
0.1 8.69 433 8.81 
9.3 8.38 369 8 
10.5 8.61 384 6.59 
0.1 8.59 385 8.78 
10.2 8.6 332 7.1 
7.9 8.34 390 7.62 
0.4 8.59 417 8.47 
11 8.72 374 6.85 
5.2 8.66 364 
o 8.43 357 

9.7 8.15 409 
14.5 8.68 324 
o 8.56 423 

6.7 8.65 374 
7.1 8.54 393 
0.1 8.44 427 
16.7 8.79 382 
13 8.92 399 
1.8 8.62 334 
10.4 8.58 422 
10.9 8.65 383 
4.1 8.74 399 
11.4 8.54 385 
10.5 8.71 384 
0.4 8.47 427 
11 8.73 407 
11 8.47 371 
0.9 8.25 457 
6.4 8.81 358 
11.9 8.72 388 
0.2 8.82 445 
16.2 8.93 368 
17.8 8.83 372 

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 
7.28 
9.35 
9.91 
7.77 
8.62 
9.29 
7.66 
7.51 

Turb 
NTU 

Major Ions 
Ca"- r1/j[r~o- KO

- HCO; CO," SO." cr 
mglL mgil mgIL mg/l mgIL mllll mgIL mgIL 

42.00 
40.17 
98.05 
41.01 
37.67 
45.16 

39 
47 
36 
43 

22.00 4.00 0.55 224.336 
22.76 6.73 0,68 227.993 
53.30 105.66 3.57 427.944 
22.70 5.91 0.63 227.993 
24.26 7.15 0.67 231 .651 
25,04 8.43 0.74 245.062 

23 
21 
23 
24 

10 
4 
8 
10 

<1 
< I . 
< 1. 
< 1. 

285 
248 
260 
278 

15 
5 

29 
<5 
<5 
<5 

<5 
<5. 
<5. 
<5. 

7 
8 

173 
6 
9 
10 

13 
8 
10 
14 

50 

2 

4 
< I . 

2 

TDS 
mg/l 

199 
198 
820 
217 
220 
255 

250 
216 

Baseline 
TSS T-Fe 
mgll mg/l 

T-Mn 
mgll 

16 
<5 
11 
13 
11 
5 

24 
7 

0.12 0.006 
0.11 0.007 
0.36 0.018 
0.05 0.009 
0.06 0.003 
0.11 0.003 

0.17 0.008 
<.05 <.002 

210 0.7 <0.1 
6.5 0.1 

210 437 5.4 <0.1 
214 90 0.3 <.1 
200 227 3.4 < .1 
268 42 0.4 <.1 

N02+ 
mg/l 

0.05 
0.33 
2.3 
0.63 

0.49 
0.65 

Nutrients 
N03 N02 NH3 0-P04 
mg/l mglL mglL mg/l 

T-P 
mglL 

0.68 <0.05 <0.1 
0,36 <0.05 0.2 
0.05 <0.05 <0.1 
0.36 <0.05 <0.1 
0.39 0.11 <0.1 
0.51 0.12 0.3 

<0.01 <0.5 

<0.05 <0.05 
<0.05 <0.05 
<0.05 <0,05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 



L 

PINES 405 
PINES 405 
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-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 

Date 
16-Nov-12 
2!>-Jun-13 
22-Sep-13 
2-Dec-13 
27-Jun-14 
19-5ep-14 
2-Dec-14 
14-Jun-15 
20-Sep-15 
29-0ct-15 
13-Jun-16 
26-Aug-16 

6-Jun-01 
16-Aug-01 
30-Aug-ll1 
25-Sep-01 
29-0ct-01 
18-Apr-ll2 
1-May-02 
!>-Jun-02 
7-Aug-ll2 

25-Sep-02 
12-Nov-ll2 
6-May-ll3 
19-Jun-ll3 
23-Aug-03 
6-Oct-ll3 

10-May-ll4 
6-Jun-04 

7-Aug-02 
25-Sep-02 
12-Nov-ll2 
6-May-ll3 
19-Jun-ll3 
4-Aug-03 
6-Oct-ll3 

10-May-ll4 
6-Jun-ll4 

6-Jun-01 
16-Aug-01 
30-Aug-ll1 
2!>-Sep-01 
29-OcI-ll1 
18-Apr-ll2 
1-May-02 
5-Jun-02 
7-Aug-02 

2!>-Sep-ll2 
7-0ct-ll2 

12-Nov-ll2 
6-May-ll3 
19-Jun-03 

Flow 
gpm 
5,520 
17,413 
8,078 
4,880 

28.274 
7,271 
5,386 
52,958 
8,864 
5,222 
118 

13,823 

50.094 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

9.715 
o 
o 
o 

460 

o 
1.857 
2.925 
74.148 
4.235 
1.184 
2.379 
460 

36.62 
0.61 

6.052 
0.501 
0.967 
9.451 
7.993 
2.61 

o 
1.83 

o 
54_9 

2.499 

Field Measurements 
T pH Condo 

·C S.U. ~Slcm 

0.2 8.71 419 
15.8 8.83 353 

D_O. 

mgn 
10.43 
8.74 

Turb 
NTU 

9.7 8.88 408 8.18 
0.2 B.74 461 10.8 
14.6 B.82 367 8.48 
11.8 8.81 396 8.25 
0.3 8.77 479 10.56 
13.3 8.7 3B9 7.54 
10.9 8.66 383 8.27 
4.6 8.67 411 9.46 
10.6 8.53 365 8.51 
13.8 8.67 381 B.7 

13.6 8.61 

0.7 

11.8 

B.2 
0.8 
3.3 
13 

14.9 
9.3 

11 .B 

B.48 

8.84 

7.97 
8.19 
8.5B 
8.46 
8.11 
9.25 
8.84 

567 

443 

509 
416 
591 
705 
722 
495 
443 

10.4 8.54 527 
12.1 7.81 405 

8.7 7.85 395 
3.6 7.9B 202 
13 7.B7 311 
3.6 8.29 409 
6.3 8.18 365 

8.2 7.87 405 

4 B.71 621 
10.9 8.1 659 

7.53 18.4 

8.65 

B.36 

8.35 
11.19 
9.88 
7.51 
5.84 
7.15 
8.36 

7.5 

39.7 

OJ 
0.9 
9.8 

3.73 
39,9 
2.99 
39.7 

7_11 22.5 
4.03 3.17 

3.83 2.21 
6.68 0 
6.29 1.21 
9.7 0.67 

4.85 2 

9.37 23.B 
5.2 2.B3 

--
Major Ions 

Ca" Mg" Na' K' HCO,- CO,'- 50/- cr 
mglL mgll mgll mglL mglL mg/L mgll mgll 

43 

45 

so 

77 
72 
51 

66 
74 
48 

&0 

51 

35 

27 

19 

53 
47 
2B 

36 
46 
1B 

39 

28 

54 

42 

32 

54 
47 
41 

45 
46 
2B 

39 

42 

50 

2 

2.3 

1.8 

3.5 
2.B 
2.4 

4.1 
3.6 

2.7 

2.1 

349 

3SO 

284 

370 
380 
340 
354 
350 
411 
280 

344 
357 

371 
356 
334 

346 

370 

350 
356 

7 

9 

18 

5 
<5 
<5 
6 
14 
<5 
<1 

6 
<5 

<5 
<5 
<5 

<5 

<1 

6 
<5 

34 

34 

13 

140 
110 
36 
62 
72 

<0.03 
9.1 

24 

18 

7.4 

38 
35 
1B 
24 
27 
2B 
5.3 

24 22 
41 28 

44,2 29.4 
45.8 27.8 
53 28 

55 30 

54 30 

27 20 
39 24 

TDS 
mgll 

37B 

401 

570 

531 
477 
391 
435 
457 
507 
271 

364 
383 

390 
414 
406 

418 

399 

415 
379 

Baseline 
TSS T-Fe 
mgll mg/L 

0.5 

T-Mn 
mg/L 

7 <0.02 <0.01 

15 0.57 0.02 

<5 <0.02 <0.01 
30 0.08 <0.01 
13 0.32 0.01 

0.13 
83 1.2 0.05 
9 0.05 0.01 

28 1.6 0.07 

0.4 
<0.1 <0.05 

10 0.1 
63 <0.1 

<0.1 

<0.1 

7 0.42 0.02 

41 0.5 0,02 
0.35 

N02+ 
mg/L 

<0.03 

<0.03 

<0.05 

<0.03 
0.11 

<0.03 
<0.03 
<0.03 
<0.03 

<0.05 

<0.03 
0.31 

<0.03 
0.09 
0.08 

0.11 

<0.03 

<0.03 
0,08 

N03 
mgll 

Nutrients 
N02 NH3 O-P04 T-P 
IDgiL mgll mg/L mglL 

<0.03 <0.05 0.05 

<0,03 <0.2 <0.05 0.03 

<0.2 0.05 
<0.05 0.07 

<0.03 <0.2 <0.05 0.04 
<0.03 <0.2 <0.05 
<0.03 <0.2 <0.05 0.03 

<0.05 0.08 
<0.03 <0.2 <0.05 0.08 
<0.03 <0.2 <0.05 0.06 

<0.2 0.12 
<0.05 0.08 

<0.03 <0.05 0.06 
<0.03 <0.05 

0.05 
<0.05 
<0,05 

0,08 

<0.03 <0.2 <0,05 0.03 

<0,03 <0.2 <0.05 0.05 
<0.05 0.07 



L 

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 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 

Date 
4-Au~3 

6-Oct~3 

1 (}.May-04 
6-Jun~ 

7-Jun~1 

7-Jun~1 

7-Jun~1 

22-Ju~1 

16-Au~1 

31-Au~1 

27-Se~1 

26-0ct~1 

17-Apr~2 

3-May~2 

4-Jun~2 

6-Aug-02 
26-Se~2 

12-Nov~2 

6-May~3 

2(}.Ju~3 

6-Aug~3 

6-0ct~3 

11-May~ 

13-May~ 

23-Ju~ 

26-Se~ 

6-Nov~ 

26-Ju~7 

11-Se~7 

6-Nov-07 
21-Ju~8 

24-Se~8 

6-Nov~8 

27-Jun~9 

23-Sep-09 
1(}'Nov~9 

26-Jun-10 
23-Sep-10 
12-Nov-10 
27-Jun-11 
30-Sep-11 
29-0ct-11 
27-Jun-12 
26-Sep-12 
7-Nov-12 
26-Jun-13 
25-Sep-13 
26-Oct-13 
29-Jun-14 
29-Aug-14 
31-0ct-14 
24-Jun-15 
26-Sep-15 
26-Oct-15 

Flow 
gpm 
1.631 
1.362 
491.5 

71.081 

11.719 
o 
o 
o 
o 

13.005 

3.037 
o 
o 
o 

79.9 
14.231 

o 
o 

717.264 

3.SE 

1.01 
3.19 
o 
o 
o 

16.3 
o 
o 

0.67 
o 
o 
o 
o 
o 

142 
3.71 
14.6 
o 
o 
o 
o 
o 
o 
o 
o 
o 

2.25 
o 
o 

Field Measurements 
T pH Condo 

·C S.U. ~S/cm 

12 7.72 647 
7.9 
6.4 

8.01 
8.73 

396 
307 

19.4 8.55 366 

6.2 

18 

8 
8.4 

8.67 470 

6.63 514 

8.74 599 
8.65 792 

11 .9 8.82 445 

19.8 8.72 627 
10.4 8.67 705 
4.5 8.5 756 

20.7 8.59 573 

21.2 6.63 684 

14.1 8.46 573 
14.5 8.66 665 
0.3 6.75 767 

17.7 8.66 605 

D.O. 
mgn 
3.58 
5.56 
8.51 

Turb 
NTU 
43.3 
7.29 
51.4 

6.84 3.08 

9.19 7.49 

5.23 2.8 

8.92 4.73 

6.12 76.3 

6.44 
7.92 
8.73 

6.64 

7.12 

7.62 
7.56 
10.4 

7.47 

-
Major Ions 

Ca~ Mg~·------.<' HCOi 
mglL mglL mglL mglL mgll. 
58 33 41 3.4 360 
62 36 36 2.8 373 
42 14 28 

56 41 79 

50 27 49 

52 18 27 

2.2 

2 

2 

1.6 

250 

344 

431 

361 

360 
410 

280 

CO," 
mglL 

<1 
<5 
<1 

17 

11 

17 

5 
13 

8 

80/· 
mgll. 
40 
42 
7.4 

22 

68 

71 

25 
35 

9.3 

cr 
mglL 
24 
25 
4.5 

23 

47 

60 

18 
35 

5.6 

TDS 
mgll. 
361 
406 
247 

353 

548 

513 

399 
429 

280 

Baseline 
TSS T-Fe 
mglL mglL 
113 1.7 
11 0.11 

1.6 

<.1 

T-Mn 
mg/L 
0.05 
0.02 
0.06 

0.2 < .05 

0.4 

17 0.29 0.02 
0.18 

21 0.57 0.03 

N02+ 
mg/L 
0.03 

<0.03 

<0.05 

< .03 

< .03 

< .03 

<.03 
0.05 

< .03 

N03 
mgll. 

Nutrients 
N02 NH3 0-P04 
mglL mglL mglL 
<0.03 <0.2 <0.05 
<0.03 <0.2 <0.05 

<0.2 
<0.05 0.07 

T-P 
mg/l, 
0.05 
0.04 
0.13 

< ,03 < .05 < .05 

11 431 <0.05 < .05 

0.1 

<0.03 < .2 <0.05 0,02 
< .05 0.01 

< .2 0.05 
< .03 < .05 



'-

M-STR04 
M-STR04 

M-5TR05 
M-5TROS 
M-STR05 
M-STR05 
M-5TR05 
M-5TROS 
M-5TR05 
M-5TR05 
M-STR05 
M-5TR05 

M-STR06 
M-5TR06 
M-5TR06 
M-5TR06 
M-5TR06 
M-5TR06 
M-STR06 
M-STR06 
M-5TR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-5TR06 
M-5TR06 
M-STR06 

M-5TR07 
M-STR07 
M-5TR07 
M-STR07 
M-5TR07 
M-5TR07 

M-5TR08 
M-5TR08 
M-STR08 
M-5TR08 
M-5TR08 
M-5TR08 

Sufco 007 
Sufco 007 

Dale 
23-Ju1l-16 
28-Sep-16 
7-Nov-16 

8-Aug'{)2 
25-Sep-02 
6-0cl-02 

12-Nov'{)2 
6-May'{)3 
18-Jun'{)3 
5-Aug.{)3 
6-Aug-03 
6-Oct'{)3 

11-May-04 

7-Jun-01 
22-Jun'{)1 
16-Aug'{)1 
2S-Sep.{)1 
30-0ct'{)1 
17-Apr.{)2 
l-May-02 
5-Jun'{)2 
8-Aug'{)2 

24-Sep-02 
13-Nov'{)2 
7-May.{)3 
20-Jun-03 
6-Aug'{)3 
8-<Jct'{)3 

l1-May.{)4 
13-May.{)4 
26-Jun-15 
28-Sep-15 
28-0cl-15 
23-Jun-16 
28-5ep-16 
7-Nov-16 

25-Sep-02 
12-Nov'{)2 
7-May'{)3 
8-Aug'{)3 
6-Oct'{)3 

13-May.{)4 

26-Sep-02 
13-Nov'{)2 
7-May'{)3 
5-Aug'{)3 
7.Qc1'{)3 

13-May.{)4 

5-0cl-79 
1-Nov.s0 

floI\' 
gpm 

o 
o 
o 

1.412 
1.717 

Immeas. 
61 .6 
2.686 
2.043 

1.534 
598.482 

16.85 
5.651 
4.783 

1.9 
6.438 
18.165 
4.455 
3_020 

o 
o 
o 

17.836 
3.024 

o 
o 

27.400 

0.636 
o 
o 

0.000 
0.000 
0.000 

o 
o 
o 
o 
o 
o 

2062 
967 

2447 
7145 
3087 
15644 

Field Measurements 
T pH Condo D.O. Turb 

NTU ·C S.U. liS/ern mgII 

9.5 6.5 346 8.45 1.56 
7 8.38 353 8.21 4 

0.5 8.25 329 11.18 2.32 
6.1 8.73 616 9_04 22.5 
10.3 8.56 605 8.04 1.37 
10.2 8.35 610 8.5 

6 8-47 356 7.23 3.99 
10 8.82 446 8.07 17.4 

20.10 8.48 806.00 6.54 67.50 

12.4 
11 .S 
2.7 
9.6 
8.2 

23.3 

11 .7 
12.6 

8.3 439 
7.92 575 
8.39 446 
8.77 462 
8.51 819 
8.52 569 

8.54 490 
8.66 822 

15.4 8.65 723 

22.3 8.64 968 

7.13 
3.14 
8.73 
7.16 
8.55 
5.13 

7.01 
8.15 

81.4 
30 

11 .6 
9.63 
8.32 

40.9 

8.29 
12.8 

6.59 96.3 

5.43 NM 

9.2 8.7 234 9.1 2.2 
1 8.72 65 13.66 1.5 

3.5 8.69 247 10.22 5.15 
16.2 8.74 371 7.51 
5.5 8.88 232 9.27 1.99 
4.2 B.9 352 9.76 6.81 

Major Ions 
Ca<~~Mg<' Na' F - HCO;'- CO,'- SO;- ocr 
mg/l mg/L mg/l mg/l mg/l mg/l mglL mglL 

51 
52 

55 
51 
51 

54 
55 
52 

61 
66 

56 

45 

55.00 
56 

55 

48 
48 
54 
43 
46 
53 

34 
35 

36 
28 
34 

34 
35 
18 

33.00 

42 
38 
32 

34 

31/36 
40 

25 

27 
25 
24 
24 
25 
22 

31 
32 

33 
52 
37 

34 
32 
27 

37 
86 

85 

90 

80.00 

85 

9.8 
11 
12 
5.5 
8.1 
7.5 

2 

2 
2.1 
2.3 

2.2 
2 

1.7 

312 
320 

350 
360 
304 
316 
350 
342 
290 

7 
<5. 

<1 
6 
10 
6 
7 

<5. 
<1 

400 14.00 

458 <5 
9 538 <5 

561 .565 5 
439 8 

412 7 

2.70 524.262 02/08 
464.5/381 17 

2.8 512.07 13-Nov 

0.7 
0.6 
0.6 
0.7 
0.6 
0.6 

250 
280 
280 
230 
255 
270 

7 
4 
2 
9 
8 

302.5 < .01 
405.04 < .01 

37 
37 

39 
20 
33 

36 
34 
9.1 

26 
27 

29 
17 
22 

25 
23 
5.6 

35.00 40.00 

47 47 
37.9 57.9 
44.2 43.1 
46 40 

53 53 

38.00 31 .00 
36144 39/44 

21 

10 
12 
9.3 
6.6 
8.4 
6.8 

21 

2.1 
2.6 
3.1 
1.4 
1.6 
1.8 

45 18 
25.5 10.1 

TDS 
mg/L 

Baseline 
TSS T-Fe 
mgiL mg/L 

T-Mn 
mg/L 

329 < .1 <.05 
352 6 0.13 < _01 

381 8 0.02 < .01 
31 0.46 0.02 

345 0.02 
329 400 

0.68 0.02 
366 11 0.07 0.01 
290 49 0.63 0.02 

457 1.10 

515 1.7 
595 0.3 
539 0.3 
536 0.4 <0.05 

556 0.8 

474,00 25.00 0.54 0.03 
452 0.31 

451 42 1.4 0.04 

648 680 5.67 0.251 

218 
257 
270 
208 
230 
246 

340 
386 

5 0.03 <0.01 
8 0.02 <0.01 
14 0.14 0.01 

0.45 0.02 
10 <0.08 <0.01 
28 0.39 0.02 

0.02 0.014 
6 0.1 

Nutrients 
N02+ N03 N02 NH3 0-P04 T-P 

mglL mg/L mglL m~ rng/l mg/l 

0.16 
0_17 

0.27 
<0.03 
0.03 
0,12 

0,09 
< .03 

<0.03 

<0.03 
<0.03 
0.05 

<0.03 

0.08 

0.04/<0.03 
<0.03 

<0.03 
<0.03 

0.57 
0.67 
0.54 
0.68 
0.68 

< _05 
< .03 <0.2 < .05 0.01 

< .03 < .2 < .05 
<0.03 < _2 <0.05 0.02 

< .05 0.02 
< .03 < .05 

<.2 0.05 
< .03 <2 < .05 0.02 
< .03 < .2 < ,05 0.05 

<0.03 <0.03 <0.05 

<0.03 

<0.03 <0.2 <0.05 
<0.05 

<0.05 

0.06 
0.1 
0.06 
0.05 

0.14 

0.03 
0.05 

<0.03 <0.2 <0.05 0.08 
<0.03 <0_05 

<0.03 <0.2 <0.05 
<0.03 <0.2 <0.05 
<0.03 <0.2 <0.05 
<0.03 <0.2 <0.05 
<0.03 <0.2 <0.05 
<0.03 <0.02 <0.05 

< ,01 0.06 
0.02 < .01 < .01 < .001 



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 
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 
Sufco007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco007 
Sufco 007 
Sufco 007 

Date 
9-Jun-81 

2&-Aug-81 
27-0ct-81 
22-Jun-82 
12-Aug-82 
20-0ct-82 
21-Jun-83 
1&-Aug-83 
12-0ct-83 
21-Jun-84 
9-Aug-84 
11-Oct-84 
13-Jun-85 
14-Aug-85 
22-Oct-85 
2-Jun-86 

13-Aug-86 
7-Jun-88 
9-Aug-88 
5-0ct-88 

13-MaY-92 
4-Aug-92 
&-Oct-92 
9-Jun-93 
&-Jun-95 

23-Aug-95 
3-Oct-95 

27-Aug-96 
22-0ct-96 
2-Jun-97 

18-Aug-97 
&-Oct-97 
4-Jun-98 
5-Aug-98 
l-Oct-98 

21-Jun-99 
9-Aug-99 
4-0ct-99 

21-Jun-OO 
2-Aug-OO 
5-Oct-OO 

11·Jun-Ol 
20-Aug-Ol 
2-Oct-Ol 
B-May-02 
20-Sep-02 
&-Oct-02 

29-May-03 
19-5ep-03 
30-0ct-03 
2&-Jun-04 
1-Sep-04 
15-0ct-04 
13-Jun-05 
30-Sep-05 

Flow 
gpm 

3132.624 
403.92 

498.168 
5771 .568 

516.12 
269.3 

2629.968 
359.04 

686.664 
2217.072 
287.232 
94.248 

3388.44 
246.64 

1297.032 
71 .81 
94.25 

37'il .!"3'l 
1122 
188.5 

184.008 
103.224 

684.224 
336.6 

3285.216 
14.B 

94.248 
B39.256 

119.8296 
94.248 

0.18 
42.1872 
15.2592 

885 
0.215 
69.2 
559 
72.9 
88.2 
2560 
6B.6 
61.7 
1510 
86.3 
398 

2180 
104 

Field Measurements 
T pH Condo D.O. 

·C S.U. ~S/cm mg/l 

16 8.2 654 
12 8.6 460 
o 9.2 690 
14 8.4 446 
15 7.6 593 
12 7.7 640 
7 7.6 525 

21 7.8 555 
5 7.9 621 

7.8 7.5 409 
13 8 680 
0.5 7.6 638 
14 7.6 412 
17 8.3 531 
12 8.2 468 
19 7.4 500 
8 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 6.37 
19.65 B.08 537 7.5 
12.45 B.43 598 8.27 
15.99 B.22 441 6.89 
22.2 B.37 505 6.39 
12.05 8.32 604 8.25 
17.97 8.29 473 6.15 
21.25 8.52 458 5.65 

10 8.24 577 6.48 
14.3 8.29 407 7.92 
17.4 8.68 383 7.15 
10.3 8.56 431 7.51 
9.6 8.45 488 8.42 
16.5 8.48 453 6.88 
11.7 8.63 477 8.01 
12.7 8.54 358 7.62 
12.3 8.61 376 8.14 
11.4 8.65 465 7.63 
11 8.66 338 7.63 

lB.7 8.73 343 8.73 
7.2 8.54 439 B.17 
12.7 8.59 373 6.78 
11.4 8.57 389 7.1 

Turb 
NTU 

10.2 
11.4 

Major Ions 
Ca"' Mg'· Na' K' HCO,~ CO,r-- sOl' 
mglL mg/L mg/L mglL mg/L mglL mg/L 

43 

57 
50 
53 
49 
41 
55 
49 
39 
50 
47 
37 
47 
86 
49 
57 

53.7 
47.1 
55.9 
45.4 
41.1 
52.4 
55.6 
51.4 

197.64 9.6 27 
253.76 1.2 19.5 

340 3.6 18 
246.6 < .01 12 
273.3 < .01 9 
356.2 < .01 66 
258.6 < .01 28 
292.8 2.4 40 
339.16 < .01 48 

283 < .01 28 
317.2 < .01 39 
329.4 < .01 46 
493 < .01 475 

290.4 < .01 36 
353.8 < .01 47 
200 88 

258.6 <.1 31 
229 <.1 20 
244 <.1 31 

17 18 

317 
207 
156 
222 
223 
260 
235 
265 
204 
323 
209 
243 
303 

lB 10 < 1. 215 
23 24 <1. 311 
26 35 1 336 
16 10 < 1. 239 
21 25 < 1. 252 
24 31 1 310 
17 15 < 1. 234 
17 21 <1. 224 
21 29 295 
13 6 < 1. 197 
17 18 < 1. 200 
19 24 1 261 
21 12 < 1. 262 
19 25 < 1. 254 
20 27 1 268 

14.4 4.64 0.743 238 
15.8 16.1 0.B73 226 
18.6 22.9 1.38 243 
12.6 6.14 0.48 15B 
13.8 13 0.8 157 
16.2 19.4 1.28 204 
16.9 B.76 0.85 228 
19.2 19.9 0.99 253 

<~ 

3 
2 
o 

2.1 
m 
m 
10 
18 
<~ 

<~ 

<~ 

<~ 

~ 

<~ 

<~ 

<~ 

<~ 

9 
<~ 

<~ 

<~ 

<~ 

6 
<~ 

<~ 

<~ 

7 
7 
7 
8 

11 
9 

14 
<~ 

<~ 

125 
27 
20 
27 

20.1 
17 
15 
21 
23 
21 
83 
22 
26 
38 
20 
23 
15 
20 
26 
21 
19 
23 
18 
19 
22 
53 
25 
36 
29 
19 
23 
16 
13 
21 
22 
20 

cr 
mglL 

6 
15.4 
9.1 
6.3 
26 

19.9 
12 
16 
20 
6.1 
16.8 
17 
86 

19.7 
22.8 
4.1 
13.9 
3.5 
33 
16 
3 

5.3 
11.2 
3.53 

3 
7 

10 
8 

12 
3 
7 
9 
6 
11 
15 
3 
8 
12 
5 

10 
2 

5.3 
B.3 
3 

7 
9 
1 
5 
6 
2 
4 
5 
2 
6 

TDS 
mg/L 
218 
270 
335 
128 
280 
425 
204 
320 
377 
295 
375 
380 
904 
322 
388 
258 
228 
236 
310 
470 
230 
210 
300 
234 
290 
220 
250 
234 
302 
220 
250 
320 
265 
290 
330 
228 
262 
316 
252 
231 
275 
190 
242 
263 
309 
240 
308 
202 
266 
311 
180 
187 
261 
199 
276 

Baseline 
TSS T-Fe T-Mn 
mglL mglL mg/L 

0.63 0.02 
0.29 0.01 
0.65 0.021 
1.2 0.14 

1.52 0.144 
2.22 0.135 
10.3 0.285 
12.9 0.012 
3.39 0.21 
0.06 0.01 
3.04 0.07 
2.06 0.07 
0.86 0.14 
0.31 < .02 
1.64 0.1 
29.6 1.46 
0.38 < .01 
0.91 0.06 
0.04 < .01 
0.05 0.02 
2.63 0.09 
0.13 < .01 
O.lB 0.02 
0.B5 0.04 

2.7 0.1 
< .1 < .1 
< .1 < .1 
<.1 < .1 
<.1 < .1 
< .1 < .1 
< .1 < .1 
3.1 0.1 
0.2 
0.6 < .1 
1.9 < .1 
1 < .1 

0.2 < .1 
0.1 < .1 
<.1 < .1 
<.1 < ~, 

0.4 < .1 
<.1 < .05 
<.1 < .05 
8.7 0.26 
0.2 < .05 
0.2 < .05 
9.02 0.282 

0.258 0.006 
0.128 0.01 
0.08 0.003 

< .05 0.002 
0.08 0.009 
1.04 0.028 
0.27 0.007 

Nutrients 
N02+ N03 N02 NH3 0-P04 T-P 
mg/L mg/L mg/L mglL mg/L mg/L 

< .01 < .01 < .01 
<.01 
<.01 < .01 
0.28 
0.11 
0.12 
<.02 
O.OB 
0.02 
0.06 
0.08 
1.39 
2.03 
0.09 
<.01 
0.15 
0.05 
0.11 
0.1 
004 
0.41 

< .05 < .02 
< .05 ".02 

< .1 
< .1 
< .1 
< .1 
< .1 
< .1 
< .1 

0.2 

0.04 
0.1 

0.23 
< .01 
0.01 
0.02 
0.03 
0.02 
0.02 

0.005 
0.01 
0.44 
0.92 
0.03 
0.05 
0.06 
0.18 
0.49 
0.18 
0.09 
0.03 
1.64 
0.02 
<.04 
<.04 
< .04 
0.38 
< .02 
002 
< .1 



Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufca007 
Sufca 007 
Sufco 007 
Sufca 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco007 
Sufco 007 
Sufco 007 
Sufca 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sufco 007 

Sufca 006 
Sufca 006 
Sufca 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 
Sufco 006 
Sufca 006 
Sufca 006 
Sufco 006 

Date 
24-0ct-05 
2S-Jun-06 
13-Sep-06 
4-Nav-O€i 
2S-JurHI7 
19-5ep-07 
29-0ct-07 
12-Jun-06 
15-Sep-08 
21.QcI-08 
19-JurHI9 
17·Sep-09 
19-Nav-09 
2S-Jun-l0 
1 S-Sep-l 0 
1-Nav-l0 
18-Jun-ll 
27-Sep-ll 
29-0ct-ll 
I·Jun-12 

26-Sep-12 
1-Nav-12 
27-Jun-13 
25-Sep-13 
26-Oct-13 
ll-Jun-14 
23-Sep-14 
S-Nav·14 
24-Jun-15 
22-Sep-15 
7-Nav-15 
23-Jun-16 
28-Sep-16 
8-Nav-16 

S-Oct-79 
1-Nav-80 
9-Jun-Sl 

2S-Aug-Sl 
27-Oct-Sl 
22-Jun-82 
12-Aug-S2 
2O.Qct-S2 
21-Jun-63 
IS-Aug-S3 
12-0ct-S3 
21-Jun-84 
9-Aug-S4 
11-0ct-54 
I:>-Jun-S5 
14-Aug-S5 
22-0ct-85 
:>-Jun-86 

I :>-Aug-S6 
7-Jun-S8 

Flow 
gpm 

96 
'561 
62.8 
190 
227 
50.7 
78 

15SO 
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 

143.616 
462.254 
426.36 
933.504 
623.832 

260.3 

569.976 
359.04 

704.616 
287.232 
219.912 
825.792 
260.304 

412.9 

Field Measurements 
T pH Cand. D.O. 

·C S.U. ~S/cm mgA 
7.3 8.61 470 8.03 
17.1 8.56 337 8.18 
15.9 8.46 375 7.1 
1.5 8.58 478 9.7 

22.5 8.67 304 7.05 
9,4 8.73 381 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 
9 8.79 352 7.88 
11 8.7 405 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 8.83 
7.2 8.74 398 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 

12.5 
12 

16 
17 
10 
11 
18 
6 
14 
13 
1 
16 
17 
16 

7.7 
8.3 
8.6 
8.4 
7.5 
7.7 
8 

7.9 
7.7 
7 

7.9 
7.7 

8.1 
7.9 

423 
510 
545 
799 
726 
833 
920 
688 
824 
712 
854 
729 
610 
662 
715 

Turb 
NTU 

Major Ions 
Ca" Mg" Na' K' HCO; CO," sol' cr 

mglL mg/L mglL mglL mglL mg/L mglL mglL 
54.9 19.6 22.9 0.74 284 < 5. 23 7 

4 
7 
7 
4 
6 
8 
2 
4 

26 
2 

4 
6 

2 
3 
5 

48.4 16.9 10.2 0.62 210 < 5. 16 
42.47 18.2 23.17 1.06 223 10 21 
59.41 21.88 22.56 0.75 284 < 5. 37 
41 .1 16.8 12.7 0.54 204 < 5. 20 
44.4 16.9 19.1 1.02 233 < 5. 17 
54.67 20.57 24.53 1.15 271.665 4.6 26 
52.26 14.69 5.66 0.55 197.513 3.6 24 
44.36 
55.01 
50.82 
45.4 
57.16 
SO.97 
37.4 
57.6 
52.1 
39.7 
52 

46.7 
46.1 
46.4 
46.1 
54.1 
53.3 

15.75 15.29 
19.03 23.67 
15.25 7.51 
15.6 15.45 
19.5 22.16 
13.67 6.27 
12.1 12.3 
17.2 16.6 
12.8 4.8 
16 19.7 
19 24.6 

15.1 12 
22.2 36.9 
17.6 26.4 
12.3 7.3 
14.9 9.1 
14.7 11.5 

0.79 201 .17 
1.65 263.35 
0.61 185.321 
0.99 207.267 
0.98 266.954 
0.78 166.978 
0.7 234.089 
0.7 286.515 
0.8 253.597 
0.8 280.419 
0.8 309.681 
0.7 208.486 
1.5 304.804 
0.9 275 
0.7 246.281 
0.9 277.981 
0.7 259.693 

<5. 
<5. 
7.8 
5.4 

<5. 
7.2 
3 

1.8 
1.8 
3 
3 

1.98 
4.2 
6 

1.2 
3 

4.2 
48.22 12.87 5.92 0.49 204.828 < 5. 
46.14 16.85 18.19 0.98 224.336 < 5. 
56.75 20.03 25.16 0.9 268.227 < 5. 
47.27 16.97 13.78 0.6 207.267 < 5. 
38.43 14.26 13.35 < .14 158 <5 
59.8 19.36 25.11 1.1 297.488 < 5. 

