
May 26,2015 

Utah Coal Program 

Utah Division of Oil, Gas, and Mining 

1594 West North Temple, Suite 1210 

P.O. Box 145801 

Salt Lake City, Utah 84114-5801 

cjV/:(/oo~ 

# 47QO Energy West Mining Company 
p. O. Box 310 
15 No Main Street 
Huntington, Utah 84528 

Subj: Clean Copy Submittal for Trail Mountain MRP to Add the Cottonwood/Wilberg Waste Rock 

Site to the Mine Permit Area, Pacificorp, Trail Mountain Mine, C/015/0009, Emery County, 

Utah Task 10 #4790 

PacifiCorp, by and through its wholly-owned subsidiary, Energy West Mining Company (Energy West) as 

mine operator, hereby submits the clean copies in reference to the submitted amendment to transfer 

the Cottonwood Waste Rock Site, which was part of the Cottonwood/Wilberg Mine permit 

(C/015/0019), to the Trail Mountain Mine permit (C/015/0009). 

Energy West has posted its bond to $1,154,000.00 as estimated by the Division's bond specialist, Pete 

Hess. The Reclamation Agreement, Exhibits A & D, has been signed and hand delivered to the Division 

on May 13, 2015. 

A C2 form is included that describes the maps, text, and/or materials that were changed and are 

included as clean copies. A new binder for the addition of Volume 4 (Waste Rock Site Volume) has been 

constructed and includes all pertinent and current information as reviewed by the Division. Please 

stamp and incorporate this submitted without delay as Energy West is scheduled to transfer the Trail 

Mountain MRP, coal leases, private lands, etc. to Bowie Resources on May 29,2015. 

If you have any questions concerning this submittal, or anticipate any delay in this approval, please 

contact myself at 435-687-4712 or Dennis Oakley at 435-687-4825. 

~
. 

Kenneth Flec 

Geology and Environmental Affairs Manager 

Cc: file 



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

Permittee: ~P~a~c_i_fi_C_o~rp~~ ______________________________________________________ ~ __ ~ ________ __ 
Mine: Trail Mountain Mine Permit Number: C/019/0009 
Title: Clean Copy Submital for Trail Mountain MRP to Add the CottonwoodlWilberg Waste Rock Site to the Mine 

Permit Area, Pacificorp, Trail Mountain Mine, C/015/0009, Emery County, Utah Task ID #4790 

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. 

DAdd ~ Replace 

DAdd ~ Replace 

DAdd ~ Replace 
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~Add D Replace 

DAdd ~ Replace 
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DRemove 
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DRemove 
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D Remove 

DRemove 

D Remove 

D Remove 

D Remove 

DRemove 

D Remove 

D Remove 

DRemove 

D Remove 

D Remove 

D Remove 

DESCRIPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGED 

Volume I, Chapter I, replace pages 1-2 thru 1-5 with 1-2 thru 1-4 

Volume I , Chapter 2, replace page 2-1 

Volume I, Chapter 3, replace pages 3-10, 12,34,35,53,54,65, and 72 

Volume 1, Chapter 3 Appendix 1, replace ummary page 

Volume I, Chapter 3, Appendix I, add bond estimate (5 pages) 

Volume I, Chapter 4, replace entire chapter 

Volume 2, Chapter 7, replace page 7-26 
Volume 3, Maps, replace maps TMSI680C, TMSI454C, TMSI458C, TMSI450C, 
TMSI684C 
Volume 4, Trail Mountain Mine, Waste Rock Site, Grimes Wash Facility (note: this volume 
contains redline/strike out text to show changes from CTW to TM transfer) 

Appendix Volume, Appendix 7-1, Water Monitoring Program, Replace Table 

Appendix Volume, Appendix 7-1 , Replace Monitoring Location Map 

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

Received by Oil, Gas & Mining 

RECEIVED 
MAY 2 6 l01~ 

DIV. OF 011., GAS & MINING 



PacifiCorp 

Energy West Mining Company 

Trail Mountain Mine MRP 

Volume 1: Chapter 1 

Replace pages 1-2, 1-3, 1-4 



PacifiCorp Trail Mountain Mine 

1.1 INTRODUCTION 

PacifiCorp's Trail Mountain Mine is located in Cottonwood Canyon, 12 miles west of Orangeville, Utah 

(See Figure 1-1). A mining and reclamation permit, ACT/0l5/009, which incorporates the Office of 

Surface Mining (OSM) permit UT-00l7, was issued by the State of Utah, Division of Oil, Gas and Mining 

(DOGM) to Trail Mountain Coal Company on February 19, 1985. The subsequent permit, 

ACT/015/009-1, was modified to include the Tract II area on April 30, 1987. A permit transfer from Arch 

Minerals (Trail Mountain Coal Co.) to Beaver Creek Coal Company (Trail Mountain No.9 Mine) was 

approved by DOGM on 11123/87. A permit transfer from Beaver Creek Coal Company (Trail Mountain 

No.9 Mine) to PacifiCorp (Trail Mountain Mine) was approved on 11/13/92. As of this writing, the most 

up to date permit issued by DOGM (C/015/0009) was issued February 21, 2015. 

PacifiCorp notified the Division of temporary cessation of coal mining operations at the Trail Mountain 

Mine effective May 4,2001. Coal mining at the Trail Mountain Mine ceased as of March 15,2001. In 

preparation of temporary cessation, all mining equipment including; production (longwall and continuous 

miner), belt haulage and electrical were removed from the mine. Verification of equipment removal was 

conducted on April 6, 2001 with Bureau of Land Management (Steve Falk) and Division of Oil, Gas and 

Mining (Pete Hess) participating in the review. A plan to construct permanent seals was submitted to and 

approved by Mine Safety Health Administration. Sealing of the mine portals was completed on May 1, 

2001. 

The following Permit Application will focus on the entire mine which from this time forth will be referred 

to as the Trail Mountain Mine. 

Chapter 1 1-2 
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Figure 1-1 Location of the Trail Mountain Mine Area 
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PacifiCorp Trail Mountain Mine 

1.3 SCOPE OF OPERATON 

The Trail Mountain Mine is an underground coal operation. These operations have historically 

extended throughout Sections 25, 26, 27, 34, 35, and 36 in Township 17 South, Range 6 East; and 

Sections 1, 2, and 3 in Township 18 South, Range 6 East; and Section 6 in Township 18 South, 

Range 7 East, Salt Lake Base and Meridian, Emery County, Utah. The underground working 

covered an area of approximately 773.50 acres of Federal leases and fee coal lands For the 

current permit and adjacent area acreages and descriptions, refer to the Legal and Financial 

Volume. 

Underground mining occurs in the Hiawatha seam of the Blackhawk Formation. Surface 

facilities, including the offices, bathhouse, shop, storage facilities and tipple are located at the 

intersection of the coal seam and the canyon floor. Surface facilities occupy approximately 

10.39 acres. The waste rock site disturbance adds an additional 17.44 acres. 

1.4 SUMMARY OF ENVIRONMENTAL IMPACTS 

Similar to many other coal operations along the east front of the Wasatch Plateau, the Trail 

Mountain Mine is located in a steep walled canyon. Vegetation, soils, geology, hydrology, and 

wildlife of the mine plan area are typical of the general area. 

As mining has been conducted in the area for over 50 years with rather minimal impact to the 

environmental resources, it is expected that continued operation of the Trail Mountain Mine will 

also have minimal impact. Impacts are expected to be minimal due to implementation of mining 

practices which incorporate sound and practical engineering and environmental considerations in 

the mine planning process. 

Chapter 1 1-4 
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Energy West Mining Company 

Trail Mountain Mine MRP 

Volume 1: Chapter 2 

Replace page 2-1 



Tlailllllunlain IIin. 

PacifiCorp 

Energy West Mining Company 

TRAIL. MOUNTAIN MINE 

Legal and Financial Information 

This application for a mining and/or reclamation permit is submitted to the State of Utah, 

Department of Natural Resources, Division of Oil, Gas and Mining, in accordance with the Utah 

Coal Mining and Reclamation Act, Title 40, Chapter 10, U .C.A., 1953 (as amended); the applicable 

rules and regulations adopted thereunder; the Surface Mining Control & Reclamation Act of 1977, 

and applicable regulations adopted thereunder (30 CFR 770, et seq.), the Cooperative Agreement 

between the State of Utah and the United States Secretary ofInterior, and other applicable laws and 

regulations. 

R645-301-100 GENERAL CONTENTS 

All Legal and Financial Information pertaining to the Trail Mountain Mine is located in the 

Supplemental Volume entitled: 

PacifiCorp Legal and Financial Volume 

Cottonwood Mine C/OI5/19 

Trail Mountain Mine C/015/009 

ChaPI.,2 2-1 

Deer Creek Mine C/015/18 
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Volume 1: Chapter 3 

Replace pages 3-10, 3-12, 3-34, 3-35, 3-53, 3-65, 3-72 



Trail Mountain Mine 

3.2.7 Sewage System (This system is no longer exists) 

The septic system for the Trail Mountain Facility was approved by the Division of Water Quality 

on March 17, 1995. The system is somewhat unique in that the grey-water portion of the sewage 

is separated and eventually enters the Cottonwood Mine sewage system and leach field for final 

disposal. 

The sewage enters one of three septic tanks, depending on location, removing the majority of 

solids from the sewage. The grey-water then flows, via an 8 inch line, to the collection/pumping 

station, located south of the rock dust silo. The collection/pumping station contains a 10,000 

gallon holding tank and two pumps. From this station, the grey-water is pumped under the 

county road and into the Cottonwood Mine belt entry, through a 4 inch buried line. The 4 inch 

line follows an underground workings route to the Cottonwood Mine sewage system and leach 

field. 

In the case of emergencIes, the system can dispose of the sewage grey-water at the 

collection/pumping station by haulage truck to the Cottonwood Mine sewage system or to 

another facility licensed to accept septic tank waste. For short term emergencies, the storage 

capacity of the collection tank can handle more than the 24 hour sewage waste generation of the 

mme. 

3.2.8 Water Diversion Structures 

Three water diversion structures are maintained at the Trail Mountain Mine. A concrete curb 

and gutter running north-south through the facilities area diverts water from the disturbed area 

into the sediment pond. A 66 inch culvert that has been placed in Cottonwood Creek has 

allowed the facilities pad area to be extended, and also allow Cottonwood Creek to flow beneath 

the mining operation. The length of this culvert is approximately 1,900 feet, extending from 

below the sedimentation pond to the property boundary north ofthe bathhouse (see Chapter 7). 

Chapter 3 10 
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PacifiCorp Trail Mountain Mine 

All roads are constructed and maintained to minimize disturbance and adverse impacts on fish, 

wildlife and related environmental values. Roads will be maintained to meet applicable design 

standards throughout their use, by blading, watering and resurfacing as necessary. Roads are 

also located, designed, constructed, reconstructed, used, maintained, and will be reclaimed so as 

to prevent or control damage to public or private property; using non-acid or non-toxic forming 

substances in surfacing; and will have a static safety factor of 1.3 for all embankments. 

The mining operation is conducted within 100 feet of a public (county owned) road. The 

requirements of R645-1 03-234 and protection of the public interests are met in the following 

ways: 

3.2.11 

(1) This is a pre-law operation, and has always been located adjacent to the public 

road which provides access to the public and private lands in and beyond 

Cottonwood Canyon; 

(2) The road has been upgraded and paved through cooperation of the Mine, Emery 

County Road Department, and the US Forest Service; 

(3) Necessary approvals for the road have been obtained from the authorities with 

jurisdiction over the public road through the cooperative effort of upgrading and 

paving of the road to the mine site. Necessary encroachment permits have been 

obtained from Emery County for accesses to and from the public road. 

(4) Required public notices concerning the operation have been posted III local 

newspapers for Permit Approvals, Permit Renewals and Permit Transfers. 

Total Area for Surface Disturbance During the Permit Term 

The total area of present surface disturbance within the Trail Mountain Mine permit area, 

including all compliance activities (sediment pond, upper and lower culvert installation, borrow 

area, portal areas, and surface pad extension), is 10.39 acres (see Plate 3-1 in Volume 3). Other 

disturbed areas include the waste rock site area which covers 15.82 acres of disturbance (refer to 

Plate 4-1 in Volume 4). INCORPORATED 

MAY 2 0 7015 

Div. of Oil, Gas & Mining 
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PacifiCorp Trail Mountain Mine 

3.3.7 Mine Plan Area 

The mine plan area of the Trail Mountain Mine is outlined in Figure 3-10. A total of 773.50 

acres are included in the mine plan area. 

3.3.7.1 Projected Mining By Year 

The mine development and projected mining schedule are shown on Plate 3-2. 

As shown, additional permit terms will be required. 

3.3.7.2 Acreage and Delineation 

As described in the Legal and Financial Volume, the mine plan area consists of 

approximately 773.50 acres of fee and federal land. Federal land consists of three 

leases totaling 720.00 acres. The remainder of the mine plan area (53.50 acres) is 

fee land held by PacifiCorp. The waste rock site in Grimes adds an additional 

25.85 acres. 

3.4 ENVIRONMENTAL PROTECTION 

This section addresses the environmental concerns and impact of the mining operation. The 

aspects of land-use, cultural resources, hydrology, soils, vegetation, fish and wildlife, air quality, 

subsidence, and waste disposal are addressed. Each aspect is addressed in terms of projected 

impacts and control measures. For those aspects that warrant it (hydrology, vegetation, fish and 

wildlife, air quality, and subsidence) a discussion of monitoring procedures are also included. 

3.4.1 Preservation of Land Use 

The post-mining land-uses ofthe Trail Mountain Mine, owned by PacifiCorp, are anticipated to 

remain the same as the pre-mining land-uses of grazing, wildlife habitat and recreation. A full 

discussion of these uses area found in Chapter 4. 

Chapter 4 34 
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PacifiCorp Trail Mountain Mine 

Following completion of the mining operations, the mine site will be reclaimed and revegetated. 

The area will be graded, scarified, and seeded before the next growing season. The seed 

mixtures to be used are discussed in Chapter 9 and Section 3.5 of this Chapter. 

The site will receive treatments of fertilizer and additional seedings until it is determined stable 

for the bond release period. 

During low run off, the stream diversion culvert will be removed and the stream channel will be 

restored. No reclamation work is contemplated on the access road to the site. This road has 

varied ownership (county, federal and private) and provides access for Forest Service and private 

land up Cottonwood Canyon. 

Lands held by PacifiCorp are classified by Emery County, the US Forest Service, and the State 

of Utah as a recreation, forestry and mining area. 

3.4.1.1 Projected Impacts of Mining on Current and Future Land Use 
Within the permit area, approximately 10.39 acres has been disturbed by surface facilities 

of the mine. This disturbance has affected the soils and vegetation of the area. The effect 

on vegetation is temporary and will be eliminated by revegetation of the disturbed area. 

Wildlife loss of habitat in the riparian community has occurred. The acreage is small; 

however, the riparian area is considered to be of critical value to the overall density of 

terrestrial wildlife. Continued operation of the surface facilities will have no significant 

impact on the local wildlife. A full discussion can be found in Chapter 10. 

For a full discussion of the projected impacts on the area occupied by the waste rock site, 

see Volume 4. Disturbance in this area is approximately 17.44 acres. 

3.4.1.2 Control Measures to Mitigate Impacts 

Careful planning of the reclamation activities will help to minimize the impact of the Trail 

Mountain Mine on land-use. Return of the mine site to the premining land-use of grazing, 

INCORPf)RATED 
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PacifiCorp Trail Mountain Mine 

3.4.9 Waste Disposal 

PacifiCorp has contracted with local finns to handle and remove all non-coal wastes from the 

mine site. Non-coal wastes and materials that constitute a potential fire hazard are hauled by a 

licensed contractor to a state approved waste disposal area. 

Waste oil is collected in drums in a designated storage area at the site. A licensed contractor will 

pick up this material on a regular basis and remove it for recycling purposes. 

It should be noted that during a spoils survey, it was pointed out that there was no evidence of 

toxic materials at this mine site (Mr. George Cook, SCS). Prior to reclamation, all spoil material 

will be re-sampled in a comprehensive random method and retested in accordance to UDOGM 

guidelines for acid and/or toxic fonning potential. Sampling will be conducted per Appendix 9-

I, Attachment C. 

Sediment pond waste is removed from the site and disposed of in the Waste Rock Site in Grimes 

Wash in accordance with the Division's "Sediment Pond Clean out Procedural Guidelines". The 

Division will be notified and procedures will be approved prior to the start of pond cleaning 

activities. Previous analyses of this material have shown it to be non-toxic and non-acid fonning. 

The sediment material will be sampled and tested according to Division "Title V Coal, Program 

Policy for Disposal of Sediment Pond Waste". 

Underground development waste is kept underground as allowed by MSHA regulations. In the 

event this material must be brought out of the mine, it will be hauled to the CottonwoodlWilberg 

Waste Rock Site and disposed of in an approved manner. 

Chapter 3 53 
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PacifiCorp Trail Mountain Mine 

3.5.5.1 Soil Preparation 

With special handling, the disturbed land fill should provide a suitable seed bed for revegetation. 

Soil sampling will be conducted per Appendix 9-1, Attachment C. Special handling will include 

removal of contaminated material and large coarse rock fragments (greater than 18 inches). The 

large rock fragments will be used as rip-rap in channel restoration, buried with the fill, or 

randomly placed on the reclaimed surface. The mine coal pad areas will be removed and all 

coal/refuse associated with the pads will be hauled to the Waste Rock Site for disposal. 

Contaminated soil material which contains greater than 50 percent coal fines, will be disposed of 

at the Waste Rock Site in Grimes Wash. Soil contaminated with oil and grease will be disposed 

of at an approved site. This will be determined by visual inspection, and any material with 

visible oil or grease contamination will be removed. The volume of such material cannot be 

accurately estimated; however, it will likely be less than two percent of total volume. Material 

with less than 50 percent coal fines will be buried against the cut banks and covered with a 

minimum of four feet of incombustible material. There are no acid-or toxic-forming materials 

known to exist at this site. Any of these materials discovered will be disposed of on-site and 

covered with 4' of material or removed to the Waste Rock Site in Grimes Wash. Salt 

contamination may also be a problem in soils used for reclamation. 

If visible salty areas or analyzed salty areas are found, the soils will be buried along the cut 

banks or other available sites to a minimum depth of 48". 

Non-coal waste will be separated from the soils, loaded into trucks and hauled to an approved 

landfill for final disposal. All pad areas will be ripped for 12 to 24 inches to loosen the fill 

profile using the rippers on the dozer, and pulverized if a cloddy surface exists. Once backfilled 

and graded, the surface will be scarified with the teeth on the backhoe, or using the tracks of the 
INCORPORATED 

MAY 2 0 7015 
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PacifiCorp Trail Mountain Mine 

3.5.7 Cost Estimate for Reclamation 

The 1979 Act "Regulation of Coal Mining and Reclamation Operations" requires the operator of 

a coal mine to file with the Utah Division of Oil, Gas and Mining (DOGM) a bond in the amount 

equal to the estimated cost of completing the work described in the operator's reclamation plan. 

The bond is to ensure the State of Utah that in the event of the operator being financially unable 

to reclaim the disturbed areas, such areas can and will be restored by the DOGM at no cost to 

state residents. 

The strata characteristics above the coal seam, the slow and uniform rate of subsidence will not 

affect the surface terrain to such an extent that reclamation will be necessary. As such, a 

reclamation bond is not required for the surface lands over the underground workings. 

An estimate of the cost of reclamation of the Trail Mountain Mine site, including the waste rock 

site, is shown in Appendix 1. The cost estimate is summarized as direct and indirect costs for 

demolition, backfilling and grading, revegetation for the mine site and waste rock site. 

Supporting cost calculations for each major reclamation step is also presented. 