47.38 12.68 6.36 0.76 155 <5 
48.3 14.98 15.42 0.97 176 8 

52.69 15.92 20.3 0.75 215 10 

283.04 < .01 
453.84 < ,01 
344.04 7.2 
265.96 12 
318.6 3.B 
454.6 < .01 
270.8 < .01 
306.7 < .01 
400.2 < .01 
370.8B 2.4 
390.4 < .01 
416 < .01 

384.3 < ,01 
390.4 < ,01 
256 < .01 

348,9 < .01 
329.4 < .01 
279 

275.7 14.4 
316 < .1 

15 
134 
n 
15 
2 
~ 

17 
33 
2 
18 
26 
2 
a 
26 
35 
26 
26 
19 
22 
26 
2 
16 
~ 

17 
n 
2 

< 1. 
6 

8 
4 
14 
8 
2 
3 

3 
2 
5 
6 
2 
4 
7 
2 
4 
5 

90 14 
63 18.1 
108 24 
79.5 11 
160 7.5 
42 33.7 
30 20 
66 10.4 
74 36 
62 4 
87 34 
66 36.4 

405 29.4 
95 34 
75 14.2 
85 
87 
95 
69 
73 

28 
24.5 
20.3 
17.2 
11.3 

TDS 
mg/L 
281 
218 
228 
302 
216 
224 
317 
233 
207 
266 
213 
225 
276 
226 
216 
298 
210 
212 
258 
228 
188 
290 
252 
224 
180 
217 
240 
281 
236 
166 
322 
172 
254 
221 

396 
480 
465 
390 
530 
486 
282 
355 
424 
432 
490 
490 
850 
520 
316 
460 
484 
366 
340 
368 

Baseline 
TSS T -Fe T -Mn 
mglL mg/L mglL 

< .05 0.005 
< .05 0.002 
0.33 0.004 
1.21 0.Q15 
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 
0.1 1 0.006 
0.56 0.018 
0.08 < .005 
0.69 0.027 
15.9 0.833 
0.05 < .005 
0.12 0.009 
0.38 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 0.088 

<2 < 5. < .002 
5 0.05 0.005 

41 0.42 0.022 
15 0.33 0.01 
9 0.07 0.008 

6 0.15 0.024 
1.8 0.1 

0.68 0.06 
13 3.6 0.17 

0.71 0.04 
2.66 0.03 
2.76 0.026 

3 0.175 
0.81 0.065 
5.4 0.045 

0.25 0.08 
0.07 0.04 
1.3 0.09 
0.6 0.09 

24.6 0.73 
0.06 0.03 
0.56 0.09 
0.62 0.07 
0.57 0.05 
0.3 0.09 

Nutrients 
N02+ N03 N02 NH3 0-P04 T-P 
mglL mglL mg/L mglL mglL mg/L 

< .01 
0.04 < .01 < .01 
< .01 < .01 < .01 
0.02 

< .01 < .01 
02 1 
0.17 
0,13 

< .02 
< .01 
0,06 
0.01 
0.02 
0.09 
0.42 
0.03 
0.05 
0,06 
0.03 
0.03 

0.1 
0.12 
0.07 
0.7 

0.1 

0.014 
0.015 
0.57 
0,2 
0.11 
0.1 
0,1 

0.14 
0.77 
1.12 
0.28 
0.02 
0.03 
002 
0,05 



Sufco 006 
Sufco 006 
Sulco 006 
Sufco 006 
Sulco 006 
Sufee 006 
Sufee 006 
Sulco 006 
Sufco 006 
Sufee 006 
Sufco 006 
Sufco 006 
Sulco 006 
Sufco 006 
Sulee 006 
Sulee 006 
Sufce 006 
Sufce 006 
Sufee 006 
Sufee 006 
Sufco 006 
Sufco 006 
Sufee 006 
Sufco 006 
Sufee 006 
Sufco 006 
Sufee 006 
Sufco006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco006 
Sufco 006 
Sufco 006 
Sulee 006 
Sulco 006 
Sulco 006 
Sulco 006 
Sufee 006 
Sulco 006 
Sufee 006 
Sufee 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sulco 006 
Sufee 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco006 
Sufco 006 

Dale 
9-Aug-88 
5-0el-88 

13-May-92 
4-Aug-92 
6-0ct-92 
9-Jun-93 
6-Jun-95 

24-Aug-95 
3-0el-95 

27-Aug-96 
22-0el-96 
2-Jun-97 

18-Aug-97 
8-0el-97 
4-Jun-98 
3-Aug-98 
1-0el-98 

21-Jun-99 
9-Aug-99 
4-Oel-99 

21-Jun-00 
2-Aug-OO 
5-Oct-OO 

ll-Jun-Ol 
20-Aug-Ol 
2-Oel-Ol 
8-May-02 
20-Sep-02 
8-Oct-02 

29-May-03 
19-5ep-03 
30-0el-03 
26-Jun-04 
I-Sep-04 
15-0ct-04 
13-Jun-05 
30-Sep-05 
24-0el-05 
26-Jun-06 
13-Sep-06 
4-Nev-06 
25-Jun-07 
19-5ep-07 
29-0el-07 
12-Jun-08 
15-Sep-08 
21-0ct-08 
19-Jun-09 
17-Sep-09 
19-Nev-09 
28-Jun-l0 
IS-Sep-l0 
l-Nev-l0 
17-Jun-ll 
21-Sep-ll 

Field N!t>a"uromenl$ 
Flew 
gl'm 

T pH Cend. D.O. 
·C S.U. ~S/cm mgn 

112.2 
70.9 

17.5 7.4 648 
15.5 7.1 782 

44.88 16.1 8.07 977 
426.4 16 8.46 578 
192.98 12.5 8.2 636 
130.152 15.9 8.35 635 
8.5272 1.02 8.28 398 

21.53 8.3 805 
287.232 18.9 8.44 574 
184.008 5.5 8.35 629 

112.2 13.1 8.42 901 
224.4 22.75 8.08 577 

71_808 11.54 8.33 626 
201.96 17.3 8.19 625 
394.944 22.04 8.3 592 
192.984 12.11 8.3 847 

0.8 15.32 8.13 627 
192.984 21.3 8.39 600 
179.52 8.12 747 

846.272 17.5 8.34 592 
179.0712 16.3 8.76 512 

o 
88.1 
11.5 
35.1 

0.909 
26.3 
0.131 
420 
132 
70.3 
703 
402 
18.8 
363 
155 
90 
160 
95 

1.23 
146 
104 
1.18 
80.4 
100 
71 

433 
49.9 
62.4 
1116 
205 

10.4 
16.8 
10.8 
20.9 
13.5 
8.8 
13 

16.9 
9.6 
15.5 
12.1 
8.5 
16.8 
14.6 
3.9 
17.6 
12.3 
6.1 
14.9 
11.9 
7.2 
16.5 
14.1 
0.3 
18.8 
11.2 
3.2 
9.5 

11.6 

8.28 
8.47 
8.2 

8.42 
8.53 
8.58 
8.77 
8.72 
8.47 
8.37 
8.57 
8.53 
8.54 
8.45 
8.48 
8.62 
8.89 
8.72 
8.65 
8.63 
8.44 
8.46 
8.61 
8.39 
8.43 
8.42 
8.21 
8.74 
8.62 

621 
721 
738 
962 
631 
1228 
493 
529 
593 
523 
542 
719 
522 
536 
591 
543 
515 
920 
849 
518 
882 
617 
531 
612 
576 
532 
585 
525 
533 

6.21 
6_19 
9.33 
7.03 
6.54 
8.15 
7.05 
5.6 

7.28 
5 

6.76 

8.42 
6.24 
7.51 
6.02 
7.91 
7.33 
7.06 
6.89 
7.05 
6.37 
7.67 
7.91 
7.66 
7.08 
9.09 
8.72 
8.69 
7.33 
7.1 

7.82 
8.34 
6.99 
7.81 
10.6 
6.68 
7.42 
9.33 
8.03 
7.62 

Turb 
NTU 

46.8 
53.2 

'-' 

Major Ions 
Ca" Mg" Na ' K' HCO; CO:- SO."'----cr 
mgJ!. mgJ!. mgJ!. mgJ!. mgr1. mgJ!. mgJ!. mgr1. 

56 

66 
55 
54 
55 
50 
54 
53 
51 
59 
53 
49 

63 
63 
64 

66.1 
63.4 
94.7 
50.9 
54 

56.5 
63 

52.2 
63.5 
56.1 

52.79 
59.61 
55.1 
50.2 

72.06 
62.72 
56.09 
81.24 
65.11 
54.06 
56.79 
57.6 
55.4 
60.4 
55.4 
53.4 

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 

43.2 80.1 
35.5 28.9 
56.4 110 
30.4 10.9 
31.7 12.8 
31.5 20.2 
34.8 15.4 
32.6 14.5 
34 36.9 

32.7 12.4 
31.18 16.58 
34.32 28.01 
33.8 14.3 
33.7 17.1 
41.5 65.89 
34.03 26.37 
33.36 14.57 
45.53 76.47 
35.56 25.93 
32.98 14.37 
34.34 21.27 
32.99 14.8 
31.5 20.4 
32.8 22.2 
29.6 14.2 
31.3 14.5 

301 < _1 83 32.S 
381 <.1 174 15 
399 2.3 93 26 

2 
2 
2 

2 
2 

< 1. 
1 

358 
468 
420 
235 
275 
260 
361 
385 
251 
287 
456 
135 
292 
290 
273 
275 
258 
263 
323 
237 
232 

2 291 
3 301 
2 297 

3.77 371 
2.25 285 
6.47 549 
1.01 184 
1.59 173 
1.79 218 
2.17 282 
1.35 215 
1.58 314 
1.05 245.22 
1.48 225 
1.2 281 

0.93 244 
1.72 128 
2.5 389 
1.38 281.639 
1.36 224.336 
3.87 412.095 
1.64 273.104 
1.62 212.143 
1.83 256.035 

13 
m 
m 
10 
14 
<~ 

<~ 

<~ 

<~ 

<~ 

72 
<~ 

5 
6 
6 
9 
<~ 

<~ 

8 
9 

8 
7 
8 

< 5. 
10 

<5. 
16 
21 

< 5. 
<5. 
16 

< 5. 
< 5. 
10 

<5. 
<5. 
79 

<5. 
5.4 

<5. 
<5. 
9.6 
10.8 
<5. 

4.21 249.939 < 5. 
2.2 297.488 4.2 
1.6 318.215 1.2 
1.1 335.284 2.4 
1.4 295.05 2.4 

96 
n 
66 
72 
~ 

66 
77 
~ 

96 
ro 
ro 
n 
ro 
66 
M 
M 
00 
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 

33.1 
33 
6 
7 
8 
14 
19 
5 
9 

32 
5 
9 
5 
5 
6 
5 
4 
13 
3 

3.3 

7 
11 
10 
34 
9 

45 
3 
4 
5 
4 
3 

13 
4 
5 
9 
4 
4 

25 
8 
3 

26 
7 
3 
5 
3 
4 
5 
4 
4 

TDS 
mglL 
430 
577 
544 

570 
320 
360 
378 
450 
460 
350 
380 
269 
359 
380 
353 
338 
384 
374 
384 
399 
330 
354 

388 
402 
417 
571 
458 
828 
302 
324 
362 
312 
338 
425 
335 
320 
350 
351 
330 
555 
401 
345 
578 
391 
343 
361 
372 
372 
404 
322 
336 

Baseline 
TSS T-Fe 
mg/L mglL 

0.68 
0.75 
1.33 

1 
0.08 
0.04 

T-Mn 
mglL 
0.09 
0.15 
0.09 
0.04 
0.02 
0.05 

0.3 <.1 
0.2 <.1 
0.1 <.1 
0.3 <.1 
0,9 <.1 
0.8 <.1 
0.6 <.1 
1.1 <.1 
1.4 < .01 
0.5 <.1 
1.5 <.1 
4.1 0.1 
0.6 <.1 
3.7 0.1 
2.9 0.2 
0.5 <.1 
1.2 <.1 
15 <.05 

1.9 0.07 
2 < .05 

0.5 < .05 
1.16 0.034 

0.447 0.01 
0.162 0.026 

1.9 0.046 
0.05 0.02 
0.37 0.013 
7.64 0.174 
0.77 0.02 
< .05 0.012 
2.93 0.059 
1.66 0.025 
0.91 0.023 
3.71 0.095 
0.19 0.005 
0.23 0.012 
0.95 0.034 
0.2 0.007 
0.1 0,008 

2.33 0.066 
1.4 0.033 
0.8 0.014 
1.84 0.094 
1.26 0.034 
1.41 0.048 
1,3 0.057 
1.1 0.037 

N02+ 
mglL 

~ .1 
< .1 
< .1 
< .1 
< .1 

< .1 

< .1 

N03 
mglL 
0.15 

< .02 
1.4 

Nutrients 
N02 NH3 0-P04 T-P 
mglL mglL mg/L mglL 

0.03 
0.01 
0,02 
0.03 
0.04 
0,02 
0.02 

0.09 
0.12 
0,1 



L 

Sufeo 006 
Sufeo 006 
Sufco 006 
Suteo 006 (8) 
Sufco 006 
Sufco006 
Suleo 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
SufcoOO6 
Sufco 006 
Sufco 006 
Sufeo 006 
Sufco 006 
Sufco 006 

Suleo 006A 
Suleo 006A 
Sufco 006A 
Sufco 006A 
Sufeo 006A 
Sufco 006A 
Sufco006A 
Sufco 006A 
Sufco006A 
Sufco006A 
Sufco 006A 
Sufeo 006A 
Sufco 006A 
Sufeo 006A 
Sufco 006A 
Sufco 006A 
Suleo 006A 
Sufco 006A 
Sufco006A 
Sufeo 006A 
Sufco 006A 

S. Fk. Quitchupah Upper 
S. Fk. Quitchupah Upper 
S. Fk. Quijchupah Upper 
S. Fk. Quitchupah Upper 
S. Fk. Quitchupah Upper 
S. Fk. Quitehupah Upper 
S. Fk. Quitehupah Upper 
S. Fk. Quitchupah Upper 

Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 

Date 
12-0et-ll 
l-Jun-12 

12-Sep-12 
12-Sep-12 
l-Nov-12 

27-Jun-13 
16-Sep-13 
23-Oct-13 
28-May-14 
17-Sep-14 
28-0ct-14 
21-Jun-15 
22-5ep-15 
6-Nov-15 
16-Jun-16 
26-Sep-16 
6-Nov-16 

19-0ct'{)9 
28-Jun-l0 
15-Sep-l0 
l-Nov-l0 
17-Jun-ll 
21-Sep-ll 
12-Oct-l1 
l-Jun-12 

12-5ep-12 
l-Nov-12 
27-Jun-13 
16-Sep-13 
23-0ct-13 
28-May-14 
17-Sep-14 
28-0et-14 
23-Jun-15 
23-Sep-15 
8-Nov-15 
28-Jun-16 
26-Sep-16 

l1-Nov-13 
1-Jul-14 

26-Sep-14 
l1-Nov-14 
29-Ju1-15 
9-Nov-15 
9-JuJ-16 

14-Nov-16 

11-Nov-13 
2-Jul-14 

26-Sep-14 
l1-Nov-14 
29-JuJ-15 
9-Nov-15 

Flow 
gpm 
155 

0.208 
45.3 
36.8 
53.9 
80.4 
239 
116 
363 
101 
o 

142 
146 
19 

8.58 
89 
Dry 

75 
500 
50.8 
82.2 
1109 
296 
166 

0.949 
59.5 
56 
136 
210 
118 
576 
126 
2.86 
168 
113 
26.6 
339 
122 

128 
731 
151 
11.8 
411 
70 

455 
4.4 

59 
81 
7.8 
129 
27 
67 

Field Measurements 
T pH Condo D.O. 

mgn ·C S.U. ~S/em 

6.4 8.62 578 8.9 
8.08 
8.35 
8.33 
9.64 
7.73 
8.27 
10.34 
7.6 

17,5 8.43 968 
11.1 8.65 557 
11 ,5 6.66 555 
3.4 8.59 592 
16.1 6.56 566 
13,8 8.56 627 
3.7 8.72 618 
12.2 8.59 574 
14.4 6.76 557 7.5 

14.9 8.58 
15.1 8.67 
0.2 8.52 
17.6 8.58 
9.5 8.63 

16.8 
11.7 
3.4 
9.5 
11 .7 
7.9 
14.3 
11.8 
3.9 
17.2 
13 
4 

8.51 
8.44 
8.22 
8.77 
8.66 
8.6 
8.5 

8.56 
8.56 
8.56 
8.52 
8.56 

12.4 8.56 
12.7 8.67 
2.4 6.61 
8.7 8.7 
11.7 8.59 
0.2 8.37 
18.5 8.51 
9.2 8.68 

4.6 
12.5 
13.6 
0.1 

13.4 
0.3 

14.7 
4.7 

8.63 
8.61 
8.72 
8.43 
8.77 
8.42 

8.69 
8.33 

4.5 8.42 
16.5 8.24 
15.5 8.48 
0.9 8.56 
13.4 8.52 
0.3 8.45 

593 8.39 
1080 7.76 
753 10.21 
543 7.02 
541 8.92 

538 
529 
560 
512 
624 
558 

1182 
547 
578 
551 
609 
604 

7.31 
7.33 
9.38 
7.86 
7.53 
8.72 
7.5 

8.62 
9.85 
7.96 
7.88 
10.78 

569 7.56 
547 8.18 
1123 10.08 
573 7.37 
518 8.22 
640 10_5 
536 7.16 
536 9.24 

514 
515 
518 
593 
497 
S03 
507 
611 

10 
8.3 

6.05 
10.14 

8.1 
10.02 
8.03 

10.05 

547 10.04 
549 7.3 
527 8.39 
570 10.36 
505 7.76 
505 10.06 

Turn 
NTU 

MaJor Ions 
Ca" Mgz, No' K' HC03- CO," 50.'-
mg/L mg/L mglL mg/L mg/L mg/L mglL 
55.7 32.2 17.2 1.5 263.35 1.98 88 
64.3 43.1 64.1 3.9 432.621 < 1. 135 
55.2 34.9 24.4 2 254.616 4.2 105 
48.5 
55 

48.8 
69.3 
61.4 
57.75 
51 .65 

53.56 
51.61 
72.77 

58 
51.27 

56.93 
46.3 
53.5 
56.1 
47,5 
54 

64.7 
45.2 
52.7 

52 
SO.55 
56.1 

48.34 

31.3 22.2 
31.7 23.8 
32.8 17.5 
32.8 24.5 
32.7 20_9 

32.66 15.24 
31.77 15.51 

1.9 247 
1.5 263 
2 296.269 

2.4 352.353 
1.4 285.296 
1.03 269.446 
1.66 240.185 

4 
4 

2.4 
4.8 
6 

< 5. 
<5. 

36.54 17.2 1.04 260.419 <5. 
34.04 17.22 1.17 230.432 < 5. 
43.97 36.62 2.44 374.299 < 5. 
34.55 15.56 1.1 202 <5 
29.94 15.48 1.87 170 40 

32.42 12.89 
29 16.1 

29.8 17.8 
30.1 13.2 
28.8 12 
31.6 15.3 
37 138 

28.6 18 
31 20.4 

30 9 
31.26 11.14 
32.43 12.22 
32.62 10.65 

1.54 224.336 4.8 
2.6 296.269 2.4 
1.3 306.023 1.2 

325.53 2.4 
1.1 249.939 4.8 
1.3 256.035 1.998 
2.5 513.289 4.2 
1.4 251.158 4.2 
1.3 251 4 

1.16 227.993 
1.14 213.363 
1.12 246.281 
1.01 209.705 

6 
<5 
<5 
<5 

36 27 34 2.56 257.254 22 

49.68 33.38 10,47 1.05 223_116 <5 

104 
102 
119 
111 
lOS 
90 
97 

95 
95 
135 
98 
97 

95 
99 
101 
68 
66 
66 

183 
103 
101 

88 
97 
102 
87 

46 

88 

cr 
mglL 

4 
27 
5 
5 
6 
4 
6 
5 
3 
3 

4 
3 
9 
3 
3 

2 
4 
4 
4 
3 
4 

47 
4 
5 

2 
2 
2 
2 

8 

2 

TDS 
mglL 
366 
596 
338 
390 
368 
376 
360 
368 
373 
372 

374 
331 
530 
462 
369 

360 
366 
362 
312 
348 
342 
776 
356 
324 

326 
322 
350 
372 
302 

331 
394 

316 
305 

314 

Baseline 
TSS T -Fe T -Mn 
mg/L mglL mg/L 

0.59 0.024 
0.24 0.01 
0.1 0.009 

16 0.36 0.013 
0.32 0.02 
0.83 0.038 
2.64 0.111 
0.85 0.06 
1,1 0,072 

1.04 0.034 

1.57 0.145 
20 < .05 < .002 
79 0.5 0.019 
253 2.86 0.168 
171 2.45 0.055 

46 
16 
27 

4 
19 
8 
13 
24 

17 
23 

1.27 0_072 
0.58 0.023 
0.72 0.039 
0.58 0.035 
0.78 0.031 
0.32 0.019 
0.74 0.016 
0.13 0.014 
0.22 0.014 

0.05 <0.005 
0.27 0.012 

<0.05 0.004 
0.12 0.009 
0.16 0.01 

0.28 0.012 
0.12 0,012 

11 0.13 <0.005 
39 0.53 0.014 

42 0.35 0.016 

N02+ 
mg/L 

0.13 

< .1 

NM 
0.15 
0.36 
2.28 

NM 

0.21 

Nutrients 
N03 
mg/L 

N02 NH3 0-P04 T-P 
mg/L mg/L mg/L mg/L 

<0.2 <0.2 <0.2 <0.01 0.03 

0.13 <0.05 0.2 

<.2 
0.2 

< ,02 
< .2 
< .1 

< .2 
0.3 
< .2 

0.37 <0.05 <0.1 
0.23 <0.05 <0.1 
0.36 <0.05 <0.1 
0.31 <0.05 <0.1 

<0.05 <0.05 

<.01 
< .01 
<.01 

0.06 
< .01 
0.02 

<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 1.99 

<0.05 <0.05 <0.1 <0.05 0.06 

0.29 <0.05 <0.1 <0.05 0.05 



Skutumpah Creek Upper 
Skutumpah Creek Upper 

Spring Monitoring Stations 

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-5POI 
M-SPOI 
M-5POI 
M-5POI 
M-5POI 
M-5POI 
M-SPOI 
M-SPOI 
M-5POI 
M-5POI 
M-SPOI 
M-5POI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-5POI 
M-SPOI 
M-SPOI 
M-5POI 
M-SPOI 
M-SPOI 
M-SPOI 
M-5POI 
M-5POI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 

Date 
9-Ju1-16 

I 4-Nov-I 6 

I~JurHll 

28-Aug.{)1 
I-May'{)2 

2S-Sep-02 
2S-Sep.{)2 
12-Nov'{)2 
12-Nov'{)2 
21-May.{)3 
21-May'{)3 
5-Aug-03 
8-Aug'{)3 
7-Oct'{)3 
7-0ct'{)3 

II-May-04 
II-May.{)4 
13-May.{)4 
26-May.{)6 
28-Sep.{)6 
8-Nov.{)6 
26-JurHl7 
11-5ep.{)7 
6-Nov'{)7 
13-JurHl8 
24-Sep.{)8 
7-Nov-08 
27-JurHl9 
23-5ep'{)9 
10-Nov-09 
26-Jun-IO 
23-Sep-IO 
I 2-Nov-1 0 
27-Jun-Il 
26-Sep-11 
2~ct-Il 

27-Jun-12 
8-Sep-12 
7-Nov-12 
3O-Jun-13 
2S-Sep-13 
26-Oct-13 
29-Jun-14 
29-Aug-14 
31-0ct-14 
24-Jun-15 
28-Sep-15 
28-Oct-15 
26-Jun-16 
28-Sep-16 
7-Nov-16 

Flow 
gpm 

75 
101 

0.503 
0.373 
0.45 

0.324 

0.408 

0.517 

0.539 
0.287 

0.621 

0.89 
0.19 
0.62 
~.3S 

0.28 
0.47 
0.57 
0.24 
0.51 

0.478 
0.254 
0.49 
0.426 
0.16 
0.408 
1.11 

0.746 
0.68 
0.34 

0.246 
0.221 
0.292 
0.377 
0.505 
0.32 

0.241 
0.426 
0.339 
0.113 
0.34 

0.258 
0.14 

0.261 

Field Mea,uN!m.nls 
T pH Condo D.O. 

·C S.U. ~S/cm rngA 

15.3 8.65 509 7.81 
5.8 8.57 540 9.89 

13.7 7.42 532 
8 7.53 497 

5.1 7.27 451 
7.5 7.4 851 2.17 

5.1 7.33 815 2 .83 

Turb 
NTU 

0.24 
0.6 

4.3 7.26 435 3.1 9.99 

7.9 7.1 490 2.51 0.15 
7.6 7.32 500 2.03 1.82 

4.5 7.34 489 3.29 

5 7.68 864 
7 7.46 777 

5.3 7.17 772 
10.2 7.48 797 
11.6 7.42 906 
4.7 7.76 874 
9.2 7.01 682 
9.5 7.07 807 
5.7 7.23 764 
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 
42 7.6 838 
14 7.57 848 
9.5 7.24 851 
6.6 7.28 811 
12.7 7.24 811 
11.0 7.23 841 
6.0 7.58 853 
10.1 7.37 842 
12.5 7.71 803 
7.1 7.43 816 
10.0 7.75 813 
8.2 7.46 825 
5.4 7.79 828 

Mai,orlons 
Ca"' Mg'" Na' K' HCOi CO," SO:' 
mg/l mg/L mg/L mg/L mgnL mg/L mg/L 

88 44 48 

80 40 43 

81 40 45 

82 40 45 

86 42 47 

84 42 49 

1.9 

1.7 

1.9 

1.7 

1.8 

1.9 

472 
473 
470 
490 
456 
480 

470 
484 
510 
484 

492 
490 

<5. 
<5. 
<5. 
< 1. 
<5. 
< I. 

< I . 
<5. 
< I. 
<5. 

<5. 
< I. 

26 
28 
26 
28 

27 

26 

27 

26 

30 

cr 
mg/l" 

47 
44 
41 
43 

43 

37 

42 

38 

44 

TDS 
mgnL 
323 
357 

502 
464 
464 

449 

473 

454 

489 

500 

Baseline 
TSS T-Fe 
mgnL mg/L 
38 0.57 
22 0.22 

< .1 
< .1 

T-Mn 
mgnL 
0.016 
0.007 

< .02 < .01 

< .02 < .01 

< .02 < .01 

< .02 < .01 

0.02 < .01 

< .02 < .01 

Nutrients 
N02+ N03 N02 NH3 0-P04 T .f' 
mg/L mg/L mg/L mg/L mg/L mg/L 

< .03 < .03 < .05 
<.2 

< .03 < .03 < .05 
<.2 

< .03 < .03 < .05 
<.2 

< .03 < .03 < .05 
< .2 

<.03 < .03 < .05 
<.2 

<.2 
< .03 < .03 < .05 



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-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 

Oate 

19-Jun'{)1 
28-Aug.{)1 
l-May'{)2 

25-Sep.{)2 
12-Nov'{)2 
2(}'May'{)3 
2(}'May'{)3 
5-Aug-03 
B-Aug-03 
7-Dct'{)3 

ll-May'{)4 
ll-May.{)4 
13-May'{)4 
26-May-06 
28-Sep-06 
8-Nov-06 
26-Jun-07 
11-Sep.{)7 
B-Nov-07 
13-Jun'{)8 
24-Sep.{)8 
7-Nov.{l8 
27-Jun'{)9 
23-Sep.{)9 
1 (}.Nov-09 
26-Jun-l0 
23-Sep-l0 
12-Nov-l0 
27-Jun-ll 
26-Sep-ll 
29-0ct-ll 
27-Jun-12 
6-Sep-12 
7-Nov-12 
3(}.Jun-13 
25-Sep-13 
26-0ct-13 
29-Jun-14 
29-Aug-14 
31-Dct-14 
24-Jun-15 
28-Sep-15 
28-Sep-15 
28-Oct-15 
26-0cI-15 
25-Jun-16 
29-Sep-16 
29-Sep-16 
7-Nov-16 
7-Nov-16 

19-Jun'{)1 
2B-Aug'{)1 
3-May'{)2 

Flow 
gpm 

9.274 
2.756 
4.348 

a 
a 

6.856 

0.992 
a 

2.485 

13.4 
4.19 
2.26 
4.16 
0.046 

o 
5.17 
<.1 
o 

2.01 
o 
o 

1.19 
o 
o 

6.25 
1.76 
0.35 
2.05 
0.872 

o 
0.063 
< .1 

<.001 
0.005 

a 
< .005 

< .1 
0.000 

o 
0.000 

a 
<.001 
0.000 

a 
0.000 

a 

2.838 
1.832 
2.043 

Field Measurements 
T pH Condo D.O. Turn 

NTU ·C S.U. ~S/cm mQJ1 

10.7 7.43 497 
10.3 7.62 499 
9.1 7.57 470 

6.1 7.22 469 

8.8 7.21 485 

6 7.37 437 

6.3 7.67 824 
8.2 7.24 772 
7.8 7 765 
6.7 7.49 813 
12.1 7.72 898 

6.8 7.27 917 
9.1 7.47 805 
3.3 7.93 783 
10.8 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 7.52 796 
7.8 7.55 826 
10.2 7.55 877 
11.2 7.45 641 
2.2 7.6 1385 
7.8 7.62 865 
10.7 7.99 642 
5.7 8.35 783 
6.6 7.36 646 
11.4 7.59 647 
5.9 8.2 721 
12.1 7.47 782 

10.6 7.42 834 

5.6 
4.7 
4.5 

8.05 499 
7.73 379 
7.61 866 

0.08 

5.78 13.68 

5.7 0.15 

4.82 0.25 

NM 
NM 
NM 

0.62 
0.47 
0.00 

-
Major Ions 

CaL + MgL
• Na+--K·- HC0

3
- CO/- SO/-

mgll. mgll. mgll. mgll. mgll. mgIl. mgll. 

80 34 56 2.1 

79 34 54 2 

79 33 60 2 

451 
470 

450 
459 
520 

462 
460 

< 5. 
< 5. 

< 1. 
<5. 
< 1. 

< 5. 
< 1. 

35 
38 

37 

35 

36 

cr 
mgIl. 

44 
41 

35 

38 

37 

Baseline 
TDS TSS T -Fe T -Mn 
mgll. mgll. mgll. mgll. 

504 
463 

486 

457 

488 

< .1 

< .1 

< .02 < .01 

< .02 < .01 

0.02 < .01 

N02+ 
mgll. 

0.12 

0.09 

0.11 

Nutrients 
N03 N02 NH3 0-P04 T-P 
mgll. mgll. mgll. mgIl. mglL 

< .03 < .05 
< .2 

< .03 < .05 
< .2 

<,2 

< .03 < .05 



M-5P04 
M-5P04 
M-SP04 
M-SP04 
M-5P04 
M-5P04 
M-SP04 
M-SP04 
M-SP04 
M-SP04 
M-SP04 
M-5P04 

M-5P05 
M-5P05 
M-5P05 
M-5P05 
M-SP05 
M-SP05 
M-SP05 
M-5P05 
M-5P05 
M-SP05 

M-5P06 
M-SP06 
M-SP06 
M-5P06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-5P06 
M-5P06 
M-5P06 
M-5P06 
M-SP06 

M-SP07 
M-SP07 
M-SP07 
M-5P07 
M-5P07 
M-5P07 
M-5P07 
M-5P07 
M-5P07 
M-5P07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 

Date 
26-Sep-02 
t2-Nov-02 
20-May-03 
5-Aug-03 
6-0ct-03 

12-May-04 
26-Jun-15 
30-Sep-15 
1-Nov-15 
25-Jun-16 
28-Se~16 

31-0ct-16 

26-5ep-02 
20-May-03 
25-Sep-03 
12-May-04 
26-Jun-15 
30-Sep-15 
1-Nov-15 
25-Jun-16 
28-Se~16 

31-0ct-16 

19-Jun-01 
4-Oct-01 
3-May-02 
26-Se~2 

20-May-03 
25-Se~03 

12-May-04 
30-Jun-14 
18-Se~14 

31-Oct-14 
26-Jun-15 
29-Sep-15 
1-Nov-15 
25-Jun-16 
28-Sep-16 
31-Oct-16 

20-Jun-01 
29-Aug-01 
3-May-02 
26-Se~2 

26-Se~2 

12-Nov-02 
12-Nov-02 
20-May-03 
20-May-03 
5-Aug-03 
5-Aug-03 
7-Oct-03 
7-Oct-03 

10-May-04 

Flow 
gpm 
0.900 
1.230 
3.226 
0.849 
0.747 
2.921 
1.81 

0.251 
0.638 
n_987 

0.192 
0.617 

0.082 
0.216 
0.119 
0.264 
0.127 
0.085 
0.157 
0.096 
0.130 
0.137 

2.30 
1.86 
2.06 
1.549 
1.472 
1.665 
1.624 
1.47 
1.46 
1.33 
1.45 
1.34 
1.23 
1.34 
1.32 
1.39 

1.137 
0.249 
n.409 
0.211 

0.273 

0.601 

0.28 

0.283 

0.677 

Field Measurements 

T pH Condo 
'C S.U. ~S/cm 
5.3 7.41 844 
4.8 
4.2 
5.4 
5.4 
4.4 
4.9 
6.9 
5.6 
5.5 
6.9 
5.8 

7.7 
4.3 
7.3 
3,9 
7.8 
8.9 
6.6 
7.3 
7.9 
6.8 

9.30 
6.30 

7.56 885 
7.38 929 
7.40 408 
7.50 861 
7.59 512 
7.68 986 
7.89 872 
7.72 873 
7.75 924 
7.90 923 
7.77 898 

7.77 780 
7.60 910 
7.78 533 
7.92 524 
7.8 934 

7.91 
7.84 
7.86 
7.91 
7.92 

9 
8 

870 
888 
889 
895 
902 

4.90 9 

550 
474 
899 
895 
918 
514 
528 
916 
922 
934 
932 
868 
887 
886 
897 
906 

5.4 7.55 
4.6 7.62 
5.3 7.59 
4.7 7.78 
5.3 7.81 
5.9 7.76 
5.2 7.78 
5.5 7.82 
5,8 7.68 
5.5 7.77 
5.9 
5.9 
5.7 

7.8 
7.3 
4.6 
6.5 

3.9 

4.6 

6.7 

6.3 

4 

7.76 
7.78 
7.79 

7.37 491 
7.5 541 

8.37 530 
7.45 878 

7.46 799 

7.36 854 

7.32 442 

7.62 865 

7.38 500 

D.O. 
mgA 
6.21 
6.84 

Turb 
NTU 
0.91 
5.40 

7.69 0.00 
7.40 0.10 
7.30 1.02 
0.69 0.69 

19.00 
0.35 

17.70 
0.16 

7.5 
13.2 
0.88 
o 

1.24 
o 

0.05 

1.02 
2.25 
11.5 

5.21 1.8 

4.94 3.9 

6.17 6.25 

6.03 0.95 

7.02 0.56 

6.28 0.53 

Major Ions 
Ca" Mg" Na' K' HCO,- CO, ,- sol' cr 
mglL mglL mg/L mg/L mglL mglL mglL mg/L 

29.81 
29.06 
25.6 
26.1 
26.4 

65 

61 

60 
60 

63 

16.02 166.53 1.25 571.812 <5 
16.47 165.67 1.3 536.455 18.6 
17.69 165.88 1.28 571.812 <5 
16.59 176.66 1.26 551.085 <5 
16.31 172.56 1.44 582.785 <5 

43 

40 

40 
39 

41 

86 

80 

81 
81 

85 

1.9 

1.8 

1.7 
1.9 

2 

560 
540 
520 
530 
553 
530 

520 
530 
506 
516 

528 

<5. 
<5. 
<5. 
< 1. 
<5. 
< 1. 

< 1. 
< 1. 
<5. 
<5. 

<5. 

15 
15 
15 
15 
15 

27 
28 
29 
29 

30 

27 
28 

27 

15 
15 
15 
12 
15 

35 
32 
31 
30 

30 

26 
29 

27 

TDS 
mglL 

Baseline 

TSS T-Fe 
mglL mglL 

T-Mn 
mglL 

590 36 0.14 0.007 
550 152 0.48 0.044 
517 109 0.37 0.018 
590 36 0.14 0.007 
581 129 1.86 0.146 
566 83 1.1 0.047 

577 34 0.41 0.027 
561 115 0.38 0.078 
548 93 0,83 0.073 

572 117 2.4 0.161 
582 93 0.54 0.024 

559 
586 
557 
559 
542 

586 
568 

561 
498 
472 

509 

493 

480 
517 

531 

23 0.39 0.016 
16 <0.05 <0.002 
11 0.17 0.032 
9 <0.05 0.002 

25 0.1 0.008 

67 0.42 0.017 
12 0.15 0.007 

0.3 
2,2 

0.8 0.01 

0.19 < .01 

0.55 < .01 
0.36 < .01 

2.5 0.03 

N02+ 
mglL 

0.14 
1.43 
0.9 

0.14 

0.14 

0.33 

0.22 
0.21 

N03 
mg/L 

Nutrients 

N02 NH3 0-P04 
mglL mglL mgIL 

T-P 
mg/L 

0.16 <0.05 <0.1 
0.17 <0.05 
0.13 <0.05 <0.1 
0.17 <0.05 <0.1 
0.18 <0.05 <0.1 

<0.05 0.05 
<0.05 <0.05 
<0.05 0.07 
<0.05 <0.05 
<0.05 <0.05 

<~ <~ 

<.2 
<~ <~ 

<.2 
<~ <~ 

<.2 
<.2 

<~ <~ 

<~ <~ 

<.2 



M-SP07 
M-SP07 

M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SP08 

M-SP08 
M-SPOB 
M-SPOB 
M-SPOB 

M-SPOB 
M-SPOB 
M-SP08 
M-SP08 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 

M-SPOB 
M-sPOB 
M-SPOB 
M-SPOB 

M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SP08 
M-SPOB 
M-SPOB 
M-SPOB 

M-SP08 
M-SPOB 
M-SP08 

M-SP08 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SPOB 
M-SP08 
M-SPOB 
M-SPOB 
M-SPOB 

M-SP09 
M-SP09 

l 

Dale 
1 ()-May-04 

13-May-04 

2()-Jun-01 
29-Aug'{)1 
3-May'{)2 

26-Sep.{)2 
26-5ep.{)2 
12-Nov'{)2 
2()-May'{)3 

2()-May'{)3 

5-Aug'{)3 
5-Aug.{)3 
7-Oct'{)3 
7-Oct'{)3 

10-May'{)4 
1 ()-May'{)4 

13-May.{)4 
23-Jun.{)6 
28-Sep.{)6 

B-Nov-06 
25-Jun'{)7 
11-Sep.{)7 
B-Nov'{)7 
21-Jun'{)8 

24-Sep.{)8 
B-Nov.{)8 
22-Jun.{lg 

23-Sep.{)9 
1 ()-Nov'{)9 

2B-Jun-10 
1B-Jul-10 

23-Sep-10 

12-Nov-10 
27-Jun-11 
27-Sep-11 
29-0cl-11 
27-Jun-12 
25-Sep-12 
7-Nov-12 
2B-Jun-13 
25-Sep-13 
2B-Oct-13 
29-Jun-14 
1B-Sep-14 
31-Ocl-14 
25-Jun-15 
26-Sep-15 
1-Nov-15 

2B-Jun-16 
27-Sep-16 
26-0ct-16 

2()-Jun.{)1 

29-Aug'{)1 

Field Measurements 
Flow T pH Condo D.O. Tum 

NTU gpm ·C S.U. ~S/cm mgll 

1.03 
0.433 
0.775 
0.023 

o 
0.79 

0.096 

O.OB 

1.1B9 

0.6B 
0.51 
0.7B 
0.37 
0.071 
0.16 
0.46 

0.016 
o 

0.26 
0.011 
<.01 

0.12 
0.0084 

o 
o 

1.04 
0.49 
0.73 

0.13B 

0.021 
O,06B9 
0.017 
0.01 

0.014 
0.015 

o 
0.012 
0.01 
0.094 
0.064 
0.074 

0.035 
0.050 

o 

B.4 7.78 424 7.SB 
7.3 7.26 332 2.04 
6.3 B.27 600 3.5 
11.7 7.91 901 5.B 

3.9 7.27 1013 2.93 0.66 

10.1 7.25 541 2.66 21 

7.7 7.33 B96 2.54 2.0B 

4.B 

7.B 
7.3 
5.5 
B.6 

7.4 

7.B3 
7.78 
7.49 
7.52 

557 

931 
837 
B7B 
BB8 

13.2 7.93 864 

3.6 7.B2 709 
7.8 7.35 932 
12.6 B.03 912 

8.1 7.55 897 
13.2 7.94 963 
5.9 7.74 69B 
12.1 7.58 930 
27,6 7.1 951 

6.2 7.72 912 
7.9 7.71 930 
5.5 7.77 941 
10.1 7.99 954 

12.9 7.99 996 
5.4 7.93 934 

23.9 7.93 1037 

9.5 7.67 715 
13.4 7.9B 953 
20.B 8.34 1061 

2.6 7.92 504 
36 B.38 1125 

15.2 B.05 9B2 
7.B 7.64 9BB 
20.4 7.8 1140 

17.5 B.3B 972 
B.O 7.91 980 

7.9 7.53 464 

5.42 

1.43 

-
Major Ions 

Ca"O~Na - K
O 

HCOi CO," s07' 

mgll mglL mgll mglL mglL mglL mglL 
64 42 B7 1.B 530 < 1. 37 

6B 

69 
65 

67 

67 

38 

38 
36 

37 

37 

66 

110 
87 

90 

120 

2.7 

1.9 

2.3 

2.1 

2.5 

340 
564 
517 
520 

560 
SSO 
521 
526 

564 
570 

< 5. 
< 5. 
<5. 
< 1. 

< 1. 
< 1. 
<5. 
<5. 

<5. 
< 1. 

2B 
33 
23 
24 

34 

2B 

24 

44 

cr 
mglL 

30 

53 
52 
43 
43 

46 
40 

37 

60 

TOS 

mglL 

569 
545 
494 

590 

S01 
23B 

651 

Baseline 
TSS T-Fe 

mglL mglL 
<.02 

0.1 
O.B 

T-Mn 
mglL 
< .01 

0.02 < .01 

0.03 < .01 

1.4 0.05 

0.94 0.03 

0.23 0.01 

N02+ 
mglL 

0.14 

0.14 

0.13 

0.18 
0.07 

0.11 

N03 
mglL 

Nutrients 
N02 NH3 0-P04 
mg/L mg/L mglL 

< .2 

< .03 < .05 

< .03 < .05 

< .2 

< .03 < .05 
< .2 
<.2 

< .03 < .05 
< .03 < .05 

<.2 

< .2 
< .03 < .05 

T-P 

mg/L 



M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 

M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 
M-SPIO 

M-SP11 
M-SPII 
M-SPII 
M-SPII 
M-SP11 
M-SP11 
M-SPll 
M-SPll 
M-SPll 
M-SPll 
M-SPll 
M-SPll 
M-SPII 

M-SPI2 
M-SPI2 
M-SPI2 
M-SPI2 
M-SPI2 
M-SPI2 
M-SPI2 
M-SPI2 
M-SPI2 
M-SPI2 

Date 
3-May-02 

26-Sep-02 
20-May-03 
7-Oct-03 

10-May-04 
27-Sep-11 
2S-0cl-11 
25-Jun-15 
26-Sep-15 
I-Nov-15 
26-Jun-16 
27-Sep-16 
26-0cl-16 

20-Jun-01 
28-Aug-01 
I-May-02 

25-Sep-02 
25-Sep-02 
13-Nov-02 
13-Nov-02 
20-May-03 
20-May-03 
5-Aug-03 
5-Aug-03 
7-0cl-03 
7-0ct-03 

100May-04 
100May-04 
13-May-04 

21-Jun-01 
4-Oct-Ol 
2-May-02 
26-Sep-02 
22-May-03 
25-Sep-03 
4-Jun-04 

26-Jun-15 
30-Sep-15 
l-Nov-15 
25-Jun-16 
28-Sep-16 
31-0ct-16 

19-Jun-01 
4-0ct-Ol 
3-May-02 
26-Sep-02 
21-May-03 
27-Sep-03 
3-Jun-04 

26-Jun-15 
30-Sep-15 
5-Nov-15 

Flow 
gpm 
0.254 

o 
o 
o 
o 

1.430 
1.820 

o 
o 
o 

0_000 
0.000 
0.000 

0.532 
0.489 
0.42 
0.238 

0.244 

0.243 

0.224 

0.275 

0.271 

0.408 
0,000 
0.548 
0.000 
6.275 
0.000 
5.984 
0.932 
Damp 
0.000 

<I 
0.000 
0.000 

0.746 
0.749 
0.472 
0.422 

Immea •. 
0.263 
0.937 
0.873 
0.769 
0.847 

Field Measurements 
T pH Condo D.O. Turb 

·C S.U. ~S/cm mgn NTU 
3.6 8.55 429 141 

5.4 7.77 794 

14.5 7.75 610 
7.8 
8.5 
7.7 

3.8 

5.8 

9.9 

6.7 

6.1 

7.75 526 
7.S9 490 
7.84 833 

7.55 814 

7.56 509 

7.7 500 

7.67 846 

7.52 538 

12.8 7.50 488 

4.4 7.72 

7.6 7.83 

6.0 8.02 
9.3 7.78 

433 

754 

396 

866 

13.0 7.69 1,060 

22.0 8.44 495 
5.4 7.55 399 
2.8 8.07 785 
5.5 7.71 714 
3.9 7.62 779 
5.5 7.56 443 
4.4 7.71 430 
5.5 
6.5 
5.3 

7.94 
7.96 
7.75 

837 
784 
798 

0.16 

4.56 

5.98 

4.16 1.71 

5.6 

5.55 

4.02 0.82 

Major Ions 
Ca"+ Mg"+ Na+ ~ HCO; C03'- SO:- cr 
mglL mglL mglL mg/L mglL mglL mglL mglL 

49 

47 

49 
46 

49 

51 

40 

38 

40 
38 

39 

41 

84 

80 

92 
84 

86 

98 

2.5 

2.4 

2.5 
2.3 

2.5 

2.4 

428 
429 
403 
420 
512 
420 

440 
430 
409 
415 

468 
460 

<5. 
<5, 
<5, 
< I . 
<5. 
< I . 

< I . 
4 

< 5. 
<5. 

<5. 
<2. 

29 
29 
25 
27 

27 

28 
27 

24 

30 

85 
75 
68 
70 

73 

66 
67 

62 

5S 

Baseline 
TDS TSS T -Fe T -Mn 
mglL mglL mg/L mglL 

531 
469 
456 

448 

510 

420 
484 

473 

534 

500 
484 
506 

< .1 
< _I 

< .02 < .01 

< .02 < .01 

< .02 < .01 
< .02 < .01 

<.02 < .01 

0.11 0.02 

46 0.27 0.063 

13 <0.05 0.003 
44 0.09 0.006 
26 0.16 0.006 

J 

Nutrients 
N02+ N03 N02 NH3 0-P04 T-P 
mglL mg/L mg/L mglL mg/L mgiL 

O.IS 

0.22 

0.17 

0.16 
0.21 

0.18 

< .03 < .05 
< _2 

< .03 < ,05 
<.2 

< .03 < .05 
< .2 
< .2 

< .03 < .05 
< _03 < .05 

.< .2 

< 2 
< .03 < .05 



M-SP12 
M-SP12 
M-5P12 

M-5P14 
M-5P14 
M-5P14 
M-SP14 
M-SP14 
M-SP14 
M-SP14 
M-SP14 

M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-5P15 
M-SP15 
M-5P15 

M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-5P18 
M-5P18 
M-5P18 
M-SP18 
M-5P18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-5P18 
M-SP18 
M-5P18 
M-5P18 
M-5P18 
M-5P18 
M-5P18 
M-5P18 
M-5P18 
M-5P18 
M-SP18 
M-SP18 

'-

Date 
25-Jun-16 
29-Sep-16 
31-{)ct-16 

21-Jun-01 
29-Aug-01 
20-May-02 
26-5ep-02 
20-May-03 
4-Aug-03 
9-Oct-03 
6-Jun-04 

11-Jul-01 
3-Oct-01 
2-May-02 

27-Sep-02 
21-May-03 
8-Oct-03 
5-Jun-04 

27-Jun-15 
29-Sep-15 
7-Nov-15 
23-Jun-16 
26-Sep-16 
6-Nov-16 

22-Jun-01 
28-Aug-01 
1-May-02 

25-Sep-02 
12-Nov-02 
20-May-03 
20-May-03 
6-Aug-03 
8-Aug-03 
8-0ct-03 
8-0ct-03 

11-May-04 
11-May-04 
28-May-06 
28-Sep-06 
8-Nov-06 
28-Jun-07 
11-Sep-07 
8-Nov-07 
21-Jun-08 
24-sep-08 
8-Nov-08 
27-Jun-09 
23-sep-09 
10-Nov-09 
28-Jun-10 
23-Sep-10 
12-Nov-10 

Flow 
gpm 

0.781 
0.785 
0.817 

11.229 
0.865 
1.95 
Dry 
37.2 
Dry 
Dry 
61.4 

4.822 
1.733 
0.548 

0.433 

0.268 
0.059 

o 
o 

<0.1 
0.000 
0.000 

0.34 
0.212 
0.33 
o 
o 

0.147 

0.344 
0.47 

0.463 

0.65 
0.45 
0.47 
0.25 
0.21 
0.29 
0.2 

0.06 
0.252 
0.082 
0.229 
0.244 
0.227 
0.118 
0.257 

Field Measurements 
T pH Cond. 

·C S.U. uS/em 

5.3 7.84 804 
6.1 
5.8 

4.8 
6.9 
4 

3.9 

4.4 

7.82 
7.80 

808 
814 

7.35 295 
7.35 
7.47 

7.42 

7.58 

340 
542 

304 

309 

13.5 8.26 621 
6.4 8.34 433 
5.4 7.70 448 

NOF 
14.9 7.65 509 

NOF 
15.5 8.14 930 
12.9 7.42 1073 

9.9 7.37 986 

D.O. 
mg/l 

Turb 
NTU 

69.90 
3.68 
0.00 

14.07 

2.52 

6.6 
8.3 
6.8 

6.96 728 0.36 

5.5 

10 
6.9 

4.2 

4.2 
6 

4.5 
6 

8.3 
4.1 
5.2 
6.9 
4.3 
6.3 
7.8 
4.5 
6.9 
7.6 
2.2 

7.58 726 0 .. 32 
7.23 1274 0.46 

7.35 748 4.65 9.6 

7.34 748 4.74 1.3 
7.26 1276 5.16 0.38 

7.47 728 5.01 2 .62 

7.66 1214 
7.46 1174 
7.45 1165 
7.49 1198 
7.75 1435 
7.66 1428 
7.24 1245 
7.29 1227 
7.41 1226 
7.11 1283 
7.25 1264 
7.38 1259 
7.17 1347 
7.18 1394 
7.27 1359 

'--/ 

Major Ions 
Ca"' Mg'· Na' K- HCO; CO,"' S04" 
mg/L mglL mg/L mg/L mg/L mg/L mglL 

79 25 17 0.7 

77 24 15 0.8 

130 45 96 5.2 

120 41 88 5.1 

120 42 90 5.2 

130 44 96 5.2 

526 
392 

390 

360 

431 
346 

350 
344 
350 
350 

329 
350 

<5 
<5 

<1 

<5 

<5. 
<5. 

< 1. 
<5. 
< 1. 
< 5. 

<5. 
< 1. 

6 
6 

6.1 

7.6 

261 
316 

260 

300 

300 

330 

cr 
mglL 

3 
3 

2.1 

3.3 

833 
70 

73 

78 

72 

81 

TOS 

mglL 

459 
496 

358 
300 

349 

338 

528 

575 

865 
868 

879 

830 

876 

883 

Baseline 
TSS T-Fe 
mg/L mg/L 

T-Mn 
mg/L 

6 0.28 0.009 
<.002 7 0.08 

31 

<0.1 
<0.1 

<0.02 <0.01 

<0.02 <0.01 

0.29 0.046 

15 0.22 0.052 

0.2 
0.7 

37 0.24 

0.07 < .01 

0.57 0.01 

1.2 < .01 

N02+ 
mglL 

0.08 

0.07 

0.07 

0.08 

N03 
mg/L 

Nutrients 
N02 NH3 0-P04 
mg/L mg/L mg/L 

< .03 < .05 
<.2 

< .03 < .05 
<.2 

< .03 < .05 
<.2 

< .03 < .05 
<.2 

T-P 
mg/L 



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-5P18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 

M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-5P19 
M-SP19 
M-5P19 
M-SP19 
M-SP19 
M-5P19 

M-5P20 
M-5P20 
M-5P20 
M-5P20 
M-SP20 
M-SP20 
M-5P20 
M-5P20 
M-5P20 
M-5P20 
M-5P20 
M-5P20 
M-SP20 

M-5P38 
M-5P38 
M-5P38 
M-5P38 
M-5P38 
M-SP38 
M-5P38 
M-SP38 

'-

Date 
27-Jun-11 
2~e(>-11 

29-0ct-11 
27-Jun-12 
6-Se(>-12 
7-Nov-12 
30-Jun-13 
25-Se(>-13 
26-Oct-13 
29-Jun-14 
29-Aug-14 
5-Nov-14 
26-Jun-15 
28-Se(>-15 
26-Oct-15 
23-Jun-16 
28-Se(>-16 
7-Nov-16 

11-Jul'{)1 
3-Oct-01 
2-May'{)2 
27-Sep.{)2 
21-May.{)3 
8-Oct'{)3 
5-Jun-04 

27-Jun-15 
29-Se(>-15 
7-Nov-15 
23-Jun-16 
26-Se(>-16 
6-Nov-16 

11-Jut'{)1 
3-Oct'{)1 
2-May'{)2 
28-Sep'{)2 
22-May'{)3 
8-Oct'{)3 
5-Jun-04 

25-Jun-15 
~e(>-15 

1-Nov-15 
26-Jun-16 
27-Se(>-16 
26-0ct-16 

20-Jut'{)1 
29-Aug'{)1 
26-May'{)2 
26-Sep.{)2 
13-Nov.{)2 
20-May'{)3 
4-Aug'{)3 
7-Oct'{)3 

FIeld Measureillents 
Flow T pH Condo D.O. 
gpm ·C S.U. ~S/cm mgn 
0.77 9.1 7.52 1228 

0.431 7.8 7.44 1289 
0.456 3.4 7.79 1324 
0.36 16.5 7.49 1317 
0.149 14.2 7.51 1528 
0.128 2.2 7.6 1385 
0.115 8.3 7.31 1385 
0.145 8.2 7.35 1389 
0.128 6.6 7.39 1302 
< .05 

o 
0.299 
0.225 
0.078 
0.151 
0.131 
0.186 
0.229 

2.260 
1.976 
3.031 
2.114 
2.666 
2.555 
3.128 
2.56 
1.73 
1.95 
2.53 
1.74 
2.05 

3.507 
0.909 
0.814 
0,706 
1.041 
0.781 
A.621 
5.24 
1.04 
1.21 

1.90 
0.980 
0.980 

5.71 
5.538 
2.832 
4.956 
4.999 
5.111 
5.24 
5.784 

7.4 7.51 1356 
8.1 7.33 1384 
3.6 7.53 1380 
8.9 7.49 1352 
8.9 7.72 1298 
5.6 7.76 1323 
10.1 7.54 1314 
7.7 7.52 1336 
5.1 7.67 1.333 

10.4 8.24 508 
6.1 7.83 443 
5.1 8.28 456 
5.8 7.94 457 
5.2 7.86 449 
6.1 8.21 480 
6.5 8.23 851 
5.7 7.97 873 
6.3 8.04 824 
6 7.98 829 

6.0 
6.4 
6.3 

8.00 
8.00 
8.07 

635 
845 
840 

14.2 7.84 486 
12.1 7.85 435 
10.5 7.97 432 
7.4 7.79 435 
7.6 7.59 420 
11.0 8.31 494 
10.8 7.92 814 
8.3 7.78 824 
7.5 7.38 769 
6.8 7.69 763 
6.6 7.41 775 
7.0 7.56 781 
7.8 7.79 770 

8.4 
8.5 
7.8 
8.7 
8.4 
7.7 
8.5 
8.8 

7.99 
7.39 
7.70 
7.59 
7.64 
7.65 
7.47 
7.7 

302 
303 
321 
301 
276 
179 
267 
312 

Turb 
NTU 

5.90 
0.17 
0.46 
0.35 
12.30 
0.68 
1.34 

3.52 
5.20 
0.00 

20.00 
19.05 
18.60 
0.35 

--
MaJor Ions 

Ca"" Mg" Na' K' HCo,' CO," sot CI' 
mglL mglL mglL mgIL mglL mg/L mglL mgIL 

easeline 
TDS TSS T -Fe T-Mn 
mglL mg/L mglL mg/L 

522 
523 
519 

533 
509 

468 
505 
453 

484 
440 

40 0.38 0.044 
12 0.27 0.004 
16 0.11 0004 

25 0.49 0.009 
<5 <.05 <.002 

13 0.15 0.016 
87 0.37 0.049 
23 0.85 0042 

13 0.11 0.004 
7 0.13 0.013 

Nutrients 
N02t N03 N02 NH3 0·P04 T-P 
mglL mglL m£!1L mgIL mglL mg/L 



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 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 

l. 

Date 
B-Jun-{)4 

30-Aug-Ol 
3--May-{)2 

2~ep-{)2 

25-Sep-{)2 
13--Nov-{)2 
13--Nov-{)2 
20-May-{)3 
20-May-{)3 
B-Aug-03 
9-Aug-03 
7-0ct-{)3 
7-0ct-03 

12-May-04 
12-May-{)4 
30-Aug-{)1 

3-May-02 
25-Sep-{)2 

13--Nov-02 
20-May-{)3 
9-Aug-{)3 
7-0ct-{)3 

12-May-{)4 

23--Jun-OO 
28-Sep-{)6 
8-Nov-{)6 

26-Jun-07 
II-Sep-07 
B-Nov-{)7 

13--Jun-08 
24-Sep-08 
B-Nov-{)8 

27-Jun-09 
23-Sep-09 
IO-Nov-{)9 
2B-Jun-l0 
23--Sep-l0 

12-Nov-l0 
27-Jun-ll 
26-Sep-ll 
29-0ct-ll 
27-Jun-12 
B-Sep-12 
7-Nov-12 
28-Jun-13 
25-Sep-13 
2B-Oct-13 
29-Jun-14 
29-Aug-14 
31-Oct-14 
26-Jun--15 
28-Sep-15 
28-0ct-15 
25-Jun-16 

Flow 
gpm 
5,808 

1.068 
4.663 
0_441 

0.566 

2,374 

0.509 
0_268 

~.44:; 

1.068 
4_663 
0_441 
0_566 
2_374 
0.509 
0_268 
0_446 
1_84 
0_66 
0_84 

0.72 
0_94 
1_38 
2_04 
0_89 

1.2 
2_04 
1_11 
1_9 

0.24 
0_753 

1_12 

2.71 
0_962 
1_38 
1_03 

0_221 
1_29 
1_44 
1_06 
1_17 
J_6~ 

0_987 
0_769 
1_27 

0.581 
0_67 
0_87 

Field Measurements 
T pH Cond_ 0 _0 . Turb 

·C S_U_ ~S/cm mgn NTU 
7_9 7_7 313 

7,1 7_16 590 
5.3 7048 603 3_25 

6.5 7.56 1011 5.63 

5.8 7.36 966 5_04 0.15 

5.7 7.43 573 7.39 9.24 

6.4 7.4 585 5.78 0_11 
6.2 7_39 1035 4.5 0.13 

5.7 7.54 604 4_66 0.24 

7.1 7_16 590 

5.3 7048 603 
6_5 7_56 1011 5.63 
5_8 7.36 986 5.04 
5.7 7.43 573 7.39 
6.4 7040 585 5.78 
6_2 7_39 1035 4.50 
5.7 7.54 604 4.86 
SA 7.59 982 
6_2 7.87 931 
5_9 7.84 960 
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 7.39 1058 
6_2 7_51 858 
11.2 7_29 1054 

5.8 7.65 1029 
4_6 7_29 994 

4.1 7_67 981 
4_8 7_53 782 
6_2 7_72 1007 
9_2 7_63 1024 

5.2 7.55 1013 
6.2 7.77 1007 
6_1 7_84 997 

6.8 7.53 984 
6_5 7_51 942 
6_3 7_51 982 
6_5 7_5 1002 

6.2 7.52 1021 
6_2 7_59 1026 
6_9 7_65 947 
6_7 7_58 984 
6_6 7_44 960 

Major Ions 
Ca··- Mg"' N"o - K' HCOi CO,'- sol- cr 
mg/L mgiL mglL mg/L mg/L mgIL mglL mglL 

78 49 88 2.2 

73 48 82 2.1 

79 50 88 2.1 

74 46 83 2 

78 48 87 2_2 

80 50 89 2.1 

552 
520 
504 
520 
403 
510 

510 
503 
550 
519 

488 
530 

<5. 
<5. 
<5, 
< 1. 
<5, 

< 1. 

< 1. 
<5. 
< 1, 
<5. 

<5. 
< 1. 

67 
70 
68 
68 

67 

68 

75 

65 

76 

63 
61 
60 
60 

61 

57 

62 

56 

64 

Baseline 
TDS TSS T-Fe T-Mn 
mg/L mg/L mglL mg/L 

604 
554 
563 

553 

609 

596 

595 

1214 

0_1 
0_2 

0_02 < _01 

0_02 < _01 

< _02 < _01 

< .02 < ,01 

0_09 0.01 

< _02 < _01 

Nutrients 
N02+ N03 N02 NH3 0-P04 T-P 
mg/L mg/L mglL mg/L mglL mg/L 

0_1 < _03 < _05 

< .2 
0_04 < _03 < .05 

< _2 
0_05 < _03 < .05 

<_2 

< .03 < .03 < .05 
< _2 

0,03 < ,03 < _05 
< ,2 

0_04 < .03 < .05 
< .2 



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-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-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 

'--

Date 
29-Sep-16 
7-Nov-16 

26-Sep'{)1 
2-May'{)2 
2S-Sep'{)2 
22-May'{)3 
9-Oct'{)3 
6-Jun.{)4 

2S-Jun-15 
26-Sep-15 
1-Nov-15 
26-Jun-16 
27-Sep-16 
26-0ct-16 

26-Sep'{)1 
2-May'{)2 
28-Sep-02 
22-May-03 
9-Oct'{)3 
6-Jun.{)4 
2S-Jun-15 
26-Sep-15 
1-Nov-15 
26-Jun-16 
27-Sep-16 
26-Oct-16 

3-Oct'{)1 
2-May'{)2 
2S-Sep-02 
22-May'{)3 
24-Sep-03 
S-Jun'{)4 

29-Jun-14 
1S-Sep-14 
31-0ct-14 
2S-Jun-15 
26-Sep-15 
1-Nov-15 
26-Jun-16 
27-Sep-16 
26-0ct-16 

4-Oct'{)1 
3-May'{)2 
25-Sep'{)2 
21-May'{)3 
27-Sep'{)3 
3-Jun-04 

26-Jun-15 
30-Sep-15 
6-Nov-15 
2S-Jun-16 

Flow 

gllm 
0.434 

0.434 

0.657 
0.455 
0.336 

0.314 
0.180 
0.447 
0.102 
0.082 
0.093 
0.107 
0.068 
0.087 

0.422 
2.253 
0.427 
0.472 
0402 
~.50:; 

0.974 
0.313 
0.321 

0.210 
0.193 
0.245 

0.561 
2.018 
0.196 
13.029 
0.197 
4.900 
3.18 

0.588 
0.595 
4.21 
0.493 
0.45 
3.74 

0.530 
0.495 

2.230 
1.837 
1.713 

1.824 
1.541 
0.673 
1.26 
1.21 
1.21 
1.28 

Field Measurements 
T pH Condo 

·C S.U. ~S/cm 

7.2 7.49 969 
6.6 

7.9 
7.5 
8.4 

6.9 
8.3 
7.7 
7.4 
9.5 
8 

8.0 
9.1 

8.4 

7.65 970 

7,64 497 
7,92 865 
7.72 483 

7.77 538 
7.76 900 
8.10 645 
7.82 959 
7.77 905 
7.78 925 
7.74 
7.85 
7.93 

930 
956 
943 

5.3 7.85 285 
10.2 8.53 616 
5.1 7.97 323 
3.9 7.99 429 
4.9 7.67 799 
6.0 8.14 452 
9.7 7.52 897 
5.9 7.94 765 
5 7.87 789 

4.7 
5.4 
5.2 

9.2 
4.8 
10.3 

6.1 
12.1 
5.4 
5.9 
8.7 
8.2 
6 

9.2 
8.3 

6.3 
8.9 
8.6 

5.9 
3.5 
6.0 
3.7 
5.9 
5.0 
5.1 
6.5 
5.9 
5.4 

7.80 
7.97 
7.98 

7.52 
7.66 
7.66 
7.65 
7.93 
7.65 
7.64 
7.78 
7.58 
7.67 
7.54 
7.59 
7.52 
7.55 
7.65 

786 
795 
796 

314 
269 
376 
276 
721 
542 
554 
610 
611 
570 
581 
594 

547 
593 
597 

7.32 508 
7.85 969 
7.58 977 

7.30 977 
7.30 645 
7.42 369 
7.47 996 
7.47 923 
7.38 933 
7.53 931 

D.O. 
mgll 

Turt> 
NTU 

30.40 
11 .60 
0.70 

15.03 
19.00 
0.68 

1.25 
28.90 
4.50 
24.03 
0.86 
0.48 

5.39 
0.00 

110.00 

11.91 
15.30 
0.00 

0.60 
0.00 
0.00 
1,67 
0,29 
1.08 

-...-

Maj or Ions 
car Mg<' Na. K' ---.:tCo,;·- Co,"------sQ? 
mg/L mglL mg/L mg/L mg/L mglL mg/L 

66.00 
64.82 
63.52 
68.47 
63.37 
65.95 
68.47 

33.00 
23.48 
24.9 
32.10 
26.32 
25.55 
32.1 

15.00 0.48 345,038 
27.48 0.58 360.888 
26.29 0.69 370,641 
9.94 0.57 362.107 
30.97 <0.14 362.107 
35.83 0.64 375.518 
9.94 0.57 362 

<5 
<5 
<5 
<5 
<5 
<5 
<5 

19 
25 
26 
14 
18 
26 
14 

cr 
mglL 

2 
2 

1 

2 

Baseline 
TDS TSS T -Fe T -Mn 
mWl mglL mglL mglL 

584 283 3.43 0.228 
598 337 1.13 0.253 
554 218 0.87 0.076 

606 106 0.37 0.017 
669 32 0.37 0.018 

952 28 0.18 0.031 
521 435 1.1 0.111 
479 60 0.68 0.Q16 

503 107 1.62 0.068 
490 37 0.47 0.015 

313 
340 
358 
348 
367 
365 
348 
372 
330 

594 
580 
586 

26 
27 
37 

14 
37 
35 
41 

<0.05 <0.002 
0.22 0.010 
0.12 0.010 
0.34 0.046 
0.12 0,006 
0.13 0.005 
0.34 0.046 
0.25 0.019 
0.61 0.022 