Earthwork estimates for final reclamation are summarized in the Mass Balance Table 3-4. The 

quantities are taken from cross-sectional areas shown on Plate 3-6. Cross section locations are 

shown on Plates 3-1 and 3-5. Estimates indicate a cut volume of 38,579 cubic yards and a 

required fill volume of39,719 cubic yards for final mine site reclamation. 

Chapter 3 72 
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PacifiCorp 

Energy West Mining Company 

Trail Mountain Mine MRP 

Deficiency Response 
Request for Additional Information, Addition of Waste Rock Site 
Task ID #4790 

Volume 1: Chapter 3, Appendix 1 

Replace bond summary page 



Trail Mountain Mine Total Required Bond Amount 

Direct Costs 1 Trail Mine Facilities Area 

Subtotal Demolition and Removal $369,084.00 
Subtotal Backfilling and Grading $203,096.83 
Subtotal Revegetation $38,547.16 
Direct Costs $610,728.76 

Indirect Costs 1 Trail Mine Facilities Area 
Mob/Demob $61,072.88 
Contingency $30,536.44 
Engineering Redesign $15,268.22 
Main Office Expense $41,529.56 
Project Mainagement Fee $15,268.22 
Subtotal Indirect Costs $163,675.31 

Total Cost 2012 Dollars 1 Trail Mine Facilities Area $774,404.06 

Add Reclamation Cost Waste Rock Site ICWW Vol 10 
Reclamation Cost 2011 Dollars 

Demolition $10,618.49 
Earthwork $231,606.96 
Rip-Rap $24,151.09 
Revegetation $33,342.25 
Subtotal Diect Costs for Waste Rock Site ( 2011 Dollars) $299,718.79 
Escalation Factor for 2011 
Number of Years to 2012 (Escalation Dollars = $ 3596) 
Escalation Total Dollar Amount for 2012 $303,315.42 

Total of Mine Facilities + Waste Rock Site (2012 $'s) $1,077,719.00 

Escalate to 2015 (Current Review Year) (ESF=1.015) 
Number of Years 
Escalation Dollars $49,228.00 

Total Cost Trail Mtn Disturbed Areas $1,126,947.00 

Escalate to 2017 (Next Midterm Review) (ESF= 1.012 for 2015) 

Escalation Dollars 

Escalated Reclamation Cost to 2017* 
Bond Amount (rounded to nearest $1,000) 
Posted Bond 10 1 09 1 2012 
Difference Between Cost Estimate and Bond** 

* As calculated by Division 

$27,205.00 

$1,154,152.00 
$1,154,000.00 

$822,000.00 
-$332,000.00 

** A bond rider in this amount was effective April 15, 2015 to increase the 
total bond for the Trail Mountain mine to $1,154,000.00 

Printed 5/4/2015 

10.0% 
5.0% 
2.5% 
6.8% 
2.5% 

26.8% 

1.012 
1 

1.045678 
3 

1.02414 
2 

April 15, 2015 
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PacifiCorp 

Energy West Mining Company 

Trail Mountain Mine MRP 

Volume 1: Chapter 3, Appendix 1 

Add Waste Rock Site bond estimate after last page of the existing appendix 



Trail Mountain Mine 
Waste Rock Site 
C/015/0009 

Wa te Rock Site Cost Summary 

Description Coat 
Demolition $ 10,618.49 
Eartl:lwork $ 231,606.96 
Riprap $ 24,151.09 
Re,ve§e.tlatien $ 33,342.25 

Total $ 299,718.79 

Total Cost (2011 Dollars) $ 299,718.79 

Escalation factor 
Number of years 
Escalation $ 3,597.00 

Bond Amount (2012 Dollars) $ 303,315.79 

Revised May 2015 

0.012 
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Trail Mountain Mine 
Waste Rock Site 
C/015/0009 
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4.1 SCOPE 

This chapter of the mining and reclamation plan describes the status of lands in and adjacent to 

the mine plan permit and adjacent areas. Present and post-mining land-uses will also be 

discussed with emphasis on how mining can be integrated in the multiple land-use ofthe area. 

4.2 METHODOLOGY 

Information used in preparing this chapter of the mining and reclamation plan has been gathered 

from published sources and from discussions with the relevant land-management agencies. 

4.3 LAND STATUS 

4.3.1 Mine Plan Area Surface Land Status 

Land status within the Trail Mountain mine plan area is separated into two areas: private, and 

federal (Refer to Plate 4-1 in Volume 3). 

4.3.1.1 Ownership 

PacifiCorp owns 53.50 acres of private land surrounded by federal land of the 

Manti-LaSal National Forest. Ownership of land was obtained by Beaver Creek 

Coal Company in October, 1987, through purchase of the mine from the Arch 

Minerals Company of St. Louis, MO. A legal description of the extent of the 

property is given below. Also refer to the Legal and Financial Volume for more 

details: 

Beginning point SW corner of NWl/4 SE1I4, Sec. 25, T17S, R6E, SLB&M, 

thence North 160 rods, thence East 44 rods to center Cottonwood Creek, 

Southward along creek to a point 76 rods East of the beginning, thence West 76 

Rods to the point of beginning. 

Chapter 4 4-1 
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4.3.1.2 Surface Managing Authorities 

Historically andlor presently, the surface lands of the mine plan area have been or are 

currently managed by the State of Utah, Division of State Lands and United States of 

America, US Forest Service. Section 36, Township 17 South, Range 6 East, no longer 

part of the mine plan area, was managed by the Utah Division of State Lands 

(relinquishment for ML-22603 effective 01/31/1996). Areas within Township 17 South, 

Range 6 East, Sections 25, 26, 27, 34 and 35, Township 18 South, Range 6 East, Sections 

1, 2, and 3, and Township 18 South, Range 7 East are managed by the Manti-LaSal 

National Forest, US Forest Service. The majority of these lands have been mined out and 

relinquished. Refer to Legal and Financial Volume for lease area, permit area, and 

adjacent area details. 

4.3.1.3 Special Use Permits and Leases 

The Bureau of Land Management issued a right-of-way for the area established 

for the waste rock site. This area is located in Township 17 South, Range 7 East, 

Section 34. Refer to the Legal and Financial Volume for complete description of 

this area. 

4.3.2 Mineral Ownership 

4.3.2.1 Coal Ownership and Mines 

The Trail Mountain Mine is located in an area of intermixed state (relinquished), 

federal, and fee coal. Plate 4-1 shows the ownership of the area surrounding the 

mine plan area. Those areas not outlined are unleased federal coal. The only 

operating mine in the area is the Trail Mountain Mine. 

4.3.2.2 Coal Leases 

PacifiCorp has been granted federal coal lease U-082996 for 80 acres, U-49332 

for 641.47 acres (partial relinquishment of 261.47 acres accepted as of 01/09/~:CORPORATED 

and lease U-64375 for 2,630.81 acres (partial relinquishment of 2,504.01 acre~~AY 2 0 2015 
accepted as of 01/09/09). These mineable leases are located in: 

;"l!\i ot Oil, G9S & Mining 
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Township 17 South, Range 6 East, SLB&M Section 25, (80 acres); TI7S. R6E, 

Sections 25, 26 and 35 (380.00 acres), T17S. R6E, Sections 26, and 27 (260.00 

acres); Descriptions of the leases are found in the Legal and Financial Volume, 

Appendix C. 

4.3.2.3 Mineral Ownership 

Ownership of 53.50 acres of surface and mineral rights is held by PacifiCorp. A 

description of the extent of the mineral ownership is given below: 

4.3.2.4 

"Beginning point SW comer of NW1I4, SE1/4, Section 25, T17S, R6E, 

SLB&M, Thence North 160 rods, thence East 44 rods, to center of 

Cottonwood Creek, southward along creek to a point 76 rods east of the 

beginning, thence West 76 rods to the point of beginning. " 

Mineral Leases 

A copy of the lease agreements can be reviewed at the Energy West Main Office 

in Huntington, Utah. 

4.3.2.5 Oil and Gas Wells 

No oil and gas wells have been or are presently being drilled on or adjacent to the 

mine plan area. 

4.3.2.6 Oil and Gas Leases 

Oil and gas lease are held on the mine plan area. A state lease ML-311 04 is held 

by Placid Oil Company, filed in September, 1974. Leases held on federal land are 

shown in Table 4-1. 
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Table 4-1: Oil and Gas Lease Ownership Infonnation. 

Location Own.ersbip 

T 17' S, Section 24 

Southland Royalty Company 25% 

Enterprise Gas Company 3711 % 

El Paso Exploration Company 37Yz % 

T 17 S., Section 2S 

Hawthorn Oil Company 

T 17 S Sections 26 & 35 

Southland Royalty Company 25% 

Enterprise Gas Company 3711 % 

El Paso Exploration Company 3711 % 

T 18 $ , R 6 E, Section 1 

Edward Mike Davis 47Yz % 

T 18 S, R 6 E, Section 2 

E1 Paso Exploration Company 37Yz % 

Southland Royalty Company 25% 

Enterprise Gas Company 3711 % 

Chapter 4 4-4 
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4.4 LAND USE 

4.4.1 Regional Land Use 

Traditionally land use in the Wasatch Plateau has been mining, grazing, recreation, wildlife 

habitat and timber harvesting. Generally land management of the plateau has been controlled by 

the Manti-LaSal National Forest due to the large portion of the plateau within the forest 

boundaries. 

4.4.2 Mine Plan Area Land Use 

4.4.2.1 Existing Use 

Existing land uses of the Trail Mountain Mine plan and adjacent areas consist of 

grazing, wild life habitat and recreation. No commercial forest uses have existed 

on the privately owned or National Forest lands within the mine plan areas. No 

farming has or is being done on the mine plan or adjacent areas. 

Chapter 4 

Grazing - The National Forest land within the mine plan area is considered 

as unsuitable range (Niebergall, 1981). Since 1981 when John Niebergall 

made the preceding statement, lease U-64375 was added to the mine plan 

area. Much of this lease, issued in 1990 (2,504.01 acres relinquished 

effective 01/09109), is used as rangeland for both domestic livestock and 

wildlife. Section 36 (relinquished 01/31/1996), owned by the State of 

Utah, is leased by Emile Luke. Eight cows are allowed on the property 

from June 21 through September 20 (24 AUM's). The actual land within 

this section utilized for grazing is probably limited to 120 acres or less in 

the west portion of the section. The remainder of the mine plan area is 

unsuitable for range due to the cliff-like nature of the area. A map 

showing the US Forest Service grazing allotments is provided (see Figure 

4-4). Livestock are also trailed on the road in Cottonwood Canyon 

t th h
· hlNCORDORATED 

(Niebergall, 1981). Cattle are moved to summer range a e Ig er 

elevations above the mine plan area. i\M Y 2 0 2015 
It should be noted, that PacifiCorp has provided for the US Forest SdWiQJ!' Oil, CielS & Mining 

and the Trail Mountain Cattleman's Association, fences and gates at the 
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4.4.2.2 

Trail Mountain Mine 

Roan Canyon location and the adjacent Cottonwood Canyon location. 

The company has provided a cattle guard and a stock corral at the 

Cottonwood Canyon location, (see Figure 4-4) to aid the cattlemen in their 

efforts to trail cattle to and from summer ranges above the Trail Mountain 

Mine permit areas. 

Recreation - Recreational use of the area consists primarily of sightseeing 

by people traveling up Cottonwood Canyon to the Upper Joes Valley area. 

Limited hunting also occurs on the small section of the mine plan area on 

the plateau. Most of the area is characterized by steep and extremely 

rugged cliffs which are not conductive to recreational uses (Niebergall, 

1981). There is no fishing in the canyon near the mine (Niebergall, 1981). 

Access to the mine plan area is by the paved road in Cottonwood Canyon. 

Jeep trails allow access to the mine plan or adjacent areas on the high 

plateau above the Trail Mountain Mine. Access is gained via road on the 

upper end of Trail Mountain. 

Farming - Farming is not practical within the permit or adjacent area. 

Farming is impractical due to the steep and rocky terrain, and therefore, no 

future farm use is expected within the permit or adjacent area. 

Previous Mining 

Underground Mined Areas - The Johnson mines, located across the canyon from 

the Trail Mountain Mine facilities were active from 1909 to 1948. The 

Cottonwood Canyon prospects are located across Cottonwood Canyon from the 

Trail Mountain Mine. The Cottonwood Canyon prospects were active from 1946 

to 1948. No other known minerals of value have been mined within the permit or 

adjacent area. INCORPORATED 

f1-I~Y 2 0 2015 

Div. of Oil, Gas & Mining 
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Production from the earlier mines was from the Hiawatha seam by room and 

pillar mining. An estimated production of 96,000 tons is reported by Doelling 

(1972) for all mining in the area. Of this, the Cottonwood Canyon mines 

produced approximately 54,000 tons. 

Surface Mined Areas - There have been no previous surface mines located within 

the mine plan or adjacent areas. 

4.4.3 Land Use During Operations 

Land use in the area has not changed greatly in the past 20 to 50 years. The following section 

will look at the potential effects of the operation on the use of the land. At the present time, 

Applicant has no plans to disturb any additional surface area during the mining permit term. 

4.4.3.1 Effect of Operation on Land Use 

The Trail Mountain Mine has operated in the Cottonwood Canyon since 1946. 

Land use in the canyon has adapted to the existence of the mining operation. As 

described previously, the majority of the mine plan area is not suitable for 

grazing or forestry. The uses affected are wildlife habitat and recreation. 

Recreationalists and ranchers use the canyon for access to the upper parts of 

Cottonwood Canyon and the top of the plateau. Sightseeing and seasonal cattle 

drives are the only major activity, other than mining, in the lower canyon. 

Access up the canyon is not obstructed by the mining operation and facilities. 

Traffic on the county access road is not a problem. In 1987, three miles of the 

Cottonwood Canyon road from Highway 29 to the Trail Mountain Mine site was 

surfaced with six inches of asphalt. 
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4.4.3.2 Mitigation of Effects of Operation 

The realignment and surfacing of the access road has greatly facilitated traffic 

flow and has mitigated any erosion or fugitive dust pollution problems. 

The mine plan area due to its underground nature will have no adverse impacts 

other than those which may result through subsidence. Should subsidence occur 

and alter springs, seeps, or ponds that is used as a watering source for wildlife or 

cattle, PacifiCorp will commit to mitigating the loss of seeps and springs with 

the installation of 2000 gallon guzzlers. These guzzlers will be fenced with pole 

fencing to a maximum height of 42 inches with 14 inch spacings between poles 

to keep out cattle and allow wildlife in. Guzzlers will provide a water supply for 

wildlife. These guzzlers are fenced to keep cattle out because cattle would de

water guzzlers in a very short time. Man-made and natural stock ponds are 

provided on the Trail Mountain area as a source of water for grazing cattle. 

These ponds are supplied by snow runoff or spnngs. There are several 

developed springs in the allotment areas that have watering troughs. If 

subsidence affects any ponds, ponds will be rebuilt with equipment and a 

bentonite liner will be placed in the affected pond. Water could be diverted due 

to subsidence. Should subsidence alter a seep or spring that is supplying a water 

source to livestock, PacifiCorp will, after consulting with the Forest Service and 

DOGM, commit to replace or relocate the trough or pond to a suitable range 

area. PacifiCorp has implemented a subsidence and hydrologic monitoring 

program whereby, the extent and the effects of subsidence to water resources can 

be studied, identified, and the appropriate mitigating action taken. 
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4.5 POST MINING LAND USE 

4.5.1 Mine Plan Area 

Land use following mining will remain essentially the same on a regional basis. A combination 

of coal mining, grazing, wildlife habitat and recreation will tend to be the typical uses. These 

uses will be, as previously described, strongly influenced if not controlled by the Manti-LaSal 

National Forest. 

The post mining use of the mine plan areas is proposed as a multiple use of grazing, wildlife 

habitat, hunting and recreation. All of these uses are compatible with the surrounding area. 

4.5.2 Mine Site 

The mine site will be reclaimed to a grazing, wildlife habitat, and recreational use. 

Rehabilitation of the site will include removal of all buildings and facilities, regarding the tipple 

pad and sediment pond, removal of the bypass culvert, and reestablishment of stream, soil 

preparation, and revegetation of the site. 

Use of the site will probably be recreational during late spring, summer, and fall and for wildlife 

grazing during the winter and early spring. In this area, the recreational use should not interfere 

with the wildlife use due to limited access during the winter months. This will allow for 

protection of the deer during the crucial period while on their winter range. 

4.5.3 Final Surface Configuration 

The graded surface of the mine site will blend existing slopes into the surrounding terrain. The 

slopes will be stabilized with vegetation, and the erosion hazard reduced. (See Chapter 3.) 
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deposits has been limited and the level of groundwater has been reduced to a point below 

the elevation of the Cottonwood Spring. To verify the extent of the alluvial deposits and 

to define the hydrologic characteristics, PacifiCorp conducted a hydrologic research 

project in 1992 which included a series of resistivity lines and the drilling ofthree surface 

sites (refer to Appendix 7-17 for complete details). At each ofthe surface sites, two wells 

were completed; one in the alluvial deposits and one in the Spring Canyon member of the 

Star Point Sandstone Formation. Wells completed in the alluvial deposits will be utilized 

to compare the well hydro graphs to those of Cottonwood Canyon Creek and the Star 

Point Sandstone. Monitoring data will be included in future Annual Hydrologic 

Monitoring Reports. 

Surface water-quality data collected from Cottonwood Canyon Creek by PacifiCorp 

indicate that the dominant ions are: calcium, magnesium, and bicarbonate. Water quality 

and quantity data collected during the year are presented in the Annual Report. Total 

dissolved solids concentrations in the stream vary from about 250 to 300 milligrams per 

liter in the mine area, with the lower concentrations normally occurring during the high

flow season. Slight variations have been noted between stations located upstream and 

downstream from the permit area (SW-l, SW-2 and SW-3). 

As expected, total suspended solids concentrations in Cottonwood Canyon Creek tend to 

vary inversely with the flow rate. Concentrations have varied during the period of record 

from less than 1 milligram per liter to greater than 1000 milligrams per liter. 

Topography in the area is very rugged, with elevation varying from 6800 to over 9000 

feet above sea level. Slopes within the mine plan area vary from near vertical cliffs to 

less than 4 percent (2 degrees) on Trail Mountain. Major escarpments occur to the east 

and south of the mine plan area. 
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TRAIL MOUNTAIN WATER MONITORING PROGRAM 

STATION LOCATION TYPE 
GEOLOGIC 

FREQUENCY STATUS RESULTS TO: REMARKS 
OCCURRENCE 

SW-I Cottonwood Cvn Intermittent Surface Stream Monthly-Field Operational DOGM Oil & Grease 
AboyeMine Stream Crossing Blackhawk Quarterly-Quality Quarterly 

Formation 
SW-2 Cottonwood Cyn Intermittent Surface Stream Monthly-Field Operational DOGM Oil & Grease 

Below Mine Stream Crossing StarpointiMancos Quarterly-Quality Quarterly 
Formation 

SW-3 Cottonwood CYD Intermittent Surface Stream Monthly-Field Operational DOGM Oil & Grease 

Below Mine Stream Crossing Mancos Quarterly-Quality Quarterly 

Fou:oation 
T-IO Trail Mountain Spring Spring in North Hom Quality July/Oct Operational DOGM Inaccessible During Winter 

Section 26 Fo.rmation Eeld Julv-Oct I 

T-14 Trail Mountain Sprin)!; Spring in Upper Quality July/Oct Operational DOGM Inaccessible Durin)!; Winter 

Section 25 Price Riyer / Castlegate SS Field July-Oct 
Formation 

CCCW-IA 
Cottonwood Creek Cyn. T.17S, 

Well Monthly Operational DOGM Leyel Only' 
R..6E. Sec. 14 Alluyial Deposits 

CCCW-IS 
Cottonwood Creek Cyn. T.17S, 

Wen Monthly Operational DOGM LeyelOnly' 
R..6E. Sec. 14 Starpoint Sandstone 

CCCW-2A 
Cottonwood Creek Cyn. T.17S, 

Wen Monthly Operational DOGM Level Only' 
R..6E. Sec. II A1luyial Deposits 

CCCW-3A 
Cottonwood Creek Cyn. T.17S, 

Well Monthly Operationa I DOGM Level Only' 
R.6E. Sec. 2 Alluvial Deposits 

CCCW-3SU 
Cottonwood Creek Cyn. T. I 7S. 

Wen 
Blackhawk - Fluyial 

Monthly Operational DOOM Level Only' 
R..6E. Sec. 2 Sandstone 

CCCW-3S L 
Cottonwood Creek Cyn. T.17S. 

Well Monthly Operational DOOM Level Only' 
R .6E. Sec. 2 Starpoint Sandstone 

TM-IB Mine Surface Near Bathhouse Well Starpoint Sandstone 
Monthly-Field 

Operational DOGM 
Quarterly Quality 

TM-3 Straight Canyon Well Starpoint Sandstone Monthly-Field Operational DOGM Level Only 

CWRWI Grimes Wash Waste Rock Site Well Mancos Formation Quarterly Quality/Level Operational DOGM 

UT -0023728-00 I Trail Mountain Sedim£nt Pond Point Discharge Monthly Operational DOGMIDWQ Oil and Grease if Visible 

UT-0023728-002 Trail Mountain Mine Discharge Point Discharge Monthly Operational DOGMlDWQ Oil and Grease if Visible 

UT-0023728-003 WRS Sediment Pond Discharge Point Discharge Monthly Operational DOGMlDWQ Oil and Grease if Visible 
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TRAIL MOUNTAIN MINE 

INTRODUCTION 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The original Cottonwood/Wilberg Waste Rock Storage Area (BlM right-of-way UTU-37642) was 

filled to design capacity thus making it necessary to construct a new storage facility to handle 

the on-going disposal needs of the Cottonwood, Des-Bee-Dove and Trail Mountain mines. 

Calculations have been made, based on past history, the rate and amount of waste rock 

generated during mining operations, these quantities have been used to formulate the design 

of the new facility. 

The area selected for the "new" Waste Rock Storage Facility is located on public land managed 

by the US Department of Interior, Bureau of land Management. The area is located in the 

southeast quarter of Section 34, Township 17 South, Range 7 East, west of the coal haul road 

used for the Cottonwood/Wilberg Coal Mine facility. The area was selected because it is close 

to the mine facilities and has the required capacity to contain all the waste rock generated at 

the Cottonwood/Wilberg, Des Bee Dove and Trial Mountain mines for the anticipated life of 

each mine. Since the Cottonwood/Wilberg is being reclaimed and the Des Bee Dove Mine has 

been reclaimed, the site is used specifically for the refuse disposal for the Trail Mountain Mine. 

The Waste Rock Storage Facility is designed to fit into the existing topography of the area with 

as little disturbance as is possible to the existing drainage system. Only one ephemeral 

drainage channel will require a permanent diversion for the construction and operation at the 

Waste Rock Storage Facility. When the site is completed, only 15.82 acres will have been 

disturbed. A sediment pond designed as part of the Waste Rock Storage Facility will catch and 

treat all the runoff from the site before releasing it back into the natural channel. This volume 

(Volume 4 of the Trail Mountain Mine Permit) includes detailed construction, operation and 

reclamation plans for the Waste Rock Storage Facility. 

NOTE: This site's name has changed from Cottonwood/Wilberg waste rock site to Trail 

Mountain waste rock site as of January 2015. Any references found in this document of the 

site's former name should be construed to indicate the Trail Mountain waste rock site or 

facility. 
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TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

RIGHT OF ENTRY 

PacifiCorp was granted a BLM right-of-way for the additional permit area (BLM Right-of-Way 

Grant UTU-65027). This 25.85 acre site was permitted to replace the "old" Waste Rock 

Storage Area: UTU-37642 which reached designed capacity. The Right-of-Way grant was 

issued by the BLM on June 8, 1990. The Right-of-Way has been modified to accommodate 

coal bed methane well sites constructed by Texaco Inc. and to reflect as-built conditions. 

Listed below is a list of the acreage descriptions for the Right-of-Way including original grant, 

modifications and disturbance associated with the Waste Rock Storage Facility: 

BLM Right-o/-Way UTU-65027 
Original Grant: 6/8/90 

Amendment: 8/15/90 (Staging Area) 

Subtotal 

1999 Relinquishment (Texaco Well 34-80) Staging Area 

As-Built Addition (1999) 

TOTAL RIGHT-OF-WAY UTU-65027 

Disturbed Area (Total Project Life) 

25.49 acres 

1.78 acres 

27.27 acres 

- 1.78 acres 

0.36 acres 

25.85 acres 
15.82 acres 

During the 1999 Texaco well assessment project, PacifiCorp re-surveyed the disturbed and 

permit boundaries associated the R/W UTU-65027. Two small areas of disturbance were 

located outside the original metes and bounds permit boundary description. To rectify this 

situation, PacifiCorp has revised the R/W description to include all areas of disturbance 

associated with the Waste Rock Storage Facility. The 1999 relinquished area referred to as 

the "staging area", was previously disturbed by oil & gas drilling activities in 1956. PacifiCorp 

retained access to State Highway 57 and has installed permit and disturbed boundary signs as 

indicated on map 4-1 (CM-10826). Texaco will re-disturb the staging area with development 

of well 34-80 and will assume reclamation liabilities. 
INCORPORATED 

MAY 2 0 1015 

RIGHT -OF-WAY LEGAL DESCRIPTION Div. of Oil. Gel.!) 8 Mil! ! :~, 

BLM Right-of-Way UTU-65027, issued to PacifiCorp, provides right of entry for the Waste Rock 

Storage Facility. An updated description is found in the PacifiCorp/Energy West Mining 

Company, Legal and Financial Volume, Appendix G. 

Introduction 2 May 2015 



TRAIL MOUNTAIN MINE 

RIGHT-Of-WAY PERMIT TERM 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

Right-of-Way UTU-65027 will terminate on June 7,2025, thirty five (35) years from its effective 

date unless, prior thereto, it is relinquished, abandoned, terminated, or modified pursuant to 

the terms and conditions of this grant or of any applicable Federal law or regulation. 

MAPS - GENERAL REQUIREMENTS 

Land Ownership drawings number TMS1454D (Plate 1-1) found in this volume show all 

boundaries of lands and names of present owners of record of those lands, both surface and 

subsurface, included in or contiguous to the Waste Rock Storage Facility permitted area. 

Introduction 3 
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TRAIL MOUNTAIN MINE 

R645-301-200: Soils 

R645-301-210 Introduction 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

An on-site soil survey was conducted at the Waste Rock Storage Facility by T.H. Furst in July 
1989 (refer to Appendix A). The survey identified that the site correlated well with the Strych 
soil series and Rockland. The Strych soil series is classified as an Ustollic Calciorthid, loamy
skeletal, mixed, mesic family. This series is a very stony loam, dry, 3-30% slopes, as described in 
the Carbon-Emery Area Soil Survey, 1970. 

The Rockland is comparable to the Badland-Rubbleland-Rock Outcrop complex as described in 
the Carbon Area Soil Survey of 1970. Refer to the full report of the soils of the 
Cottonwood/Wilberg Waste Rock Storage Facility in Appendix A. 

R645-301-220 Environmental Descriptions 

R64S-301-221 Prime Farmland Investigation 

A prime farmland investigation has been made by the State Agricultural Agent, Dennis 
Worwood. The results of the investigation found that the land of the Waste Rock Storage 
Facility shall not be considered prime farmland in that the land: 

1. Has not been historically used as cropland. 
2. The slope of the land is 10% or greater. 
3. The land is not irrigated. 
4. Has a very rocky surface, 
5. The land has no soil map units that have been designated prime farmland. 

Refer to Appendix B for letters from the Utah State Extension and Soil Conservation Service 
(now Natural Resource Conservation Service). 

R64S-301-221 Soil Survey 

As mentioned above, a complete soil survey conducted by T.H. Furst can be found in Appendix 
A. 

INCOP.PORATED 

R645-301-222.100 
MAY 2 0 2015 

Oiv. of Oil. Gas & Mining 
Map CM-10818-WB delineates the different soil types in the area of the Waste Rock Storage 
Facility. Refer to this map in the Maps Section. 
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TRAIL MOUNTAIN MINE 

R64S-301-230 Operation Plan 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-06S027 

The following sections describe the methods for the removal and storage of topsoil and subsoil 
from the Waste Rock Storage Facility. The construction sequence covers approximately 17 
acres that required the removal of topsoil. Subsoil within this area was also removed and 
stored. The location of the topsoil and subsoil storage areas is found on Plates 4-4 and 4-5 in 
the Maps Section. 

Greater details to the construction and reclamation of the Waste Rock Storage Facility are given 
in R645-301-S00 Engineering. 

R64S-301-231.100 Methods/or Removing and Storing Topsoil and Subsoil 

The initial construction of the facility included the construction of the sediment pond, stripping 

and stockpiling of the topsoil and subsoil, and construction of the initial diversion ditch on the 

west side of the valley 

Topsoil 

After the vegetative material was removed from the site the topsoil was stripped and 

stockpiled as shown on Plates 4-4 and 7-2. Stripping areas and depths were staked to facilitate 

topsoil excavation. Care was taken to avoid unnecessary compaction of the topsoil material. 

Following soil placement, the stockpiles were planted with an interim seed mix. Refer to R645-

301-300 Vegetation. 

Subsoil 

Following removal of the topsoil material the remaining material needed for the subsoil 

stockpile was excavated to the lines and grades specified on the cross-sections. The material 

was placed, leveled, and compacted in 12" maximum lifts. Rocks larger than the lift thickness 

were worked into the fill to avoid forming voids. Those rocks that made good rip-rap were 

separated and hauled and stored for use as rip-rap. Any acid or toxic forming material found 

was segregated from the stockpile construction and placed on the bottom of the Waste Rock 

Storage Facility. INCORPORATED 

MAY 2 0 2015 
R645-301-234 Topsoil Storage 

Oiv. of Oil, Gas & Mining 

Construction of the Waste Rock Storage Facility commenced as soon as the permit was issued. 

Sediment control measures were put in place to minimize the effects of the initial construction. 

Straw bales and silt fences were erected in the natural drainages to treat any runoff during the 

R645-301-200: Soils 3 May 2015 



TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

initial construction period. Interim revegetation was used on the bare slopes of the soil 

stockpiles and along the roadway to stabilize and prevent erosion. The topsoil stockpiles have 

been marked as such. Drainage structures have been constructed and will be maintained to 

ensure that they are in good repair and capable of handling the design flow rates. Silt fences 

have been constructed at the base of the soil stockpiles outside slopes. These silt fences will 

also be monitored and repaired as needed to ensure they are in good working order. 

R645-301-240 Reclamation Plan 

Construction of the refuse pile will incorporate a plan to allow contemporaneous reclamation 

of the outside slopes of the pile. Refuse material will be used to construct a berm, 

approximately 10 feet high, to contain the waste material to be deposited. 

Prior to contemporaneously reclaiming the slopes, quality sampling shall be conducted as 

outlined in R645-536 Coal Mine Wastes. Prior to covering the top surface of the waste pile, 

quality sampling shall be conducted as outlined in R645-541 Reclamation Plan. These sampling 

procedures shall be conducted to identify any acid-forming and/or toxic-forming materials 

within the top four (4) feet of the proposed reclaimed surface. The top four (4) feet consists of 

1 foot of waste material and 3 feet of soil cover. 

R645-301-242 Soil Redistribution 

As reclamation commences of the waste pile slopes, 24 inches of subsoil and 12 inches of 

topsoil will be placed on the outside slope of the berm and revegetation of the slope. 

Successive berms will be constructed on top of the previous berms as the level of the waste 

material rises. There will be a two to three foot offset of the toe of the upper berm to provide a 

small terrace to reduce runoff velocities. (See Exhibit XXI in Exhibits Section) Once the waste 

pile construction is complete, the top surface of the pile will be graded for proper drainage and 

covered with subsoil and topsoil (24 and 12 inches, respectively), then revegetated. 

When the final berm is constructed, contemporaneous reclamation will be conducted as 

explained above on the outside slope. The outside slope will be revegetated with l ~~:RJ;til'5 TED 
seed mix as outlined in R645-301-341.200. 

MAY 2 0 2015 

The remaining subsoil will be stored at the north side of the waste rock pile (ref~ J: ' ~t 7a Minln9 
and seeded. The original subsoil storage will then be covered with approximately l' of topsoil, 

pocked and seeded. The remaining topsoil will then be relocated next to the subsoil pile on the 

R645-301-200: Soils 4 May 2015 



TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

north end of the site as shown on Plate 4-7. The original topsoil storage area will be pocked and 

seeded for final reclamation. 

The access road to the waste rock pile will be re-routed for a north access to an east access 

from the pond access road. At this time, the two year time clock (as required by R645-301-

763.100 of the Utah Coal Regulations) for sediment pond removal will commence as the 

remaining waste rock site is filled to the top level of the berm. 

When the waste rock pile has been filled to capacity, the subsoil and topsoil stored at the north 

side of the waste rock pile shall be used to cover the top surface of the pile. The volumes of 

these piles are 5,050 cubic for subsoil, and 2,525 cubic yards for topsoil. This volume will cover 

the top of the pile with two feet of subsoil and one foot of topsoil. Pocks will be constructed as 

a means for alternative sediment control for this area. This surface shall be seeded utilizing the 

seed mix found in R645-301-341.200. 

At the end of the two year time clock (mentioned above), the sediment pond and remaining 

access roads shall be removed to the lines and grades as shown on Plates 4-8 and 4-10. The 

areas will be pocked and seeded according to the plan in R645-301-700 and R645-301-300. 

Topsoil stored along the main access road shall be used to cover this regraded area. 

R645-301-243 Soil Nutrients and Amendments 

The procedure for seed bed preparation for all reclaimed slopes of the Waste Rock Storage 

Facility site is given in R645-301-300 Biology. All reclaimed areas have been or will be fertilized, 

mulched and seeded to establish a successful vegetative cover. 

Additional nutrients may be needed to improve the physical, chemical, and water holding 

capacity of the soils. Determining nutritional requirements of the replaced soils shall require 

sampling of the topsoil material. Sampling shall occur prior to roughening of the surface. 

Analytical methods for nutrient characterization shall follow the parameters and recommended 

methods as outlined in Table 3 of the Division's Guidelines for Management of Topsoil and 

Overburden (Jan. 2008). Soil nutrient application rates shall follow the laboratory 

recommendations or the stated application rates outlined in R645-301-341.200 Description of 

Seeding Methods. Samples shall be collected at a rate of two samples per acre to a depth of 1 

foot. INCORPORATED 
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R645-301-244 Soil Stabilization 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

Various sized rocks and boulders (litter) will be randomly placed on slopes of reclaimed areas to 
control slope slippage, promote microhabitats, and provide a natural aesthetic appearance. 
Where it is deemed necessary, especially on slopes greater than 20%, a soil tackifier (refer to 
R64S-301-300: Biology, Seeding Techniques) will be used during the reclamation process to 
stabilize soil material. 

Rills and gullies which develop in areas that have been regraded and topsoiled and which 
either; 1) disrupt the approved postmining land use or the reestablishment of the vegetative 
cover, or 2) cause or contribute to the violation of water quality standards for receiving streams 
will be filled, regraded, or otherwise stabilized. 

R645-301-250 Performance Standards 

All topsoil and subsoil will be removed, maintained and redistributed according to the plan 
given under R64S-301-230 and R64S-301-240. 

All stockpiled topsoil and subsoil will be located, maintained and redistributed according to 
plans given under R64S-301-230 and R64S-301-240. 
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A RBPORT ON THE SOILS or THE WILBBRG WASTE ROCK SITE 

Soil 8urye7 
An on-site soil survey and sampling expedition wae conducted 

on 27 and 28 July 1989. The survey phase of the reconnaissance 
involved ascertaining the approximate boundaries of the 80il 
units at the waste rock site. Pour different soil phases (map 
units) were identified in this study as in Table 1. Pedons 1, 2. 
4, and 5 were located on the waste rock site. Pedon 3 was 
located in a nearby vegetation reference area. and ha~ the same 
taxonomic classification as Pedon 1. Pedon 2 is classified as an 
Ustollic Calciorthid, 0-20% slopes, which correlates with similar 
soil phases recolnized by the Soil Conservation Service- National 
Cooperative Soil Survey in Utah. However, a distinct break in 
the slope in the Ustollic Calciorthids map unit wae used to 
delineate 0-5% and 10-20% slope phases of Ustollic Calciorthids. 
The slope phases of Ustollic Calciorthids are listed under Pedon 
2 (Table 1), as there are no differences in the horizonation of 
the soil pedons in these two areas. Thus interpretation of the 
management and. use of these areas is similar and the land use 
management classification of both units falls within the range of 
the Strych very stony loam, 3-30% slope in Table 5. 

The area represented by Pedon 4 on the soils map has 
inclusions of a similar Boil that contains surficial additions of 
sandy materials derived from the incorporation of weathered or 
weathering sandstone boulders and rocks. The inclusions are 
coarser textured than the fine-silty particle-size class' 
characteristic of Pedon 4, but the distribution of the inclusions 
is not separable from the major soil. Thus, a thin (10-20 em) 
surficial layer of loam-textured material may be differentiated 
from the predominantly silt loam or silty clay loam textures 
associated with Boils derived from the Mancos sbale. In general, 
the coarser-textured inclusions of Pedon 4 are adjacent to and 
downslope from the local topographic escarpments at the site and 
occupy 15-20 percent of the map unit. A survey along these 
escarpments established that these features for.ed the boundary 
between the Ustollic Calciorthids, 0-5% and 10-20: slope phases, 
and the Lithic Ustic Torriorthents 0-5% and 5-30% slope phases. 

Soil phases identified at the waste rock site were 
correlated with Boil series or map units from tbe Carbon-Emery 
Area Soil Survey (Swenson, et al. 1970) or the Carbon Area Soil 
Survey (Jensen et al. 1988). "r. Thomas J. Reedy, a soil 
-correlator with the Utah State Soil Survey Office, was consulted 
on the matter of what 'series the the soils of tbe waste rock site 
should be correlated to. Soils at the waste rock site were 
identified a8 the Kenilworth very stony sandy loam, 0-20% slopes, 
eroded, and Rock land, a miscellaneous land type, in the Carbon
Emery Area Soil Survey (Swenson et al. 1970). 

The Kenilworth soil series was classified as a Xerollic 
Calciorthid, loamy-skeletal, mixed. mesic family. Pieldwork for 
the Carbon-Emery Area Survey was done in the period 1957-1961 and 
soil names and descriptions were approved in 1965. However, the 
Kenilworth soil series was never formally aecep~ed by the 
National Cooperative Soil Survey, and C tion of the 
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Carbon-Emery Survey in 1970, the Kenilworth soil series had been 
discontin~ed. Correspondence retained in the files of the State 
Office indicates that the Kenilworth soil series was correlated 
to the Ildefonso soil series~ established in Torrance County, New 
Mexico. The IldefoDso 60i1 series is classified as an UstoIIic 
Calciorthid, loamy-skeletal, mixed, mesic family. With the 
publication of the Carbon Area Soil Survey (Jensen et al. 1988), 
the Strych soil series was established and classified as an 
Ustollic Calciortbid. loamy-skeletal, mixed, mesic family. Thus, 
the Strych very stony loam, dry, 3-30% slopes, described in the 
Carbon Area Soil Survey, will be used to infer land use 
management options for Pedon 2. 0-20% slopes • 

. The Rock land, miscellaneous land type map unit of the 
Carbon-Emery Soil Survey (Swenson et al. 1970) encompasses the 
area of Pedons 1, 3, and 4, and the Badland-Rubbleland-Rock 
Outcrop complex described in the Carbon Area Soil Survey (Jensen 
et al. 1988) is the only map unit comparable to this area. 
Although taxonomic classifications have been determined for 
Pedons 1 and 4, it is necessary to realize that both these pedons 
are marginal soils. The minimum thickness of soil required for 
classification is 10 cm and the minimum vegetal cover to consider 
a land area soil is arbitrarily set at 10 percent. Thus, while 
Pedone 1 and 4 are classified. they exist at the limit of soil 
and not-soil. and there are no formally recognized similar soils 
in the immediate survey areas. 