<5 <0.05 <0.002 
34 0.34 0005 
25 0.3 0.006 

N02+ 
mgl.L 

0.34 

<0.05 
0.14 
0.29 
0.86 
0.14 

Nutrients 
N03 
mQ/L 

N02 NH3 0-P04 
mg/L rog/L rogIL 

T-P 
mglL 

<0.1 
0.24 <0.05 <0.1 
0.06 <0.05 0.1 
0.16 <0.05 <0.1 
0.06 <0.05 0.3 
0.12 <0.05 0.9 
0.16 <0.05 <0.1 

<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
0.06 <0.05 
<0.05 



'-' 

Field Measurements Ma!o, Ions Baseline Nutrients 
Flow T pH Condo D.O. Turb Ca' Mg" NO' K' HCOi col' SO/ cr TDS TSS T-Fe T-Mn N02+ N03 N02 NH3 O·P04 T·P 

Date gpm ·C S.U. ~S/cm mg/l NTU mg/l mg/L mglL mg/l mg/IL m~ mg/IL mg/IL mg/IL mg/l m~ mgIIL mgIIL mgIIL mg/IL mg/IL mg/IL mg/IL 
M-8P45 2S-Sep-16 1.29 6.5 7.36 952 532 13 1.45 0.021 
M·SP45 31-Oct·16 1.03 6.1 7.46 940 597 55 0.26 0.004 

M-8P53 24-0ct-<J1 
M-8P53 24-0ct-<J1 0.092 2.9 7.82 368 
M-8P53 2·May-<J2 0.109 4.5 7.81 15 0.17 
M-8P53 27-8ep-<J2 0.090 7.2 7.61 402 
M-8P53 21·May-<J3 0.101 6.7 7.66 381 075 
M·SP53 27·Sep.03 0.48 8.5 7.66 694 0.84 
M·SP53 6-Jun-<l4 0.087 6.9 7.77 417 
M·SP53 23-Jun·06 0.11 10.4 7.79 696 
M-8P53 26-Sep-06 0.104 6.5 7.93 639 
M-8P53 4-Nov-<J6 0.11 3.8 7.49 648 
M-8P53 25-Jun-<J7 0.079 10.2 7.95 697 
M-8P53 24,Sep-<J7 0.087 5 7.58 580 
M-8P53 29-0ct-<J7 0.084 5.9 7.51 592 
M·SP53 21·Jun-<J8 0.072 9.2 7.52 692 
M-8P53 24-8ep-<J8 0.27 8.7 7.63 687 
M-8P53 6-Nov-<J8 0.081 3.2 7.75 644 
M-8P53 1S-Jun-<J9 0.062 8.6 7.55 663 
M-8P53 23-Sep-<J9 0.065 8.6 7.67 666 
M-8P53 1O-Nov-<J9 0.064 5.5 7.46 682 
M-8P53 26-Jun-10 0.057 9.8 7.51 734 
M-8P53 16-Jul·10 0.058 14.3 7.75 698 
M·SP53 23·Sep-10 0.059 9.1 7.69 713 
M·SP53 12·Nov·10 0.058 3.1 7.52 682 
M·SP53 27·Jun·11 0.124 6.2 7.87 663 
M-8P53 26-Sep-11 0.117 12.9 7.63 728 
M-8P53 29-0ct·11 ~.12S 6.4 7.78 703 
M-8P53 27·Jun-12 0.11 8.3 7.65 730 
M-8P53 25-Sep-12 0.116 6 7.69 723 
M·SP53 7·Nov·12 0.113 6.3 7.79 713 
M-8P53 28-Jun-13 0.091 9.5 7.79 728 
M-8P53 25-Sep-13 0.076 9.5 7.67 715 
M-8P53 26-0ct·13 0.08 8.6 7.66 684 
M-8P53 21·Jun·14 0.07 11.6 7.75 701 
M-8P53 18·Sep-14 0.063 13.8 7.75 714 
M-8P53 31-Oct·14 0.063 9.5 7.67 722 
M-8P53 25-Jun-15 0.055 14.3 7.9 722 
M-8P53 26-Sep-15 0.056 14.5 7.76 684 
M-8P53 1·Nov·15 0.06 9.6 7.67 686 
M-8P53 26-Jun·16 0.053 19.2 7.68 711 
M-8P53 27·Sep·16 0.054 14.3 7.59 708 
M·SP53 26-0ct·16 0.054 7.6 7.76 699 

M-8P59 24-Oct-<J1 0.372 3.4 7.58 446 1.13 
M-8P59 2·May-<J2 a 
M-8P59 27·Sep-<J2 0.117 6.4 7.6 451 1.1 
M-8P59 21·May-<J3 0.216 8.5 8.04 478 1.53 
M-8P59 27-8ep-<J3 0.69 7.1 7.92 859 13.9 
M-8P59 6-Jun-<J4 0.173 7.4 8.08 509 0.67 
M-8P59 27.Jun·15 0.014 13.7 7.87 836 

M-8PSO 2·May-<J2 0.888 5.7 7.64 403 5.70 
M-8PSO 27·Sep-<J2 0.728 8.0 7.52 512 0.10 



M-5P60 
M-5PSO 
M-5P60 
M-SPSO 
M-SPSO 
M-SP60 
M-5PSO 
M-SP60 
M-SPSO 
M-5PSO 
M-SP60 
M-5PSO 

M-5P82 
M-SP82 
M-5P82 
M-SP82 
M-5P82 

M-SP87 
M-5P87 
M-5P87 
M-5P87 
M-SP87 
M-5P87 
M-5P87 
M-SP87 
M-5P87 
M-SP87 
M-5P87 
M-SP87 
M-5P87 
M-SP87 
M-5P87 

M-5Pl00 
M-5Pl00 
M-SP100 
M-SP100 
M-5Pl00 
M-SPloo 
M-SP100 
M-5Ploo 
M-SP100 
M-5Ploo 

M-SP103 
M-5Pl03 
M-5Pl03 
M-SP103 
M-SP103 
M-SP103 
M-SP103 
M-5Pl03 
M-SP103 

'-

Date 
21-May-03 
S-Oct-03 
4-Jun-04 
3O-Jun-14 
23-5ep-14 
6-Nov-14 
27-Jun-15 
29-Sep-15 
7-Nov-15 
23-Jun-16 
26-Sep-16 
6-Nov-16 

25-May-02 
7-Oct-02 
3-Jun-03 

23-Sep-03 
4-Jun-04 

26-May-02 
2!>-Sep-02 
22-May-03 
7-Oct-03 

13-May-04 
2()'Nov-09 
30-Jun-14 
1S-Sep-14 
$.Nov-14 
26-Jun-15 
2!>-Sep-15 
28-0ct-15 
23-Jun-16 
2S-Sep-16 
7-Nov-16 

27-Sep-02 
21-May-03 
8-Oct-03 
5-Jun-04 

27-Jun-15 
29-Sep-15 
7-Nov-15 
23-Jun-16 
26-Sep-16 
6-Nov-16 

21-May-03 
8-Oct-03 
5-Jun-04 

27-Jun-15 
2!>-Sep-15 
7-Nov-15 
23-Jun-16 
26-5ep-16 
6-Nov-16 

Field Measurements 
Flow T pH Condo D.O. 
gpm ·C S.U. ~Slcm mgJI 
0.761 6 .S 7:63 491 
0.600 
0.676 
0.72 
0.57 
0.56 

0.545 
0.348 
0.39 

0.424 
0.330 
0.299 

2.383 
1.303 
5.384 
1.259 
3.601 

2.193 
2.313 
3.079 
2.52 
2.907 
1.65 
1.14 
0.92 
1.15 
1.08 
0.8 

0.58 
0.980 
0.962 
1.05 

0.774 
0.840 
0.794 
1.076 
0.802 
0.777 
0.754 
0.826 
0.838 
0.872 

1.193 
0.939 
1.506 
1.16 

0.878 
0.963 
1.30 

0.591 
1.13 

7.8 
9.6 
11 .5 
8.4 
6.9 
6.9 
8.5 
6.7 
7.4 
8.3 
7.3 

6.8 
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 
6.6 
7.6 
5.1 
6.6 
7.7 
5.0 

7.63 428 
7.79 943 
7.68 
7.67 
7.61 
7.61 
7.8 
7.47 
7.72 
7.51 
7.83 

931 
935 
932 
960 
876 
893 
889 
909 
896 

7.65 687 
8.01 370 
7.70 629 
7.98 471 
7.87 491 

8.32 681 
8.13 627 
7.86 699 
8.14 770 
8.39 1.277 
7.10 1.203 
7.78 1.282 
7.84 1.259 
7.85 1.301 
7.78 1.311 
7.77 1.224 
7.78 1.262 
7.75 1.254 
7.52 1.336 
7.73 1.254 

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 

10.3 8.28 377 
16.5 8.27 416 
9.2 7.67 706 
9.4 7.59 703 
10.9 7.55 669 
8.6 7.58 675 
9.8 7.85 682 
10.7 777 690 
9.6 7.79 680 

6.6 

TurD 
NilJ 
14.25 
0.81 
0.76 

0.00 
0.00 
16.95 
1.47 
0.00 

0.25 
0.05 
16.17 
5.020 
0.59 

0.20 
38.78 
0.83 
0.51 

35.67 
1.23 
0.12 

'--

Major Ions 
Ca" - Mg'" Na~ K' HCO; Co," SO," cr 
mglL mglL mgIL mglL mglL mglL mglL mglL 

54.00 
57.42 
61.05 
52.96 
53.87 
54.05 

40.00 
43.29 
41 .92 
43.64 
41.74 
39.98 

89.00 
94.13 
95.59 
92.22 
98.2 
93.24 

2.00 535.235 
1.69 510.851 
1.74 513.289 
1.76 507.193 
1.81 518.166 
1.68 530.358 

101.00 53.00 109.00 4.00 441.356 
100.27 53.33 108.57 3.93 440.137 
45.60 23.28 8.90 0.63 242.624 
92.73 55.40 105.15 3.93 451.109 
98.84 54.52 114.31 4.06 440.137 
103.16 52.53 111.3 4.2 443.794 

<5 
<5 
<5 
<5 
<5 
<5 

<5 
<5 
26 
<5 
<5 
<5 

27 
26 
26 
26 
25 
25 

279 
261 
10 

265 
297 
272 

39 
39 
39 
39 
36 
36 

59 
99 
2 

60 
61 
55 

Baseline 
TDS TSS T -Fe T -Mn 
mglL mglL mg/L m,gIL 

513 
527 
507 
536 
552 
535 

549 
513 

845 
851 
214 
858 
851 
853 

839 
817 

<5 
13 

23 
93 

20 
6 

0.08 0.007 
0.05 <0.002 
<0.05 0.002 
0.14 0.017 
0.55 0.043 
0.58 0.039 

0.07 0.003 
<.05 <.002 

0.25 0.013 
<5 <0.05 0.004 
68 0.35 0.022 
<5 <0.05 0.010 
18 0.14 0.011 
22 0.27 0.016 

11 0.28 0.013 
<5 0.14 0.006 

389 12 <0.05 0.004 
407 46 0.2 0.016 
384 87 0.17 0.012 

426 13 0.18 0.Q1 
375 35 0.32 0.015 

389 145 0.5 0.035 
404 9 <0.05 <0.002 
387 14 <0.05 0.006 

415 192 1.61 0.1 
374 70 0.14 0.01 

Nutrients 
N02+ N03 N02 NH3 O-P04 T.., 
mglL mglL mglL mglL mglL mglL 

<0.05 
2.76 
1.36 
1.41 

0.48 
2.83 
1.79 
0.33 

0.18 <0.05 <0.1 
0.13 <0.05 <0.1 
0.13 <0.05 <0.1 
0.11 <0.05 <0.1 
0.17 0.39 0.3 
0.3 0.32 0.1 

0.37 0.14 <0.1 
<0.05 0.22 <0.1 
0.48 <0.05 <0.1 
<0.05 <0.05 <0.1 

0.1 0.31 <0.1 
0.08 0.25 0.2 

<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 0.08 

<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 



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-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 

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 

\----

Dale 

21-May'{)3 
8-0cl-03 
5-Jun'{)4 

27-Jun-15 
29-Sep-15 
7-Nov-15 
23-Jun-16 
26-Sep-16 
6-Nov-16 

21-May'{)3 
6-Oc1'{)3 
5-Jun-04 

27-Jun-15 
29-Se1>'15 
7-Nov-15 
23-Jun-16 
26-Se1>'16 
6-Nov-16 

21-May'{)3 
8-Oct'{)3 
5-Jun-04 

27-Jun-15 
29-8e1>'15 
7-Nov-15 
23-Jun-16 
26-Se1>'16 
6-Nov-16 

5.Jun-95 
23-Aug-95 
3.QcI-95 

26-Aug-96 
3.Jun-97 

18-Aug-97 
8.QcI-97 

20-Jun-98 
5-Aug-98 
3-OcI-98 

30.Jun-99 
12-Aug-99 
4.QcI-99 

22.Jun.{)0 
1-Aug.{)O 
6-Ocl'{)O 

12.Jun'{)1 
22-Aug'{)1 
1.QcI'{)1 
8-May.{)2 
21-Se1>'02 
9-0cl.{)2 
6-Jun-03 
4-Aug'{)3 

Field Measurements 
Flow 
gpm 

T pH Condo D.O. Turb 
·C S.U. ~S/cm mg/l NTU 

0.115 
NOF 

11.5 8.51 327 

0.382 20.4 8.26 686 
0.279 12.4 7.94 678 
0.279 12.9 7.88 577 
0.355 5.7 7.95 665 
0.421 11.4 7.89 691 

0.3080082 10.3 8.02 624 
0.313 9.3 8.24 673 

0.795 
0.617 
0.945 
0.652 
0.475 
0.568 
0.682 
0.586 
0.579 

0.665 
1.095 
0.476 
0.345 
0.339 
0.325 
0.377 
0.586 
0.334 

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 

8.0 8.18 363 
12.8 8.09 381 
10.3 7.78 696 
9.3 7.67 700 
11.1 7.98 646 
6.9 7.89 665 
9.6 7.88 663 
10.3 7.97 667 
9.7 8.04 670 

4.7 
7.3 
7.6 
6.1 
7 

5.5 
6.2 
6.6 
6.0 

7.64 451 
7.68 430 
7.70 676 
7.67 664 
7.65 824 
7.64 834 
7.74 649 
7.74 660 
7.78 863 

9 7.72 
10 7.85 
10 7.5 

12.8 8.22 
8.45 7.95 

16.13 7.65 
6.65 6.66 
13.62 6.11 
15.27 7.61 
7.09 7.25 

10.69 7.65 
11.17 7.69 
9.91 7.58 

7 7.61 
10 7.86 
7 7.24 
6 7.89 

11 .7 7.62 
7.6 7.66 

1344 
1325 
1353 
1351 
1318 
1335 
1320 
1292 
1335 
1292 
1334 
1337 
1328 
1302 
1333 
1310 
1351 
135 
1205 

4.2 
6.9 
5.7 
6.6 
9.9 

7.96 1167 
8.25 1335 
7.58 1347 
8.47 1209 
8.18 1243 

18.20 
0.00 
0.35 

9.42 
6.80 
116 

-
Major Ions 

~M!t' Na' ,,-- HC03' CO,'- SO:'-cr 

mg/l mglL mg/l mglL mg/l mglL mg/l mglL 

67 42 189 3 
540 
560 
585 
559 

581 
585 
576 

20 
10 

< 5. 
8 

< 5. 
<5. 
<5. 

140 
142 
175 
142 

150 
150 
185 

66 
54 
66 
56 

57 
56 
57 

Baseline 
TDS TSS T-Fe T'1I.1n 
mg/L mglL mglL mglL 

392 39 0.06 0,011 
326 67 0.26 0.023 
355 239 1.03 0.274 

379 76 0.64 0.034 
323 257 1.66 0.114 

397 
382 
397 

64 0,09 
64 0.38 0.025 
18 0.09 0.009 

396 232 2.27 0.14 
332 150 3.73 0.462 

539 32 0.32 0.017 
519 52 0.51 0.D16 
543 229 1.92 0.089 

539 75 1.41 0.049 
496 27 1.96 0.049 

850 
770 
790 
801 

780 
800 
830 

1.4 < .1 

Nutrients 
N02+ N03 N02 NH3 0-P04 T-P 
mglL mglL mglL mg/l mglL mg/l 



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 

\ 
"---

Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 

Date 
17-OcHJ3 
25-Jun.{)4 
12-Aug-04 
2-Nov.{)4 
27-Jun-05 
29-Sep-05 
27-0ct-05 
23-Jun-06 
2~ep-06 

B-Nov-06 
26-Jun-07 
10-Sep-07 
6-Nov-07 
13-Jun-08 
24-Sep-08 
11-Dec-08 
27-Jun-09 
18-Sep-09 
26-0ct-09 
26-Jun-10 
23-Sep-10 
12-Nov-10 
27-Jun-11 
26-Sep-11 
29-0ct-11 
27-Jun-12 
25-Sep-12 
7-Nov-12 
2B-Jun-13 
25-Sep-13 
26-0ct-13 
29-Jun-14 
29-Au!r14 
31-0ct-14 
24-Jun-15 
2B-Sep-15 
2B-Oct-15 
25-Jun-16 
29-Sep-16 

2B-Jun-2010 
15-Sep-2010 
1-Nov-2010 
17 -Jun-2011 
21-Sep-2011 
12-Oct-2011 
1-Jun-2012 
12-Sep-12 
1-Nov-12 
27-Jun-13 
26-Sep-13 
23-0ct-13 
2B-May-14 
23-Sep-14 
26-Oct-14 

Flow 
gpm 
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 
9.7e 

0.688 
0.84 
0.87 
0.83 
0.77 
0.755 
0.688 
0.701 
0.59 
0.62 
0.62 
0.63 

0.28 
0.19 
0.27 
0.44 
0.30 
0.37 
0.39 
0.18 
0.29 
0.19 
0.203 
0.303 
0.495 
0.373 
0.439 

Field Measurements 
T pH Condo D.O. Turb 

·C S.U. ~S/cm mgn NTU 
6.8 7.73 1346 
9.6 8.19 
10.8 8.19 
1.0 7.46 
8.8 8.16 
7.8 7.98 
4.8 8.16 
8.1 8.05 
6.1 8.03 
4.5 7.95 
7.4 8.24 
9.7 8.14 
2.1 8.21 
6.1 8.06 
6.2 8.07 
2.7 7.82 
8.8 8.03 
8.1 8.05 
2.8 8.06 
14.2 8 

6 7.89 
5.2 7.21 
5.2 7.91 
5.6 7.84 
5.5 7.72 
5.6 7.66 
6.2 7.45 
5.7 7.66 
5.8 7.84 
6.2 7.49 
6.3 7.48 
5.9 7.52 
6.4 7.48 
5.4 7.5 
5.8 7.51 
11.5 7.64 
4.6 7.71 
13.4 7.64 
9.5 7.55 

1315 
1358 
1253 
1134 
1467 
1437 
1227 
1450 
1420 
1475 
1493 
1442 
1531 
1522 
1258 
1576 
1557 
1262 
1501 
1366 
1367 
1333 
1409 
1309 
1474 
1399 
1413 
1603 
1578 
1537 
1584 
1637 
1663 
1670 
1621 
1648 
1677 
1687 

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 7.50 1247 
6.5 7.61 1271 
7.1 7.65 1246 
4.7 7.60 1210 
4 7.57 1267 

6.6 7.44 1254 
5.6 7.53 1273 

Major Ions 
C""-- Mg" Na' ~ HCOi CO,"' - SO/· cr 
mgIL mglL mglL mgIL mgIL mgIL mgIL mgIL 

63,2 
59,3 
59,6 

62,1 

24,8 
23.4 
23,3 

24,8 

205 
206 
190 

207 

3.4 
3.3 
3.4 

3.4 

605 
644 
713 

629 

<1 
<1 
<1 

<1 

151 
150 
135 

137 

37 
38 
36 

37 

Baseline 
TDS TSS T-Fe T-Mn 
mglL mgIL mgIL mglL 

832 
796 
816 

800 

0.59 0.012 
0.14 <0.005 
0.09 <0,005 

0.29 <0,005 

Nutrients 
N02+ N03 N02 NH3 O-P04 T-P 
mglL mglL mg/L mg/L mglL mglL 



Sufco 006A Spring 
Sufco 006A Spring 
Sulco 006A Spring 
Sulco 006A Spring 
Suleo 006A Spring 
Sufeo 006A Spring 

Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 

Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 

A Spring 
A Spring 
A Spring 
A Spring 
A Spring 
A Spring 
A Spring 

B Spring 
B Spring 
B Spring 
B Spring 
B Spring 
BSpring 
B Spring 

D Spring 
D Spring 
D Spring 
D Spring 
D Spring 

A2S-1 
A2S-1 
A2S-1 

Date 
23-Jun-15 
21-Sep-15 
B-Nov-15 
2B-Jun-16 
25-Sep-16 
11-Nov-16 

11-Nov-13 
3O-Jun-14 
25-Sep-14 
11-Nov-14 
29-Ju1-15 
9-Nov-15 
9-Jut-16 

14-Nov-16 

1-Jun-12 
27-Jun-13 
26-Sep-13 
23-0et-13 
28-May-14 
23-Sep-14 
28-Oct-14 
21-Jun-15 
21-5ep-15 
B-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 

8-Nov-13 
31-Ju1-14 

21-Nov-14 
31-Jul-15 
14-Nov-15 
23-Ju1-16 
15-Nov-16 

11-Nov-13 
3C>-Jun-14 
25-Sep-14 
29-Jul-15 
9-Nov-15 

11-Nov-13 
30-Jun-14 
25-Sep-14 

Flow 
gpm 
n.49~ 

0.36 
0.40 

0.376 
0.292 
0.379 

0.115 
0.299 
0.205 
0.181 
0.253 

0.179 
0.192 
0.126 

o 
a 

< .01 
<0.01 
<0.05 

o 
0.000 
0.000 
0.000 
Damp 

o 
0.000 
0.000 

1.47 
1.76 
1.42 
1_60 
tl .8~ 

1.01 
1.06 

4.31 
5.37 

0.773 
6.020 
0.340 

3.04 
0.000 

0.545 
o 
o 
o 
o 

o 
0_106 
0.028 

Reid Measurements 
T pH Condo 

'C S.U. ~S/em 

8.5 7.48 1293 
6.7 7.49 1174 
5.1 7.53 1221 
6.0 7.37 1247 
6.8 7.48 1250 
5.8 7.47 1237 

5.2 
6.1 
9.2 
4.4 
7.1 

5.9 
7.3 
5.9 

7.59 
7.52 
7.6 

7.54 
7.47 
7.50 
7.48 
7.62 

724 
744 
775 
777 
756 
756 
748 
771 

7.1 7.99 1808 
5.3 7.69 1.830 
11.2 7.74 1.761 

6.7 
6.4 
6.2 
6.7 
6.8 

7.0 
7.0 

6.4 
6.0 

5.3 
6.1 
6.2 

6.5 

7.7 

7.47 882 
7.5 946 

7.54 944 
7.52 904 
7.45 997 

7.58 953 
7.51 947 

7.5 
7.54 

7.59 
7.52 
7.48 

7.59 

9_44 

717 
753 
782 
738 
717 

733 

235 

9.5 7.98 832 
882 12.9 7.97 

D.O. 
mgn 

Turb 
NTU 

MaJor Ions 
Ca" Mg" Na' -r HCO; CO,'- sot 
mgll mg/L m!JIL. mgll mglL mgll mg/L 

67 
70.64 
67.26 
70.31 
73.21 

114 

28 56 
27.85 59.09 
27.88 60.22 
30.18 59.92 
28.33 63.93 

33 263 

1.48 485248 
1.22 481.59 
1.28 497.44 
1.2 475.494 
1.47 412 

4.2 665 

58.45 35.53 100.35 1.61 558.4 
58.42 38.63 110.45 1.55 553.524 
60.27 37.69 112.84 2.07 472 

71.69 
72.84 
73.41 

3.4 

18 
17.85 

40.52 34.61 
44.01 33.12 
41.84 35.53 

1.28 488.959 
1.41 462.062 
1.63 385 

2.3 43.3 2.8 171 

8 
7.44 

174 1.78 499.878 
181 1.24 534.016 

<5 
<5 
<5 
<5 
<5 

<1 

<5 
<5 
<5 

<5 
<5 
<5 

7 

<5 
<5 

8 
8 
8 
9 

306 

47 
48 
50 

32 
31 
32 

3 

16 
19 

cr 
mgll 

10 
11 
11 
11 
11 

122 

15 
15 
15 

5 
3 
4 

2 

14 
14 

TDS 
mgll 

445 
468 
427 
411 
444 
439 
482 

Baseline 
TSS T -Fe T -Mn 
mgIL mgll mg/L 

NM 0.22 0.008 
15 <0.05 <0.002 
91 0.31 0.019 
10 0.13 0.005 
17 0.19 0.007 
18 0.13 <0.002 
14 <0.05 <0.002 

1120 1040 4.75 0.043 

576 <5 0.07 0.005 
595 NM <0.05 <0.002 
595 8 <0.05 <0.002 
563 69 0.98 0.019 
575 10 0.23 0.009 

441 
436 
422 
416 

8 0.09 <0.002 
NM <0.05 <0.002 
38 0.38 0.007 
19 <0.05 <0.002 

133 848 26.6 1.48 

511 NM 0.86 0.031 
584 137 0.66 0.156 

N02+ 
mgIL 

NM 
1.47 
0.27 
0.37 
3.08 

3.16 
0.13 
3.5 

<0.05 
0.13 
1.12 

0.3 

NM 
1.02 

Nutrients 
N03 
mgIL 

N02 NH3 O-P04 T -P 
mgIL mglL mgll mgll 

0.32 <0.05 <0.1 
0.24 <0.05 <0.1 
0.27 <0.05 <0.1 
0.29 <0.05 <0.1 
0.31 <0.05 0.2 

<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0_05 <0.05 

<0.1 <0.1 <0.2 0.02 1.9 

0.06 <0.05 <0.1 <0.05 <0.05 
0.09 <0.05 <0.1 <0.05 <0,05 
0.11 <0.05 <0.1 <0.05 <0,05 

<0.05 <0.05 <0.1 
<0.05 <0.05 <0.1 
<0.05 <0.05 <0.1 

<0.05 <0.05 
<0.05 <0.05 
<0.05 0.07 

<02 0.45 2.2 

0.18 <0,05 <0.1 <0.05 0.08 
0.24 <0.05 <0.1 <0.05 0.17 



A2S-1 
A2S-1 
A2S-1 
A2S-1 
A2S-1 

L 

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 

Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 

USP-l 
USP-2 

Spg 99 
Spg 99 
Spg 99 
Spg 99 
Spg99 

Date 
ll-Nov-14 
29-Jul-15 
9-Nov-15 
9-Jul-16 

14-Nov-16 

l-Ju~14 

2S-Sep-14 
ll-Nov-14 
29-Jul-15 
9-Nov-15 
14-Nov-15 
9-Ju~16 

14-Nov-16 

23-Apr-12 
27-Jun-13 
26-Sep-13 
23-0ct-13 
2B-May-14 
17-Sep-14 
2B-Oct-14 

8-Nov-13 
31-Jul-14 

21-Nov-14 
31-Ju~15 

14-Nov-15 
23-Ju~16 

1S-Nov-16 

20-Nov-{)9 
20-Nov-{)9 

ll-Nov-14 
29-Jul-15 
9-Nov-15 
9-Jul-16 

14-Nov-16 

Flow 
gpm 
0.063 
0.062 

0.045 
0.100 
0.054 

1.63 
DAMP 

o 
0.268 
0.000 

o 
2.36 
0.000 

0.356 
<0.1 
0.284 
0.242 
0.268 
0.196 
0.226 

12.2 
14.9 
13.4 
14.0 
13.2 

13.3 
12.0 

0.18 
0.43 

0.200 
0.337 
0.229 
0.265 
0.130 

FI.1d Measuremonts 
T pH Condo D.O. 

'C S.U. ~Slcm mgn 
5.9 7.97 909 

12.1 7.37 832 

7.2 8.03 902 
11.9 7.99 819 
8.3 8.24 878 

7.4 7.59 743 

7.9 7.78 703 

10.7 7.52 720 

11.3 
14.9 
8.4 
5.0 
8.8 
10.9 
6.1 

7.0 
6.6 

6.8 
6.7 
17.0 

7.0 
7.2 

4.2 
5.5 

5.0 
8.3 
5.5 
8.2 
5.5 

7.63 1489 
7.41 1461 
7.85 1452 
7.57 1.418 
7.68 1,431 
7.64 4.590 
7.44 1.473 

7.53 
7.59 
7.63 
7.39 
7.50 
7.59 
7.58 

785 
805 
819 
786 
777 
785 
793 

7.59 1.146 
7.46 1.287 

7.61 860 
7.38 584 
7.51 620 
7.74 560 
7.79 637 

Turn 
NTU 

MIJorfons 
caP-fAg" Na K'- HCO,' co." . sol' 
mglL mglL mglL mgIL mglL mglL mglL 
17.92 6.96 205.84 1.34 535.235 20 19 
18.83 8.22 185.06 1,43 513.289 <5 46 
18.02 7.3 93.792.16 484 <5 19 

55 43 43 1.33 402.341 

54.48 47.41 35.97 1.23 365.764 

127 

114 

114.06 
113.03 

55.62 
53.45 
53.76 

38.4 158 2.9 501 

36.5 150 2.8 467 

35.82 151.39 2.86 466.959 

30.42 75.36 
33.52 81 .39 
32.85 79.38 

1.2 452.329 
1.23 454.767 
1.23 371 

<5 

<5 

<1 

<1 

<5 

<5 
<5 
<5 

81 

79 

228 

254 

247 

49 
49 
50 

cr 
mglL 

14 
3 
15 

7 

118 

127 

114 

11 
11 
11 

70.98 47.73 90.64 4.79 434 
335 

<1 
<1 

191 44.2 
90.47 55.85 75.61 4.5 222 83.9 

TDS 
mglL 
480 
540 
660 
518 
558 

429 

419 

Baseline 
TSS T-Fe 
mglL mglL 
357 2.03 
158 2.03 
372 2.54 
59 0.63 
78 3.07 

T-Mn 
mgIL 
0.074 
0.094 
0.246 
0.019 
0.082 

NM <0.05 <0.002 

<5 <0.05 0.002 

460 300 0.07 <0.002 

974 

904 

915 
928 

503 
472 
445 
470 
500 

310 
370 

82 

6 

49 
50 

12 

12 
11 
<5 

1.06 0.279 

0.14 0.06 

0.92 0.389 
0.37 0.22B 

0.08 0.002 
<0.05 <0.002 
<0.05 <0.002 
<0.05 <0.002 
<0.05 <0.002 

44 1.01 0.075 
30 0.2 0.013 

Nutrients 
N02+ N03 N02 NH3 O-P04 T-P 
mgIL mglL mglL mglL mglL mglL 
0.31 0.31 <0.05 <0.1 <0.05 <0.05 
3.37 <0.05 <0.05 0.2 <0.05 0.13 
3.37 0.35 0.13 0.6 <0.05 5.69 

NM 0.05 <0.05 <0.1 <0.05 <0.05 

<0.05 <0.05 <0.05 <0.1 <0.05 <0.05 

NM 

<0.05 

0.22 
3.65 

<0.1 <0.1 <0.2 0.02 0.08 

<0.1 <0.1 <0.2 0.04 0.05 

<0.05 <0.05 <0.1 <0.05 O.OB 

0.08 <0.05 <0.1 <0.05 0.1 
0.06 <0.05 <0.1 <0.05 <0.05 
1.13 <0.05 <0.01 <0.05 <0.05 



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 

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 

01-8-1 18-Sep-14 1728.61 

01-8-1 5-Nov-14 1728.99 

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 27-Sep-16 1740.31 



Table 2B 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 

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 

Date 

30-Jun.-14 
18-Se1>-14 
S-Nov-14 
26-Jun-15 
29-Se1>-15 
28-0<1-15 
23-Jun-16 
29-S01>-16 
7-Nov-16 

26-Jun.-97 
27-Aug-97 
22-0c1-97 
1-JurHIO 

21-Aug-00 
9-0e",00 
1-Jun-Ol 
7-Sep-Ol 

27-Nov-01 
19-May-02 
26-501>-02 
18-Nov-02 

8-Jun-03 
21-501>-03 
5-Dec-03 
13-Jun..{)4 
21-Sel>-04 
21-Oec-04 
23-May-05 
S.Sei>-D5 

20-0ec.o5 
23-Jun-06 

24-Sel>-06 
9-00c.o6 
24-Jun-07 
19-5ep-07 
6-Qec-07 
29-Apr-08 
17-501>-06 
3-Nov-08 

29-May-09 
14-5e1>-09 
2-Dec.09 
17-May-l0 
13-Se1>-10 
27-Nov-10 
18-Jun-11 
19-501>-11 
lS-Nov-11 
9-Jun-12 
7-Sep-12 
19-Nov-12 
25-Jun-13 

22-SeI>-13 
2-Oec-13 
27-Jun-.14 

19-5e1>-14 
2-Dec-14 

Flow 

9pm 

2B,274 
B,707 
5,206 

26.928 
7,315 
4,057 

36,353 
8,572 
4,313 

18,625 
9 ,874 

9,470 
4,488 

> 22440 
14 

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 
B,340 
4,480 

134,640 
22,090 
8,037 
16,400 
5,470 
5,520 
17,413 
8.078 
4,880 

28,274 
7,271 
5,386 

Field M(!uurcttnCl'nts 
T pH Condo 0.0, Tum 

'C S.U. ~Slcm mg~ NTU 

13.0 8.78 
13.2 B_72 
1.6 B.7 

14.8 B.78 
11.4 8.72 
3,6 8.65 
16,1 8,69 
10,1 8.75 
4.6 B.79 

381 
378 
440 
379 
360 
412 
355 
388 
416 

13.8 B.4 282 
12 8.5 365 

13.8 8.4 282 

8.17 
8.26 
9.97 
8.31 
8.21 
9.86 
7,54 
8.88 
9.10 

11.2 8.57 355 6.5 
15.3 8.19 382 6.53 
-0.5 8.4 387 11.38 
8.8 8.49 369 8.42 
9.5 8.72 391 7.92 
0.1 8.69 433 8.81 
9.3 8.38 369 
10.5 8.61 384 6.69 
0.1 8.59 385 8.78 
10.2 8.6 332 7.1 
7.9 8.34 390 7.62 
0.4 8.59 417 8.47 
I, 8.72 374 6.85 

5.2 8.66 364 9.3 
o 8.43 357 7.23 

9.7 8.15 409 9.73 
14.5 8.68 324 7.4 
o 8.56 423 8.16 

6.7 8.65 374 8.84 
7.1 8.54 393 8.17 
0.1 8.44 427 9.1 
16.7 8.79 382 8.1 
13 B.92 399 B.22 
1.8 8.62 334 10.4 

10.4 B.5B 422 8.25 
10.9 8.65 383 7.89 
4.1 8.74 399 9.29 

11.4 8.64 385 8.55 
10.5 8.71 384 8.8 
0.4 8.47 427 10.4 
11 B.73 407 7.28 
11 8.47 371 9.35 
0.9 8.25 457 9.91 
6.4 B.81 358 7.77 
11.9 8.72 388 8.62 
0.2 8.82 445 9.29 
16.2 8.93 368 7.66 
17.8 8.83 372 7.51 
0.2 8.71 419 10.43 
15.8 8.83 353 8.74 
9.7 8.B8 40B 8.18 
0.2 8.74 461 10.8 
14.6 8.82 367 8,46 
11.8 8.81 396 8.25 
0.3 8.77 479 10.56 

Trace Metals 
O-Fe O-Mn D-A1 AI-T O-As O-B O-Cd O-Cr O-Cu T -Hg O-Hg O-Mb O-Ni O-Pb O-Se T-Se O-Zn 

mgll. • _rn~----"'lVl----"'9fL_ mgll. rn'l/t mgll. mgIl. _~~UQA-_mgIl. mgll. mglL mgll. _rnJI/~1L 

<0.03 <0,002 <0.03 0.20 
<0,03 <0,002 <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 
<O~03 <0.002 <0,03 0. 12 

<.1 <.1 

<0.01 0.01 <0.001 <0.001 <0.01 
<0.01 0.02 <0.001 <0.001 <0.01 
<0.01 0.07 <0.001 <0.001 <0.01 
<0.01 0.02 <0,001 <0.001 <0.01 
<0.01 0.02 <0.001 <0.001 <0.01 
<0.01 0.01 <0.001 <0.001 <0.01 

< .01 
< .01 
< .01 

< .01 
< .01 
< ,01 

<0.2 
<0,2 
<02 
<02 
<02 
<0.2 

< .2 
< .2 

0.002 <0.01 <0.02 
<0.001 <0.01 <0.02 
<0.001 <0.01 <0.02 
<0.001 <0,01 <0.02 
<0.001 <0,01 <0.02 
0.002 <0,01 <0.02 

< ,1 
< .1 
< .1 < .01 

<0.02 <0.004 
<0,02 <0.004 
0.02 <0.004 

<0.02 0,009 
<0.02 <0.004 
<0.02 0.005 

Other paramet.~ 
O&G Acidly CN T-A1k T-Hard 
mglL mgll. mgIL mglL_ rnglL 

<5 
<5 
<5 
<5 
<5 
<5 

<2. 
< 2. 

4 

<5 
<5 
<5 
<5 
<5 
<5 

199 
192 
3BO 
187 
190 
201 

203 
213 
229 

196 
194 
464 
196 
194 
216 

204 
185 
206 



L 

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-STROI 
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-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 

Oatc 
14-Jun-15 
20-5e1>-15 
29-QC\-15 
13-Jun-16 
26-Aug-16 

6-Jun-Ol 
1S-Aug~1 

3D-Aug~1 

25-Se1>-01 
29-0ct~1 

1S-Apr-02 
1-May-02 
>Jun-02 
7-Aug-02 

25-So1>-02 
12-Nov-02 
S-May-03 
19-Jun-03 

2:;'Aug-03 
S-0c\-03 

lD-May-04 
6-Jun-04 

7-Aug-02 
25-Sel>-02 
12-Nov-02 
S-May-03 
1~un-03 

4-Aug-03 
6-0<1-03 

1D-May-04 
6-Jun..()4 

6-Jun-Ol 
1S-Aug-01 
30-Aug-Ol 

25-Se1>-01 
29-0C\-01 
1S-Apr-02 
1-May-02 
S.Jun-02 
7-Aug-02 

25-Se1>-02 
7-0C\-02 

12-Nov"{)2 
S-May-03 
1~un-03 

4-Aug-03 
S-Oct-03 

1D-May-04 
6-Jun-04 

7-Jun-Ol 
7-Jun-Ol 
7-Jun-Ol 

22-Jun-Ol 
16-Aug-01 
31-Aug-01 
27-Sep-01 
26-Oc\-01 
17-Apr-02 

Flow 
gpm 

52.956 
6.664 
5.222 
116 

13.623 

50.094 
o 
o 
o 
Q 

o 
o 
o 
o 

o 
9.715 

460 

1_657 
2-925 

74_146 
4.235 
1.184 
2.379 
460 

36.62 
0.61 

6.052 
0.501 
0.967 
9,451 
7.993 
2.61 

1_63 

54.9 
2-499 
1.631 
1.382 
491.5 

71.081 

11 ,719 

o 
o 

13.005 

-
Fhtld MusutwrMnu. Trace Metals Other parameters 
T pH Cond, 0 .0 Turl> G-Fe G-Mn G-AI AI-T G-As G-B G-Cd G-Cr D-Cu T-Hg G-Hg G-Mb G-Ni G-Pb G-Se T-S. G-Zn O&G Acidly CN T-Alk 

0" S.U. ~Slem ~ ~ mg/l mg/l mgIL mg/l mg/l m9''L rn!l!'l-~_~_''9{L _ u~ nrng/L -"'\IlL ",JIII-_ "'I!iI-_"'9Il. mg/L moA- moA- mgIL '1'¢-
13.3 6.7 369 
10,9 B.66 363 
4.6 6.67 411 
10.6 6.53 365 
13.6 6.67 361 

7.54 
8.27 
9.46 
6.51 
6.7 

13.6 6.61 567 7.53 16,4 

0_7 6.46 6.65 7.5 

11.8 8.84 443 8.36 39.7 

0.03 

0.15 <0.01 <0,03 

<0.02 <0,01 <0.1 

8.2 7.97 509 8.35 0.7 <0.02 <0.01 0.06 
0.8 6.19 416 11.19 0.9 <0.02 <0.01 0.05 
3.3 8.58 591 9.88 9.8 <0,02 <0.01 <0,03 
13 8.46 705 7.51 3.73 <0.03 

14.9 6.11 722 5.84 39.9 <0.02 0.02 <0.03 
9.3 9.25 495 7.15 2.99 <0.02 <0.01 <0.03 
11.8 8.84 443 8.36 39.7 <0.02 <0,01 <0.1 

10.4 6_54 527 
12.1 7.61 405 

8.1 7.85 395 
3.6 7.98 202 
13 7.87 311 
3.6 6.29 409 
6.3 6.16 365 

6.2 7,67 405 

7,11 22.5 
4.03 3.17 

3.63 2.21 
6.66 0 
6.29 1_21 
9.7 0.67 

4.85 2 

4 6.71 621 9.37 23.8 
10.9 6.1 659 5.2 2.63 
12 7.72 647 3.58 43.3 
7.9 8.01 398 5.56 7.29 
B.4 8_73 307 8.51 51.4 

19.4 B.55 386 6.84 3.0B 

6,2 6.67 470 9.19 7.49 

<0.03 
0.04 

0.04 
<0,03 

<0.05 0.03 

0.05 

<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.Q3 

0.03 

<0,07 

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 2E-04 

0.0009 0.06 <0.005 <0.005 <0.01 <0.0002 
<0.1 <0.05 <0,005 <0.01 
<0.1 0.05 <0.005 <0.005 <0.01 <0.0002 

0.001 <0.0005 <0.005 <0.01 <0.0002 
0.0016 0.07 <0.005 <0.005 <0 ,01 <0.0002 
0.001 0.06 <0.005 <0.005 <0.01 <0.0002 

<0.0005 <0.05 <0 ,005 <0,005 <0,01 <0.0002 

0.001 <0.0005 0.0037 0.001 
0.0009 <0.0005 0,0036 7E-04 

0.0006 <0.0005 0.001 6E-04 
<0.1 <0.0005 <0,005 <0.01 

0.0011 <0.0005 <0.005 <0.005 

<0.1 <0.005 <0.005 <0,01 

0.001 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 
0.0009 005 <0.005 <0.005 <0.01 

<0.0005 <0,05 <0,005 <0.005 <0.01 

0.0011 <0.0005 0,0039 0.001 

0.0011 < .0005 0,0039 0.001 

< .0005 < .0005 < ,005 < .OOS 

<0.0002 
<0.0002 

<0.0002 
<0.0002 
<0.002 

<0.0004 

<0.0002 

<0.0002 
<0,0002 

<0.0002 
<0.0002 
<0.0002 

<O.OOO~ 

< .2 

<0.000:;: 

0.002 <0.005 0.0005 0.02 

<0.01 <0.07 <0.1 <0.01 

<0.01 <O~07 0.001 <0.01 

<0 ,01 <0.07 0.0021 0.01 
<0.07 <0. 1 <0.1 0.02 

<0.01 <0.07 <0.1 <0.01 
<0.01 <0.001 0.0012 0.01 
<0.01 <0.07 0.0012 <0.01 
<0.01 <0.07 0.0007 <0.01 
<0.01 <0.07 0.0006 0,01 

0.002 <0.005 0.0006 
0.002 <0.005 0,0013 

0.001 <0.005 0.0012 
<0.01 <0.005 0.0017 
0.003 <0,001 0.0021 

<0.01 <0.07 <0.1 

<0.01 <0.07 0~0027 

<0,01 <0.07 <0,1 
0.01 <0.001 0.0014 

<0.01 <0.07 0.0014 
<0.01 <0.07 0,0011 
<0.01 <0.07 0.0005 

0,002 <0.005 0.0006 

0.002 < .005 0.0006 

0.002 < .001 0.0016 

<0.01 
0.02 

<0.01 
0.04 

<0 ,01 

<0.01 

<0.01 

<0.01 
0.Q1 

0.01 
<0.01 
0.03 

<0.01 

< .01 

< .01 

<5 

<5 
<5 
<5 

<5 
<5 
<5 

<5 

<5 

<5 
<5 

c::: .002 

296 

290 

250 

297 
303 

290 
300 
310 
337 
230 

293 
293 

304 
292 
274 

284 

293 

290 
292 
300 
306 

210 

310 

< .002 372 

T-Hard 

m!JII. 

220 

200 

410 
370 
240 

310 
370 
190 

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-5TR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-5TR04 
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-5TR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 
M-STR04 

M-5TR05 
M-Sm05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-STR05 
M-5TR05 
M-STR05 
M-5TR05 

M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-5TR06 

Oatf! 
HI"Y-lI2 
4-Jur>-02 
8-Aug-ll2 

25-Sep-02 
12-Nov~2 

6-May-03 
20-Jun-03 
S-Aug-03 
8-0el-ll3 

11-May-04 
13-May~ 

23-Jun-06 
28-Sep-06 
S-Nov-ll6 
2l>Jun-l\7 
11-Sep-07 
8-Nov-07 
21-Jun"()8 
24-5ep-08 
6-Nov-OS 
27-Jun-09 
23-Sep-09 
1D-Nov-09 
26-.Jun-10 
23-Sep-l0 
12-Nov-10 
27-Jun-11 
30-5ep-ll 
29-Oct-ll 
27-Jun-12 
25-Sep-12 
7-Nov-12 
28-Jun-13 
2S-Sep-13 
26-0el-13 
29-Jun-14 
29-Aug-14 
31-Ocl-14 
24-Jun-15 
28-Sep-15 
28-OeI-15 
23-Jun-16 
28-Sep-16 
7-Nov-16 

8-Aug-ll2 
2S-Sep-02 
6-Oct-ll2 

12-Nov-02 
&-May-ll3 
19-Jun-03 
S-Aug-03 
6-Aug-03 

&-Oel-03 
11-May~ 

7-Jun-01 
22-Jun-01 
1S-Aug-01 
2S-Sep-Ol 
3G-Oel-ol 
17-Apr-02 

-
Field M~uuremonts Trace Metals 

_ T~~~~~~~~~~~~~~~~~~~~ 

lIpm "C S,U_ ~Slem _ rngIl I>/TU m;IL m;IL m;IL m;IL m;IL m;IL mijl1. m;IL mijl1. ugIL u9A-, ITlIliLc mOIl mgIl m;IL mgIl 

3.037 

79.9 
14.231 

o 

18 8.83 514 5.23 2.8 

8.74 599 
8.4 8.65 792 8.92 4.73 

717264 11.9 8.82 445 8.12 76.3 

3.85 
1.01 
3.19 

16.3 

0.67 

142 
3.71 
14.6 

2.25 

19.B 8.72 627 6.44 
10.4 8.67 705 7_92 
4.5 8.5 758 8.73 

20.7 B.59 573 6.64 

21.2 8.83 684 7.12 

14.1 8.4B 573 7.82 
14.5 8.66 865 7.56 
0.3 8.75 767 10.4 

17.7 8.86 60S 7.47 

0.06 

<: .02 0.01 < .03 
< .03 

<.02 0.01 <.1 

1.412 9.5 6.5 346 8.45 1.56 0.04 
1.717 8.3B 353 8.21 < .02 < .01 0.05 

Immeas. 0.5 8.25 329 11.18 2.32 <.02 < .01 0,03 
61.6 6. I 8.73 616 9.04 22.5 < .02 < .01 < .03 

2.686 10.3 8.56 60S 8.04 1.37 <0.03 
2.043 10.2 8.35 610 8.5 

<: .02 < .01 < .03 
1.534 6 8.47 356 7.23 3.99 < .02 < .01 < .03 

598,482 10 8.82 446 8.07 17.4 < .02 < .01 <.1 

16.85 
5.651 
4.783 

1.9 
6.438 
18. 165 

20.10 8.4B 808,00 6.54 67.SO 

12.4 8.3 439 7.13 81.4 
11 .5 7.92 575 3.14 30 
2.7 8.39 446 8.73 11.6 
9.6 8.77 462 7. IS 9.63 

<0,03 

0.05 
0.05 

<0,03 
<0.07 

0.1 <0.005 <0.005 <0.01 <0.0004 <0,01 <0.07 <0.1 

< .1 <.05 <.005 <.005 < ,01 < .2 < .02 < .01 < .07 < .1 
0.0014 <: .0005 < ,005 c: .01 <0.0004: 0~01 < .001 0.0013 

0,0008 < .05 < ,005 < .005 c .01 < .2 < .02 < .01 < .07 0.0006 

< .002 < ,001 0.0034 < .001 < .2 0.007 < .001 < .002 
0 .. 0009 0.06 < .005 < .005 < .01 < .2 < .02 < .01 < .07 0.0035 

< .1 0.05 < .005 < .01 < .02 < .07 <.1 
<.1 < .05 <.005 <.005 <.01 <.2 <.02 <.01 <.07 <.1 

0.0009 <0.0005 <0.005 <0.01 <0.0004: 0~01 < .001 0.002 

0.0008 0~05 < .005 < .005 < .01 < 2 < .02 < .01 < .07 0.0022 
0.0006 0.05 < .005 < .005 < .01 < .2 < .02 0.01 < .07 0.002 
0.0008 < ~05 < .005 < .005 < .01 < .2 < .02 < .01 < .07 0.0006 

0.00 

0.0022 
0.0025 

<0.1 
<0.001 

<0.0005 0.00 0.00 

<0.0005 0.0051 <0.01 
<0.0005 0.006 0.002 
<0.0005 <0.005 <0.01 
<0.0005 <0,005 <0,005 

<0.0002 

<0.0002 
<0.0002 
<0.0002 
<0.0002 

0.00 <0.005 0.00 

0.003 <0.005 0.0011 
0.004 <0.005 0.0009 
<0.01 <0.005 0.0008 
0.002 <0.001 0.0009 

~Zn 

mgIl 

<0.01 

0.01 
< .01 

0.01 

0.08 
0.01 

0.01 
< .01 
0.01 

< .01 
< .01 
0.02 

0.01 

0.01 
0.01 
0.01 
0.01 

Other parameters 
O&G Acidly eN T-A1k 
m;IL mgIL mgIl mgIL 

<0.004: 325 

<5 300 
<:: .002 358 

<5 <:: .002 240 

o 267 
< 5. 267 

<:: .002 
< 5. 277 
<5 < .002 300 

<:: .002 265 
< 5. 270 

< .002 300 
< 5. <:: .002 280 
< 5. < .002 232 

351.00 

378 
441 
391 
373 

T~Hard 

m;IL 

240 

200 

300 

290 
240 

270 
280 
200 



M-STR06 
M-STR06 
M-STR06 
M-8TR06 
M-8TR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-STR06 
M-8TR06 
M-STR06 
M-8TR06 
M-STR06 
M-STR06 

M-STR07 
M-STR07 
M-STR07 
M-STR07 
M-STR07 
M-STR07 

M-STROB 
M-STROB 
M-STR08 
M-STR08 
M-8TROB 
M-8TR08 

SuteD 007 
SutcD 007 

SuteD 007 
Sutca 007 
Sutca 007 
Sutca 007 
SufeD 007 
Sutca 007 

SufeD 007 
Sutca 007 
Sulco 007 
Sutca 007 
Sutca 007 
Sutca 007 
Sulco 007 
Sulco007 
SuteD 007 
Su1ca 007 
SutCD 007 
SUfea 007 

SutCD 007 
Sutca 007 
SutCQ 007 
SuteD 007 
SufeD 007 
Sutca 007 
Sutca 007 
Sufea 007 
Sutca 007 
Sufea 007 

L 

Dale 
l-MO)'02 
5-Jun-02 

S-Aulr02 
24-Sep-02 
13-Nov~2 

7-May-03 
2()-Jur>-03 
S-Aulr03 
S-Oct~3 

"-May-04 
13-Ma)'04 
2&-Jun-15 
2S-Sep-15 
2S-Oct-15 
23-Jun-16 
2S-Sep-16 
7-Nov-16 

2!;-Sep-02 
12-Nov~2 

7-May-03 
S-Aug-03 
6-0ct~3 

13-May-04 

2S-Sep-02 
13-Nov-02 
7-May-03 
!;-Au!r03 
7-Oct~3 

13-May-04 

!;-Oct-79 
1-Nov-B0 
9-Jun-81 

26-Aug-Bl 
27-0ct-Bl 
22-Ju"..e2 
12-AulrB2 
2()-Oct-B2 
21-Jun-83 

IS-AulrB3 
12-0ct-83 
21-Jur>-1I4 

S-Aulrll4 
11-0ct-84 
13-Jun-85 
14-AU!r85 
22-0ct-85 
2-Jun-86 

13-Aulr86 
7-Jun-Se 
S-Aug-8B 
!;-Oct-88 

13-May-92 
4-Aug-92 
S-Oct-92 
9-Jun-93 
6-Jun-95 

23-Aulr95 
3-0ct-95 

27-Aulr96 

Flow 
gpm 

' .• 55 
3.020 

17.836 
3.024 

o 

27.400 

0.636 

0.000 
0.000 
0.000 

o 
a 
o 
o 
o 

Fiald Mc.u-uramentl 
T pH Condo D.O. 

°C S.U, ~Slem mg/l 
8.2- ':51 819 8.55 

23.3 8_52 569 5.13 

11.7 B.54 490 7.01 
12.6 B.66 822 8.15 

Turb 
NTU 
8.32 
40.9 

8.29 
12.8 

15.4 8.65 723 6.59 96.3 

22.3 8.64 968 5.43 NM 

D-Fe D-Mn 
mgIL mglL 

<0.02 0.01 

D-AI 
mg/L 
0.07 
0.04 

<0.03 
<0.03 

<0.02 <0.01 <0.1 

2062 
967 

2447 
7145 
3087 
15644 

9.2 8.7 234 9.1 2.2 <0.02 <0.01 0_04 
I 8.72 65 13.66 1.5 <0.02 <0.01 0.03 

3.5 8.69 247 10.22 5.15 <0.02 <0.01 <0.03 
16.2 8.74 371 7.51 <0.02 <0.01 <0.03 
5.5 8.88 232 9.27 1.99 <0.02 <0.01 <0.03 
4.2 6.9 352 9.76 6.81 <0.02 <0.01 <0.1 

3132.624 
403.92 

498.168 
5771.568 

516.12 
269.3 

2629.968 

16 
12 

14 
IS 
12 

359.04 21 
686.664 5 

2217.072 7.8 
287.232 13 
94.248 0.5 

3388.44 14 
246.114 17 

1297.032 12 
71.81 19 
94,25 

8.2 
8.6 
9.2 
8.4 
7.6 
7.7 
7.6 
7.8 
7.9 
7.5 

7.6 
7.6 
8.3 
8.2 
7.4 
7.3 

654 
460 
690 
446 
593 
640 
525 
555 
621 
409 
660 
638 
412 
531 
468 
500 
619 

3751.968 10,4 8.29 511 
1122 15.2 8,35 419 
188.5 13.5 8.37 541 

1114.008 17.2 8.6 446 

0.94 
0.08 

0.095 0,018 
0.34 0.13 

0.335 0.13 
0.04 0.045 
0.08 0.003 
0.11 0.01 
0.12 0.01 
0.01 0.01 

< .01 
0.03 0.03 
0.04 0.13 

< .01 < .02 
0.03 0,03 

< .01 < .01 
< .01 < ~01 

< .03 < .01 
< .03 < .01 
<,03 0.02 
< .02 < .02 
0.11 < .01 
0.08 0.02 

< .04 < .02 
1 0.2 

<.1 <.1 
<.1 <.1 
< .1 <.1 

Al-T 
mg/L 

Trace Metals 

D-As 
mg/L 

D-B D-Cd D-Cr D-Cu T -Hg D-Hg D-Mb D-Ni D-Pb D-Se T-Se 
mgIL mgIL mglL mg/L ugIL ugIL mgIL mg/L mgIL mgIL mg/L 

<0.1 
<0.1 

<.O.ooOS <"o.oos <0.01 <:0.0004 <0.01 <0.07 <0.1 0.0009 
<0.0005 <0.0005 <0.01 <0.0004 <0.01 <0.07 <0.1 

<0.1 
0.0015 

0.06 <0.0005 0,01 <0.01 
<0.0005 <0.0005 <0.01 

0.0016 0.05 <0.005 <0.005 <0.01 

0.0009 <0.05 <0.005 
<0.1 .05<0.005 
<0.1 <0.05 <0.005 

0.0011 .05<0.005 
0.0011 0.05 <0.005 
0.0009 <0.05 <0,005 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

< .2 
< .2 

<0.0002 
<0.0002 

<0.0002 

<0.01 0.07 
<0.01 <0.001 0.0012 

0.01 <0.07 0.0014 

<0.07 0.0007 
<0.07 <0.1 
<0.07 <0.1 
<0.07 0.0006 
<0.07 0.0008 
<0.07 0,0006 

<0.1 

<1. 
<1 . 
< 1. 
< I . 

D-Zn 
mg/L 
0.01 
0.01 

<0.01 
<0 ,01 

0.02 

0.01 
<0.01 
0.01 

<0.01 
<0.01 
<0.01 

O&G 
mg/L 

Other parameters 
Acidly CN T-Alk 

mgIL mgIL mg/L 

350 

T-Hard 
mglL 

<5 360/369 260.00 

<5 

<5 
5 

<5 
<5 
<5 
<5 

341 

3681370 240 

215 
227 
230 
200 

= 
220 

332 
176 

2114.7 
202.1 
224 
292 
220 
244 
278 
232 
260 
270 
404 
238 
290 
182 
212 
18a 
200 
260 
175 

186 
240 
220 
235 
197 

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 
213 
164 
208 
224 
270 
177 
213 
166 



Sufco 007 

surco 007 
Sufco 007 
sutco 007 
Sufco 007 
Sufco 007 

Sutco 007 
Sutco 007 
Sutco 007 

Sufco 007 
Sutco 007 

Sufco 007 
SureoOO7 

Sutco 007 
Sufco 007 

Sutco 007 

Sutco 007 

Sutco 007 
Sutco 007 
sutco 007 
Sutco 007 

Sufco 007 
Sutco 007 
Sutco 007 

Sutco 007 
Sutco 007 
Sutco 007 

Sutco 007 
Sutco 007 

Sutco 007 
Sutco 007 

Sufcc 007 
Sufco 007 

Sutco 007 
Sutco 007 
Suteo 007 
Sutco 007 

Sutco 007 
Sutco 007 
Sutco 007 
Sufco 007 

Sutco 007 

surco 007 
surco 007 
Sufco 007 

Sutco 007 
sutco 007 
SutcoOO7 
SU1co 007 

Sutco 007 
Sutco 007 
Sufco 007 
Sufco 007 
Sufco 007 
Sutco 007 
Sutco 007 

Sutco 007 

Sutco 007 
sutco 007 
Sutco 007 

Sutco 007 

Date 
22.oet-9S 
2-Jun-97 
IS-Aug.97 
S-Oct-97 
4-Jun-98 
S-Aug.98 
1-0ct-98 

21-Jun-99 

!>-Au9-99 
4-0ct-99 

21-Jun-OO 

2-Aug-OO 
>oct.OO 

11-Juo-01 
2()'Aug-Ol 
2-Oct-Ol 
S-May-02 

2()'Sep-02 
S-Oct-02 

2!>-May-03 
I!>-Sep-03 
3(),Oct-03 
26-Jun-04 
I-Sep-04 
1S-0ct-04 
1::h1un-05 
3()'Sep-05 
24-0cl-05 
ZlNun-06 
13-Sep-06 
4-Nov-06 
2S-Ju,.o7 
I!>-Sep.Q7 
2!>-Oct-07 
12-Jun-08 
IS-Sep-08 
21-0ct-08 
19-Jun-09 
17-Sep.Q9 
19-Nov-09 
28-Jun-10 

1 S-Sep-l 0 
1-Nov-l0 

18-Jun-ll 
27-5ep-ll 
2!>-Oct-ll 
1-Jun-12 

26-Sep-12 
1-Nov-12 

27-Jun-13 
2S-5ep-13 
26-0ct-13 
ll-Jur>-14 
23-Sep-14 
6-Nov-14 
24-Jun-15 
22-Sep-15 
7-Nov-1S 

2:>Jun-16 
2S-Sep-16 
6-Nov-16 

Flow 
9l'm 

103.224 

664.224 
336.6 

3285.216 
14.8 

94.246 
839.256 
119.8296 

94.24<1 
0.16 

42.1872 
15.2592 

865 
0.215 
69.2 
559 
72.9 
88.2 
2560 
66.6 
61.7 
1510 
66.3 
398 

2180 
104 
96 

661 
62.8 
190 
227 
50.7 
78 

1550 
n.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 

Fjeld Meuuremonts Trace Metals Other pal'3.meters 
T pH Condo D.O. Turl> [)'Fe [).Mn [)'Al AI-T [)'As [)'B [)'Cd [)'Cr [).CU T-Hg [)'Hg [)'Mb [)'Ni [),Pb [),Se T-S. [).Zn O&G Acidly eN T-Alk 

'C S.U. !,Slc", mgJI __ l'IT\L __ mQIl._mQ1L_~~. mQIL mQll mgIL mgit mgIl ugiL "gIL mgIL mgIL mgIL _ mgIL _ m\I"L mgIl mot\. m\I"L mgIl mg/L 
2-1 8.38 568 <.1 <.1 265 

16.15 6.58 401 < .1 <.1 171 
19.8 8.4 467 10.2 
6.38 6,77 548 11.4 
7.61 6,62 473 6.37 
19.65 8,08 537 7.5 
12.45 8,43 598 8.27 
15.99 8,22 441 6,89 
22.2 8,37 505 6.39 
12.05 8,32 504 8.25 
17,97 8,29 473 6.15 
21.25 B.52 458 5,65 

10 B.24 577 6.48 
14.3 8.29 407 7.92 
17.4 B.68 363 7.15 
10.3 8.56 431 7.51 
9.6 B.45 488 8.42 
16.5 B,4B 453 6.88 
11.7 8.63 477 8.01 
12.7 8.54 358 7.62 
12.3 B.61 376 8.14 
11.4 8.65 465 7.63 
11 8.66 336 7.63 

18.7 B.73 343 8.73 
7.2 8.54 439 8.17 
12.7 8.59 373 6.78 
11.4 8,57 389 7.1 
7,3 8,61 470 8.03 
17,1 8,56 337 B.18 
15.9 8,4<1 375 7.1 
1.5 8.58 478 9.7 

22.5 8.67 304 7.05 
9.4 B.73 381 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 B,59 351 7.89 
13.4 8,5 328 7.92 
2.7 B,32 449 9.79 

B,79 352 7,8B 
11 8.7 405 6.62 
0,8 B.46 492 10.53 
11.9 B.76 373 7.51 
9.7 8.54 539 8.88 
3,7 8,47 480 9.46 
13.9 8.58 373 8.83 
7.2 8.74 398 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 B,71 449 9.43 

< ,1 <.1 

0:: .1 <.1 

< ,1 < .1 

C:.1 <.1 
<.1 <.1 

< .1 <.1 
<.1 <.1 
c.l < .1 
< .1 <.1 
« , 1 < .1 
<.t <.1 

<.' <.' 
<.1 < .05 
< .1 < .05 

0::.1 < .OS 
<.1 < .05 
<.1 < .05 

O.OOB < .005 
< .005 < .005 
0.009 0.009 
< .03 0.002 
< .03 < .002 

< .03 0.009 
< .03 < .002 
< .03 0.004 
< .03 0.004 
< .03 < .002 
< .03 0,002 
< .03 0.004 
< .03 < .002 
< .03 0.003 
< ,03 0.005 
< .03 < .002 
< .03 < .002 
< .03 0.007 
< .03 0.002 
< .03 < .002 
< .03 0.004 
< .03 < .002 
< .02 < .005 
< _02 0.007 
< .02 < .005 
< .02 < .005 
< ,02 0.007 
< .02 < .005 
< .02 < .005 
<.02 < .005 
0.02 < .005 

< .02 < .005 
< ~02 < .005 
< ,03 < .002 
< .03 < .002 
< ,03 0.002 
< .03 < .002 
< . 03 < ~002 

< ,03 0.002 
< ,03 0.022 
< .03 < .002 
<0.03 0005 

<2-
3 

<2-
<2-
<2-
<2-
<2-
<2-
<2-
<2-
<2-
<2-
<2-

<2-
<2-
<2-
<2-
<2-
<2-
<2-
<2-
<2-
c2-
c2-
c2-
<2-
c2-
c2-
<2-
cL 
cL 
cL 
cL 
<L 
<L 
cL 
<L 
cL 
cL 
cL 

<L 
<L 

9 
<L 
<L 
<L 
<L 
<L 
<L 
<L 
<L 
<L 
<L 
<L 

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 
19B 
233 
167 
191 
230 
168 
165 
216 
165 
179 
237 
167 
165 
198 
176 
196 
254 
171 
250 
235 

213 

156 

155 
184 
225 

T-Hard 

mgll 
233 
2B3 
196 
230 
216 

192 
167 
211 
171 
162 
196 
251 

304 
193 
183 
216 
165 
159 
198 
208 
207 
21B 
190 
181 
238 
172 
180 
221 
191 
176 
216 
190 
178 
223 
lB4 

188 
155 

171 
182 
197 



Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufeo 006 
Sufco 006 
SUfeo 006 

Sulco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufeo 006 
Sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufeo 006 
Sufco 006 
Sulco 006 
Sufco 006 
SUfco 006 

SufcoOO6 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufeo 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 

Sufco 006 
Sufco 006 
Sulco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufeo 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

l. 