Table 1: Classification and correlation of map units at the Waste 
Rock site. 

Pedoa Clas,ificatioaj Slope phale of .. p eDit 

1 Pine-liltT. ailed, aesic (calcareous) Lithic Oltic TorriortheDts; 0-5 I slopes 
2 Loami-skeletal, ailed, aesic Ustollic Calciorthidl; 0-201 slopes 

Two map uni tl: 
0-51 dope phase 
10-201 'lope phlle 

3 line-siltT •• iled, melie (calcareous) Lithic Ustic TorriortheDtsj 0-5 1 slopes 
4 fine-liltT, ailed, aeaic (calcareous) Lithic Ostic Torriorthentrj 5-30 Z slopes 

Correl.tioD of lalte lock lite .. p anitl with carreDtly recogliled loil seriel or .. p aaits 
PedoD(i) Soil Seriel (lap aait) - Cla'lificatioD 

1,3,4 Rock 1lad- miscellaoeoas 1aDd tlpe (SwensoD et a1. 1970) 
Badland-lubbleland-lock Outcrop complel (JenseD et al. 1988) 

2 StrTch yery stOOl loam, drT, 3 to 30 perceDt slopes 
Loamy-skeletal, mixed, aeBic Ustollic Calciorthids (Jensen et al. 
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Soil description and samplins 
Soil pedons (Pedons 1. 2, and 3) were excavated at three 

sites and described according to the guidelines in Soil Taxonomy 
(Soil Survey Staff. 1975). Please note the soils map and pedon 
descriptions for the location of sampling sites. All pedon 
descriptions are included in Appendix 1 in this report. 

Pedons were sampled by horizon and placed in plastic bags 
and labeled, prior to transport. The 24-90 em horizon of Pedon 2 
was split into two layers for laboratory analyses. Samples were 
taken from the 24-50 cm depth and the 50-90 cm depth. 

A composite sample of the materials on the northwestern, 
northern, and northeasten midslopes surrounding the drainage head 
(site of PedoD I) was taken in 15 em increments to a depth of 30 
cm. This composite sample is reported as Pedon 4 in the 
laboratory analyses. These samples too, were placed in plastic 
bags and labeled prior to transport. 

Laboratory Methods 
All soil samples were submitted to the Utah State University 

Soil Test Laboratory, Logan, Utah, on 31 July 1989 for physical 
and chemical analyses. The results of laboratory analyses were 
obtained from the Utah State University Soil Test Laboratory on 
the afternoon of 11 September 1989. 

All samples were air-dried, ground and passed through a 2 mm 
sieve. Soil texture was determined by the hydrometer method 
(Day, 1965; method 43-5). Available Water Capacity was ' 
determined by the water retention difference method (USDA-SCS, 
1984; method 4CI). Saturation percentage was determined in the 
preparation of the saturation 'paste extract (percent by mass). 
Electrical conductivity, pH, and alkalinity were determined on 
saturated paste extracts corrected to 25 0 C (Rhoades, 1982; 
methods 10-3.3, 10-3.2, and 10-2.3.1, respectively). The sodium 
adsorption ratio (SAR) was calculated on the water soluble 
concentrations of Ca, Mg, and Na (Rhoades, 1982; method 10-3.4). 
Calcium carbonate content was determined by the pressure
calcimeter method (Nelson, 1982; method 11-2.4). Organic carbon 
content was determined by the Walkley-Black procedure (Nelson and 
Sommers, 1982; method 29-3.5.2). Phosphorus and potassium 
content were determined by extraction with sodium bicarbonate at 
ph 8.5 (Olsen and Sommers, 1982: method 24-5.4). Rock volume (%) 
of the soil materials was estiaated in the field based on a 
visual estimate of the amount of gravels, cobbles, and rock 
fragments excavated during sampling. Soil color was measured 
with a Munsel1 1 soil color chart (1975 edition). 
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Results and Discussion 

Soil Physical Analyses 
Results of soil physical analyses are shown in Tables 2 and 

3. Soil textural analysis confirms the coarser-textured nature 
of Pedon 2 and also indicates the influence of the sandstone 
covered small hill adjacent to Pedon 3, in the textures of the 
Q-2 and 2-22 cm soil horizons. The textures of the upper two 
horizons of Pedon 3 represent what the textures of the inclusions 
of Pedon 4 are like. Results of textural analyses for the C
horizons of Pedons 1, 3, and 4, are not indicative of what was 
observed in the field. These horizons are composed of 2-20 mm 
diameter, 2-5 mm thick gravel platelets of weathered Mancos 
shale. Thus, reported textural results for these C-horizons 
should be recognized as artifacts of the sample preparation 
method of grinding samples to pass a 2 mm sieve. Estimates of 
rock volume are in Table 3 and coarse fragments are described in 
detail in the pedon descriptions in Appendix 1. 

Table 2: Particle size and available water percentage of soil 
materials from the waste rock site. 

bailable later 
---------Bydrometer------ --Atllospheres-- SaturatioD 

Pedoll Depth Sud Silt CIa, telture 1/3 15 Percelltace 
(CII) -------1-------- -------1------- -----1----

1 0-2 19 61 20 Silt loall 15.9 6.6 34.4 
2-10 8 60 32 Silty clay 10al1 16.3 9.0 50.7 
10-26 10 61 29 Sil ty clay loam 18.4 8.7 53.5 
26-65 16 60 24 Silt loam 18.8 9.0 65.3 

2 0-7 72 21 7 Sandy loa. 11.2 6.3 U.9 
7-24 76 18 6 LoallY sand 13.5 7.6 44.7 
24-50 61 29 10 Sandy loall 12.B 4.8 30.0 
50-90 60 29 11 Sandy 10111 10.3 3.9 30.0 

3 0-2 50 34 16 Loall 11.4 5.0 29.1 
2-22 40 32 28 Clay loam 14.6 B.4 35.2 
22-50 14 60 26 Silt loam 18.1 8.6 41 CORPORATED 

4 0-15 14 57 29 Si Ity clay loam 22.1 12.5 ~~:~AY 2 0 2015 15-30 14 57 29 Silty clay 10111 22.9 12.0 

The results of saturation percentage analysis, avai · '~~ Oil, Gas & Mining 
water retention, and water retention by difference are included 
in Tables 2 and 3. The saturation percentage ranged from 30-50% 
for most soil horizons. Again, the saturation percentages for 
the C-horizon materials of Pedons I, 3, and 4, are of doubtful 
validity given the content of coarse fragments in these ~orizons. 

The available water results in Table 2 were used to 
calculate the values of water retention by difference (Table 3). 
The available water capacities (% by mass) by water retention 
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difference between 1/3 and 15 atmospheres are shown in Table 3 
for all pedons. Values range from 4.9-10.9 percent (mass basis). 
Conversion of percent water values (% mass) to an inch/inch basis 
yields the data in the second column under water retention 
difference in Table 3. 2 In the upper 4 inches (10 em) of Pedon 
1, approximately 0.17 inches of water will be held between 1/3 
and 15 atmospheres. In contrast, the upper 9.5 inches (24 em) of 
Pedon 2 will hold approximately 0.30 inches of available water or 
about 1.75 times that of the soil horizons in Pedon 1. 

The Munsell soil color (dry) is listed in Table 3. 
Measurements of moist and dry colors are included in all pedon 
descriptions in Appendix 1. The color in Pedons 1, 3, and 4 is 
largely inherited from the Mancos shale. As the value (dry) is 
greater than or equal to 5 in these pedons, the role of organic 
matter as a darkening agent is questionable. 

Table 3: Color, organic carbon, total nitrogen, sodium 
bicarbonate extractible phosphorus and potassium, rock volume, 
and water retention difference of soil materials at the waste 

rock site. 

-HaRCO,-
Pedon Depth Color OrB C !otal • P I lock later letntioll 

(ell) (dry) 'olue Difference 
-------1------- --.e/kg-- ---I-- I IlUS in/iD' 

0-2 lOn 6/2 0.92 0.065 4.5 162 2 9.3 .046-.055 
2-10 Ion 5/2 1.22 0.075 2.0 148 2 7.3 .036-.043 
10-26 lon 6/i 0.99 0.060 0.9 89 )90 9.7 .048-.057 
26-65 Ion 5/1 0.72 0.045 0.6 127 )90 9.8 .048-.058 

2 0-7 IDYll. 6/3 1.77 0.145 5.7 255 )50 4.9 .024-.029 
7-24 Ion 5/3 1.80 0.150 3.3 86 >50 5.9 .029-.035 
24-50 Ion 7/3 0.95 0.045 1.3 39 >50 8.0 .039-.047 
50-90 lon 7/3 0.65 0.035 1.0 42 >50 6.4 .032-.038 

3 0-2 IDYll. 7/2 0.60 0.050 6.4 103 2-5 6.4 .032-.038 
2-22 lon 6/3 0.60 0.055 2.4 131 2-5 6.2 .031-.037 
22-50 lon 6/2 0.66 0.050 4.1 103 .90 9.5 .047-.056 

4 0-15 HlYR 6/1 1.02 0.070 2.4 177 5-15 9.6 .0~7-.057 
15-30 l~n 5/1 1.01 0.055 L8 186 >90 10.9 .054-.064 

t Values in this e~lUIlD are calculated b7 assullin, bulk densities of 1.25 ,/ell' IDd I.SS/clll for 
the 1011 aDd high utillates for each depth increment. INCORPOFY\TED 

MAY 2 0 2015 

2. 'rol: Banls aDd l,beroft (1180:7-8). Div. of Oil, Gas & Mininq 
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J. ICI ,ater/ci sDil] I [2.54 ell 1 iDChj : "ailable .ater (iD/ia) 
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Soil Chemical Analyses 
The results of organic carbon analysis, total nitrogen, and 

sodium bicarbonate extractable phosphorus and potassium are 
included in Table 3. Organic carbon ranges from 0.6-1.8% 
(roughly 1-3% organic matter) in all horizons analyzed. Total 
nitrogen in the upper two horizons of Pedon 2 is about 2-3 times 
greater than the total nitrogen content of any horizons of Pedon 
1, 3. and 4. 

Phosphorus contents of all soil horizons suggest the need 
for phosphorus fertilization. The USU Soil Test Lab 
recommendations suggest the application of 0-50 pounds P20, per 
acre for grasses and lawns for soil test levels between 1-10 ppm 
phosphorus. 

Potassium contents of sll soil horizons is adequate for 
plant growth with the highest levels generally in the surface 
soil horizons of all pedons. The USU Soil Test Lab does not 
recommend potassium fertilization for grasses, and only 
recommends potassium fertilization for alfalfa and other 
intensely managed irrigated crops when Boil test levels are below 
75 ppm K. Zero to 50 pounds K20 per acre are recommended for 
soil test levels of less than 75 ppm K. 

The rest of the soil chemical analyses are included in Table 
4. The pH ranges from 7.8-8.4 across all horizons. Electrical 
conductivity values are below 0.6 mmhos/cm except in the Cr2 
horizon of Pedon 1 and in both increments of Pedon 4. The sodium 
adsorption ratio is below 0.83 for all soil pedons except Pedon 
4. The soil in Pedon 4 has a SAR which ranges from about 22-26 
and this correlates with the highest reported values for ammonium 
acetate extractable sodium (about 10 meq/liter vs < 1 for all 
other soil horizons). Calcium carbonate content ranges from 
approximately 10-14% for Pedons 1, 3, and 4. Pedon 4 has calcium 
carbonate contents which increase from about 25% in the surface 
horizon to 34% in the 24-50 cm horizon, and then decreases to 
roughly 31% in the 50-90 cm depth. Alkalinity ranges from about 
1-3 meq/liter across all pedons. 
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Table 4: pH, electrical conductivity, sodium adsorption ratio, 
ca 1 ci um carbonate percent_age, a lkal in i t,., and ammonium ace ta te 
extractible cations of soil materials from the waste rock site 

--(BCO,-)- ----------HB~OAc----------

PedOD Deptia pi ICe SAl. C.COJ !loli.it,. e- lla I. I 
(CII) (IImbos/clI) -1- (lIeq!liter) (meq/liter) 

1 0-2 8.0 0.5 0.72 12.7 3.07 22.18 1.53 0.11 0.62 
2-10 7.9 0.3 0.66 12.7 1.86 29.54 1.83 0.17 0.67 
10-26 8.0 0.2 0.67 13.1 1.86 21.79 2.16 0.14 0.48 
26-65 7.B 2.5 0.23 11.9 1.07 92.2S 1. 91 0.20 0,64 

2 0-' 8.0 0.6 0.69 25.1 3.57 35.28 1.04 0.12 0.51 
7-24 8.0 0.5 0.40 27.3 3.07 37.25 1.43 0.11 0.16 
24-50 8.2 0.6 0.68 34.2 2.57 32.29 2.48 0.09 0.19 
50-90 8.4 0.4 0.67 30.8 3.36 33.,38 4.29 0.10 0.51 

3 0-2 8.2 0.4 0.66 13.9 3.14 25.00 1.19 0.08 0.12 
2-22 8.0 0.3 0.72 12.9 2.14 32.19 1.81 0.09 0.25 
22-50 7.8 0.3 0.83 11.8 1. 64 30.36 2.50 0.11 IDL' 

4 0-15 7.9 9.2 22.46 10.3 1.86 59.85 3.97 9.16 0.56 
15-30 8.1 10.6 26.22 11.3 1.43 55.29 4.78 10.90 0.34 

'. Below detection limit 

Soil management and land use of soils at the waste rock site. 
Various land management classifications and ratings are 

presented in Table 5 for Pedons 2 and 5 (Ustollic Calciorthids, 
0-5% and 10-20% slopes, respectively) and Pedons 1, 3, and 4 
(phases of Lithic Ustic Torriorthents). As can be seen in Table 
5, the soils which constitute the phases of Lithic Ustic 
Torriorthents have a land capability class of VIII. This is the 
land capability class with the most severe limitations for land 
use and these lands are traditionally reserved for recreation, 
wildlife, or aesthetic purposes. The Lithic Ustic Torriorthents 
are not rated for any other management categories other than 
wildlife. This is an indication of a severely limited soil 
resource. 

The Ustollic Calciorthids, 0-20 percent slope phase have a 
"land capability class 'of VII-s. This indicates that the soil has 
severe limitations th~t makes it unsuited to cultivation and use 
is restricted to grazing, woodland, or wildlife. At the waste 
rock site, the ~ajor limiting factor is that more than 50: of the 
60il volume is occupied by rock. Thus, the available water is 
cut in half by this' factor. Also, the quantity (volume) of 
topsoil available for stockpiling and revegetation purposes must 
be discounted by about half. Other than a tendency towards 
droughtiness, which is characteristic of all coarse-textured 
soils in arid environments, there is little chemical evidence to 
suggest major limitations. The most marked feature of this soil 
is the increasing calcium carbonate C Q~ p With depth. This 

II\J " ORATED 
Revised 09/15/89 

MAY 2 0 2015 7-10 



) 

could indicate a tendency towards cementation, but indurated 
cemented _layers were not detected during pedon excavation. 

Of the 80ils identified at the waste rock site, the Lithic 
~stic Torriorthent, fine-silty, mixed (calcareous) mesic family, 
5-30 percent slopes would carry the most severe limitations for 
land use. Excessive slope. high salts, a high sodium adsorption 
ra~io. and an exchangeable sodium percentage of 12-15 are the 
Eain limiting characteristics of this soil. Soil materials 1D 

this map unit should not be disturbed or stockpiled for 
revegetation purposes. 

The 0-5 percent slope phases of Lithhc Ustic Torriorthents, 
fine-silty, mixed (calcareous) mesic family, have a major 
limitation in terms of soil depth. Pour-to-possibly-six inches 
of soil material overlies the weathered horizons of Mancos shale 
and in Pedon 1, and increase in salts was detected below 26 em 
(10 inches). However. 2.5 mmhos/cm is not a terribly limiting 
salt concentration in term~ of revegetation potential. Low 
gravel content, an available water content of about 0.036-0.055 
in/in, low salts, and low sodium content are favorable 
characteristics of the upper 10 em of this Boil. The results of 
soil physical and chemical analysis of the 10-65 cm depths of 
this pedon suggest that if the natural, gravelly-textured Cr 
horizons are crushed and passed through a 2 mm sieve, the 
material has roughly similar physical and chemical 
characteristics to upper 10 em of soil. Thus, with crushing, 
soil material for revegetation could be manufactured from the 
soil horizons between 10 and 65 cm at this site. The silt 
content of Pedon 1 (about 60%) could indicate an enhanced 
potential for soil crusting, but this is a feature naturally 
characteristic of this soil as seeD in the platy structure found 
in the Al orizon (see Appendix 1. Pedon descriptions). 
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Table 5: Land use management classifications for soils of the 
Waste Rock site.* 

laaageaeat categorr 

Capabilit1 Classification1 

Non- irrigated 
Irrigated 

Range Site! 

Total production 
lind of year 

Pnorable 
tror.al 
Unfuorable 

Wildlife Suitability Croup' 

Textural Classification 
Unified 
AASHO 

Hydrologic group4 
Brosion factors 

I 
7 (toDs/acre/year) 

Wind erodibility group' 

Shrink-swell potential 
~rost action susceptibilit1 

Suitability as a source of: 
Topsoil 
Sand 
Granl 
Roadfill 

V.to1lie Caleiortkidl, 0-5 • 10-201 .lopell 
StrJek ,ery .toul loaa, 3-30 I .lopc. 

VII-s 
Dot rated 

Semi-De.ert Ston1 Loam 
(Utah Juniper-PiD1GD) 

Dry weight 
(lbs/acre) 

3 

650 
500 
350 

SH or SM-SC 
A-2 or 1-4 

B 

0.2 
2 
8 

LOll 

Low 

Characteristic ,egetatioD 

Galleta 
Keedle-and-thread 
Birchleaf lIahogony 
"orllon-tea 
Black Sagebrush 
Salina wildrye 
Bottlebrush squirreltail 
Indian ricegrass 

Poor- amall BtoDe., area reclaim, slopes 
Improbable- elcessi,e finea 
Improbable- eIcelli.e fines 
Pair- large stoae& 

Lithic Oatie 
'forriorthenta' 
lockled 

VIII-s-3 
DOt rated 

Dot rated 

3 

Composition 
-%-

10 
10 
10 
10 
10 
5 
5 
S 

Dot rated 
not rated 

not rated 

not rated 
not rated 
not rated 

not rated 
not rated 

Dot rated 
not rated 
not rated 
not rated 

• All information in this table is taken from interpreti,e tables and descriptions in Jensen et a1. 
(1988) for t~e Strych ,ery stODY loam, 3-30% slopes (map unit 114), and from Swenson et al. (1970) for 
the Rockland map unit. 

iNCORPORATED 

MAY 2 0 2015 

:Jiv. of Oii, Gas & Mining Revised 09/15/89 
7-12 



1I,Iliitioi of .11'lt.,ll Cll'lificltiol Ir •••• 

1. CapabilitJ ell" 'II- Soil. ka" .e,ere Ii.itationl tkat lakt tkel uI.litl4 tt calti'ltioD a.d tkat reltriet tntir 
Rle larl,IJ to Iralil" lo041.ld, or .ildlif.. ClpabilitJ clall 'Ill- Soi18 a.4 laadfDr., ka,e lilitltiol' tiat 
preclade tklir III for cOllefeill pliit prodacliol 10. rlstrict tieir ase to relrlltiol, wil.life, or later lippI" or 
to It.tAllie parpol.'. Clpl~ilitJ S.~clll,el: .- '~Ol' th.t tie loil il lilite, 'lillJ be, ••• e it i. Iballo1, iro'B~tl, 
Dr .tODJ. Cap.bilitJ O.it.: 3- iabihitil' ll,er. 
2. 60-'01 of o.erltofJ i. Itlb jlDiper, the re •• i,der i. pi.Joa ,il' (S" •• OI et 11. 1970). 
3. lildlife Iraap 3- .il.1if. lait.d to th •• e loila art .ale 4etf, thakar plrtri'II, IDd cOttODtlil rabbit. (Swenson et 
a1. 1910). 
4 .• ,drololic Iroop I- Soill ,.,ill .o •• rate (later) i.filtr.tiol rate IheD thor'~liIJ let. 
~. liDt erodibilitJ IrDl, 1- StOt, or If.,el1, loil., or tther soil DOt lahjeet t. liDd eralioD. 
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Pedon 1 

Location: In drainage head on interfluv area, approximately 
300 meters SSW of the center of section 34, T 17 S, R 7 
E. 