Date 
S-0c\·79 
1.Nov-80 

9-Jun-81 
2&-Aug·81 
27·0c\.al 
22·JurHI2 
12·Aug·82 
2()'Oct·82 
21.Jun-83 

I&-Au!rB3 
12·0c\.a3 
21..Jun-84 

9-Au!r1l4 
11·0c\-804 
13-Jun-85 

14-Au!rB5 
22·0cl·85 
3-Jun-SS 

13·Aug·86 
7-Jun-88 

9-Au!r88 
S-0c\·88 

13-May-92 

4-Au!r92 
&-0C\.92 
9-Jun-93 
6..Jun-95 

24-Au!r95 
3-0ct·95 

27·Au!r96 
22·0c\·96 
2-Jun-97 
IS-Au!r97 
S-0c\·97 
4-Jun-98 

3-Aug·98 
1·0c\·98 

21-Jun-99 

9-Au!r99 
4-0c\·99 

21·Jun-OO 
2·Aug·00 
S-OC\-OO 
11-Jun-01 
2()'AU!rDl 
2·0c\-01 
S-May-02 

2().Se,..o2 
S-0<;("02 

29--May-03 
19-5ep-03 
3().0c\·03 
2&-Jun-04 
I·Sep-04 
1S-0c\·04 
13-Ju,,"05 
3()'Sep-05 
24-0C\·05 
26-Jun-06 
13-Sep-06 
4-Nov-06 
2S-Jun-07 

'-'"' 

l ·lold Mu.~u~mcntl Tr.ilce Metals 
Flow T pH Cona. D.O. Turl> [).Fe [)'Mn [)'A1 AI-T [).As [)'B [).ca [)'Cr [)'Cu T·Hg [)'Hg [)'Mb [).Ni [)'Pb [)'Se T·Se [).Zn 
gpm ·C S.U. ~S/cm mgn NTU mgll mglL mgJl mgll mgll mglL mglL------"'g~gIl, ugll uglL mglL mglL mgll mglL _---"'gIL mglL 

143.616 12.5 7.7 423 
510 
545 
799 
726 
833 
920 
688 
824 

462.264 
426.36 
933.504 
623.B32 

260.3 

569.976 
359.04 

12 

16 
17 
10 
11 
18 
6 

8.3 
8.6 
B.4 
7.5 
7.7 

7.9 
7.7 

704.616 14 712 
287.232 13 7.9 884 
219.912 1 7.7 729 
825.792 16 610 
260.304 17 8.1 662 

412.9 16 7.9 715 
112.2 17.5 7.4 64B 
70.9 15.5 7.1 7B2 

44.B8 16.1 8.07 977 
426.4 16 8.46 57B 
192.98 12.5 8.2 636 

130.152 15.9 8.35 635 
8.5272 1.02 8.28 398 

21.53 8.3 805 
287.232 18.9 8.44 574 46.8 
184.00B 5.5 6.35 629 53.2 

112.2 13.1 8.42 901 6.21 
224.4 22.15 6.08 577 6.19 
71.808 11.54 8.33 626 9.33 
201.96 17.3 B.19 625 7.03 
394.944 22.04 B.3 592 6.54 
192.984 12.11 B.3 647 8.15 

0.6 15.32 B.13 627 7.05 
192.984 21.3 B.39 600 5.6 
179.52 B.12 747 7.2B 

646.272 17.5 B.34 592 
179.0712 16.3 8.76 512 6.76 

88.1 10.4 8.28 621 8.42 
11.5 16.8 B.47 721 6.24 
35.1 10.8 8.2 738 7.51 
0.909 20.9 8.42 962 6.02 
26.3 13.5 8.53 631 7.91 
0.131 B.B 8.58 1226 7.33 
420 13 8.77 493 7.06 
132 16.9 6.72 529 6.89 
70.3 9.6 8.47 593 7.05 
703 15.5 8.37 523 6.37 
402 12.1 8.57 542 7.67 
16.6 8.5 8.53 719 7.91 
363 16.8 6.54 522 7.66 
155 14.6 8.45 536 7.0B 
90 3.9 8.48 591 9.09 
160 17.6 8.62 543 B.72 

0.46 
0.21 

0.24 0.028 
0.01 0.005 

0.D75 0.02 
0.08 0.055 
0.03 0.042 
0.09 0.015 

0.044 0.07 
0.01 0.03 
0.07 
023 0.07 
0.03 < .01 

< .01 < .02 

< .01 0.05 
< .01 0.02 
< .01 < .01 

< .03 0.05 

< .03 0.03 
< .03 0.08 
< .02 < .02 
0.13 0.01 
0.05 < .02 

< .04 0.029 
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 

0.006 0.013 
0.009 0.005 
0.008 0.021 
< .03 0.006 
< .03 0.005 
< .03 0.003 
< .03 < .002 

< .03 0.007 
< .03 0.006 
< .03 < .002 

< .03 0.003 
< ,03 0.007 
< .03 < .002 

0.1 
< .2 

< 1. 
< 1. 
< 1. 

-.-/ 

Other par.ilmeten 
O&G Aci<lly CN T·A1k 
mglL mglL mglL mgll 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<2. 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

372 
294 

267.2 
372.6 
222 

251.4 
328 
308 
320 
341 
315 
320 
210 
266 
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 

T-Hard 
mgll 

293 
232 

252 
290 
250 
274 
298 
260 
328 
307 
610 
390 
246 
284 
346 
264 
276 
266 
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 
301 
265 
299 
275 
260 
290 
277 



L 

Sutce 006 
Sufce 006 
Sufco DOS 
Sufco 006 

Sufco 006 

Sufco 006 
Sufco 006 

Sufco 006 
surco DOS 
Sufco 006 
Sufco 006 
SUfco 006 
SUfcoOO6 
Sufeo 006 
sutca 006 
Sutco 006 
Sufco 006 (8) 
Sufco 006 
sufco 006 
Sufco 006 
Sufco 006 

Sufco 006 
Sutce 006 

Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 
Sufco 006 

sutca 006 
Sufco 006 

Sutca 006A 
Sufco 006A 
Sufco 006A 
Sutco OOSA 
Sufco aOSA 
Sufco 006A 

Sufco 006A 
Sutco aOSA 
Sufco OOSA 
Sufco aOSA 
Sutca OOSA 
Sutco OOSA 
Sutca OOSA 
Sutco 006A 
Sufco 006A 
Sufco OOSA 
SutGa 006A 
Sufco 006A 
Sutca 006A 
Sutca 006A 
Sufco OOSA 

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 

Date 
19-5e1>"01 
29-0c1-07 
12-Ju.,..OB 
15-So1>"08 
21-0c1-08 
19-Jun-09 
17-Sop-09 
19-Nov-09 
2S-Jur>-10 
15-5e1>"10 
1-Nov-l0 
17-Ju.,..11 
21-S01>"11 
12-0c1-11 
1-Jun-12 

12-So1>"12 
12-501>"12 
l-Nov-12 

27-Jur>-13 
1&-So1>"13 
23-0c1-13 
2S-May-14 
17-5ep-14 
2S-0c1-14 
2,-Ju.,..15 
22-Sop-15 
8-Noy-'S 
18-Jun-'6 
2&-Se1>"16 
S-Nov-16 

1S-0c1-09 
2S-Jur>-10 
15-Sop-l0 
1-Nov-10 
17-Jun-ll 
21-Sop-ll 
12-0cl-ll 
l-Jun-12 

12-So1>"12 
1-Nov-12 

27-Ju.,..13 
16-Sop-13 
23-0c1-13 
2S-May-14 
17-Sop-14 
2S-0c1-14 
2~u""15 

23-Se1>"15 
8-Nov-15 
2~un-16 

25-Sop-16 

"-Nov-13 
l-Ju~14 

25-50p-14 
1'-NolJ-14 
29-Ju~15 

9-Nov-15 
9-Ju~16 

14-Nov-16 

Flow 
~pm 

95 
1.23 
146 
104 
1.18 
80.4 
100 
71 

433 
49.9 
62.4 
1116 
205 
155 

0.208 
45.3 
36.8 
53.9 
80.4 
239 
116 
363 
101 

142 
146 
19 

8.58 
89 
Dry 

15 
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 

128 
731 
151 
11.8 
411 
70 
455 
4.4 

Fiekl MeUUl"!!tnDntt 
T pH Condo 

'C S .U. .,sIcm 
12.3 8.69 SI5 
6.1 8.72 920 

D.O. 

m9l1 
8.69 
7.33 

14.9 8.65 649 7.1 
11.9 8.63 518 7.82 
7.2 8.44 882 8.34 
165 8.46 617 6.99 
;4 I 8.61 531 7.81 
0.3 8.39 612 10.6 
18.8 8.43 576 6.68 
11,2 8.42 532 7.42 
3.2 8.21 585 9.33 
9.5 8.74 525 8.03 
11 .6 8.62 533 7.62 
6.4 8.62 578 8.9 
17.5 8.43 968 8.08 
11.1 8.65 557 8.35 
11.5 8.66 555 8.33 
3.4 8.59 592 9.64 
16.1 8.56 566 7.73 
13.8 8.56 621 8.27 
3.7 8.72 618 10.34 
12.2 8.59 574 7.6 
14.4 8.76 557 7.5 

14.9 8.58 593 8.39 
15.1 8.67 1080 7.76 
0.2 8.52 753 10.21 
17_6 8.58 543 7.02 
9.5 8.63 641 8.92 

16.8 8.51 538 7.31 
11.7 8.44 529 7.33 
3.4 8.22 560 9.38 
9.5 8.77 512 7.86 
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 8.62 
3.9 8.56 578 9.85 
17.2 8.56 551 7.96 
13 8.52 609 7.88 

8.56 604 10.78 
'124 8.56 569 7.56 
12.7 8.67 547 8.18 
2.4 8.61 1123 10.08 
8.7 8.7 573 7.37 
11.7 8.59 518 8.22 
0.2 8.37 640 10.5 
18.5 8.51 536 7.16 
9.2 8.68 536 9.24 

4.6 8.63 514 10 
12.5 8.61 515 8.3 
13.6 8.72 518 8.05 
0.1 8.43 593 10.14 
13.4 8.77 497 8.1 
0.3 8.42 503 10.02 
14.7 8.69 507 8.03 
4.7 8.33 611 10.05 

Turl> 
NTU 

Trace Metals Other parameters 
().Fo ()'Mn ()'A1 AI-T ()'As ().B ()'Cd ()'Cr D-Cu T-Hg ()'Hg D-Mb ()'Ni D-Pb ().So T-So D-Zn O&G Acidly CN T-A1k 
mgll. mgll. mgtl. mgtl. mgtl. mv/l mgtl. mgtl. mlj/l. ugll. ug/I. mlj/l. mlj/l. mgll. mgII. mlj/l. mlj/l. ___ m~mqII. mgll. mgll. 
< .01 0.003 < 2. 237 
< .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 < .005 
< .02 < .005 
< .02 < .005 
< .02 < .005 
< .02 < .005 
<0.02 <0.005 <0.05 0.5 
< .02 < .005 
< ,02 < .005 
< .02 < .005 
< .02 < .005 
< .03 < .002 
0.09 0.003 

< .03 < .002 
< .03 < .002 
< .03 < .002 
< .03 < .002 
< .03 < .002 

< ,03 < .002 
0.02 0.008 
0.02 0.013 

< .02 < ,005 
< ,02 < .005 
< .02 < .005 
< .02 0.006 
< .02 < .005 
< ,02 < .005 

5.03 

<0.05 <0.05 <0.005 <0,005 <0.005 

<0.1 

< .05 
< .05 
< .05 

0.05 .001 <0.001 

oC ,005 
< .005 
< .005 

<0.0' 

<0.03 <0.002 <0,03 0.5 <0.01 0.03 <0.001 <0.001 <0.01 
<0.03 <0.002 <0 .03 0.07 <0.01 0.04 <0.001 <0.001 <0.01 
<0.03 <0.002 <0.03 0,21 <0.01 0.03 <0,001 <0.001 <0.01 
<0,03 <0.002 <0.03 0.27 <0.01 0.04 <0,001 <0.001 <0.01 

<0.2 <0 .. 01 <0.005 <0 .02 0.04 0,02 <0.01 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

4 
6 
<~ 

<~ 

<~ 

<~ 

<~ 

< 5. 
< 5. 
<5. 

<0.02 0.007 0.002 <0.01 0.02 0,02 ).00475.4; < 5. 
<5. 

< .2 
< .2 
0.2 

<0.2 
<0.2 
<0.2 
<0.2 

< ~02 < .02 
< .02 0 ,02 
< .02 0,03 

< 20. 
20 
30 

0.002 <0.01 <0.02 <0.02 <0,004 
<0.001 <0.01 <0,02 <0.02 <0.004 
<0.001 <0,01 <0.02 <0.02 <0.004 
<0.001 <0,01 <0,02 0.03 0.005 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<~ 

<5 
<5 
<5 
<5 

<5 

202 

<5 
<5 
<5 
<5 

319 
240 
184 
338 
240 
193 
210 
205 
211 
217 
232 
205 
216 
355 
209 
210 
223 

234 

197 

202 

206 
210 
226 
205 
210 
421 
206 
213 

193 
175 
202 
172 

T-Han:\ 
mgJl 
264 
351 
297 
277 
390 
309 
271 
283 
280 

260 

260 

284 

287 

314 
251 
259 

253 
255 
274 
255 



L 

Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 
Skutumpah Creek Upper 

Spring Monitoring Stations 

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-SPOI 
M-SPOI 
M-SPOI 
M-5POI 
M-5POI 
M-SPOI 
M-5POI 
M-SPOI 
M-SPOI 
M-5POI 
M-SPOI 
M-5POI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-SPOI 
M-5POI 
M-5POI 
M-5POI 
M-SPOI 
M-SPOI 
M-SPOI 
M-5POI 
M-SPOI 
M-5POI 
M-SPOI 
M-5POI 
M-5POI 
M-5POI 

Field Meuuremonb Trace Metals Other parameters 
Flow T pH Condo D.O. Turb [)'F. [)oMn [).A1 AH [)'As [)'S [)'Cd [).Cr D-Cu T-Hg [)'Hg [)'Mb [)'Ni [)'Pb [)'S. T-Se [).Zn O&G Acidty CN T-A1k 

001(1 9pm ' C S.lI. ~S/cm mgll NTlI rngIL mgll. mgll. mgIL rnllfl mgIL mllfl m~1t. ."911. uiIL mWL_ rniJll_ ll1g1l. _ rngII.._ mgJL mgIL mgJL mgll. mgll. mgIL 
ll-Nov-13 59 4.5 6.42 547 10.04 
2-Jul-14 61 16.5 6.24 549 7.3 <0.03 <0_002 <0.03 1.03 <0.01 0.04 <0,001 <0_001 <0.01 <0.2 0.002 <0.01 <0.02 <0.02 <0.004 <5 <5 232 

2&-501>-14 
11-Nov-14 
2~ul-15 

9-Nov-15 
~u~16 

14-Nov-16 

1~un-01 

28-Aug-01 
1-May-02 

2&-501>-02 
2&-5el>-02 
12-Nov-02 
12-Nov-02 
21-May-03 
21-M.y-03 
&-Aug-03 
8-Aug-03 

7-001-03 
7-0cl-03 

l1-May-04 
ll-May-04 
13-May-04 
26-May-06 
26-5ei>-06 
8-Nov-06 
26-Jun-07 

11-5el>-07 
6-Nov-07 
13-Jun-08 

24-501>-06 
7-Nov-06 
27-Jun-09 
23-501>-09 
1 ()"Noy"{)9 

26-Jun-10 

23-501>-10 
12-Nov-l0 
27-Jur>-11 
26-5el>-ll 
29-Oct-ll 
27.Jun-12 

6-501>-12 
7-Nov-12 
3()..Jun-13 
2&-5e1>-13 
26-0cl-13 
29-Jun-14 
29-Au!l-14 
31-001-14 
24-Jun-15 
26-5e1>-15 
26-001-15 
2s.Jun-16 

29-5e1>-16 
7-Nov-16 

7.6 
129 
27 
67 
75 
101 

0.503 
0_373 
0.45 

0.324 

0.408 

0.517 

0.539 
0.287 

0.621 

0.89 
0.19 
0.62 
0.39 
0.28 
0.47 
0.57 
0.24 
0.51 

0.478 
0.254 
0.49 

0.426 
0. 16 

0.408 
1.11 

0.746 
0.68 
0.34 

0.246 
0.221 
0.292 
0.377 
0.505 
0.32 

0.241 
0.426 
0.339 
0.113 
0.34 

0.258 
0.14 

0.261 

15.5 6.48 527 8.3!! 
0.9 8.56 570 10.36 
13.4 6.52 505 7.76 <0 _03 <0.002 <0.03 0.52 <0.01 0.04 <0.001 <0.001 <0_01 
0.3 6.45 505 10.06 
15.3 8.65 509 7.81 
5.8 8.57 540 9.89 

13.7 7.42 532 0.24 
6 7.53 497 0.6 

5.1 7.27 451 
7_5 7.4 851 2.17 

< .02 <: .01 0.05 0.0012 0.07 < .005 < .01 
5.1 7.33 815 2.83 

< ,02 < .01 0 .04 0.1 0.06 < .005 < .01 

4.3 7.26 435 3.1 9.99 
< ,02 < .01 < .03 0.0009 < .05 < .005 < .01 

7.9 7.1 490 2.51 0.15 < .02 < .01 < .03 0.0007 0.06 < .005 < .01 
7.6 7.32 500 2.03 1.82 

< .02 < .01 < .03 O.OOOS 0.06 < .005 < .01 
4.5 7.34 489 3.29 

<.02 <.01 <.1 0_0008 0.06 < .005 < .01 

7.68 864 
7.46 777 

5.3 7.17 772 
10.2 7.48 797 
11.6 7.42 906 
4.7 7.76 874 
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 7.86 846 
4.3 7.02 646 
5.6 7.52 819 
6.1 7.72 812 
62 7.49 821 
11.9 7.41 854 
9.6 7.35 842 
4.2 7.6 B38 
14 7.57 848 
9.5 7.24 851 
6.. 7.28 811 
12.7 7.24 811 
11.0 7.23 841 
6.0 7.58 853 
10.1 7.37 842 
12.5 7.71 803 
7.1 7.43 816 
10.0 7.75 813 
B.2 7.46 825 
5.4 7.79 828 

<0.2 <0.001 <0.01 <0.02 <0.02 <0.004 

< .02 < .07 0.0044 < ,01 

< .02 < .07 <.1 < .01 

< .02 < .07 0.0037 0.01 

< .02 < .07 0.0026 < .01 

< .02 < .07 0,0027 0.13 

< .02 < .07 0_0024 < .01 

NM <5 

33 

35 

23 

24 

36 

17 

183 

387 
388 
385 

374 

380 
381 
420 
397 

403 
400 

T-Hard 
mgII. 

203 

262 

400 

360 

370 

370 

390 

380 



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-5P02 
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-5P02 
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 

0",. 
19-Jun-Ol 
26-Aug-Ol 
1·May-02 

2S-Sep-02 
12·Nov-'l2 
2()'May-03 
2()'May-03 
s..Aug--03 
6-Aui/-03 
7-0cI-'l3 

11·May-1J4 
l1-May-1J4 
13-May-04 
26-May.()6 
26-5ep-06 
8-Nov-06 
26-Jun-07 
11·Sep-07 
B-Nov-07 
1~un-08 

24-Sep-08 
7-Nov-08 
27-Jun-09 
23-Sep-09 
10-Nov-09 
2fNun-10 
23-Sep-l0 
12·Nov·l0 
27.Jun-ll 
26-5ep-ll 
2S-0cI·ll 
27-Jun-12 
6-Sep-12 
7-Nov-12 

30-Jun-13 
2S-Sep-13 
2S-0c!·13 
29-Jun-14 
2S-Aug-14 
31-0c!·14 
24-Jun-15 
26-5ep-15 
26-Sep-15 
26-0c!.15 
26-0c\·15 
25-Jun-16 
2S-5op-16 
2S-5ep-16 
7·Nov·16 
7-Nov-16 

1~un-01 

26-Aug-Ol 
3-May-02 

26-Sep-02 
12-Nov-02 
20-May-03 
S-Aui/-03 
S-0c!·03 

12·May-04 
26-Jun-15 
3()'Sep-15 

-
Hetd Me~.\J l'C!'tncnts Trace Metals 

Flow T pH Condo D.O. Turn D-Fe D-Mn D-AI AI-T D-As D-B D-Cd D-Cr D-Cu T·Hg D-Hg D-Mb D-Ni D-Pb 

g~m __ ·~~' .~crn mgl1 _ NYU m¢ m¢ mgIL mvn. mgIt mgI1.. mvn. mgIL mgI1.. uvn. uglL ",gil mgll. m9'l. 
9,274 10,7 7.43 497 0.08 
2.756 10.3 7.62 499 
4.348 

o 
6.656 

0.992 
o 

2.485 

9.1 7.57 470 

6.1 7.22 469 5.78 13.66 

8.8 7.21 465 5.7 0.15 

6 7.37 437 4.82 0.25 

< .02 < .01 < ,03 0,0012 0.19 < .005 < .01 « .02 < .07 

< .02 < ~01 -( .03 0.0008 0.05 < .005 < .01 < .02 < ,07 

D-Se 

m9'l. 

0.0033 

0.0019 

<.02 < ,01 c .1 0.0009 0.06 < .005 < .01 < .02 < ,07 0.002 

13.4 
4.19 
226 
4.16 

0.046 
o 

5.17 
< .1 
o 

2.01 

1.19 
o 
o 

6.25 
1.76 
0.35 
2.05 

0 .872 

0.063 
< .1 

< .001 
0.005 

< .005 
< .1 

0,000 
o 

0.000 

< ,001 

0.000 

0.000 

2.838 
1.832 
2 .043 
0.900 
1.230 
3.226 
0.649 
0.747 
2.921 
1.81 

0.251 

6.3 7.67 824 
8.2 7.24 T/2 
7.8 7 765 
6.7 7.49 813 
12.1 7.72 898 

6.6 7.27 917 
9.1 7.47 805 
•. j 7.93 783 
10.8 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 7.52 796 
7.8 7.55 826 
10.2 7.55 877 
11.2 7.45 841 
2.2 7.6 1385 
7.8 7.62 865 
10.7 7.99 842 
5.7 6.35 783 
6.8 7.36 848 
11.4 7.59 847 
5.9 B.2 721 
12.1 7.47 782 

10.6 7.42 834 

5.6 8.05 499 NM 0.62 
4.7 7.73 379 NM 0.47 
4.5 7.61 666 NM 0.00 
5.3 7.41 844 6.21 0.91 
4.8 7.56 BaS 6.64 5.40 
4.2 7,36 929 7.69 0.00 
5.4 7,40 408 7.40 0.10 
5.4 7.50 861 7.30 1,02 
4.. 7.59 512 0.69 0.69 
4.9 7.66 986 
6.9 7.89 872 

T~Se 

mgl1.. 

D-Zn 

moIL 

0.01 

0.06 

0,02 

O&G 
mgI1.. 

Other parameters 
Acidly CN T·Alk 

mgII. m9/1. mvn. 

56 

370 
385 

370 
23 376 

14 

420 

379 
370 

T·Hard 

moIL 

340 

340 

330 



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-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SPOS 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SP06 
M-SPOS 
M-SPOS 
M-SPOS 
M-SPOS 

M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 
M-SP07 
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-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 

Oato 
I·Nov-IS 

2!;-Jun-16 
26-Se".16 
31-0ct-16 

2&-So".02 
2D-May-03 
2!;-50".03 
12-May-04 
26-Jun-15 

3D-So".15 
1~Nov·15 

2~Ju1l-16 

26-50".16 
31-0ct-16 

HI·Jun-Ol 
4-0ct~1 

:>-May-02 
26-50".02 
2D-May-03 
2!;-50".03 
12-M.y-04 
3~Jun-14 

16-50".14 
31-0ct-14 
26-Jun-15 
29-50".15 
1-Nov-15 

2S-Jun-16 
26-So".16 
31-0ct-16 

20-Jun-01 
29-Aug-Ol 
:>-May-02 
26-50".02 
2&-50".02 
12-Nov~2 

12-Nov-02 
2D-M.y-03 
2D-May-Q3 
!;-Au~3 

!;-Au9-03 
7-0ct~3 

7-Oct-03 
lD-May-Q4 
lD-May-04 
I:>-May-04 

20-Jun-01 

29-Au1r01 
:>-May-02 

26-50".02 
2&-50p-02 
12-Nov~2 

2D-May-03 
2D-May-Q3 
!;-Au9-03 
5-Aug-03 
7-0ct-03 
7-0ct-03 

FltH<I Mea.uremonts Trace Metals Other parameters 
Flow T pH Cond 0 ,0. Turl> ()'Fo ().Mn [)'AI AI-T ()'As ()'B ()'Cd ()'Cr ().Cu T-Hg ()'Hg ()'Mb ()'Ni ()'Pb ()'So T-Se ().Zn O&G Acidly CN T-Alk 

~~rn __ "C; S.U. ~S/cm mg/l NTU mgIL mgIL mgIL mgtL .rngIl. . ~IL . mgIL mgIL "'\Ill uvn- ugIL "'~ .ft'IRII- . mQII- --"'.9'L __ "19'L._ rnWI- mgIL mglL mgll mgIL 
M33 5.6 7.72 813 
0.987 5.5 7.75 924 
0.192 
0.617 

0.082 

0.216 
0.119 
0,264 
0.127 
0,085 
0.157 
0.096 
0.130 
0.137 

2.30 
1.86 
2.06 
1.549 
1.472 
1.665 
1.624 
1.47 
1.46 
1.33 
1.45 
1.34 
1.23 
1.34 
1.32 
1.39 

1.137 
0.249 
0 ,409 
0.211 

0.273 

0.601 

0.28 

0.2B3 

0.677 

1.03 
0.433 
0.775 
0.023 

o 
0.79 

0.096 

0.08 

6.9 7.90 923 
5.8 7.77 898 

7.7 7.77 7BO 
4.3 7.60 910 
7,3 7.78 533 
3.9 7.92 524 
7.B 7.B 934 
8.9 7.91 870 
6.6 7,84 888 
7.3 7.86 889 
7.9 7.91 895 
6.8 7.92 902 

9.30 
6.30 

550 
474 

4.90 9 899 
5.4 7.55 895 
4.6 7.62 918 
5.3 7.59 514 
4.7 7.78 528 
5.3 7.81 916 
5.9 7.76 922 
5.2 7.78 934 
5.5 7.82 932 
5.8 7.6B 868 
5.5 7.77 8B7 
5.9 7.76 B86 
S.~ 7.7B 897 
5.7 7.79 90s 

19.00 

0.35 
17.70 
0.16 

7.5 
13.2 
0.B8 

1.24 
o 

0,05 

7.8 7_37 491 1.02 
7.3 7.5 541 2.25 
4.6 8.37 530 11 .5 
6.5 7.45 878 5.21 1.8 

3.9 7.46 799 4.94 3.9 

4.6 7.36 B54 6.17 6.25 

6.7 7.32 442 6.03 0.95 

6.3 7.62 865 7.02 0.56 

7.38 500 6,28 0.53 

8.4 7,78 424 7.58 
7.3 7.26 332 2.04 
6.3 8,27 600 3.5 
11.7 7.91 901 5.B 

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 

<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 0.05 

< .02 < .01 < .03 
<: .02 0.01 < .03 

0.07 0.02 < .03 

<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 <0.001 <0.01 
<0.01 0.06 <0.001 <0.001 <0.01 
<0.01 0.05 <0.001 <0.001 <0.01 

0.0009 0.1 < ,005 

0.1 0.07 < .005 

0.0009 0.08 < .005 
O.OOOS 0,07 < .005 

0.0007 0.07 < .005 

0.0008 O.OB < ,DOS 

0.0014 0,09 < .005 

0,0013 0.08 < .005 
0.0013 0,08 < .005 

0.0011 0.07 < ,005 

< .01 

< .01 

< .01 
< .01 

< .01 

< .01 

0( .01 

< .01 
c .01 

< .01 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

< .02 

< .02 

< .02 
< .02 

< .02 

< .02 

< .02 

< .02 
< .02 

(: .02 

<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 <0.02 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 

< .01 

0.02 

0.01 
0.02 

0,02 

< .01 

< .01 

0.01 
< .01 

0,01 

<5 
<5 
11 
<5 
10 
<5 

13 

23 

22 

17 

32 

21 

35 
15 

469 
472 
469 
452 
47B 

459 
449 
426 

453 

430 
440 
415 
423 

433 
440 

279 
463 
424 

460 
450 
427 
431 

T-Hard 
mgtL 

137 
139 
137 
133 
133 

340 

320 

310 
310 

330 

330 

340 

330 
310 

320 



M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 
M-SPOB 
M-SP08 
M-5POB 
M-5POB 
M-5P08 
M-SPOS 
M-5P08 
M-SP08 
M-5POB 
M-SP08 
M-SPOB 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 
M-SP08 
M-SP08 
M-5P08 
M-SP08 
M-5P08 
M-SPOB 
M-SPOB 
M-sP08 
M-SP08 
M-SP08 
M-SP08 
M-SP08 
M-SPOB 
M-SPOB 

M-SP09 
M-SP09 
M-SP09 
M-SP09 
M-SP09 
M-SP09 
M-5P09 
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 
M-SP10 
M-5Pl0 

L 

Date 
10-May-04 
10-May-04 
13-May-04 
2:>Jun-06 
2S-Sop-06 
~Nov-06 

26-Jun-07 
11-Sep-07 
S-Nov~7 

21-Jun-08 
24-Sep-08 

6-Nov-08 
22-JurHJ9 

23--Sep-09 

10-Nov-09 
26-Jun-10 

1~ul-l0 

23-Sep-l0 
12-Nov-10 

27-Jun-11 
27-Sep-ll 
2S-0ct-ll 
27-Jun-12 

2!>-Sep-12 
7-Nov-12 
28-Jun-13 
2!>-Sop-13 
26-Dct-13 
29-Jun-14 

1S-Sep-14 
31-0ct-14 
25-Jun-15 
26-Sep-15 
l-Nov-1S 

26-Jun-16 
27-Sep-16 
2&-Oct-16 

2O-Jun-Dl 
2S-Aug-Ol 
3-May~2 

2&-Sop-02 
20-May-03 
7-0c\~3 

10-May-04 
27-Sep-ll 
2S-Dct-ll 
2S-Jun-15 
26-Sep-15 
l-Nov-15 

26-Jun-16 
27-S.p-16 
2&-Oct-16 

2G-Jun--Ol 
2S-Au!}-01 
l-May-02 

2S-Sep-02 
2S-Sep-02 
13-Nov-02 
13-Nov-02 
20-May-03 

Flow 
gpm 
1.lB9 

0.68 
0.51 
0.7B 
0.37 

0.071 
0.16 
0.46 

0.016 
o 

0.26 
0.011 
< .01 
0.12 

0.0084 

1.04 
0.49 
0.73 

0.13B 
0.021 

0.OSB9 
0.017 
0.01 

0.014 
0.015 

0.012 
0.01 

0.094 
0_064 
0.074 
0.035 
0.050 

0.254 
o 

1.430 
1.820 

o 

0,000 
0.000 
0.000 

0.532 
0.489 
0.42 
023B 

0244 

0.243 

Ffold Mc.uununentJl 
T pH Cond_ D.O. 

°C S,U. ~SJcm mgll 
4.B 7.4 557 5.42 

7.B 7.83 931 
7.3 7.78 837 
5.5 7.49 B78 
B.6 7.52 8BB 

13.2 7.93 B64 
3.6 7.B2 709 
7.8 7.35 932 
12.S B.03 912 

B. l 7.55 897 
13.2 7.94 963 
5.9 7.74 698 
12.1 7.5B 930 
27.6 7.1 951 

S.2 7,72 912 
7.9 7.71 930 
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.S7 715 
13.4 7.9B 953 
20.B B,34 1061 

2.6 7.92 504 
36 B.38 1125 

15.2 8.05 982 
7.8 7.64 988 

20.4 7.8 1140 
17.5 8.38 972 
8.0 7.91 980 

7.9 7.53 464 

3.6 8.55 429 

5.4 7.77 794 

Tum 
NTU 

1.43 

141 

14.5 7.75 610 0.16 
7.B 7.76 526 
8.5 7.99 490 
7.7 7.84 833 4.56 

3.8 7.55 814 5.98 

5.8 7.56 509 4.16 1.71 

D-Fe D-Mn 
mgIL mg/L 

0( .02 < .01 

D-A1 
mglL 

< .1 

<: ,02 < .01 0 ,06 

< .02 < ,01 0,04 

Al-T 
mglL 

D-As 
mg/L 

0.0012 

Trace Metals 
0.8 D-Cd D-Cr 
mg/L mglL mglL 

0.11 < _005 

0.0014 0.06 < .005 

< . 1 0.05 < _005 

D-Cu 
mgIL 

< .01 

< .01 

<. ,01 

T-Hg D-Hg D-Mb D-Ni D-Pb D-Se T-Se 
ugIL ugIL mglL mgIL mg/L mgIL mgIL 

< .02 < _07 0.0033 

< .02 < .07 0.0054 

< .02 < .07 < .1 

D-Zn 
mglL 

< .01 

< 01 

0.01 

O&G 

mglL 

Other parameters 
Acidty CN T-A1k 
mgIL mglL mgIL 

lB 462 

14 

18 

470 

351 
352 
330 

420 

T-Hard 
mglL 

320 

290 

270 



M-SP10 
M-SP10 
M-SP10 
M-SP10 
M-SP10 
M-SP10 
M-SP10 
M-SP10 

M-SP11 
M-SP11 
M-SP11 
M-SP11 
M-SP11 
M-SP11 
M-SP11 
M-SP11 

M-SP11 
M-SP11 
M-SP11 
M-SP11 
M-SP11 

M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 
M-SP12 

M-SP14 
M-SP14 
M-SP14 
M-SP14 
M-SP14 
M-SP14 
M-SP14 
M-SP14 

M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 
M-SP15 

M-SP18 
M-SP18 

~ 

Date 
2()'May-03 

5-Aug-03 
5-Aug-03 
7-0ct-03 

7-0ct-03 
1 ()'May-04 
1 ()'May-04 
13-May-04 

21-Jun-01 
4-0ct-01 
2-May-02 
2S-Sep-02 
22-May-03 
25-Sep-03 
4-Ju~04 

26-Jun-15 
3()'Sep-15 
1-Nov-15 
25-Jun-16 
2S-Sep-16 
31-0ct-16 

19-Jun-01 
4-0ct-01 
3-May-02 

26-Sep-02 
21-May-03 
27-Sep-03 
3-Jun-04 

26-Jun-15 
3()'Sep-15 
6-Nov-15 
2.>Jun-16 
2S-Sep-16 
31-0ct-16 

21-Jun-01 
2S-Aug-01 
2()'May-02 

26-Sep-02 
2()'May-03 

4-Aug-03 
S-Oct-03 
Ehlun-04 

11-Ju1-01 
3-0ct-01 
2-May-02 
27-Sep-02 
21-May-03 
S-Oct-03 
.>Jun-04 

27-Jun-15 
2S-Sep-15 
7-Nov-15 
23-Jun-16 
26-Sep-16 
6-Nov-16 

22..Jun-01 
2S-Aug-01 

Flow 
gpm 

0.224 

0,275 

Field Measurements 

T pH Condo 
°C S.U. fJS/cm 

9.9 7.7 500 

D.O. 
mgA 

5.6 

6.7 7.67 646 5.55 

Tum 
NTU 

0.271 6.1 7.52 538 4_02 0.82 

0.408 
0.000 
0.548 
0,000 
6,275 
0,000 
5.964 
0.932 
Damp 
0.000 

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 

<1 13.0 7.69 1,060 
0.000 
0.000 

0.746 22.0 8.44 495 
0.749 5.4 7,55 399 
0.472 2.8 8.07 785 
0.422 5.5 7.71 714 

Immeas. 3.9 7.62 779 
0.263 5.5 7.56 443 
0.937 4.4 7.71 430 
0.873 5.5 7.94 837 
0.769 6.5 7.96 764 
0.647 5.3 7.75 798 
0.781 5.3 7.64 804 
0.785 6.1 7.82 808 
0.817 5.8 7.80 814 

11.229 4.8 7.35 295 
0.865 6.9 7.35 340 
1.95 4 7.47 542 
Dry 
37.2 3.9 7.42 304 
Dry 
Dry 

61.4 4.4 7.58 309 

4.822 
1.733 
0.548 

0.433 

0.268 
0.059 

<0.1 
0.000 
0.000 

0.34 
0.212 

13,5 826 621 
6.4 8.34 433 
0.-+ 7.70 448 

NOF 
14.9 7.65 509 

NOF 
15.5 8.14 930 
12.9 7.42 1073 

9.9 7.37 986 

6.6 6.96 728 
8.3 7.58 726 

69.90 
3.68 
0,00 

14.07 

2.52 

0,36 
0.32 

D-Fe D-Mn 
mg/L mg/L 
< .02 < .01 
< .02 < .01 

D-AI 
mglL 
< .03 
< .03 

< .02 < .01 < .03 

<.02 <,01 < ,1 

AI-T 
mglL 

D-As 
mglL 
0.001 

0.0008 

Trace Metals 
D-B D-Cd D-Cr 
mg/L mg/L mg/L 
0.06 < .005 
0.05 < .005 

0.0007 0 ,05 < .005 

0.001 0.06 < .005 

D-Cu 
mgIIL 
< .01 
< .01 

< ,01 

0( ,01 

T-Hg D-Hg D-Mb D-Ni D-Pb 
ugiL ugIIL mglL mglL mg/L 

< .02 < .07 
< .02 < .07 

D-Se 
mg/L 

0.0036 
0.0035 

0(: ,02 < ,07 0.0036 

< .02 < ,07 0.0031 

T-Se 
mg/L 

D-Zn 
mglL 
0.01 
0_01 

0.01 

0.01 

O&G 

mgIL 

Other parameters 
Acidly CN T-Alk 
mgll.. mgJL mg/L. 