Aspect.: South, 
Slope: 3-5 percent. 

Classification: Lithic Ustic Torriorthents, fine-silty, 
mixed (calcareous) mesic family. 0-5 percent slopes. 

Description: 
(Colors are for dry soil unless otherwise noted.) 

Horizon 

Al 

A2 

Crl 

Cr2 

Remarks: 

0-2 cm; Light brownish gray (lOYR 6/2), dark 
grayish brown (10YR 4/2. moist) silt loam; strong, 
medium to very coarse platy structure: slightly 
hard, friable, sticky and slightly plastic; strong 
effervescence: few, very fine roots; abrupt wavy 
boundary, 

2-10 cm; Grayish brown (lOYR 5/2). very dark 
grayish brown (lOYR 3/2. moist) silty clay loam; 
moderate, very fine granular structure; loose, . 
loose, sticky and plastic; strong effervescence; 
few, fine, and few, medium roots; abrupt smooth 
boundary. 

10-26 cm; Gray to light gray (lOYR 6/1). dark gray 
(lOYR 4/1. moist) weathered shale; massive; very 
hard, extremely firm, very sticky and very plastic; 
violent effervescence; common fine roots; clear 
smooth boundary. 

26-65 em; Gray (10 YR 5/1), very dark gray (IOYR 
3/1, moist) weathered shale; massive; very hard, 
extremely firm, very sticky and very plastic; 
violent effervescence; few very fine roots. 

Effervescence in Crl and Cr2 is due to calcium 
carbonate coatings on shale fragments. Shale 
fragments exhibit very little effervescence when 
broken and the interior is tested with 10% HCl. 
Shale fragments in Crl are fractured to platelets 
which range from 2-20 mm diameter. Shale fragments 
in Cr2 range from 20-75 mm diameter and are lighter 
in color than the Cr1 horizon fragments due to 
calcium carbonate and/or gYP6U~ accumulation. INC PPOPATED 
Gypsum crystals from 2-10 mm d1ameter were found 1n 
the Cr2 horizon. 
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Location~ Near the 4+00 
for the waste rock site 
the Wilberg Mine road. 
SW 1/4 of section 34, T 
Aspect: Southeast. 
Slope 1-5 percent. 

Pedon 2 

survey marker for the proposed road 
(actually about 3+90); due west of 
In the NW 1/4 of the NE 1/4 of the 
17 S, R 7 E. 

Classification: Ustollic Calciorthids, loamy-skeletal, 
mixed, mesic family. 0-20 percent slopes. 

Description: 
(Colors are for dry soil unless otherwise noted.) 

Horizon 

Al 0-7 cm; Pale brown (lOYR 6/3), brown to dark brown 
(lOYR 4/3, moist); very stony sandy loam (Rock 
volume> 50%): weak, very fine granular structure; 
loose, loose. nonsticky and nonplastic; strong 
effervescence; few very fine roots; abrupt smooth 
boundary. 

A2 7-24 cm; Brown (lOYR 5/3). dark brown (lOYR 3/3, 
moist); very stony loamy sand (Rock volume> 50%); 
weak, fine and medium subangular blocky structure, 
breaking to moderate very fine and fine granular 
structure; soft, friable, nonstieky and slightly 
plastic; strong effervescence; few fine and common 
medium r'oots: abrupt wavy boundary. 

C 24-90 em; Very pale brown (lOYR 7/3). brown (lOYR 
5/3. moist) very stony sandy loam (Rock Volume> 
50%); massive; hard. friable, slightly sticky and 
slightly plastic; violent effervescence: few fine 
and few medium roots. 

Remarks: Roughly half of this pedon is occupied by rock 
fragments. Most are cobbles (7.5-25 em diameter) 
and stones (>25 cm diameter). Less than 10% of the 
total rock volume is comprised of gravel-sized 
particles (2-75 mm diameter). Carbonate coats all 
surfaces of the rock fragments. 
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Pedon 3 

Location: In reference area (The southeast quarter of the 
southeast quarter of section 34, T 17 S, R 7 E.), due south 
of and near the toes lope of a small hill mapped as ~Ry" on 
Map Sheet number 30 in the Carbon-Emery Area Soil Survey 
(1970). 
Aspect: South. 
Slope: 3-5 percent. 

Classification: Lithic Uatic Tor~iorthents, fine-silty, 
mixed (calcareous) mesic family, 0-5 percent slopes. 

Description: 
(Colors are for dry soil unless otherwise noted.) 

Horizon 

Al 

A2 

Cr 

0-2 em; Light gray (IOYR 7/2), brown (lOYR 5/3, 
moist) loam; Strong, medium and coarse platy 
structure; slightly hard, friable, plastic and 
sticky: slight effervescence; no roots: abrupt wavy 
boundary. 

2-22 cm; Pale brown (10YR 6/3), brown to dark brown 
(IOYR 4/3. moist) clay loam; weak, fine and medium 
subangular blocky structure breaking to ruoderate, 
very fine granular and moderate very fine blocky 
structures; soft, very friable, very sticky and 
very plastic; strong effervescence; common fine 
roots; abrupt wavy boundary. 

22-50 cm; Light brownish gray (IOYR 6/2), dark 
grayish brown (IOYR 4/2, moist) weathered shale; 
massive; very hard, extremely firm, very sticky and 
very plastic; violent effervescence; few very fine 
roots. 

Remarks: Shale in Cr horizon is fractured into platelets 
2-20 mm diameter, and 1-5 mm thick. Very few, very 
fine roots penetrate weathered shale along 
fractures. Most roots are restricted to the A2 
horizon. 
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COOPERATIVE EXTENSION SERVICE 

t 
UTAH STATE UNIVERSITY 

EMERY COUNTY OFFICE 
Courthouse 

Castle Dale, Utah 84513-0847 
(801)748-2381 

January 19, 1990 

Mr. Val Payne 
utah Power & Light Mining Division 
15 N. Main 
Huntington, UT 84528 

Dear Val: 

This is to confirm that the proposed Cottonwood/Wilberg 
waste Rock Storage Facility is not located on prime farmland. 
The underground Coal Mining Rules, Section UMC 783.27, 
paragraph b states: 

"Land shall not be considered prime farmland where the 
applicant can demonstrate one or more of the following: 

(1) The land has not been historically used as cropland; 
(2) The slope of the land is 10 percent or greater, 
(3) The land is not irrigated or naturally subirrigated, 

has no developed water supply that is dependable and of 
adequate quality, and the average annual precipitation is ~4 
inches or less; 

(4) Other factors exist, such as a very rocky surface, or 
the land is frequently flooded during the growing season more 
often than once in two years and the flooding has reduced crop 
yields: or 

(5) On the basis of a soil survey of the lands within the 
permit area there are not soil map units that have been 
designated prime farmland by the u.S. Soil Conservation 
Service." 

The site meets all five of the above listed criteria. It 
cannot be considered farmland, let alone prime farmland, under 
any stretch of the imagination. 

Please contact me if you have further questions about the 
agricultural capabilities of this site. 

INCORPORATED 

MAY 2 0 2015 

Oiv. of Oil, Gas & Mining 

Ut.h St.t. Unlver.lty. Utah Countl •• and the u.s. DeplrtrMnt 0' Agricultur. cooperating 
The UtIlI Cooperiliv. &tension Servlc., en equal opportunity employer, plOYldn programs and 

eet'Ilcea to all perIOIII regardl ... of III., .. X. color, religion, national origin or handicap. 
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Ulah 
p'g!l!!.r. 
toAlNING OIVISIO" 
PO BOk 310 
Hunllngton. Utah IoI!J28 

January 24, 1990 

Mr. George Cook 
Range Conservationist 
united States Department of Agriculture 
Soil Conservation Service 
350 North 4th East 
Price, Utah 84501 

Dear Mr. Cook: 

Please provide a Prime Farmland determination for the area 
associated with the proposed Cottonwood/Wilberg Coal Mine Waste 
Rock Storage Facility as required by the Utah DOGM (see attached 
memo) • 

As you are aware, the proposed site is located on public land 
administered by the Bureau of Land Management. It is located in 
Section 34, T17S, R7E as indicated on the accompanying drawing, 
CM-10520-WB. 

Attached also, is land use information for the site area. This 
information is based on the 1988 BLM San Rafael Draft Resource 
Management Plan and Environmental Impact Statement. 

Your assistance and prompt response regarding this matter are 
greatly appreciated. 

If you ne~d additional information please call me at 687-9821. 

Sinc~ 

/I, r~ -
Val Payne 
Senior Environmental 

VP:do 
Enclosure 

Engineer 

INCORP()RATED 
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· ~ United States 
\ '1,' Department of 

Agriculture 

Mr. Val Payne 

Soli 
eon,ervation 
ServIce 

Utah Power and Light Company 
Mining Division 
P. O. Box 310 
Huntington, Utah 84528 

Dear Mr. Payne: 

P. O. Box 11350 
Salt lake City, Utah 84147 

February 13, 1990 

We have reviewed the project for the Cottonwood/Wilberg Coal Mine Waste Rock 
Storage Facility. 

The area is determined to be excluded from all categories of Important 
Farmland. A completed form AD-I006 is enclosed. 

If we can be of further assistance, please call on us at (BOI) 524-5064. 

Sincerely, 

~p.~~lh 
State S011 Scientist 

Enclosure 

1\ The Sol Conservation Service U I. an agency of tha 
~ Departmant of Agriculture 

"- --_._._. __ . __ .- ~ - -.. _. __ .-
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U.S. Department of Agriculture 

FARMLAND CONVERSION IMPACT RATING 
"""'T I (To be completed by Federal Agency) Dale 01 laRd EVlIlul'l lon Requl$t 

, 1,ft}QI\ 
me Of Project Federal Agency Involved 

Cottonwnod/Wilh&>,-o r.nJlIl 'Min&> TJaC!,. ... ~lM ,.. ... .,. ~~ i~~" 
PfOposed Land Use Rock Storage Facility CountV And Sun. 

Emety,Utah 

PART II (To be completed by SCS) Dlte Rlquen R~iYed By SCS 

Does the lite contain prime, unique, statewide or local Important farmland? Y. 
(If no, the FPPA doa not apply - do not complet. additional 1»," of thi, formJ. 0 
Mllor Crop(,} . F.rm.ble Land In GOYl. Jurisdiction 

None Acres: " N'Int Of lIInd Ev,luatlon SYitem U.1Id Nlml Of LOCIII Site As5lssment System : 

On Site Investigation . ' .. 
PART III (To be completed by Federsl Agency) Site A 

A. Total Acres To Be Converted Directly 
B. Total Acres To Be Converted Indirectly 
C. Total Acres In Site 2S 

PART IV (To M completed by SCSI Land Evaluation Information 

A. Total Acres Prime And Unique Farmland 0 
B. Total Acres Statewide And Local ~mportant Farmland O· 
C. Percentage Of Farmland In County Or Local Govt. Unit To Be Converted 0 
D. Pernn'age Of Farmland In Govt. Jurisdiction W'ltll Same Or HllIh,r Relative Velue 0 

PART V {To be completed by SCS} Land Evaluation Criterion o. 

Relative Value Of Farmland To Be Converted (Scale of 0 to lDOPoinrs) 

PART VI {To be completed by Federal Agency} Maximum 
C':'i Asseument Criteria (Th .. " eri",';'"re explaiMd in 1 CFR 658.6fb) Points 

: Area In Nonurban Use 
l.. Perimeter In Nonurban Use 
3. Percent Of Site Being Fanned 
4. Protection Provided By State And Local Government 
5. Distance From Urban Builtup Area 
6. Distance To Urban Support Services 
7. Size Of Present Fann Unit Compared To Average 
8. ereation Of Nonfarmable Farmland 
9. Availability Of Farm SuPPOrt Services 

10. On-Fann Investments 
11. Effects Of Conversion On Farm Support Services 
12. Comoatibilitv With Existina Aaricultural Use 

TOTAL SITE ASSESSMENT POINTS 160 

PART VII (To be completed by Federal Agency) 

Relative Value Of Farmland {From Part VJ 100 

Total Site Asserment (From Part VI abot16 or a IOQI 
site 8SS#1$$1T1enr 160 

TOTAL POINTS (Total of above 21inesJ 260 

Site Selected: I Date Of Selection 

Reason For Selection: 

~6/9i) 

No Acra Irri~ted AI/lnege F.rm Sin 

[J 0 0 
Amount Of F.rmland As Defined in fPPA 
Acres: , " 01,.. lind EVilIUlllon Returned By SCS 

' 0 . 
Altem.tlve Site..!!.ltlng 
Site B Sitee Site 0 

. ', ' .. 

Was A lOCllI Site Alleament Used? 
Yes 0 

10-10.4 

No 0 
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Inter·moud I LaboratorIes, Inc. 
'--

Report 10: 010106587 1633 Terra Avenue 
Soil Analysis Report Sheridan, WY 82801 

Energy West Mining Co, Page 1 of 6 

P.O. Box 310 

Client Project ID: Cottonwood Mine Huntington, UT 84528 Set#0101S06587 

Date Received: 04/04/01 Report Date: 01/27/15 

Available Exchangeable 
Lab Id Sample Id Depths pH Saturation EC Calcium Magnesium Sodium SAR Sodium Sodium 

(Feet) s.u. % mmhoS/cm meqIL meqIL meqIL ppm meqf100g 

0101S06614 CW3101 0-6 7.5 29.6 0.66 2.75 1.27 1.62 1.14 0.42 0.37 

0101S06615 CW3201 6-12 7.5 30.6 0.62 2.43 1.01 2.72 2.08 1.49 1.41 

0101S06616 CW3301 0-6 7.5 32.8 0.78 2.89 1.15 3.92 2.75 0.77 0.64 

0101S06617 CW3401 0 - 6 7.4 30.8 0.70 2.94 1.05 2.59 1.83 0.56 0.48 

0101S06618 CW3501 6 - 12 7.0 34.6 2.53 21 .9 9.00 2.93 0.75 0.54 0.44 

0101S06619 CW3601 12 -18 7.3 32.2 2.01 14.7 5.65 4.05 1.27 0.55 0.42 

0101806620 CW3701 0-6 7.2 40.5 0.51 3.10 0.90 0.58 0.41 0.40 0.38 

0101806621 CW3801 6 - 12 7.2 42.3 0.48 2.83 1.01 0.84 0.60 0.29 0.25 

0101806622 CW3901 12-18 7.4 39.8 0.41 2.57 1.10 0.61 0.45 0.31 0.29 

0101806623 CW4001 0 - 6 7.6 41.5 7.59 18.4 7.38 56.2 15.6 5.95 3.62 

0101806624 CW4101 6 -12 7.6 37.7 7.59 16.7 7.41 52.8 15.2 5.16 3.17 

0101806625 CW4201 12 -18 7.7 37.6 10.3 15.8 9.22 81 .0 22.9 7.64 4.59 

0101806626 CW4301 0 - 6 7.2 33.5 2.70 22.0 2.31 3.40 0.97 0.50 0.39 

0101806627 CW4401 6 -12 7.2 34.4 2.46 21 .3 4.95 1.26 0.35 0.39 0.35 

0101806628 CW4501 12 - 18 7.2 34.5 2.66 21.8 8.83 1.27 0.33 0.44 0.40 

0101806629 CW4601 0-6 7.3 44.4 2.92 20.9 8.17 4.96 1.30 0.86 0.64 

0101806630 CW4701 6 -12 7.6 42.0 4.36 18.9 20.5 11.7 2.63 1.49 1.00 

0101806631 CW4801 12-18 7.6 44.8 6.92 17.1 54.1 22.0 3.68 2.34 1.35 

0101806632 CW4901 6 - 12 7.8 50.6 7.25 17.7 8.42 49.6 13.7 5.71 3.20 

0101806633 CW5001 6 - 12 8.1 48.8 16.0 15.3 20.5 141 33.3 7.80 0.93 

0101806634 CW5101 12 -18 8.2 9. 48.7 17.9 15.1 24.9 166 37.0 21 .5 13.5 
<: o ~ z - ....... (") 
o ~ 0 

"-l :n o ""0 
f.l5 c::;:, 0 
~ r-...) :D 

C) l> 
These results only apply to the samples tested. ~ <:$ ~ 

S · CJ 
Abbreviations for extTactants: PE= 8aturated Paste Extract. H20801= water soluble,AB-DTPA= Ammonium Bicarbonate-DTPA. MO= Acid Ammonium Oxalate 

Abbreviations used in acid base accounting: T.8.= Total 8ulfur, AB= Acid Base, ABP= Acid Base Potential, Pyr8= Pyritic 8ulfur, Pyr+Org= Pyritic 8ulfur + Organic 8ulfur. Neutral. Pot.= Neutralization Potential 

Miscellaneous Abbreviations: 8AR= 80dium Adsorption Ratio, CEC= Cation Exchange Capacity, E8P= Exchangeable 80dium Percentage 

Reviewed By: ___________________ _ 



Inter·moud, I Laboratolies, Inc. 

Report 10: 010106587 

Client Project ID: Cottonwood Mine 

Date Received: 04/04/01 

Lab Id Sample Id Depths 
(Feet) 

0101S06614 CW3101 0-6 

0101S06615 CW3201 6 - 12 

0101S06616 CW3301 0-6 

0101S06617 CW3401 0-6 

0101S06618 CW3501 6 - 12 

0101S06619 CW3601 12 -18 

0101S06620 CW3701 0-6 

0101S06621 CW3801 6 - 12 

0101S06622 CW3901 12 -18 

01 01 S06623 CW4001 0-6 

0101S06624 CW4101 6 - 12 

01 01 S06625 CW4201 12 - 18 

0101S06626 CW4301 0-6 

0101S06627 CW4401 6 -12 

01 01 S06628 CW4501 12 - 18 

0101S06629 CW4601 0-6 

01 01 S06630 CW4701 6 -12 

0101S06631 CW4801 12 - 18 

0101S06632 CW4901 6 - 12 

0101S06633 CW5001 6 - 12 

0101S06634 CW5101 12 - 18 

Coarse 

Fragments 
% 

14.0 

8.8 

14.8 

10.7 

9.6 

11.0 

14.9 

6.3 

5.2 

0.0 

18.7 

31.9 

14.2 

19.8 

25.1 

10.0 

21.0 

25.7 

19.0 

14.2 

c:J-7 
:;::. 
o -o 
G) 
m 

3: 
!< 
~ 

c::I 

Sand 
% 

66.0 

61.0 

64.0 

60.0 

62.0 

60.0 

56.0 

47.0 

44.0 

15.0 

10.0 

13.0 

34.0 

34.0 

34.0 

10.0 

13.0 

12.0 

18.0 

18.0 

16.0 

Z 
(") 
0 
:0 
1J 
0 

en ~, ::0 
Qt. ,...... » 

These results only apply to the samples tested. s: ~ -I _ rn 

Soil AnalYSis Report 

Energy West Mining Co. 

P.O. Box 310 

Huntington, UT 84528 

113 15 
Silt Clay Texture Bar Bar 
% % 0/0 0/0 

20.0 14.0 SANDY LOAM 16.8 6.7 

25.0 14.0 SANDY LOAM 15.8 7.0 

20.0 16.0 SANDY LOAM 15.2 7.3 

22.0 18.0 SANDY LOAM 16.5 7.3 

20.0 18.0 SANDY LOAM 17.2 7.7 

23.0 17.0 SANDY LOAM 15.5 7.4 

26.0 18.0 SANDY LOAM 20.7 9.2 

35.0 18.0 LOAM 24.6 10.5 

35.0 21.0 LOAM 25.2 10.3 

57.0 28.0 SILTY CLAY LOAM 20.0 15.2 

62.0 28.0 SILTY CLAY LOAM 19.9 14.7 

60.0 27.0 SILTY CLAY LOAM 19.8 17.0 

42.0 24.0 LOAM 16.7 8.2 

42.0 24.0 LOAM 17.1 9.5 

42.0 24.0 LOAM 16.8 8.8 

58.0 32.0 SILTY CLAY LOAM 17.5 13.7 

57.0 30.0 SILTY CLAY LOAM 17.8 12.5 

60.0 28.0 SILTY CLAY LOAM 18.6 13.8 

49.0 33.0 SILTY CLAY LOAM 21 .9 17.6 

48.0 34.0 SILTY CLAY LOAM 20.8 16.8 

50.0 34.0 SILTY CLAY LOAM 19.8 15.6 

Abbreviations for extractants: PE= Saturated Past@xtract. H20stiik water soluble,AB-DTPA= Ammonium Bicarbonate-DTPA, MO= Add Ammonium Oxalate 

1633 Terra Avenue 
Sheridan, WY 82801 

Page 2of6 

Set #01 01 S06587 

Report Date: 01/27/15 

Abbreviations used in acid base accounting: T.S.= Total Sulfur, AB= Acid Base, ABP= Acid Base Potential, PyrS= Pyritic Sulfur, Pyr+Org= Pyritic Sulfur + Organic Sulfur, Neutral. Pot.= Neutralization Potential 

Miscellaneous Abbreviations: SAR= Sodium Adsorption Ratio, CEC= Cation Exchange Capacity, ESP= Exchangeable Sodium Percentage 

Reviewed By: ___________________ _ 



Inter·moun\ , Laboratories, Inc. 

Report 10: 010106587 1633 Terra Avenue 

Soil Analysis Report Sheridan, WY 82801 

Energy West Mining Co. Page 3 of6 

P.O. Box 310 
Client Project ID: Cottonwood Mine Huntington, UT 84528 Set#0101S06587 

Date Received: 04/04/01 Report Date: 01/27/15 

Total T.S. Neutral. T.S . Nitrogen-

Labld Sample Id Depths TOC Sulfur AB Pot. ABP Boron Nitrate TKN Selenium 
(Feet) % tf1000t tf1000t t/1000t ppm ppm % ppm 

0101S06614 CW3101 0- 6 1.4 <0.01 0.00 352 352 0.60 9.72 0.10 <0.02 

0101S06615 CW3201 6 - 12 1.4 0.02 0.62 369 368 0.39 5.94 0.11 <0.02 

0101S06616 CW3301 0-6 1.5 0.01 0.31 334 334 0.41 8.82 0.10 <0.02 

0101S06617 CW3401 0-6 1.4 <0.01 0.00 376 376 0.49 8.76 0.11 <0.02 

0101S06618 CW3501 6 -12 1.8 <0.01 0.00 332 332 0.58 10.9 0.11 <0.02 

0101S06619 CW3601 12 -18 1.7 0.02 0.62 326 326 0.57 9.56 0.12 <0.02 

01 01 S06620 CW3701 0-6 1.6 <0.01 0.00 215 215 0.62 7.30 0.13 <0.02 

0101S06621 CW3801 6 - 12 1.4 0.01 0.31 260 259 0.43 0.90 0.13 <0.02 

0101S06622 CW3901 12 -18 1.0 <0.01 0.00 265 265 0.33 1.08 0.10 <0.02 

0101S06623 CW4001 0-6 0.8 0.41 12.8 108 95.4 0.72 4.50 0.09 0.02 

01 01 S06624 CW4101 6 - 12 0.9 0.62 19.4 104 84.8 0.67 5.74 0.09 0.02 

0101S06625 CW4201 12 -18 0.8 0.40 12.5 110 97.2 0.68 10.6 0.09 0.10 

0101S06626 CW4301 0-6 0.4 0.11 3.44 154 150 0.46 1.66 0.06 <0.02 

0101S06627 CW4401 6 - 12 0.4 0.29 9.06 170 161 0.62 0.90 0.05 <0.02 

0101S06628 CW4501 12 -18 0.5 0.24 7.50 182 175 0.73 0.68 0.06 <0.02 

01 01 S06629 CW4601 0-6 0.6 0.68 21.2 96.0 74.8 1.60 3.68 0.06 <0.02 

0101S06630 CW4701 6 - 12 0.6 0.83 25.9 97.3 71.4 1.79 0.52 0.05 0.02 

0101S06631 CW4801 12 -18 0.6 0.64 20.0 105 84.8 1.27 1.06 0.06 <0.02 

01 01 S06632 CW4901 6 - 12 0.6 1.24 38.7 106 67.6 1.36 9.32 0.06 0.02 

0101S06633 CW5001 6 - 12 0.6 1.48 46.2 99.6 53.4 1.26 3.28 0.05 0.30 

0101S06634 CW5101 12 -18 0.6 0.97 30.3 
0 

102 72.0 1.05 2.34 0.12 0.40 

~. 

Z 0 3: -- 0 
O . l> 0 -< ::n 
r;; "-l T' .J 

i1l c::I 0 (r. 

,..,..~~ ~ :u 
These results only apply to the samples tested. =' 9 ~ 

~ U1 - ' J 
::J rn 

Abbreviations for extractants: PE= Saturated Paste ® ract, H20SolE:Water soluble,AB-DTPA= Ammonium Bicarbonate-DTPA, AAO= Acid Ammonium Oxalate 

Abbreviations used in acid base accounting : T.S.= Total Sulfur, AB= Acid Base, ABP= Acid Base Potential, PyrS= Pyritic Sulfur, Pyr+Org= Pyritic Sulfur + Organic Sulfur, Neutral. Pot.= Neutralization Potential 

Miscellaneous Abbreviations: SAR= Sodium Adsorption Ratio, CEC= Cation Exchange Capacity, ESP= Exchangeable Sodium Percentage 

Reviewed By: _____ __________ _ ___ _ 



Inter·mounL j LaborQtorles, Inc. 

ReportlD: 010106587 

Cl ient Project 10: Cottonwood Mine 

Date Received: 04/04/01 

Labld Sample Id Depths 
(Feet) 

01 01 S06624 CW41 01 6 -12 
0101S066240 CW4101 6 -12 

0101506626 CW4301 0-6 
0101S066260 CW4301 0-6 

01 01 S06629 CW4601 0-6 
0101S066290 CW4601 0-6 

These results only apply to the samples tested. 

0 
~. 

9 .. 
0 

--.... 0 
Cl 
( . .r= 
;,'?(. 

;.;::'l"~ = 
..... , 

pH 
s.u. 

7.6 
7.6 

7.2 
7.2 

7.3 
7.3 

:s: 
~ 
I'.J 

c:::I ...., 
~ -U1 

Saturation EC 
% mmhoS/cm 

37.7 7.59 
37.2 8.11 

33.5 2.70 
33.8 2.55 

44.4 2.92 
44.1 3.06 

Z 
() 
0 
:II 
"U 
0 
:IJ » 
-l 
m 
a 

Soil Analysis Report 

Energy West Mining Co. 

P.O. Box 310 

Huntington, UT 84528 

Calcium Magnesium 
meq/l meq/l 

16.7 7.41 
19.3 8.45 

22.0 2.31 
23.3 2.34 

20.9 8.17 
22.1 8.52 

Available 
Sodium SAR Sodium 
meqlL ppm 

52.8 15.2 5.16 
59.0 15.8 5.15 

3.40 0.97 0.50 
2.32 0.65 0.51 

4.96 1.30 0.86 
5.09 1.30 0.83 

Abbreviations for extractants: PE= Saturated Paste Extract, H20Sol= water soluble,AB-OTPA= Ammonium Bicarbonate-OTPA, AAO= Acid Ammonium Oxalate 

Exchangeable 

Sodium 
meq/100g 

3.17 
2.95 

0.39 
0.43 

0.64 
0.61 

1633 Terra Avenue 
Sheridan, WY 82801 

Page 4 of6 

Set #0101S06587 

Report Date: 01/27/15 

Abbreviations used in acid base accounting: T.S.= Total Sulfur, AB= Acid Base, ABP= Acid Base Potential, PyrS= Pyritic Sulfur, Pyr+Org= Pyritic Sulfur + Organic Sulfur, Neutral. Pot.= Neutralization Potential 

Miscellaneous Abbreviations: SAR= Sodium Adsorption Ratio, CEC= Cation Exchange Capacity, ESP= Exchangeable Sodium Percentage 

Reviewed By: ___________________ _ 



Inter·mou",,- j LClboratorles, Inc. 

ReportlD: 010106587 

Client Project 10: Cottonwood Mine 

Date Received: 04/04/01 

Coarse 

Labld Sample Id Depths Fragments 
(Feet) 0/0 

0101S06624 CW4101 6 - 12 18.7 
0101S066240 CW4101 6 -12 0.0 

0101S06626 CW4301 0-6 14.2 

0101S066260 CW4301 0-6 0.0 

0101S06629 CW4601 0-6 10.0 

0101S066290 CW4601 0-6 0.0 

0 :;::. 
Z 

0 ~ 0 -+. 

0 ~ 0 
:0 

G) "-l ""U 
OJ = 0 (f) 

Q<> ~ :0 
~ ~ s: -U1 

:::I m 
s· a 

(Q 

These results only apply to the samples tested. 

Sand Silt 

0/0 0/0 
10.0 62.0 
11.0 61.0 

34.0 42.0 

34.0 42.0 

10.0 58.0 

13.0 55.0 

Soil Analysis Report 

Energy West Mining Co. 

P.O. Box 310 
Huntington, UT 84528 

Clay Texture 
0/0 

28.0 SILTY CLAY LOAM 
28.0 SILTY CLAY LOAM 

24.0 LOAM 

24.0 LOAM 

32.0 SILTY CLAY LOAM 

32.0 SILTY CLAY LOAM 

113 
Bar 
0/0 

19.9 
19.6 

16.7 

16.6 

17.5 
17.7 

15 

Bar 
0/0 

14.7 
15.6 

8.2 

8.5 

13.7 

13.6 

Abbreviations for extractants: PE= Saturated Paste Extract, H20Sol= water soluble,AB-OTPA= Ammonium Bicarbonate-OTPA, AAO= Acid Ammonium Oxalate 

1633 Terra Avenue 
Sheridan, WY 82801 

Page 5 of6 

Set #01 01 S06587 

Report Date: 01/27/15 

Abbreviations used in acid base accounting: T.S.= Total Sulfur, AB= Acid Base, ABP= Acid Base Potential, PyrS= Pyritic Sulfur, Pyr+Org= Pyritic Sulfur + Organic Sulfur, Neutral. Pot.= Neutralization Potential 

Miscellaneous Abbreviations: SAR= Sodium Adsorption Ratio, CEC= Cation Exchange Capacity, ESP= Exchangeable Sodium Percentage 

Reviewed By: ___________________ _ 



Inter·moun(_ ' Laboratories, Inc. 

1633 Terra Avenue 

Soil Analysis Report Sheridan, WY 82801 
ReportlD: 010106587 

Energy West Mining Co_ Page 6 of6 

P.O. Box 310 

Client Project 10: Cottonwood Mine Huntington, UT 84528 Set #01 01 S06587 

Date Received: 04/04/01 Report Date: 01/27/15 

Total T.S. Neutral. T.S. Nitrogen-

Labld Sample Id Depths TOC Sulfur AB Pot. ABP Boron Nitrate TKN Selenium 
(Feet) % tl1000t tl1000t tl1000t ppm ppm % ppm 

0101 506624 CW41 01 6 - 12 0.9 0.62 19.4 104 84.8 0.67 5.74 0.09 0.02 

01015066240 CW4101 6 -12 0.8 0.64 20.0 104 84.1 0.61 6.22 0.09 0.02 

0101506626 CW4301 0-6 0.4 0.11 3.44 154 150 0.46 1.66 0.06 <0.02 

01015066260 CW4301 0 - 6 0.5 0.09 2.81 154 151 0.44 2.22 0.06 <0.02 

0101506629 CW4601 0-6 0.6 0.68 21.2 96.0 74.8 1.60 3.68 0.06 <0.02 

01015066290 CW4601 0-6 0.6 0.67 20.9 96.0 75.0 1.62 3.60 0.06 <0.02 

CJ 
;2' 
0 ? 

Z 
-+0. 

2 > () 

-< 0 
,.-.... r-...:l 

:D 
'-' - lJ 
;.l) C) 
(JJ 0 
,;<; ~ :::0 

5:: 
C) » -s· UI -; 

m s· 
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These results only apply to the samples tested. 

Abbreviations for extractants: PE= Saturated Paste Extract, H20Sol= water soluble,AB-OTPA= Ammonium Bicarbonate-OTPA, AAO= Acid Ammonium Oxalate 

Abbreviations used in acid base accounting: T.S.= Total Sulfur, AB= Acid Base, ABP= Acid Base Potential, PyrS= Pyritic Sulfur, Pyr+Org= Pyritic Sulfur + Organic Sulfur, Neutral. Pot.= Neutralization Potential 

Miscellaneous Abbreviations: SAR= Sodium Adsorption Ratio, CEC= Cation Exchange Capacity, ESP= Exchangeable Sodium Percentage 

Reviewed By: _____ _ __________ _ __ _ 
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TRAIL MOUNTAIN MINE 

R64S-301-300: Biology 

R645-301-310 Introduction 

R645-301-320: Environmental Descriptions 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The following sections of this application contain descriptions, information, and plans to protect 
the biological, aquatic, and wildlife resources within and in the vicinity of Waste Rock Storage 
Facility. 

R645-301-321: Vegetation Information 

The site location for the proposed disturbed area of the Waste Rock Storage Facility is 1.75 

miles south of the Wilberg Mine, Emery County, Utah. The township and range of the site is: 

Township 17 South, Range 7 East, Section 34. Elevation of the Waste Rock Storage Facility 

ranges between 6,700 ft. and 7,000 ft. above sea level. The slopes are varied between 3 

degrees and 36 degrees and are composed of exposures to the east, west and south. 

A vegetation survey was conducted on the proposed disturbed area in August 1989 by Mt. 

Nebo Scientific. The purpose of the survey was to supply meaningful and scientific data that 

provides accurate standards for future reclamation of the area. Both proposed disturbed and 

reference areas were surveyed. 

Major plant communities found in the general area are typical salt desert shrublands and 

comprise of communities with the following plant species as dominates and/or subdominates: 

Pinyon Pine (Pinus edulis), Utah Juniper (Juniperus ostersperma), Mat Saltbush (Atriplex 

corrugata), Gardner Saltbush (Atriplex gardneri), Shadscale (Atriplex confertifolia), Salina 

Wildrye (Elymus salinus), and Black Sagebrush (Artemisia nova). The Waste Rock Storage 

Facility, including the access road, drainage control diversions and sediment pond will occupy 

approximately 25 acres of land within the following associated vegetation communities: 

Pinyon-Juniper 

Black Sagebrush 

Gardner Saltbush 

A complete report of this survey is found in Appendix A. 

R645-301-300: Biology 2 
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TRAIL MOUNTAIN MINE 

Proposed Disturbances 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The two types of proposed disturbances are planned for the Waste Rock Storage Facility are: 1) 

a waste rock storage area; and 2) an access road. The proposed disturbances will impact three 

plant communities. The access road will dissect a Pinyon-Juniper community whereas the 

Waste Rock Storage Facility disturbance affects Gardner Saltbush and Black Sagebrush/Salina 

Wild rye plant communities. 

Reference Areas 

A reference area is used to develop a standard for success at the time of final reclamation for 

each of the proposed disturbances. These areas were chosen to comply with guidelines 

provided by DOGM and had similar slopes, soils, exposures, species composition, precipitation, 

elevations and other environmental variables. 

R645-301-321.200 Productivity 

Productivity and range condition estimates for the waste rock site were performed by the US 

Soil Conservation Service (now Natural Resource Conservation Service), Price, Utah in 1990. A 

letter from the Service is found in Appendix B. 

R645-301-322 Fish and Wildlife Information 

The Waste Rock Storage Facility occupies portions of an Upper Sonoran/Transition life zone 

ecotone, within the Wasatch Plateau biogeographic area. A general discussion of wildlife 

species associated with these ecological zones is contained in Volume 2 of the 

Cottonwood/Wilberg Coal Mine Permit Application. 

The area is ranked by the Utah Division of Wildlife Resources (DWR), as critical deer (Odocoileus 

hemionus) winter range and limited-value elk Cervus canadensis) winter range. DWR also ranks 

the area as substantial-value yearlong habitat for the Desert Cottontail (Sylvilagus audubonii). 

Wildlife movement occurs throughout the area of the Waste Rock Storage Facility; however, 

the facility will not pose a barrier to big game movement. The facility is not expected to 

increase the potential for deer road-kill occurrences. (Personal communication with Larry 
Dalton, DWR, September 8, 1989.) INCORPORATED 

M.4Y 2 0 2015 
The BLM (San Rafael Draft Resource Management Plan/EIS) classifies a portion of the area 

Dlv. of Oil (las & Mining 
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TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

(approximately 12 acres) as crucial deer winter habitat. 

The Waste Rock Storage Facility is within the territories of golden eagles (Aguila chrysaetos) 

and common ravens (Corvus corax). But, it is outside the buffer zones associated with nest 

sites of both species. The nearest raptor nests (Raven nests 64A and B) are approximately 0.8 

mile from the facility. The golden eagle nest (62) is approximately 1.2 miles from the facility. 

The nests are included in the raptor monitoring program described in the Cottonwood/Wilberg 

PAP, Appendix XVI, Part H. Nest 62 was active in 1989 with one (1) young produced. Nests 64A 

and 64B were inactive in 1989. 

R64S-301-322.210 Listed Endangered or Threatened Plants and Animals of Emery 
County 

The following plant, fish, and wildlife information tables includes Threatened and Endangered 

Species, listed in Emery County, Utah, and may be present in the Grimes Wash area. The data 

from these tables are reference from the Utah Division of Wildlife Resources website at 

http://www.dwrcdc.nr.utah.gov/ucdc/) 

Table 300-1: Endangered or Threatened Plant, Fish, and Animal Species 

Common Name Scientific Name 

Jones Cycladenia Cycladenia humifis var jonesii 

Last Chance Townsendia Townsendia aprica 

Barneby Reed-mustard Schoenocrambe barnebyi 

San Rafael Cactus Pediocactus despainii 

Winkler Pincushion Cactus Pediocactus winkleri 

Wright Fishhook Cactus Sclerocactus wrightiae 

Humpback Chub Gila cypha 

Bonytail Gila elegans 

Colorado Pikeminnow Ptychocheilus lucius 

Razorback Sucker )(yrauchentexanus 

Greater Sage-grouse Centrocercus urophasianus 

Yellow-billed Cuckoo Coccyzus american us 

Mexican Spotted Owl Strix occidentalis lucida 

Black-footed Ferret Mustela nigripes 

Canada Lynx Lynx Lynx canadensis 

Gray Wolf Canis lupus 

*T=Threatened, E=Endangered, C=Canidate 

R645-301-300: Biology 4 
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TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

None of the above stated species are found within the area of the Waste Rock Storage Facility. 