360 
360 

22 335 
10 

14 

340 

384 
380 

353 

T-Hard 

mil'\-
290 
270 

280 

300 



M-SP1B 
M-SP1B 
M-SP1B 
M-SP1B 
M-SP1B 
M-SP1B 
M-SP1B 
M-SP1B 
M-SP18 
M-SP1B 
M-SP1B 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP1B 
M-SP18 
M-SP18 
M-SP1B 
M-SP18 
M-SP18 
M-SP18 
M-SP1B 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP18 
M-SP1B 
M-SP1B 
M-SP18 
M-SP1B 
M-SP1B 
M-SP18 
M-5P18 
M-5P18 
M-SP18 
M-5P18 
M-SP1B 
M-SP18 
M-SP18 

M-5P19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-SP19 
M-5P19 
M-5P19 
M-5P19 
M-5P19 
M-5P19 
M-SP19 

M-SP20 
M-5P20 
M-SP20 

L 

OOlIte 
l-May-02 

2!;'5ep-02 
12·Noy"{)2 
2G-May-03 
20-May-03 
&.Aug.03 
&-Aug.03 
&'Do1'{)3 

&.001-03 
ll-May-04 
ll-May-04 
26-May-06 
2&-Sep-OO 
8-Noy..(l6 
26-Jun-07 
11-5ep-07 
8-Nov-07 

21-Jun-Oe 
24-5ep-08 
~Nov-Oe 

27-Jun-09 
23-8ep-09 
10-Noy..Q9 
26-Jun-l0 
23-5ep-l0 
12-Nov-l0 
27-Jur>-11 
2&.5ep-ll 
2S-0ct-l1 
27-Jun-12 
&8op-12 
7-Nov-12 
30-Jun-13 
2!;'5ep-13 
2&.001-13 
29-Jun-14 
29-Aug.14 
5-Nov-14 

26-Jun-15 
2&-8ep-15 
2&-001-15 
23-Jun-16 
2&-5ep-16 
7-Nov-16 

l1-JIJi.Ol 
3-0c1.{)1 
2-May-02 
27-5ep-02 
21-May-03 
&-0c1-03 
!;.Jur>-04 
27-Jur>-15 
29-50p-15 
7-Nov-15 
23-Jun-16 
2&.8ep-16 
6-Nov-16 

ll-Jul-Ol 
3-0ct~1 

2-May-02 

Flow 

gpm 
0.33 

0.147 

0.344 
0.47 

0.463 

0.65 
0.45 

0.47 
0.25 
0.21 
0.29 
0.2 

0.06 
0.252 
0.082 
0.229 
0.244 
0.227 
0.118 
0.257 
0.77 
0.431 
0.456 
0.36 

0.149 
0.128 
0.115 
0.145 
0.128 
< ,05 

o 
0299 
0.225 
0.078 
0.151 
0.131 
0.186 
0.229 

2.260 
1.976 
3.031 
2.114 
2.866 
2.555 
3.128 
2.56 
1.73 
1.95 
2.53 
1.74 
2.05 

3.507 
0.909 
0.814 

fioJd Mus.uromtnts 
T pH Condo 0 _0. 

·c S.U. ~S1tm mgII 

6.8 7.23 1274 

5.5 7.35 748 4.65 

10 7.34 748 4.74 
6.9 7.26 1276 5.16 

Turb 
NTU 
0.46 

9.6 

1.3 
0.38 

4.2 7.47 728 5.01 2 .62 

4.2 7.66 1214 
6 7.46 1174 

4.5 7.45 1165 
7.49 1198 

8.3 7.75 1435 
4.1 7.66 1428 
0.' 7.24 1245 
6.9 7.29 1227 
4.3 7.41 1226 
6.3 7.11 1283 
7.8 7.25 1264 
4.5 7.38 1259 
6.9 7.17 1347 
7.6 7.18 1394 
2.2 7.27 1359 
9.1 7.52 1228 
7.8 7.44 1289 
3.4 7.79 1324 
16.5 7.49 1317 
14.2 7.51 1528 
2.2 7.6 1385 
8.3 7.31 1365 
8.2 7.35 1389 
6.6 7.39 1302 
7.4 7.51 1356 
8.1 7.33 1364 
3.6 7.53 1380 
8.9 7.49 1352 
8.9 7.72 1298 
5.6 7.76 1323 
10.1 7.54 1314 
7.7 7.52 1336 
5.1 7.67 1.333 

10.4 824 508 
6.1 7.83 443 
5.1 B28 456 
5.8 7.94 457 
5.2 7.86 449 
6.1 8.21 480 
6.5 8.23 851 
5.7 7.97 873 
6.3 8.04 824 

7.98 829 
C.J 8.00 835 
6.4 8.00 845 
6.3 8.07 840 

14.2 7.84 486 
12.1 7.85 435 
10.5 7.97 432 

5.90 
0.17 
0.46 
0.35 
12.30 
0.68 
1.34 

3.52 
5,20 
0.00 

D-Fe D-Mn 
mgIL mg/L 

0.03 0.01 

0.04 0.01 

D-A1 
mg/L 

< .03 

<.03 

0.08 < ,01 < .03 

<.02 < .01 <.1 

Trace Metals 
AH D-As D-B D-Cd D-Cr 

m!lll mQll- mgil. m!lll mgil. 

0.0015 0.06 < .005 

0.001 0.08 < .005 

0.0007 0.08 < .005 

0.0029 0,07 < .005 

DoCu 
mgIL 

< .01 

< .01 

< .01 

< .01 

T -Hg D-Hg D-Mb D-Ni D-Pb 
ugil. ugil. mgil. mg/L mgil. 

< .02 < .07 

< .02 < .07 

D-5e 
m¢. 

0.0044 

0.003 

< .02 < .07 0.0032 

0: .02 < .07 0.0088 

T-5e 
m;1L 

D-Zn 
mgil. 

0.01 

< .01 

0.01 

0.01 

O&G 
mgil. 

Other parameters 
Acidly CN T-A1k 

mgIL mg/L fnlII1-. 
284 

16 
290 

13 282 

11 

12 

290 
287 

270 
290 

T-Hard 

m!llL 

510 

470 

470 

510 



M-SP20 
M-SP20 
!'4-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 
M-SP20 

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 

L 

0 .. 0 

211-&>J>-02 
22-Mayo03 
a-Od-03 
S.Ju~D4 

2>Jun-15 
26-Soi>"15 
1-Nov-15 
26-Jun-16 

27-Soi>"16 
26-0cl-16 

2()'Jul-Ol 
29-Au!!,OI 
26-May-02 
26-50 i>"02 
13-Nov~2 

2()'May-03 
4-Au!!,03 
7-0d-03 
6-Jun-04 

3()'Au!!,01 
3-May-02 
2&'Soi>"02 
2&'Soi>"02 
1J..Nov-02 
13-Nov-02 
2()'May.D3 
2()'May.D3 
6-Au!!,03 
g..Aug-03 
7-Oct~3 

7-0<:\-03 

12-May-04 
12-May-04 
3()'Aug-Ol 
3-Mayo02 

2&'Soi>"02 
13-Nov-02 
2()'Mayo03 
g..Aug-03 
7-0d-03 
12-May~4 

23-Ju~6 

2S-Sep-06 
~Nov-06 

26-Ju~07 

ll-SeJ>-07 
8-Nov-07 

13-Jun-08 
24-Soi>"08 
6-Nov-08 
27-Ju~9 

23-Sei>"09 
10-Nov..o9 
26-Jun-10 

23-Sei>"10 
12-Nov-l0 
27-Jun-ll 
26-Soi>"11 
29-0cl-l1 
27-Jun-12 

Flcld Measurements Trace Metals Other parameters 
Flow T pH Condo D.O. Tum [}'Fo [}'Mn [}'AI AH [}'As [}'B [}'Cd [}'Cr [}'Cu T-Hg [}'Hg [}.Mb [}'Ni [}'Pb [}'So T-Se [}.Zr1 O&G Acidly CN T-Alk 

RI'm ·C S.U. )lS/cm mg/l NTU rngIl. rngIl. motL motL motL",1I'L motL rngII.. fII!!II. "9IL. ...~"'!lIl-._~_"'9II-----"'~~ mg1\.. mglL mgJl fII9IL mgIL 
0:7t'5 - ? ... --n9---435 20.00 

1.041 7.6 7.59 420 19.05 
0.781 
8.621 
5.24 
1.04 
1.21 
1.90 

0.980 
0.980 

5.71 
5.538 
2.832 
4.956 
4.999 
5. 111 
5.24 

5.764 
5.808 

1.068 
4.663 
0.441 

0.566 

2.374 

11.0 8.31 494 
10.8 7.92 814 
8.3 7.78 824 
7.5 7.38 769 
6.8 7.69 763 
6.6 7.41 775 
7.0 7.56 781 
7.8 7.79 770 

8.4 7.99 302 
8.5 7.39 303 
7.8 7.70 321 
8.7 7.59 301 
8.4 7.64 276 
7.7 7.65 179 
8.5 7.47 267 
8.8 7.7 312 
7.9 7.7 313 

7.1 7.16 590 

18.60 
0.35 

5.3 7,48 603 3,25 
6.5 7.56 lOll 5.63 

5.d 7 .36 986 5.04 0.15 

5.7 7.43 573 7.39 924 

< .02 < .01 0 ,06 

< .02 < .01 0.05 

<: .02 < ~01 < ~03 

0.509 
0.268 

6.4 7.4 585 5.78 0.11 < .02 < .01 < .03 

0.446 

1.068 
4.663 
0.441 
0.566 
2.374 
0.509 
0.268 
0.446 
1.64 
0.66 
0,64 
0.72 
0.94 
1.38 
2.04 
0.89 
1.2 

2.04 
1.11 
1.9 

0.24 
0.753 
1.12 
2.71 
0.962 
1.38 
1.03 

6,2 7.39 1035 4.5 0.13 

5.7 7.54 604 4.86 024 

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 7.54 604 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 7.39 1058 
6.2 7.51 858 
11.2 7.29 1054 
5.8 7.65 1029 
4.6 7.29 994 
4.1 7.67 981 
4.8 7.53 782 
6.2 7.72 1007 
9.2 7.63 1024 

0.06 0.01 < .03 

<.02 <.01 <.1 

0.002 0.09 < .005 < ,01 < .02 < .07 0.0073 

< .1 0,08 < ,005 < .01 < ,02 < .07 <.1 

0.0013 0.06 < .005 < .01 < .02 < .07 0.0051 

0.0007 0,07 < .005 <.01 < .02 < .07 0.0032 

0.0005 0.07 < .005 < .01 < .02 < .07 0.0035 

0.0014 0.08 < .005 < ,01 < ,02 < .07 0.0044 

0.06 

0.01 

0.01 

< .01 

0,07 

0.02 

15 

23 

23 

13 

16 

18 

4S3 
427 
413 

330 

420 
413 
450 
425 

400 
430 

T-Hard 
mgIL 

400 

380 

410 

370 

390 

410 



M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
M-SP39 
~-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-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-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 

O.le 
&-Sep-12 
7-Nov-12 
28-Jun-13 

2S-Sep-13 
2&-001-13 
29-Jun-14 
29-Aug-14 
31-001-14 
26-Jun-15 
2S-Sep-15 
2S-0c1-15 
2>Jun-16 
29-Sep-16 
7-Nov-16 

2&-Sep-Ol 
2-May-02 
2S-Sep-02 
22-May-03 
9-001-03 
thJun-04 

2S-Jur>-15 
26-Sep-15 
1-Nov-15 

26-Jur>-16 
27-Sep-16 
26-001-16 

2&-Sep-Ol 
2-May-02 

2S-Sep-02 
22-May-03 
9-0c1-03 
S-Jun-04 

2S-Jun-15 
2&-Sep-15 
1-Nov-15 
26-Jun-16 
27-Sep-16 
2&-001-16 

:;'001-01 
2-May-02 
2S-Sep-02 
22-May-03 
24-Sep-03 
S-Jur>-04 
~un-14 

IS-Sep-14 
31-0ct-14 
2S-Jun-15 
2&-Sep-15 
1-Nov-15 

26-Jun-16 

27-Sep-16 
2&-001-16 

4-001-01 
:;'May-02 
2S-Sep-02 
21-May-03 
27-Sep-03 

;-:ield Measurements Trace Metals Other parameters 
Flow T pH Condo 0 .0 . Turn D-Fe D-Mn D-AI AI-T D-As D-B D-Cd D-Cr D-Cu T-Hg D-Hg D-Mb D-Ni D-Pb D-Se T-Se D-Zn O&G Acid1y CN T-Alk 

9pm 'C S.U. ~Stc:m mgII NT\J mg/L m9ll m!jll. mg/L mg/L m!jll. m!jll. m!lll mg/L u9Il ugll ~mQ/l. mgIL-----"'~ __ rni/L_~_ .,,911. mg/L _ m!lll---"'9lh 
0.221 5.2 7.55 1013 
129 6.2 7.77 1007 
lA4 
L06 
1.17 
0.61 

0.987 
0.769 
1.27 

0.581 
0.67 
0.87 

0.434 
0.434 

0.657 
0.455 
0.336 
0.314 
0.180 
0.447 
0.102 
0.082 
0.093 
0.107 
0.068 
0.087 

0.422 
2253 
0 .427 
0.472 
0.402 
0.509 
0.974 
0.313 
0.321 
0.210 
0.193 
0.245 

0.561 
2.018 
0.196 
13.029 
0.197 
4_900 
3.18 

0,588 
0.595 
4.21 
0.493 
0.45 
3,74 

0.530 
0.495 

2230 
1.837 
1,713 

1.824 
1.541 

6.1 7.64 997 
6.8 7.53 984 
6.5 7.51 942 
6.3 7.51 982 
6.5 7.5 1002 
6.2 7.52 1021 
6.2 7_59 1026 
6.9 7.65 947 
6.7 7.58 964 
6.6 7_44 960 
7.2 7A9 969 
6.6 7,65 970 

7.9 7.64 497 
7.5 7.92 865 
8.4 7.72 483 
6.9 7.77 538 
8.3 7.76 900 
7.7 8.10 545 
7.4 7.82 959 
9.5 7.77 905 
8 7.78 925 

8.0 7.74 930 
9.1 7.85 956 
8.4 7.93 943 

5.3 7.85 285 
10.2 8.53 616 
5.1 7.97 323 
3.9 7.99 429 
4.9 7.67 799 
6.0 8.14 452 
9.7 7.52 897 
oJ.i 7.94 765 

7.87 789 
4.7 7.80 786 
5.4 7.97 795 
5.2 7.98 796 

9.2 7.52 314 
4.8 7.66 269 
10.3 7.66 376 
6.1 7.65 276 
12,1 7.93 721 
5.4 7.65 542 
5.9 
8.7 
8.2 

9.2 
8.3 
6.3 
8.9 
8.6 

7 ,64 
7.78 
7.58 
7.67 
7.54 
7.59 
7.52 
7.55 
7.65 

554 
610 
611 
570 
581 
594 
547 
593 
597 

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 

30.40 
11.60 
0.70 

15.03 
19.00 
0.68 

125 
28.90 
4.50 
24.03 
0.86 
0.48 

5.39 
0.00 

110.00 
11.91 
15.30 
0.00 

0.60 
0.00 
0_00 

1.67 
029 

<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 

<0.01 0.02 <0.001 <0.001 <0.01 
<0,01 0,02 <0,001 <0.001 <:0.01 
<0,01 <0.01 <0.001 <0,001 <0.01 
<0.01 0.02 <0,001 <0.001 <0.01 
<0.01 0.02 <0.001 <0.001 <0.01 
<0 ,01 0.02 <0.001 <0.001 <0.01 
<0.01 0.02 <0.001 <0.001 <0.01 

<0.2 
<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 <0.02 
<0.001 <0.01 <0.02 
0.002 <0.01 <0.02 

<0.001 <0,01 <0.02 
<0.001 <0.01 <0.02 

<0.02 <0.004 
<0.02 <0.004 
<0.02 <0,004 
<0.02 0.004 
<0.02 <0,004 
<0.02 <0,004 
<0.02 0.004 

8 
<5 
12 

<5 
7 

283 
296 
304 
297 
297 
308 
297 

T·Hard 
mg/\. 

298 
259 
261 
303 
267 
270 
303 



M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 
M-SP45 

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 
M-SP53 
M-SP53 
M-SP53 
M-SP53 

M-SP59 
M-SP59 
M-SP59 
M-SP59 
M-SP59 
M-SP59 
M-SP59 

M-SP60 
M-SP60 
M-SP60 
M-SPSO 

Date 
3-Jun-04 

26-Jur>-15 
3()'SeF>-15 
6-Nov-15 
2s-Jun-16 
2S-SeF>-16 
31-0ct-16 

24-0ct~1 

24-0ct~1 

2-May-02 
27-SeF>-02 
21-May-03 
27-SeF>-03 
6-Jun-04 

23-Jun-06 

2S-SeF>-06 
4-Nov-06 
25-Jun-07 
24-SeF>-07 
2S-0c1~7 

21-Jun-OS 

24-SeF>-08 
6-Nov-08 
19-Jun-09 

23-SeF>-09 
1()'Nov~9 

26-Jur>-10 
16-Jul-l0 

23-SeF>-10 
12-Nov-10 
27-Jun-11 
26-SeF>-11 
2S-0ct-ll 
27-Jun-12 
2&'SeF>-12 
7-Nov-12 
2~Jun-13 

2&'SeF>-13 
26-0c1-13 
21-Jun-14 
18-Se~14 

31-0d-14 
25-Jun-15 
26-Sep-1S 
1-Nov-15 

26-Jun-16 

27-SeF>-16 
26-0<1-16 

24-0c1~1 

2-May-02 
27-SeF>-02 
21-May-03 
27-SeF>-03 
6-Jun-04 
27-Jun-1S 

2-May-02 
27-SeF>-02 
21-May-03 
S-0<1~3 

Flow 
gpm 
0.673 
1.26 
1.21 
1.21 
1.28 
1.29 
1.03 

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 
0.058 
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 
00 063 
0055 
0.056 
0.06 

0_053 
0.054 
0.054 

0.372 
o 

0.117 
0.216 
0.69 

0.173 
0.014 

0.888 
0.728 
0.761 
0.600 

Field Measurements Trace Metals Other parameters 
T pH Condo D.O. Turl> D-Fe D-Mn D-A1 ~ T D-As 0.8 D-Cd D-Cr D-Cu T-Hg D-Hg D-Mb D-Ni D-Pb D-Se T-Se D-Zn O&G Acidty CN T-A1k T-Hard 

°C S.U. ~S/cm mgn NTU mgIL mgIL mglL mglL mglL mgIL mgIL mglL mgIL uglL ugIL mgIL mgIL mglL mgIL mgIL mgIL mg/L mgIL mgIL mgIL mglL 
5.0 7.42 369 1.08 
5.1 7.47 996 
6.5 7.47 923 
5.9 7.38 933 
5.4 7.53 931 
6.0 7.38 952 
6.1 7.46 940 

2.9 7.82 368 
4.5 7.81 15 
7.2 7.61 402 
6.7 7.66 381 
8.5 7.68 694 
6.9 7.77 417 
10.4 7.79 696 
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 7.63 687 
3.2 7.75 644 
8.6 7.55 683 
8.6 7.67 686 
5.5 7.46 682 
9.8 7.51 734 
14.3 7.75 698 
9.1 7.69 713 
3.1 7.52 682 
6.2 7.87 663 
12.9 7.63 728 
6.4 7.78 703 
8.3 7.85 730 

7.69 723 
6.3 7.79 713 
9.5 7.79 728 
9.5 7.67 715 
8.6 7.66 684 
11.6 7.75 701 
13.8 7.75 714 
9.5 7.67 722 
14.3 7.9 722 
14.5 7.76 684 
9.6 7.67 686 
19.2 7.68 711 
14.3 7.59 708 
7.6 7.76 699 

3.4 7.58 446 

6.4 7.6 451 
8.5 8.04 478 
7.1 7.92 859 
7.4 8.08 509 
13.7 7.87 836 

5.7 7.64 403 
8.0 7.52 512 
6.5 7.63 491 
7.8 7.63 428 

0.17 

0.75 
0.84 

1.13 

1.1 
1.53 
13.9 
0.67 

5.70 
0.10 
14.25 
0.81 



M-SP60 
M-SPSO 
M-SPSO 
M-SPSO 
M-SPSO 
M-SP60 
M-SPSO 
M-SPSO 
M-SPSO 
M-SPSO 

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-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 
M-SP100 

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 

l.-

Date 
4-Jun4i 

3().Jurl-14 
23-Sep-14 
6-Nov-14 
27-Jun-1S 
2S-Sep-15 
7-Nov-15 
23-Jun-16 
2&-Sep-16 
&-Nov-16 

2S-May-02 
7-0ct.o2 
3-Jun-03 

23-Sep-03 
4-Jun-04 

2&-May-02 
29-Sep-02 
22-May-03 
7-0ct.o3 

13-May-04 
20-Nov-09 
30-Jun-14 

1S-Sep-14 
S-Nov-14 
26-Jun-15 
29-Sep-15 
2S-0ct-15 
23-Jurl-16 
28-Sep-16 
7-Nov-16 

27-Sep-02 
21-May-03 
8-0ct.o3 
S-Jurl-04 
27-Jurl-15 
29-Sep-15 
7-Nov-15 

23-Jun-16 
26-Sep-16 
&-Nov-16 

21-May-03 
S-Oct-03 
S-Jun-04 

27-Jun-15 
29-Sep-15 
l -Nov-15 
23-Jun-16 
26-Sep-16 
6-Nov-16 

21-May-03 
8-0ct-03 
5-Jun-04 
27-Jun-1S 
29-Sep-15 
7-Nov-15 
23-Jun-16 
2&-Sep-16 

Flow 
Qpm 
0 .675 
0,72 
0.57 
0,56 

0.545 
0.348 
0.39 

0.424 
0.330 
0.299 

2,363 
1,303 
5,384 
1,259 
3,601 

2.193 
2.313 
3,079 
2,52 
2,907 
1.65 
1.14 
0,92 
1.15 
1.08 
0.8 

0,58 
0,960 
0,962 
1.05 

0,774 
0,840 
0.794 
1,076 
0.602 
0,777 
0,754 
0.826 
0.838 
0.872 

1.193 
0.939 
1.506 

f ield M@'asu~mftnta 
T pH Cond, 

°C S,V , ~Slcm 

9,6 7,/9 94' 
11.5 7.66 931 
6.4 7.67 935 
6,9 7.61 932 
6.9 7,61 960 
6,5 7,8 676 
6.7 7,47 693 
7.4 7.72 869 
6,3 7.51 909 
7.3 7.63 896 

6.8 7.65 667 
~.~ 8.01 370 
5,1 7,70 629 
5,9 7.98 471 
5.0 7.87 491 

5.2 
5.2 
4.1 
6.1 
3.6 
3.3 
7.1 
7.6 
3,8 
6.6 
7.6 
5.1 
6.6 
7.7 
5.0 

8.32 681 
8.13 627 
7,66 699 
8.14 770 
8.39 1,277 
7.10 1,203 
7.78 1,282 
7.84 1,259 
7.85 1,301 
7.78 1,311 
7.77 1,224 
7,78 1,262 
7.75 1,254 
7,52 1,336 
7.73 1,254 

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 

10.3 8.28 377 
16.5 8 ,27 416 
9.2 7.67 706 

1.16 9.4 7 ,59 703 
0.878 10.9 7.55 669 
0.963 8.6 7.58 675 

1.30 '." 7.85 682 
0.591 10.7 7.77 690 
1.13 9.6 7.79 680 

0.115 11 .5 8.51 327 
NOF 
0.382 20.4 6.26 686 
0.279 12.4 7.94 678 
0.279 12.9 7.88 577 
0.355 5.7 7.95 665 
0.421 11.4 7.89 691 

0.3080082 10.3 8.02 624 

Trace Metals Other parameters 
0 ,0. Turb D-Fe D-Mn D-AI AI-T D-As D-B D-Cd D-Cr D-Cu T-Hg D-Hg D-Mb D-Ni D-Pb D-Se T-Se D-Zn O&.G Acidly CN T-Alk 
~ NTU mglL mgn.mg/\. mgll. m~ mtl'l- m~ ",~,.,g/\.----"9'l- ug/L mgIL mgll.. mgIL mgll.. mgll. mgl\.. m9iL mgIL m9iL mgIL 

0.76 

0.00 
0.00 
16,95 
1.47 
0.00 

0.25 
0.05 
16.17 

6.6 5.020 
0.59 

020 
38.78 
0.83 
0.51 

35.67 
1.23 
0_12 

<0.03 <0.002 <0.03 0.14 
<0.03 <0.002 0.03 0.03 
<0.03 <0.002 <0.03 0.05 
0.04 0.004 <0.03 0.23 

<0.03 <0.002 0.03 0.91 
<0.03 <0.002 <0.03 0.89 

<0,03 0.003 <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 <O~03 0.07 
<0,03 0.005 <0.03 0.16 

<0.01 0.07 <0_001 <0.001 <0.01 
<0,01 0,07 <0,001 <0.001 <0.01 
<0.01 0.12 <0.001 <0.001 <0.01 
<0_01 0.05 <0.001 0.009 <0.01 
<0.01 0.07 <0.001 <0.001 <0.01 
<0.01 0.06 <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 <0.01 <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 <0.001 <0.01 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2, 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

0.001 <0.01 <0.02 <0.02 <0.004 
<0.01 <0.02 <0.02 <0.004 

0.001 <0.01 <0.02 <0.02 0.009 
0.002 <0.01 <0.02 <0.02 0.096 

<0.001 <0.01 <0.02 0.03 <0.004 
0.001 <0.01 <0.02 0.03 <0.004 

<0.001 <0.01 <0 .02 
<0.001 <0.01 0.02 
<0.001 <0 .01 <0.02 
<0.001 <0.01 <0.02 
0.001 <0.01 <0,02 
0.002 <0 .01 <0.02 

<0.02 <0.004 
0,03 <0.004 

<0.02 <0.004 
<0.02 <0,004 
0,03 <0,004 
0.03 <0.004 

<5 
<5 
8 

<S 
<5 
<5 

<5 
<5 
<5 
<5 
<5 
5 

439 
419 
421 
416 
425 
435 

362 
361 
225 
370 
361 
364 

T-Hard 
mgJL 

299 
322 
325 
312 
306 
300 

470 
470 
210 
460 
471 
474 



M-5P104 

M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 
M-SP105 

M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 
M-SP106 

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 

rmld Meuuromcnt. Trace Metals Other parameters 
Flow T pH Cond. D.O. Turb [).Fe [)'Mn [).AI AI-T [)'As [)'B [),Cd [).Cr [).Cu T-Hg [)'Hg [).Mb [)'Ni [)'Pb [)'Se T-Se [).Zn O&G Acidly CN T-Alk 

O.t. gpm ' C S,U. ~Slc:m mgll NTU mg/l mgIl. mgIl mgIl Jn9IL mg/l _ mgIl mW\. mgIl UWI- ugIL rng/l.. Jn9IL mgll.. mgIl. mgIl mg/l. mllll mgIl mg/l. mgIl 
6-Nov-16 0.313 9.3 8.2. 673 

21-May-03 
&-Oc\·03 
5-JurHl4 

27-Jun-15 
29-Sop-15 
7-Nov-15 
23-Jun-16 
26-Sep-16 

6-Nov-16 

21·May-03 
&-0<:1·03 
5-JurHl4 

27-Jufl-15 
29-Sep-15 
7-Nov-15 

23-Jun-16 
2S-Sep-16 
6-Nov-16 

~un-95 

23-Au!/,95 
3-0ct-95 

2S-Au!/,96 
3-Jun-97 

1&-Aug-97 
&-Dct-97 

21).Jur>-96 
5-Au!/,96 
3-0ct-98 

3G-Jun-99 
12-Au!/,99 
4-0ct-99 

22-Jun-OO 
1-Aug-OO 
S-Oct-<lO 
12-Jun-01 
22-Aug-01 
1-0ct-<l1 
B-May-02 

21-Sep-02 
9-0<:I-<l2 
~urHl3 

4-Au!/,03 
17-Oc1-03 
25-JurHl4 
12-Au!/,04 
2-Nov-04 
27-Jun-05 
29-Sep-05 
27-0<:1-05 
23-Jun-06 
2&-Sep-06 
8-Nol/.{}6 
2S-Jun-Ol 
10-Sep-07 
S-Nov-07 
13-Jun-08 
24-Sep-08 

l1-De~6 

0.795 
0.617 
0.945 
0.652 
0.475 
0.568 
0.682 
0_566 
0.579 

0.665 
1.095 
0.476 
0.345 
0.339 
0 .325 
0 .377 
0 .586 
0.334 

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 
1.56 

0.247 
0.439 
0.65 
0.72 
0.35 
0.38 
0.46 
0.44 
0.36 
0.45 

0.234 
0.31 

0.323 

6.0 8.18 363 
12.8 8.09 381 
10.3 7.78 696 
9.3 7.67 700 
11.1 7.98 646 
8.9 7.89 665 
9.6 7.88 663 
10.3 7.97 667 
9.7 6.04 670 

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 7.74 660 
~ n 7.78 863 

7.72 1344 
10 7.85 1325 
10 7.5 1353 

12.8 8.22 1351 
8.45 7.95 1318 
16.13 7.85 1335 
6.65 6.BS 1320 
13.62 8.11 1292 
15.27 7.61 1335 
7.09 7.25 1292 
10.89 7.65 1334 
11.17 7.69 1337 
9.91 7.58 1328 

7,61 1302 
10 7.86 1333 

7.24 1310 
7.89 1351 

11 .7 7.62 135 
7.6 7.86 1205 
4.2 7.96 1187 
6.9 8.25 1335 
5.7 7.58 1347 
8.B 6.47 1209 
9.9 B.18 1243 
6.8 7.73 1346 
9.6 8.19 1315 
10.8 8,19 1358 
1.0 7.46 1253 
B.8 B.16 1134 
7.8 7.98 1467 
4.B B.16 1437 
8.1 8.05 1227 
6.1 8.03 1450 
4.5 7.95 1420 
7.4 8.24 1475 
9.7 8.14 1493 
? i 8~21 1442 
6,1 8.06 1531 
6.2 8.07 1522 
2.7 7.B2 1258 

18.20 
0.00 
0.35 

9.42 
6.80 
116 

0.011 
0.025 
0.009 

< . 1 < .'\ 
< . 1 < .1 

" .1 « 01 
< .1 < .1 

<.1 <.1 
< . 1 < . 1 
<.1 < .1 

480 
470 
480 
471 

476 
479 
472 

T-Hard 
mg/l. 