There is no suitable habitat within this area to support the above stated species. 

R645-301-323 Maps and Aerial Photographs 

Plate 8-1 in the Maps Section displays the vegetation communities within and adjacent to the 

Waste Rock Storage Facility. Plate 9-1 shows the locations for winter habitat and critical winter 

habitat for deer and elk within and adjacent to the Waste Rock Storage Facility. 

R645-301-323.100 Reference Area Locations 

Plate 8-1 in the Maps Section shows the location for the reference areas for specific plant 

species in the Waste Rock Storage Facility. 

R645-301-320 Operation Plan 

The original Cottonwood/Wilberg Waste Rock Storage Area is located south and east of 

highway 57. This site was filled to its capacity in 1989 (Phase III Bond Release of the original 

site was granted in July of 2009) making it necessary to construct a new facility to handle the 

disposal needs of the mine. Calculations have been made, based on past history, the rate and 

amount of waste rock generated during mining operations, these quantities have been used to 

formulate the design of a new facility. Refer to R645-301-500 Engineering for these 

calculations. 

The area selected for the Waste Rock Storage Facility is located on public land managed by the 

US Department of Interior, Bureau of Land Management. The facility is located in the southeast 

quarter of Section 34, Township 17 South, Range 7 East, west of Highway 57 and used in 

support of the mining operations. The area was selected because it is close to the mine 

facilities and has the required capacity to contain all the waste rock generated at the 

Cottonwood/Wilberg, Des Bee Dove, and Trial Mountain mines for the anticipated life of each 

mine. Since the Cottonwood/Wilberg is being reclaimed and the Des Bee Dove Mine has been 

reclaimed, the site is used specifically for the Trail Mountain Mine. 

R645-301-300: Biology 5 
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TRAIL MOUNTAIN MINE 

R64S-301-331 Mitigation Measures 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The Waste Rock Storage Facility was constructed and is operated in such a manner as to 

minimize, to the extent possible, disruption of normal wildlife activities in the area. 

The Waste Rock Storage Facility is located approximately two (2) miles northwest of Grimes 

Wash, an ephemeral stream, and approximately four (4) miles from Cottonwood Creek, the 

nearest fishery. Therefore, no fish species or fish supporting habitat are present on the site and 

no streams containing biological communities exist within the site. No riparian habitat or 

wildlife species associated with such habitat exist on the site. 

No electric power lines or other transmission facilities have been constructed to serve the 

Waste Rock Storage Facility. 

Fences have been designed and constructed to allow uninhibited big game passage. It is not 

anticipated that the sediment pond will contain hazardous concentrations of toxic-forming 

materials; therefore, exclusion fencing of the pond was not proposed. 

No persistent pesticides were used on the area, unless approved by the Division. If it is 

determined that pest control is needed, approved species-specific control measures will be 

implemented. 

To the extent possible, range or forest fires will be prevented, controlled or suppressed, unless 

directed otherwise by the Division. 

The primary post-mining land use is wildlife habitat and livestock grazing. Final reclamation 

plant species have been selected for that purpose and generally follow information provided to 

PacifiCorp by UDWR, which is identified as "Recommended Plant Materials and Rates of 

Application for Restoration or Enhancement of Wildlife Habitats." Adequate wildlife cover is 

available adjacent to the waste rock storage site; therefore, plant species were chosen primarily 

for forage production. 

As discussed previously, approximately 25 acres of big game habitat will be displaced by the 

facility; therefore, mitigation in accordance with procedure was proposed prior to construction. 

Mitigation was achieved through implementation of procedures outlined in the approved 

Wildlife Habitat Mitigation Plan which was developed for the original cottol~Q&fvvUB~D 
Waste Rock Storage Area and the Des Bee Dove haul road (August 27, 1986). MAY 2 0 2015 
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R645-301-333 Mitigation Procedures 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

Mitigation sites were selected in the adjacent pinyon-juniper community (see Plate 9-1). 

Selection was made following consultation with BLM, DWR and DOGM. Prior to site work, an 

archaeological assessment was performed at the proposed locations. No resource conflicts 

were identified. 

Trees were removed at the selected sites by bulldozer. Clearing work followed the natural 

contour of the sites (ridge tops). The trees were pushed over, crushed by the bulldozer and left 

on the site to provide some protection for plant establishment. Access to the sites was 

restricted by placement of large boulders at potential vehicles access points. 

Soil samples were analyzed to determine fertilizer application rates and the need for additional 

soil amendments. The fertilizer and amendments were broadcast prior to removal of the trees 

and were incorporated into the soil during the tree removal operation. 

Seeding took place between October 1st and November 30th. The following seed mixture was 

broadcast concurrently with tree removal. The seeds were covered during the tree removal 

operation. 

R64S-301-300: Biology 7 
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WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

Table 300-2: Mitigation Area Seed Mix 
pLANT MATfRI~l lBS/ ACRE (PLSr 
GRASSES: 

Smooth brome Bromus inermis - southern varity 3 

Alkali Sacation Sf2.orobolus airoides 2 

Russian wildrye Elymus iunceus 2 

Indian ricegrass 0rtz0f2.SiS hymenoides 1 

Piute orchardgrass Dactylis glomerata 3 

FORBS: 

Utah sweetvetch Hedysarum gremiale 3 

Alfalfa Medicago sativa - ladak 3 

Small Burnett Sanguisorba minor 2 

Yellow Sweetclover Melilotus offjcinalis 1 

Palmer penstomen Penstemon f2.almeri 1 

lewis flax Unum lewisii 2 

SHRUBS: 

Antelope bitterbrush Purshia tridentata 1 

Wyoming big sagebrush Artemisia tridentata wyomingensis 1 

Great Basin sagebrush A. t. tridentata 1 

Mountain sagebrush A. t. vaseyana 1 

Fourwing saltbush Atrif2.lex canescens 2 

Winterfat Cera to ides lanata 1 

TOTAL 30 
1 

Seed mixture was supplied by DWR 

NOTE: See Cottonwood/Wilberg PAP, Vol. 2, for justification of introduced species. 

Following seed covering a layer of alfalfa hay mulch was applied at the rate of approximately 

two (2) tons per acre. The mulch was crimped into the soil. Crimping was done in such a 

manner that implement tracks will intercept potential runoff water thus improving the 

potential for vegetation establishment. 

Inspection and evaluation of the mitigation measures was made by PacifiCorp, DWR, BlM and 

DOGM personnel following the first and subsequence growing season. 

Deer pellet-group counts were made in 1989 at the Wilberg/Des Bee Dove mitigation areas. 

Transects were run on the mitigation sites and in the pinyon-juniper community adjacent to the 

mitigation sites. The results were an average use level of 37 deer days per hectare at the 

mitigation sites and 25 deer days per hectare in the adjacent areas. This indicates the use level 

at the mitigation sites is 48% greater than in the adjacent pinyon-juniper. It is assumed that a 

similar increase in use can be achieved in the vicinity of the Waste Rock facility: Mitigation 
INCORPORATED 
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WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

measures were implemented on 45 acres of pinyon-juniper community to compensate for the 

disturbance of 25 acres at the facility site. 

As has been stated, adequate cover exists in the area of the Waste Rock Storage Facility. The 

habitat requirements which limit the carrying capacity of the area are forage and water. 

Therefore, in addition to the forage enhancement measures conducted, a guzzler was also 

installed within the mitigation area. Specifications for the guzzler and its installation were 

coordinated with DWR, BLM and DOGM. 

R645-301-333.100 Maintenance and Monitoring 

As required, protective measures shall be used during the active mining phase of the operation. 

Such measures shall include protections to interim revegetation areas such as topsoil storage 

piles, subsoil storage piles, and road embankments. Protections shall include the following: 

1. Signs will be placed around the planted slopes for their protection. 

2. An annual site visit shall be conducted by representatives from the permittee and the 
Division of Oil, Gas, and Mining. Representatives from the Division shall include a plan 
specialists and/or a soil specialist. The site visit shall occur between the months of May 
and September. 

R645-301-340 Reclamation Plan 

The following discusses the process by which the permitee shall conduct reclamation activities 

associated with revegetation of the Waste Rock Storage Facility during operations and at final 

reclamation. 

R64S-301-341.100 Detailed Scheduled for Revegetation 

Table 300-3 shows the timetable by which reclamation will be conducted on the Waste Rock 

Storage Facility. Many of the reclamation operations will occur simultaneously. 

R645-301-300: Biology 9 
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TRAIL MOUNTAIN MINE 

Table 300-3: WRS Reclamation Schedule 

# Project 

Months 
Mar Apr 

1 Structure Removal • 

2 Hauling, Backfilling & 
Grading 

3 Review of Revegation 
Plan 

4 Order Seed 

5 Seed Bed Preparation 

6 Fertilization 

7 Seeding & Mulching 

May Jun 

• 

• • 

• 
• 
• 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

Estimated Scheduling 

Jul Aug Sep Oct Nov Dec Jan Feb 

• 

• • 

• • 
Note: Timeframes are approximate and will vary depending on site conditions and the acreage involved. 

Table 300-4 shows the scheduled activities throughout the responsibility period. 

Table 300-4: WRS Reclamation Schedule: 1st thru 10
th 

Year 

# 

1 

2 

3 

4 

4 

10 Year Revegetation & 1st 2na 
3

ra 4th 5
th 

6
th 7th 8th 9th 

10
th 

Monitoring Year Year Year Year Year Year Year Year Year Year 

Plant Monitoring Disease 
& Pest Control * • • • • • • • • • • 

Soil Stabilization Rills & 
Gullies • • • • • • • • • • 

Contingent Seeding • • 
Sediment Pond and • Access Road Removal 

Revegetation Inventory 
• • • for Bond Release 11\1 'n,:) ,::' 1, ':~ {; ' .- --

R645-301-341.200 Description o/Seeding Methods 

Interim Revegetation 

,. ~,'t;' 

; . , -; ~' 

Interim revegetation will be implemented on the road embankment slopes, the top and 

outslopes of the soil stockpiles and the sediment pond banks. Timing of interim revegetation 

will be in accordance with R64S-301-341.100. The Division will be notified prior to the 

beginning of revegetation activities. 

R645-301-300: Biology 10 May 2015 
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TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

The primary purpose of interim revegetation is soil stabilization: therefore, plant species were 

selected for their suitability to site conditions, ease of establishment, rate of growth and 

growth forms. Species selected include some that occur naturally at the site. Refer to 

Appendix A, "Vegetation of the Waste Rock Site". 

300-5: Interim Revegetation Seed list 
PLANT MATERIAL LBS/ACRE (PLS#) 

GRASSES: 

Thickspike Wheatgrass Agrol2't.ron das't.stach't.um 2 

Streambank Wheatgrass A. ril2arium 2 

Basin Wildrye EI't.mus cine reus 3 

Indian Ricegrass 0Ci.Z0I2SiS h't.menoides 2 

Bottlebrush Squirreltail Sitanion h't.strix 1 

Sandberg Bluegrass POQ sandbergii 0.5 

Alkali Sacaton Sl2orobolus airoides 0.25 

FORBS: 

Prairie Aster Aster tanaceti[olius 0.5 

Northern Sweetvetch Hed't.sarum boreale 1 

Yellow Sweetclover Melilotus offjcinalis 3 

Firecracker Penstemon Penstemon eatonii 0.5 

Alfalfa Medicago sativa var. Ladak 1 

SHRUBS: 

Shadscale Atril2lex con[erti[olia 3 

Castle Valley Saltbush A. cuneata 3 

Winterfat Cera to ides lanata 3 

Basin Big Sagebrush Artemisia tridentata 

sl2. tridentata 0.25 

TOTAL 26.00 

*PlS = Pure live Seed 

The proposed seed mixture and application rates results in approximately 115 seeds per square 

foot (55 grass, 45 forb, 15 shrub). INCORPORATED 

Interim Revegetation Methodology M"W 2 0 2015 
1. Seedbed Preparation ') IV. of Oi/, ( 'as & Minin 

Seeding will take place as contemporaneously as practicable fol lowing 9 

soil placement; therefore, the seedbed will be in a roughened condition 

suitable for seed application. However, if a surface crust has developed it 

will be broken up by hand or mechanical tilling to achieve maximum 

roughness. 

R645-301-300: Biology 11 May 2015 
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2. Seeding 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The seed mixture will be hand broadcast with "hurrican spreaders" or 

applied by hydroseeder at the specified rate. The seed and water slurry 

will remain in the hydroseeder no longer than two hours. Seeding will 

take place during late Fall after October 1. 

3. Fertilizer Application 

The fertilizer will be applied by hand broadcasting with "hurricane 

spreaders" or as a separate operation of hydroseeding. Fertilizer 

application rates will be determined from soil analysis (refer to R645-301-

243 Soil Nutrients and Amendments). The following is an approximate 

combination and rate: 

Ammonium Nitrate 

Triple Superphosphate 

4. Seed Covering 

50lbs/acre 

75lbs/acre 

Following hand broadcasting of the seed mixture and fertilizer, and 

whenever possible on hydroseeded areas, the sites will be hand or 

mechanically raked to cover the seeds. 

5. Mulch Application 

Following hand broadcasting and raking, the seeded areas will be covered 

with an erosion control mulch blanket or hay mulch (2 tons/acre and 

netting). The blanket/netting (if used) will be mechanically anchored per 

the manufacturer's specifications. 

All seed and hay mulch will be inspected by a State Department of Agriculture inspector prior 

to application. Copies of inspection certificates will be submitted to the Division. 

Following hydroseeding, a wood fiber hydromulch with tackifier will be applied at the rate of 

approximately 2000 Ibs/acre. 

The criteria for interim revegetation success will be the establishment of at least 60% ground 

cover, on the majority of the slope, which prevents or minimizes erosion. This will be 

determined by spring and fall site inspections. If erosion damage occurs, it will be repaired and 

revegetated as needed. INCnF~p()RATED 

R645-301-300: Biology 12 May 2015 .. ;:a l 0 2015 
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Final revegetation 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

Final revegetation will be implemented on the completed disposal area upon completion of the 

backfilling and grading activities. Revegetation will follow the scheduled as outlined in the on 

Tables 300-3 and 300-4. 

The potential for re-establishing vegetation is discussed in R64S-301-200 Soils, Appendix A, 

Final Report: A Report on the Soils of the Waste Rock Site (pages 7-9 through 7-11). 

Additionally, the revegetation success achieved at the existing waste rock site is an indicator 

that revegetation can be achieved. 

300-6: Final Revegetation Seed List 

PLANT MATERIAL 

GRASSES: 

Thickspike Wheatgrass Agropyron dasystachym 

Stream bank Wheatgrass A. riparium 

Basin Wildrye Elymus cine reus 

Galleta Hilaria jamesii 

Indian Ricegrass Oryzopsis hymenoides 

Sandberg Bluegrass Poa sandbergii 

Bottlebrush Squirreltail Sitanion hystrix 

Alkali Sacaton Sporobolus airoides 

FORBS: 

Prairie Aster Aster tanacetifolius 

Northern Sweetvetch Hedysarum boreale 

Yellow Sweetclover Hedysarum boreale 

Firecracker Penstemon Penstemon eatonii 

Scarlet Globemallow Sphaeralcea coccinea 

Alfalfa Medicago sativa var. Ladak 

SHRUBS: 

Black Sagebrush Artemisia nova 

Fourwing Saltbush Atriplex canescens 

Shadscale A. confertifolia 

Castle Valley Saltbush A. cuneata 

low Rabbitbrush Chrysothamnus viscidiflorus 

Green Mormon Tea Ephedra viridis 

Mat Saltbush Atriplex corrugata 

Winterfat Ceratoides lanata 

Basin Big Sagebrush Artemisia tridentata 

var. tridentata 

TOTAL 

R64S-301-300: Biology 13 

LBS/ACRE (PLS*) 

2 

2 

3 

1 

2 

0.5 

1 

0.25 

0.5 

1 

3 

1 

0.5 

1 

1 

5 

3 

5 

1 

5 

5 

2 

0.25 

43.00 /N(;ORPOH ATED 
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TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

The post-mining land use for the Waste Rock Storage Facility is wildlife habitat, primarily deer 

and elk winter range and livestock grazing. Therefore, the species selected for final 

revegetation were chosen for that purpose. 

The proposed seed mixture and application rates result in approximately 190 seeds per square 

foot (62 grass, 58 forbs, 70 shrub). The shrub seeding rate results in approximately 3049 stems 

per acre (based on an establishment rate of 1:1,OOO). 

Final Revegetation Methodology 

1. Seedbed Preparation 

Seeding will take place as contemporaneously as practicable following 

soil placement; therefore, the seedbed will be in a roughened condition 

suitable for seed application. However, if a surface crust has developed it 

will be broken up by hand or mechanical tilling to achieve maximum 

roughness. 

2. Seeding 

The proposed seed mixture will be applied at the specified rates on 

sloping sites by hand broadcasting with "hurricane spreaders" or with a 

hydroseeder. The seed and water slurry will remain in the hydroseeder 

no longer than two hours. Seed application on level areas will be 

completed by the above methods or through drill seeding. If drill seeding 

is utilized, the application rates of grasses and forbs will be reduced by 

fifty (50) percent. Seeding will take place during the late part of the fall 

season and no earlier than October 1. 

3. Fertilizer Application 

The fertilizer will be applied by broadcasting or as a separate operation of 

hydroseeding. Fertilizer application will be determined from soil analysis 

(refer to R645-301-243 Soil Nutrients and Amendments). The following is 

an approximate combination and application rate: INCORPORATED 

Ammonium Nitrate 50lbs/acre MoW 2 a 2015 
Triple Superphosphate 75lbs/acre nil, t]'f "-:1 (' 

". ''....ii, ,.,[lS & Mining 

4. Seed Covering 

Following hand broadcasting of the seed mixture and fertilizer, and 
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WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

whenever possible on hydroseeded areas, the sites will be hand or 

mechanically raked to cover the seeds. 

5. Mulch Application 

Following hand broadcasting and raking, the seeded slope areas will be 

covered with an erosion control mulch blanket or hay mulch (2 

tons/acre). The blanket will be mechanically anchored per the 

manufacturers' specifications. 

Following hydroseeding, a wood fiber hydromulch with tackifier will be applied at the rate of 

approximately 2000 Ibs/acre. 

Following broadcast seeding, alfalfa hay mulch will be applied at the rate of two (2) tons per 

acre. The mulch will be mechanically crimped into the soil. 

All seed and hay mulch will be inspected by a State Department of Agriculture inspector prior to 

application. Copies of inspection certificates will be submitted to the Division. 

Since the initial construction of the waste rock site (June 1990) to this date of August 2013, 

three berms have been constructed around the waste rock pile, filled to their capacity, and 

their side slopes reclaimed according to the approved reclamation plan. 

R645-301-350 Performance Standards 

Construction/reclamation activities will not take place between December 1st and April 15th
• 

Signs will be placed around the planted slopes for their protection. The area will be entered 

only to provide maintenance (as needed) and/or monitoring duties. 