330 
340 
343 
352 

340 
330 
384 



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 

Sutca OaGA Spring 
Sufea OOGA Spring 
Sulco 006A Spring 
Sufco 006A Spring 

Sufca OOSA Spring 
Suft<) 006A Spring 
Sufco 006A Spring 
Sufca 006A Spring 
Sufco 006A Spring 
Sufco 006A Spring 
Sutca 006A Spring 
Sutca OOGA Spring 
Sufco 006A Spring 
Sufco OOGA Spring 
Sutca 006A Spring 

Sufca OOGA Spring 
Sufca OOGA Spring 
Sufca OOGA Spring 
surca OOGA Spring 
Sutca 006A Spring 
Sufca 006A Spring 

Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 
Spring 94-110 

Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 

Spring 94-113 
Spring 94-113 
Spring 94-113 

Date 
27-Jun-09 

I&-Sop-09 
2S-0c1~9 

26-Jun-l0 
2~Sop-10 

12-Nov-l0 
27-Jun-l1 
2S-Sep-11 
2!>-0c1-11 
27-Jun-12 
25-Sop-12 
7-Nov-12 
2~un-13 

25-5op-13 
2&-001-13 
29-Jun-14 

2!>-Au1r14 
31-001-14 
24-Jun-15 

2&-Sop-15 
2&-0c1-15 
25-Jun-16 
2!>-Sep-16 

2!hJun-2010 
15-Sop-2010 
l-Nov-2010 
17-Jun-2011 
21-Sop-2011 
12-Ocl-2011 
1.Jun-2012 

12-Sop-12 
1-Nov-12 
27-Jun-13 
2S-Sep-13 
2~0c1-13 

2&-May-14 
2~Sop-14 

2&-0c1-14 
2:>Jun-1S 
21-Sep-15 
8-Nov-15 

28-Jun-16 
25-Sep-16 
1'-Nov-16 

l1-Nov-13 
3O-Jun-14 

25-Sep-14 
11-Nov-14 
2!O-Ju~15 

9-Nov-15 
!>-Ju~16 

14-Nov-16 

l-Jun-12 
27-Jun-13 
2S-Sop-13 
2~0c1-13 

2&-May-14 
2~Sop-14 

2&-0c1-14 

-
Fktld Mouurumants Tl'ilce Metals 

~ T~~~~~~~~~~~~~~~ 

gpm ·C ~~ ~Slcm mgJI NTU mgIL mglL mglL mglL mglL mglL mgIL mgIL mglL ug/L uglL 
0.289 8,8 8.03 1576 
0.361 8.1 8.05 1557 
0.16 2.8 8.06 1262 
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 

0.63 

0.28 
0.19 
0.27 
0.44 
0.30 
0.37 
0.39 
0.18 
0.29 
0.19 

0.203 
0.303 
0.495 
0.373 
0.439 
0.493 
0.36 
0.40 

0.376 
0.292 
0.379 

0.115 
0.299 
0.205 
0.181 
0.253 
0.179 
0.192 
0.126 

14.2 1501 
7.89 1386 

5.2 7.21 1367 
5.2 7.91 1333 
5.6 7.84 1409 
5.5 7.72 1309 
5.6 7.66 1474 
6.2 7.45 1399 
5.7 7.66 1413 
5.8 7.64 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 1687 

5.3 
6.5 
5.6 

6.5 
6.1 
4.4 
7.1 
6.1 
6.5 
7.1 
4.7 

6.6 
5.6 
8.5 
6.7 
5.1 
6.0 
6.8 
5.B 

7.39 1,302 
7,29 1.255 
7.17 1.227 
7.66 1261 
7.47 12n 
7.68 1298 
7.36 1263 
7.56 1216 
7.50 1247 
7.61 1271 
7.65 1246 
7.60 1210 
7.57 1267 
7.44 1254 
7,53 1273 
7.48 1293 
7 .49 1174 
7,53 1221 
7.37 1247 
7.4B 1250 
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 7.47 756 
5.9 7.50 758 
7.3 7.48 748 
5.9 7.62 771 

<0.02 <0.005 
<0.02 <0.005 
<0.02 <0,005 

<0.02 <0.005 

<0.03 0.002 <0,03 0,39 
<0.03 <0.002 <0.03 0.13 
<0.03 <0.002 <0.03 0.8 
<0.03 <0.002 <0.03 0.34 
0.09 0.007 0.24 0.45 

<0 .01 0.04 <0.001 <0.001 <0.01 
<0.01 0.04 <0.001 <0.001 <0.01 
<0 ,01 0.03 <0.001 <0.001 <0.01 
<0.01 0.05 <0.001 <0.001 <0.01 
<0.01 0.04 <0.001 <0.001 <0.01 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

D-Mb 
mglL 

D-Ni D-Pb 
mglL mglL 

D-Se 
mgIL 

T-So 
mgIL 

D-Zn 
mgIL 

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 <0.02 <0 .004 
<0.001 <0,01 <0.02 0 .03 0,012 

0.001<0.01 <0.02 <0.02 0.011 

< .01 
<0.01 
<0.05 

7.1 7.99 1808 0.02 0.043 <0.05 8.8 <0.05 0.13 <0,005 <0.005 <0.005 <0.2 <0.01 <0.005 0.02 0.02 0.02 <0.01 

o 
0.000 

5.3 7.69 1,830 
11.2 7.74 1.761 

O&G 
mglL 

NM 
NM 
NM 
<5 

Other parameters 
Acicl1y CN T-A1k 
mgIL mglL mglL 

<5 
15 
11 
15 
5 

<5 

398 
395 
408 
390 
412 

545 

T-Hard 
mglL 

282 
291 
282 
300 
289 

421 



Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 
Spring 94-113 

A Spring 
A Spring 
A Spring 
A Spring 
A Spring 
A Spring 
A Spring 

B Spring 
B Spring 
B Spring 
B Spring 
B Spring 
B Spring 
8 Spring 

o Spring 
o Spring 
o Spring 
o Spring 
o Spring 

A2So1 
A2SoI 
A2SoI 

A2SoI 
A2So1 

A2So1 
A2SoI 
A2So1 

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 

Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 
Skutumpah Spring 

rKl'ld Meuurements Trace Metals Other parameters 
Flow T pH Condo D.O. Tum [).Fe [)'Mn [)'AI AI-T [)'As [)'B [)'Cd [)'Cr O-Cu T-Hg [)'Hg [).Mb [)'Ni [)'Pb [)'Se T-Se [).Zn O&G Acidly CN T-Alk T-HarO 

Dote gpm ' C S.U. )IS/em mAn NTU rng/L rng/L rng/L mpIL mgt!.. mgt!.. rng/L mgil. mgt!.. 11911. ugt!.. rng/L mg4. mgt!.. mgt!.. mgt!.. mgt!.. 111gt!.. rng/L rng/L mgiI. mWl 
2.1·Ju ... 15 0.000 
21·Sep-15 0.000 
8-Noy-15 Damp 
28-Jun-16 0 
2S-Sel>' 16 0.000 
11-Nov-16 0,000 

8-Nov-13 

31·Ju~14 

21-Nov-14 
31·Ju~15 

14-Nov-15 

n.Ju~16 

1S-Nov-16 

B-Nov-13 

31·Ju~14 

21-Nov-14 
31·Ju~15 

14-Nov-15 
23-Ju~16 

IS-Nov·16 

11-Noy-13 

30-Jun-14 

25·Se1>'14 
2!>-Ju~15 

s..Nov-15 

11-Nov-13 
3G-Jun-14 
2S-50p-I4 
11-Nov-14 

2!>-Ju~15 

9-Nov-15 
9-Ju~16 

14-Nov-16 

l.Ju~14 

2S-Sep-14 
11-Nov-14 

2!>-Jul·15 
9-Nov-15 

14-Nov·15 
!>-Ju~16 

14-Nov·16 

23-Apr· 12 
27-Jun-13 
26-Sep-13 
23-0cl·13 
2&-May-14 
17·Sep-14 
2&-Ocl·14 

8-Nov-13 

31·Ju~14 

21-Nov-14 
31.Ju~15 

14-Nov-15 

23-Jul·16 
1S-Nay-1S 

1.47 
1.76 
1.42 
1.60 
0.83 

1.01 
1.06 

4.31 
5.37 

0.773 
6.020 
0.340 

3.04 
0.000 

0.545 

0.106 
0.028 
0.063 
0.062 
0.045 
0.100 
0.054 

1.63 
DAMP 

0.268 
0.000 

2.36 
0.000 

0.356 
<0.1 

0.284 
0.242 
0.266 
0.196 
0.226 

12.2 
14.9 
13.4 
14.0 
13.2 
13.3 
12.0 

6.7 7,47 882 
6.4 7.5 946 
ti . .L 7.54 944 
6.7 7.52 904 
6.8 7.45 997 

7.0 7.58 953 
7.0 7.51 947 

6.4 7.5 717 
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 

7.7 9.44 235 

9.5 7.98 
12.9 7.97 
5.9 7.97 
12.1 7.37 
7.2 8.03 
11.9 7.99 

832 
882 
909 
832 
902 
819 

8.3 8.24 878 

7.4 7.59 743 

7.9 7.78 703 

10.7 7.52 720 

11 .3 7.63 1489 
14.9 7.41 1461 
8.4 7.85 1452 
5.0 7.57 1.418 
8.8 7.68 1.431 
10.9 7.64 4,590 
6.1 7.44 1,473 

7.0 7.53 785 
6.6 7.59 805 
6.8 7.63 819 
6.7 7.39 786 
17.0 7.50 777 

7.0 7.59 785 
72 7.58 793 

<0,03 <0.002 <0.03 0.06 <0.01 0.07 <0.001 <0.001 <0.01 
<0.03 <0.002 <0.03 0.11 <0.01 0.09 <0.001 <0.001 <0,01 
<0.03 <0.002 0.09 <0.03 <0.01 o~oa <0.001 <0.001 <0.01 

<0.03 <0.002 <0.03 0.14 <0.01 0.03 <0,001 <0.001 <0.01 
<0.03 <0.002 <0,03 0.05 <0.01 0.05 <0.001 <0.001 <0.01 
<0.03 <0.002 0 .63 0.63 <0.01 0.04 <0.001 <0.001 <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 
0.11 0.003 0.26 1.16 

<0.03 <0.002 <0.03 4.17 
<0,03 <0.002 <0.03 3.93 
0.28 0.246 4.24 4.24 

<0.01 
<0.01 
<0.01 
<0 .01 
<0.01 

0.05 <0.001 <0.001 <0.01 
0.07 <0.001 <0,001 <0.01 
0.06 <0.001 <0.001 <0.01 
0.07 <0.001 <0.001 <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 

<0.03 <0.002 <0.03 0.06 <0.01 0.07 <0.001 <0.001 <0.01 

0.48 0.279 0.4 1.7 <0.05 0.11 <0,005 <0.005 <0.005 

<0.02 0.041 <0.05 <0.05 0.09 <0.005 <0.005 <0.005 

<0.03 O.Oel <0.03 0.33 <0.01 0.07 <0.001 <0.001 <0.01 

<0 ,03 <0.002 <0.03 0.12 <0.01 0.05 <0.001 <0.001 <0.01 
<0.03 <0.002 <0.03 <0.03 <0.01 0.07 <0.001 <0.001 <0.01 
<0,03 <0.002 <0 ,03 0.07 <0 .01 0.06 <0.001 <0.001 <0.01 

<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 

<0.001 <0.01 <0.02 <0.02 <0.004 
<0.001 <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 

<02 <0.01 <0.005 <0.02 <0.02 0.39 0.02 

<0.2 
<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 <0.02 
<0.001 <0.01 <0.02 
0.001 <0.01 <0.02 

<0.02 <0.004 
<0.02 <0.004 
<0.02 <0.004 
<0.02 0.014 
<0.02 0.009 

0.001 <0.01 <0 .02 <0.02 <0.004 

<0.001 <0~01 <0.02 0.03 <0.004 

<02 <0.01 <0.005 <0.02 0.02 0.02 <0,01 

<0.2 <0.01 <0.005 <0.02 <0.02 <0.01 

<0.2 <0.001 <0.01 <0.02 <0 .02 0.01 

NM 
NM 

NM 
NM 

NM 
NM 
NM 
NM 

NM 

NM 

NM 

<0.02 
<0.2 

<0.02 

<0.001 <0.01 <0.02 <0.02 <0.004 NM 
<0.001 <0.01 <0.02 <0.02 <0.004 NM 

<0.001<0.01 <0.02 0,03 1.00453.76 

10 
<5 
5 

<5 
<5 
<5 

<5 

<5 
<5 
<5 
<5 
<5 

11 

<S 

17 

6 
6 

458 
454 

472 

383 
379 
385 

151 

410 
438 
459 
421 
487 

330 

300 

411 

383 

383 

371 
373 
371 

292 
305 
302 

346 
363 
345 

18 

77 
75 
73 
81 
75 

312 

331 

475 

435 

430 

254 
271 
270 



L 

Date 

USP-l 21)-Nov~9 

USP-2 2G-Nov-09 

Spg 99 11-Nov-14 

Spg 99 ~ul-15 

Spg 99 9-Nov-15 

Spg99 9-Ju~16 

Spg99 14-Nov-16 

'-
FJald MauunuM.11tJi Trace Metals 

Row T pH Cond. D.O. Turl> D-Fe D-Mn D-A1 AH D-As D-B D-Cd D-Cr D-Cu T-Hg O-Hg D-Mb D-Ni D-Pb D-Se T-Se D-Zn O&G 
gpm "C S.U. ~Slcm mgn NTU mgIL mgIL mgIL mgIL mgIL mgIL mg/L mgIL m!jlL ugIL ugIL mgIL mgIL mg/L mgIL mgIL mg/L m9iL 

0.18 4.2 7.59 1.146 
0.43 5.5 7.46 1,287 

0.200 5.0 7.61 660 
0.337 8.3 7.38 564 
0.229 5.5 7.51 620 
0.265 8.2 7.74 560 
0.130 5.5 7.79 637 

other parameters 
Acidly CN T-A1k 
mg/L mgIL mgIL 

T-Hard 
mg/L 



--
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 

2.87 

1.00 
1.05 

1.95 
1.05 
0.20 
1.36 

0.60 

1.01 
2.44 
1.56 

0.14 
1.24 
0.76 
3.08 
0.14 
2.94 
0.32 
1.52 
0.53 
2.09 

0.85 
4.44 
0.66 
0.82 
0.43 
4.39 
1.13 
1.14 
1.16 
0.26 
1.66 

NOV 

0.00 
1.69 
1.34 

1.86 
0.91 
0.06 
0.32 

1.08 

1.77 
1.48 
2.17 

0.67 
1.74 
0.51 
0.74 
0.06 
0.25 

1.77 
1.64 

0.95 
1.98 

0.75 
0.52 

0.04 
0.64 
0.31 
1.22 

0.39 
0.20 
1.79 
0.69 
0.38 

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 
Station lD 1 2 3 4 5 6 M STR7 M_STR8 M_STR9 

South S. Fork of 
Lower Upper Fork N. Fork 

Greens Greens Cowboy Cowboy Cowboy Greens Unnamed Muddy Quitchupah 
Location Canyon Canyon Creek Creek Creek Hollow Drainage Ck. Ck. 
Start 6/6/01 817102 6/6/01 617101 8/8/02 617101 9125/02 9/26/02 10/5/79 
End 5/10/04 5/10/04 5/10/04 9/25/12 5/11104 5/11104 5/13/04 5/13/04 9/12/12 
# Visits 16 8 16 37 8 16 6 6 94 
Flow (GPM 
#NOF 13 1 2 21 1 5 6 0 1 
# Samples 3 7 14 16 7 11 0 6 90 
Maximum 672 460 491 717 598 27 0 15,644 1,116 
Minimum 9.7 1.2 0.5 0.7 1.4 1.9 0.0 967.7 0.1 
Median 50.1 .92.612.62 05.7 0.02, 67.0112.2 88.5 
Average 243.9 78.1 44.2 69.2 95.6 10.0 0.0 5,225.5 196.5 
pH - Criteria: 6.5-9.0 
# Samples 3 7 13 15 7 10 0 6 90 
Maximum 8.92 8.84 8.73 8.87 8.82 8.77 0.00 8.90 8.89 
Minimum8.4 7.977.72 .486.507.9 0.00 8.f 9 7.10 7.30 
Median 8.61 8.25 8.01 8.72 8.47 8.52 0.00 8.73 8.34 
Average 8.7 8.3 8.1 8.7 8.3 8.5 0.0) 8.8 8. 8. 
Dissolved Oxvgen (mg/l - Criteria >4 (or >8 when earlv life stages are resent) 
# Samples 3 7 13 14 7 10 0 6 43 
Maximum 8.65 11.19 9.70 10040 9.04 8.73 0.00 13.66 10.60 
Minimum 7.53 5.84 3.58 5.23 7.23 3.14 0.00 7.51 5.00 
Median 8.6 8.4 5.6 7.9 8.2 7.1 0.0 9.5 704 
Average 8.3 8.3 6.1 7.8 8.2 6.8 0.0 9.9 7.5 
Water TemJ] erature (Degree C) - Criteria: <20 
# Samples 3 7 13 15 7 10 0 6 90 
Maximum 13.6 14.9 13 .0 21.2 10.3 23 .3 0.0 16.2 22.8 
Minimum 0.7 0.8 3.6 0.3 6.0 2.7 0.0 1.0 0.3 
Median 9.9 9.3 8.4 12.1 9.5 12.1 0.0 4.9 14.7 
Average 8.1 8.8 804 12.6 8.4 12.8 0.0 6.6 13.5 
Specific Conductivity (uS/cm) 
# Samples 2 7 13 7 7 10 0 6 58 
Maximum 567 722 659 869 616 822 0 371 1300 
Minimum 448 416 202 386 346 439 0 65 398 
Median 507.7 509.0 404.7 514.0 445 .8 572.0 0.0 240.4 710.0 
Average 507.7 554.5 434.6 582.1 475 .9 615.3 0.0 250.0 729.6 

Table 4 Summary of stream monitoring data from the Greens Hollow Tract 
collected by Cirrus for 2001-2004 (USFS, 2005). 

Sufco 007 
M STRIO 

UpperN. 
Fork 

Quitchupah 
Ck. 

10/5/79 
9/26/12 

98 

0 
91 

6.032 
0.2 

715.9 

91 
9.20 

8.40 

44 
10.60 
5.65 
7.7 
7.8 

91 
22.5 
0.0 

12.5 
12.5 

63 
1,384 
294 

490.0 
500.8 



L '-' 

Table 5 Average discharge rates, chemical compositions, and mineral saturation indices of groundwaters and surface-waters. 

Groundwater 

Flow 
gpm 

Field measurements 

T 

°c 
pH Sp. Condo D.O. 
S.U. IlS/cm mg/L 

North Horn Formation Springs 
M-SP04 1.41 5.3 7.66 

6.9 7.83 
5.7 7.88 
5.7 7.54 
11.0 7.77 

M-SP05 
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 94-110 
A2S-1 
Divide Spring 
GW-13 
Spg 99 
D Spring 

North Horn Fm. Avg. 

0.14 
1.55 
0.46 
0.25 
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 
0.27 11 .7 8.09 
0.66 10.u 1.94 

0.51 6.4 7.72 
0.19 6.4 7.54 
0.06 9.7 7.94 
0.53 8.7 7.63 
0.60 7.7 7.80 
0.23 6.5 7.61 
0.11 7.7 9.44 
1.23 7.67 7.81 

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' CO/' SO/· cr 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

27.4 16.6 169.5 
62.2 40.8 83.3 
67.2 37.2 98.6 

1.3 
1.9 
2.3 

563 
530 
523 

<5 
<5 
<5 

15.0 14.4 
29.1 30.0 
29.8 47.0 

Solids and total metals 

TDS TSS T-Fe T-Mn 
mg/L mg/L mg/L mg/L 

566 
568 
560 
508 
513 

91 
90 
23 

0.68 
0.91 
0.18 
0.86 

0.04 
0.07 
0.01 
0.01 

Mineral saturation indices 

SI SI SI SI 
Calcite Dolomite Gypsum Halite 

Ratio 
CI:Na 

0.27 
0.25 
0.58 

0.36 
0.35 
1.04 

-2.77 -7.15 0.06 
-2.18 -7.15 0.23 
-2.17 -6.90 0.31 

48.5 39.3 87.3 2.4 436 <5 27.3 70.6 471 0.01 0.00 0.26 0.50 -2.31 -6.76 0.52 

78.0 24.5 16.0 0.8 417 

65.8 28.2 22.2 0.5 363 

55.6 41.8 93.7 1.8 519 

69.7 28.4 59.8 1.3 
18.1 7.6 188 1.4 
54.7 45.2 39.5 1.3 
67.0 42.0 189 3.0 

3.4 2.3 43.3 2.8 
51.5 29.5 90.9 1.73 

470 
513 
384 
569 

171 
455 

534 46 0.27 0.06 
489 19 0.12 0.00 

<5 6.4 2.9 336 0.00 0.00 0.16 -0.18 -2.68 -8.87 0.12 
552 23 0.26 0.05 
521 19 0.25 0.01 
470 29 0.32 0.02 
582 195 1.23 0.12 
589 133 0.81 0.05 

<5 20.3 1.4 349 31 0.24 0.02 0.28 0.27 -2.26 -9.04 0.04 
578 25 0.47 0.01 

<5 25.8 38.3 529 26 0.18 0.01 0.33 0.62 -2.29 -7.00 0.27 

<5 
<5 
<5 
5 

7 

<5 

8.2 10.8 
23.8 12.0 
80.0 7.5 
155 56.0 

3.0 2.0 
35.3 24.4 

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 83 1.22 0.04 
445 
550 
436 
803 
340 
133 
481 

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 
107 1,53 0.09 

0.28 0.22 
0.18 0.10 
0.19 0.40 
0.54 0.97 

0.43 0.81 
0.31 0.45 

-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 
-2.47 -7.58 0.17 



Field measurements 

Flow 
gpm 

T 

°c 
pH Sp. Condo D.O. 
S.U. IJS/cm mg/L 

Price River Formation Springs 
M-SP01 0.41 8.1 7.40 

8.1 7.56 
6.9 7.44 
8.3 7.65 

M-SP02 1.57 
M-SP18 
M-SP38 
M-SP39 
M-SP82 
Hansen Seep 
Sufco 006A Spring 
Skutumpah Spring 
Spring 94-113 
A Spring 
B Spring 

Price River Fm. Avg. 

0.25 
5.11 
1.14 6_3 7.53 
2.79 5.5 7.84 
0.22 9.3 7.60 
0.33 6.C' 749 
13.3 8.3 7.54 
0.00 7.9 7.81 
1.31 6.7 7.51 
2.84 6.1 7.54 

2.44 7.29 7.58 

Castlegate Sandstone Springs 
M-SP87 1.55 5.6 7.85 
USP-1 0.18 4.2 7.59 

771 
772 

1,241 
286 
908 
525 

1,902 
1,252 
793 

1,800 
939 
740 

994 

1,116 
1,146 

USP-2 0.43 5.5 7.46 1,287 
Cast/egate SS Avg. 0.72 5.1 7.63 1,183 

Surface Water 

Cowboy Creek 
M-STR03 
M-STR04 
M-STR05 

Greens Hollow Creek 
M-STR06 

39 8.4 8.13 
22 13.0 8.70 
96 7.5 8.26 

5.0 13.6 8.49 

Greens Ho"ow Creek in Greens Canyon 
M-STR01 32 8. i 8.64 
M-STR02 68 8.8 8.49 

435 
624 
458 

647 

505 
554 

6.2 
7.7 
8.6 

6.7 

8.2 
8.3 

--
Major ions 

Ca2+ Mg2+ Na+ K+ HC0
3
- CO/- SO/ cr 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

83.5 41.3 46.2 
79.3 33.7 56.7 
125.0 43.0 92.5 

1.8 
2.0 
5.2 

479 
467 
356 

<5 
<5 
<5 

27.1 
36.2 
295 

42.1 
39.0 
201 

Solids and total metals 

TDS TSS T-Fe T-Mn 
mg/L mg/L mg/L mg/L 

474 
480 
867 

0.00 
0.00 
6.62 

0.00 
0.00 
0.06 

Mineral saturation indices 

SI SI SI SI 

Calcite Dolomite Gypsum Halite 

Ratio 
CI:Na 

0.23 
0.36 
0.20 

0.24 
0.43 
0.02 

-2.10 -7.26 0.59 
-1.99 -7.21 0.45 
-1 .02 -6.30 1.41 

77.0 48.5 86.2 2.1 509 <5 69.3 60.4 661 0.05 0.00 0.30 0.45 -1 .75 -6.84 0.45 

117.0 36.9 153 2.8 
61.1 24.1 202 3.4 
54.3 32.3 78.7 1.2 
114.0 33.0 263 4.2 
59.0 37.3 108 1.7 
72.6 42.1 34.4 1.4 

84.3 37.2 112 2.59 

478 
648 

426 
665 
528 
438 

500 

90.3 48.7 92.9 3.5 410 
71 .0 47.7 90.6 4.8 434 
90.5 55.9 75.6 4.5 335 
83.9 50.8 86.4 4.25 393 

54.6 30.0 39.7 2.6 
53.3 28.7 51.7 1.9 
52.6 31.8 34.8 2.0 

56.9 34.9 77.2 4.8 

347 
364 

327 

483 

46.0 27.0 42.7 2.0 328 
64.7 38.0 43.5 3.3 355 

<5 
<5 
<5 
<5 
<5 
<5 

<5 

243 120 
143 37.0 
49.3 11 .0 
306 122 
48.3 15.0 
31.7 4.0 

125 65.1 

930 47 0.62 0.24 
811 0.28 
478 9 0.02 

1,120 1,040 4.75 
581 22 0.26 
429 22 0.12 

0.00 
0.00 
0.04 
0.01 
0.00 

683 228 1.27 0.04 

<5 230.7 56.0 766 17 0.18 0.01 
<5 191 .0 44.2 
<5 222.0 83.9 
<5 215 61.4 766 17 0.18 0.01 

<5 
12 
<5 

7 

11 
<5 

39 24.4 382 41 0.43 0.03 
38 31 .4 420 19 0.27 0.02 
31 21 .8 342 84 0.25 0.01 

40 41 .6 522 249 1.25 0.08 

27 16.5 450 11 0.36 0.01 
61 25.0 438 28 0.48 0.02 

0.50 0.63 
0.22 0.10 
0.15 0.16 
0.78 1.13 
0.20 0.26 
0.25 0.31 

0.32 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 

-1.67 -7.00 0.41 

0.53 0.85 -1 .21 -6.85 0.39 
0.19 0.23 -1 .36 -6.95 0.32 
0.06 -0.03 -1 .23 -6.76 0.72 
0.26 0.35 -1.27 -6.85 0.48 

0.66 1.15 -2.07 -7.56 0.40 
1.28 2.48 -2.13 -7.34 0.39 
0.73 1.32 -2.18 -7.66 0.41 

1.21 2.40 -2.12 -7.06 0.35 

1.08 2.03 -2.30 -7.69 0.25 
1.06 2.00 -1.84 -7.51 0.37 



Field measurements Major ions Solids and total metals Mineral saturation indices 

Flow T pH Sp. Condo D.O. Ca2+ Mg2+ Na+ K'" HC03- cot SO/- cr TDS TSS T-Fe T-Mn SI SI SI SI Ratio 
gpm °c S.U. liS/em 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 

Unnamed ephemeral tributary to Muddy Creek 
M-STR07 0.0 

Muddy Creek (Main Fork) 

U-Mud 14,414 9.8 8.73 390 8.7 50.7 28.3 23.0 1.1 264 8 36 11.0 297 11 0.12 0.01 1.13 2.13 -2.14 -8.14 0.31 
PINES 405 20,615 8.2 8.62 386 8.5 41.3 22.8 8.0 <1 268 <5 11 1.8 220 199 2.78 0.02 0.93 1.70 -2.67 -9.38 0.14 

Muddy Creek (South Fork) 
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. Quiteh. 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 
Sufeo 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 
Sufeo 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) 
Sufeo 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 calculations. 



') Table 6 Isotopic compositions of groundwaters and surface waters. 

02H 0180 Tritium 013C 14C Groundwater "age" 
(%0) (%0) (TU) (%0) (pmC) 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 10/311995 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 
S 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 XCS7 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 41::: E2 C53 121711998 -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 



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 



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 Quarterly when reasonably accessible 
J Streams Discharge Quarterly when reasonably accessible for one 

year prior to commencement of longwall 
mining in area, continuing until one year after 

longwall mining in the area is complete 

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 
operational laboratory measurements 

3 Spring Quarterly groundwater quality field 10 Quarterly when 
measurements only reasonably 

accessible 
9 Stream Quarterly surface-water field and 11 Quarterly when 

operational laboratory water quality reasonably 
measurements accessible for 

one year prior to 
commencement 

of longwall 
mining in area, 
continuing until 
one year after 

longwall mining in 
the area is 
complete 



Table 9 Recommended discharge, water level, and water quality plan for 
springs and wells. 

Site Protocols Comments 

Sorinas 
M-SP01 0 , 3 Price River spring in Greens Hollow Canyon, 

previously cabin supply (currently in Sufco 
mon.plan) 

M-SP02 0,3 Price River spring in Greens Hollow Canyon, 
developed with trough (currently in Sufco mono 
plan) 

M-SP04 0 , 3 North Horn spring in Greens Hollow Canyon 
M-SP05 0 , 3 North Horn spring in Greens Hollow Canyon 
M-SP06 0 , 3 North Horn spring in Greens Hollow Canyon 
M-SP08 0,3 North Horn spring on Big Ridge (currently in 

Sufco mono plan) 
M-SP09 0,3 North Horn spring on Big Ridge 
M-SP11 0,3 North Horn spring on flanks of White Mountain 
M-SP12 0,3 North Horn spring in Greens Hollow Canyon 
M-SP15 0,3 North Horn spring in Greens Hollow Canyon 
M-SP18 0 , 3 Price River spring in the Muddy Creek 

drainage (currently in Sufco mono plan) 
M-SP19 0,3 North Horn spring in N. Fork of Quitchupah 

drainage 
M-SP20 0,3 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 , 3 North Horn spring in Cowboy Creek drainage 
M-SP41 0.3 North Horn spring in Cowboy Creek drainage 
M-SP44 0,3 North Horn spring in N. Fork of Quitchupah 

drainage 
M-SP45 0 , 3 North Horn spring 
M-SP53 0,3 North Horn spring on Big Ridge (currently in 

Sufco mon plan) 
M-SP60 0,3 North Horn spring in N. Fork of Quitchupah 

Creek 
M-SP87 0.3 Castlegate spring in Muddy Creek Canyon 
M-SP103 0,3 North Horn spring in N. Fork Quitchupah 

Canyon 
M-SP104 0,3 North Horn spring in N. Fork Quitchupah 

Canyon 
M-SP105 0,3 North Horn spring in N. Fork Quitchupah 

Canyon 



Site Protocols Comments 
M-SP106 D,3 North Horn spring in Greens Hollow Canyon 
GW-13 D,3 North Horn spring on BIg Ridge 

Streams 
M-STR04 C, 1 Cowboy Creek (currently in Sufco mono plan) 
M-STR06 C,1 Top Greens Can~on 
U-Mud C, 1 Confluence N&S Forks Muddy Creek 
Pines 405 C, 1 Cowboy Creek (currently in Sufco mono plan) 
Sufco 006 C,2 South Fork of Quitchupah Creek (currently in 

Sufco mono plan) 
Sufco 007 C,2 North Fork of Quitchupah Creek (currently in 

Sufco mono plan) 

) 



) 

Table 10 Recommended field and laboratory operational water quality 
monitoring parameters for groundwater. 

FIELD MEASUREMENTS REPORTED AS 

pH pH units 
Specific Conductivity IJS/cm @ 25°C 
Temperature °C 

LABORATORY MEASUREMENTS 

Total Dissolved Solids mg/l 
Total Hardness (as CaC03) mg/l 
Total Alkalinity (as CaC03) moll 
Bicarbonate (as CaCOs) moll 
Carbonate(as CaC03) mg/l 
Calcium (dissolved) mg/l 
Chloride mg/l 
Iron (total) moll 
Iron (dissolved) mg/l 
Magnesium (dissolved) mg/l 
Manganese (total) mg/l 
Manganese (dissolved) mq/l 
Potassium (dissolved) moll 
Sodium (dissolved) mg/l 
Sulfate mg/l 
Cations meqll 
Anions meqll 
Cation/Anion Balance % 



) 

Table 11 Recommended field and laboratory operational water quality 
monitoring parameters for surface water. 

FIELD MEASUREMENTS REPORTED AS 

pH pH units 
Specific Conductance IJS/cm @ 25°C 
Temperature °C 
Dissolved Oxygen mg/L 

LABORATORY MEASUREMENTS 

Total Dissolved Solids mg/L 
Total Suspended Solids mg/L 
Total Hardness (as CaC03) mg/L 
Total Alkalinity (as CaC03) mg/L 
Bicarbonate (as CaC03) mg/L 
Carbonate(as CaC03) 1l'l9/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 meqll 
Anions meqll 
Cation/Anion Balance % 



) 

Attachment A 

Discharge hydrographs for selected springs 

Plots of temperature, pH, specific conductance, 

and Palmer Hydrologic Drought Index. 
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Attachment B 

Discharge hydrographs for selected streams 

Plots of temperature, pH, specific conductance, 

and Palmer Hydrologic Drought Index. 
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Attachment C 

Water-Level hydrographs for 

selected monitoring wells 
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8.60 Forms of Bonds 

Mining and Reclamation Plan 
April 2017Deeember 20, 1991 (R 03/08) 

The surety bond for the applicant has been executed per the documentation within the reclamation 

agreement. by "United PBeifie InsurBnee CompBny" B eOfpofBte surety lieensed to do business 

in UtBn. 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 or baseline for the obligations and commitments within the 

text. 
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Canyon Fuel Company, LLC 
SUFCO Mine 

8.90 Terms and Conditions for Liability Insurance 

Mining and Reclamation Plan 
April 2017Deeeffiber 20, 1991 (R 03/0B) 

Certificates of Insurance issued to Canyon Fuel Company LLC, SUFCO Mine are submitted to the 

Division upon renewal as Appendix 8 1. The policy provides for personal injury and property 

damage protection concurrent with the amounts designated in R645-301-890.100. 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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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: 
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April 2017Deeeffiber 20, 1991 (R 03/08) 

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 steep 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 floorofthe channel rests directlyon bedrock. These unconsolidated deposits 

have not been mapped in detail. 

K. Canyons of Greens Hollow Tract. The drainages have a relatively steep gradient 

and contain limited very narrow deposits of unconsolidated alluvium. The canyon 
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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 offlood irrigation. Due to small size, steepness, 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. 

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 
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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 

discussions, the Natural Resources Conservation Service Determination 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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