Standards for successful revegetation include weed species not more than 10% and no noxious 

weeds. Weed control will not be undertaken unless it is determined necessary due to weed 

dominance and delayed rate of succession. All noxious weeds will be eradicated either 

chemically or physically if they become established on the site. Chemical appli~ions will be 

d b UDOGM ' I" h h BLM CORPOPATED approve y In consu tatlon Wit t e . 
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WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

Rodent damage on revegetated areas will be assessed during monitoring periods. Species 

specific control measures will be implemented as necessary. Control measures must be 

approved by the Division in consultation with the Utah Division of Wildlife Resources prior to 

application. 

Annual monitoring will also include inspection for rills and gullies. Should these be present, 

they will be filled and the soil reseeded. Rill and gully repair will follow the regulations set forth 

in the Coal Rules R645-301-357.360 through R645-301-357.365. As repairs are recognized, the 

Division will be notified and the affected area will be reported in the annual vegetation report. 

All vegetation sampling will be undertaken in the late summer for maximum plant growth. The 

line intercept or ocular estimation methods will be used to measure cover and species 

composition. The point-center quarter method will be used to measure shrub and tree density. 

Productivity measurements will be a double sampling procedure of clipped plots and ocular 

estimates. Rectangular plots (6.27 in. x 100 in.) will be randomly located in reference areas and 

revegetation sites. Sampling will be at the 90% confidence level. 

The reference area will be checked to detect any change from natural or man-induced activities 

and to verify they are in fair or better condition. Sampling of the reference sites at the time of 

bond release will be conducted concurrently with final reclamation sampling, using the same 

methodology used to sample the reclaimed areas. 

The standards for success to be applied for ground cover and production of living plants on the 

reclaimed areas at the Waste Rock Storage Facility will be at least equal to 90% (with a 90% 

confidence level) to that of the corresponding reference area at the time of bond release. Cover 

in the reclaimed areas will not be less than that required to achieve the approved post-mining 

land use outlined in R645-301-400: Land Use and Air Quality. 

The criteria for measuring revegetation success will be production, cover, and woody plant 

density. Although three (3) vegetation communities will be impacted, (Pinyon-Juniper, 

Saltbush, Black Sage/Grass) only one (1) mixed vegetation community (Shrub/Grass/Forb) will 

be re-established. Revegetation success will be dependent on soil and slope factors as well as 

proper species selection. 

Revegetation success will be measured against the reference areas (soil type, slope and 

vegetation factors) as follows: INCORPORATED 

R645-301-300: Biology 16 May 2015 
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Revegetated Site 

Access Road 

(Ustollic Calciorthid, 3-30% 

slopes) 

Waste Material Outslope 

(Lithic Ustic Toprriorthents, 

50% slopes) 

Production (1) & Cover (2) 

P-J Reference Area 

Saltbush Reference Area 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

Density (3) 

2500 

2500 

Top of Waste Material Black Sage/Grass Reference 2500 

(Lithic Ustic Torriorthents, Area 

<5% slope 

(1) See SCS Range Condition Survey, Appendix B 

(2) See Vegetation Report, Appendix A 

(3) A woody plant density of 2500 plants per acre should be adequate for post-mining 

wildlife habitat. This level is also achievable based on the success observed at the 

reclaimed cells and berms at the "Old" Cottonwood Waste Rock Site. Vegetation 

monitoring conducted in 1989 on Cell and Berm 3 indicated an average plant density of 

greater than 2300 plants/acre. 

At the time of bond release or after the 10 year responsibility period has passed, similarity 

between the reclaimed area and corresponding reference area will compare life forms and/or 

species present in each community by the use of similarity indices. Indices of similarity provide 

the means of mathematically comparing the plant communities in the two areas. One, or a 

combination of the three indices found in the Vegetation Guidelines, February 1992, will be 

used to determine the similarity between the reclaimed and reference area. If another index (or 

combination thereof) is used, Division approval will be required. Similarity will be considered 

successful when the index value is at least 70% of the reference area. 

All vegetation monitoring data will be reported annually. This report will contain a narrative of 

the actual monitoring methods used, results, and a discussion of the overall success or failure of 

each area. Raw data sheets will also be included in the annual reports. Standards attained at 

the time of bond release will be approved by the Utah Division of Oil, Gas and Mining 

(UDOGM). 

R64S-301-300: Biology 17 
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SCOPE 

The following is a raport of the vegetation of an area 
that is propo.ed for disturbance for a waste rock storaqe area for 
Utah Power and Light Mining Division, Emery County, Utah. this 
area will be called the ·Cottonwood/Wilberg Waste Rock Storage 
Area· in this report. ~he primary purpose of this report is to 
supply meaningful and scientific data that will provide accurate 
standard. for future reclamation of the area. Proposed disturbed 
areas, and reference areas similar to the propo •• d disturbed areas, 
were studied on the site. Studies were performed in accordance to 
the guideline. supplied by the state of Utah, Division of Oil, Gas 
and Mining (DOGM). 

A METHODS section is included in this report to provide 
the reviewers vith all methcx'Jologies used to obtain the data. 
Wi thin the IN'l'RODUC'.rION of the report, a General S1 te Description 
.ection is provided to give and overview of the site. The RESULTS 
section specifically describes each proposed di.turbed plant 
community, reference area, and also supplies summarie. of data and 
statistical analyses from ecological lIampling. VEGETATION MAPS of 
each area were alllo included in this report. 

IN'l'RODUC'l'ION 

General Site Description 

The study site for the proposed disturbed Waste Rock 
Storage Area vas located 1.75 miles south of the Wilberg Mine, 
Bmery County, Utah. Legal d •• criptions of the study site va.: 
Township 17 South, Range 7 Bast, Section 34. Blevation of the 
study site ranged between 6,700 ft. and 7,00 ft. above . • a. level. 
Slopes of the study area varied between 3 degrees and 36 degre •• 
and were composed of ezposure. to the east, ve.t and south. 

Soil. of the area were derived primarily from Blue Gate 
Shale, overlain by Emery Sandstone - both members of the Manco. 
Shale stratigraphic unit. Major plant communities of the general 
area were typical salt desert shrubland. and comprised of 
communities with the following plant specie. as dominates and/or 
.ubdominate.: Pinyon Pine (Pinus edulis), Utah Juniper (Juniperus 
ostersperma), Mat Saltbush (Atriplex corrugata), Gardner Saltbush 
(Atriplex gardneri), Shad.cale (Atriplex confertifolia), Salina 
Wildrye (E1ymus .alinus), and Black Sagebrush (Arte.illia nova'. 

The waste rock storage facility, includiDq the access 
road, drainaqe control diversions and sediment pond will occupy 
approximately 25 acre. of land within the following a.sociated 
vegetation communities: 

Pinyon-Juniper 
Black Sagebrush 
Gardner Saltbush 

10 acres 
4 acres 

11 acre • 

MAY 2 0 2013 
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Proposea Disturbances 

The two types of proposed disturbance. that have been 
planned for the area are: a waste rock storage area and an access 
road to it. The proposed disturbances will primarily impact 3 
plant communities. The access road will dissect a Pinyon-Juniper 
cCMllllUni ty, whereas, the waste rock storage area disturbanoe affects 
Gardner Saltbush and Black Sagebrush/Salina Wildrye plant 
communities. 

Reference Areas 

Reference areas to be used a standards for auccess at the 
time of final reclamation were Belected for each of the proposed 
disturbances. These areas vere chosen to comply wi~ guidelines 
provided by DOOM and had similar slopes, Boils, exposures, species 
composition, precipitation, elevations and other environmental 
variablea. 

Sample Areas 

The following vegetation types and reference areas have 
been sampled and described in this reportl 

1. 
2. 
3. 
4. 
s. 
6. 

Proposed Disturbed Pinyon/Juniper Community 
Reference Area Pinyon/Juniper Community 
Proposed Disturbed Gardner Saltbush Community 
Reference Area for the Gardner Saltbush Community 
Proposed Disturbed Black Sagebrush/Grass Community 
Reference Area for the Black Sagebrush/Grass Community 

SUllllarized sampling reaults and more de.criptive material for each 
of these communities are included in t.he following pages of thi. 
report. 

METHODS 

Quantitative and qualitative data .ere tak.en on and 
adjacent to proposed disturbed and reference areas of the wa~te 
rock site. Sampling was done July 11- July 14, 1989. 

Cover and Composition 

Bi-directional random and reqular placement of .ampling 
plots were designed to provide unbiased accuracy of the data 
compiled. Sample locations were located at reqular intervals along 
transect linee. Sample plots ware then randomly located at varioue 
distance. right or left of the transect line. The dire.ction (right 
or left) and distances were determined by random number selection. 
Cover estimate. wera made using ocular methode with meter equare 
quadrats. Species composition and relative frequency were also 
a.sessed from the 

r~AY 2 0 2015 
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quadrats. Additional information recorded on data sheets were: 
estimated precipitation, slope, exposure. grazing use, animal 
disturbance end other appropriate notes. 

Woody Species Density 

Density of woody plant species were recorded usina the point 
quarter distance method (Cottom and Curtis 1956). In this .. thod. 
random points were placed on the semple sites and measured into four 
quarters. The distances to the nearest woody plant specie. were then 
recorded in .ach quarter. The average point-to-individua1 distance was 
equal to the square root Df the .. an area per individual. 

Productivity and Ranae Condition 

Productivity and Ranse Condition esti .. te8 for the 
Cottonwood/Wilberl Waste Rock Store8e Areas were performed by the U.S. 
Soil Conservation Service, Price Utah. Copies of these est1.atea will 
be supplied by Utah Power & Lieht, Minioa Division. (see Pale 7-19) 

Reference Ar.as 

Location and selection for the PiDyon/Juniper community reference 
area vas strai8htforward. This reference area was located adjacent to 
the proposed disturbed access road and vas actually part of the 
Pinyon/Juniper community to be disturbed. Reference area selection for 
remaining proposed diaturbance communities, Gardner Saltbush and Black 
Saaebrush, were not so obvious. These proposed disturbed communities. 
with their relatively small areas, lie within an atypical deprea.ion 
that will be used as the vaste rock area. This depre.aion will be 
virtually entirely filled with vaste rock, leavina almost no portion of 
the area with identical topolraphy (slope, elevation, exposur~, species 
co.position, etc.) for reference area.. Identieal plant communi tie. of 
the proposed diaturbance area vere difficult to locate In the immediate 
area. includinS adjacent canyons i ••• Cottonwood and Huntinlton 
Canyons. We therefore selected sites that moat clo.ely approximated 
these cOllllunlties and were within or n.ar the pemit are. (see 
vegetation map for locationa). 

Selection of these referencea areas ware approved by DOGH 
(peraonal communications. B.A. Stettler, July 13. 1989). Justif1cation 
for the selection for these references vere as follows. Firatly, they· 
vere the com.unities that moat c10 .. ly simulate the communi tie. to be 
disturbed when compared to all other locations observed. Secondly, it 
..y be possible to use the reference area for the Black Saaebrush (or 
Pinyon/Juniper community) for the Gardner Saltbush community atandards 
at the time of final reclamation becauae the 8lopes, elevations and 
8enera1 physiognomy of the area viII be changed durina aininl 
operations. It is possible that other native plant communi tie ... y be 

Rev.. RAfI ;YJ.lPoKn ...,..- ...... 8_1f'1vu .... '. t71-V:\ J .::.:. ",' 
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.ore suitable for final recla.atton. We have, however, selected 
reference areas similar to each of those areas to be disturbed. Yet it 
does leave the possible option of substituting more suitable reference 
areas at the time of future reclamation if the resulatory asency and 
operat~r aaree to those terms. 

Threatened and Endansered Species 

The areas were surveyed on a grid-type system for threatened and 
endanlered plant species. Voucher specimens for many on the species 
will be filed at the Brigham Young University herbarium. Plant 
nomenclature follo~s Welch et a1. (1987). 

Sample Adequacy and Group Comparison Tests 

Samplins adequacy for cover and woody species density was achieved 
usina formulas from Snedocor and Cochran (1980). insurina that 80% of 
the samples were within 10% of the true .ean for the shrub communities 
of the area. On areas where sample adequacy was not met. the maximum 
sample size r.quired by DOGM wa5 achieved. Studentts t-tests were also 
employed to compare the propoaed disturbance and reference areas of all 
sites for cover and woody plant species density. Jaccard's Community 
Coefficient'a were used to make species composition comparisons. This 
was done by listing the species that occurred in the sampling quadrats 
only (cover and density) and from these. compilin8 common species 
lists. All sample means, standard deviations. and sample sizes were 
inc.luded in this report to enable the reviewers to apply further 
statistical tests if desired. 

Veaetation Happing 

Vegetation mapping was done by walkin8 the ares and using aerial 
photos and contour maps. Sampling locations are also shown on these 
mapl. 

RESULTS 

Proposed Disturbed Pinyon/Juniper Community 

The proposed disturbed access roed for the waste rock storaae area 
was located within a Pinyon/Juniper plant community. The aeneral slope 
of the area val 3 degrees with an exposure to tbe louth. The community 
was composed of 90.26% tree. and shrubs (Table 1). DoAinant plant 
species in this community were Pinyon Pine (Pinus edul1s). Utah Juniper 
(Juniperus osteosperma) and Mountain Mahoaany (Cercocarpus aontanus). 

8-8 r,~ 'y., 2 0 .,~.'C 
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Woody plant species density was 804 individuals per acre (Table 3). 
Heen total living cover was estimated at 33.451 (Table 1). For _ list 
of species with their relative cover, frequency and composition, refer 
to Table 2. 

Pinyon/Juniper Reference Area 

The reference area for the Pinyon/Juniper community was located 
adjacent to the proposed disturbed community. Its slope and exposure 
was virtually identical to that community. Referen~e area sample 
results show the composition to be 77.211 woody species, 15.29% forbs 
and 0.00% srasses (Table 4). The dominate species were also Pinyon 
Pine, Utah Juniper and Mountain Mahogany. Mean total living cover was 
estimated at 34.08% (Table 4). Woody species density was 776 
individuals per acre (Table 6). For a list of the cover and frequency 
data by species refer, to Table S. 

Proposed Disturbed Gardner Saltbush 

A erosional depression with steep slopes and senerally level 
bottomlands formed the proposed waste rock storage area. Gardner 
Saltbush communities dominated the slopes of the depression. There 
vere a variety of exposures due to the erosional patterns of the area. 
The transects were placed to dissect this area and include exposure 
differences to most accurately predict the everege cover and species 
composition. The mean slope of the community was about 25 deare ••• 
The dominate plant species vas Gardner Saltbush (Atriplex gardneri), 
that comprised 93% of the total living cover. Mean total livin8 cover 
was 24.55% (Table 7). Total density of the erea was 5,556 woody plants 
per acre (Table 9). For a l1st of species with their relative cover 
and frequency, refer to Table 8. 

Gardner Saltbush Community Reference Area 

The community that most closely simulated the proposed disturbed 
community vas also adjacent to the arsa (refer to the METHODS section 
for procedures used to select this area for a reference site). The 
slope of the area was 36 de8rees with an eastern exposure. The total 
living cover was 25.131 (Table 10). Bnd composed of virtually l00~ 
Gardner Saltbush (Table 11). Density of the area was estimated Bt 
4,928 individuals per acre (Table 12). 

Black Saaebrush/Gras5 Community 

A Black Sasebrush community exists at the base of the slopes of 
the depression proposed to be used for the waste rock storaae area. 
The slope of this community was estimated at 3 degrees. Mean total 
living cover of this community was estimated as 25.25%, with 66.631 

Div. of Oi; Ga3 & IJ·',,'lnl''''~l 8-9 J IV .,.~ 
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shrubs. 2.88% forba. and 3O.49Z grasses (Table 13). Dominate species 
(Table 14) were Black Sagebrush (Artemisia nova) and Salina ~ildrye 
(Elymul salinus). For a summation of cover by species. refer to Table 
14. Density of woody species was estimated at 4.519 individuals per 
acre (Tabie 15).-

Black Sagebrush/Grass Community Reference Area 

A similar community was located approximately 1/4 mile east of the 
proposed disturbed area (refer to vegetation map). The slope of this 
area vas e1so approximately 3 degrees with an exposure to the south. 
The Black Sagebrush Coamunity had a mean total cover of 24.38~. with 
the same dominate epecies as ~he proposed disturbed comcunity. but 8 

slightly different list of component species (refer to the METHODS 
section for procedures used to select this arsa for a reference lite). 
For a list of these data, refar to Tables 19-21. 

Statistical Analyses 

Statistical analyses -were employed to compare each proposed 
disturbed plant with its respective reference area (Tables 19-21). 
Jaccard's Similarity Coefficients showed the Pinyon/Juniper c03munity 
to be 74%, the Gardner Saltbush community to be 20Z. and the Black 
Sagebrush/Grass community 64% similar to their reference areas. As 
described in the METHODS section of this report, the species used for 
these analyses were composed only of species encountered in the 
quadrats. If general species lists were compiled and used in the 
similarity equations, the percent of similarities would undoubtedly 
been much higher. 

When sroup comparison tests were performed on each of the plant 
communities, no significant differences were observed between proposed 
disturbed areas and their reference areas for either cover or density 
(Tables 19-21). 

Threatened and Endanaered Plant Species 

No threatened or endanaered plant species were found during the 
course of the study. As mentioned previously. voucher specimens will 
be donated to the herbarium at Brigham Youns University. 
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TABLE 1: Total cover and composition summary for the proposed 
disturbed Pinyon-Juniper Community for the Cottonwood/Wilbera Waste 
Rock Site. The table shows the mean percent coveT and compo.ition with 
standard deviations and sample sizes. 

TOTAL COVER 

Total Living Cover* 
Litter 
Baresround 
Rock 

COMPOSITION 

Trees/Shrubs 
Forbs 
Grasses 

% MEAN 
COVER 

33.45 
20.13 
22.25 
24.18 

90.26 
7.24 
0.00 

STAtfDARD 
DEVIATION 

23.15 
14.64 
18.99 
24.46 

22.46 
17.23 
0.00 

SAMPLE 
SIZES 

40 
40 
40 
40 

40 
40 
40 

* Sample size insures 80% accuracy within 10% of the true mean or 
maximum samples suggested by the State of Utah, Division of Oil. Gas 
and Min1ns. 

'NCORPORAI~D 

~:AY 2 0 2015 

Oiv. of Oil, Gas & Mining 

8-11 



) 

) 

TABLE 2: Species cover and frequency summary for the proposed disturbed 
Pinyon-Juniper Community of the Cottonwood/Wilberl Waste Rock Site. 
The table shows the meaD percent cover, standard deviation, ••• pl. size 
aDd relative frequency by species. 

% MOO·] 
SPECIES COVER 

TREES & SHRUBS 

Cereocarpua montanus 3.25 
Ephedra viridus 1.08 
Juniperus osteosperma 6.75 
Opuntia polyacantha 0.13 
Pinus edulis 19.35 
Yucca harrimaniae 1.93 

FORBS 

Cryptantha humilis 0.B8 
EriaeroD Sp. 0.03 
Penstemon mucronatus 0.08 

GRASSES 

STANDARD SAMPLE 
DEVIATION SIZE 

13.99 40 
2.71 40 

13.00 40 
0.78 40 

24.85 40 
5.02 40 

1.58 40 
0.16 40 
0.26 40 

RELATIVE 
FREQUENCY 

7.50 
15.00 
35.00 
2.50 

50.00 
17.50 

35.00 
2.S0 
7.50 

INCORPORAlt:iJ 

MAY 2 0 2013 
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TABLE 3: Woody .peeies densities of the proposed disturbed Pinyon
Juniper Community of the Cottonwood/Wilberg Wsste Rock Site. 

Artelli$ia nova 
Cereocerpus montanus 
Ephedra v1rldus 
Juniperus oateosperma 
Pinus edulie 
Opuntia polyaeantha 
Rhus trilobate 
Yuces harrimaniae 

TOTAL 

NUMBER/ACRE* 

40.19 
40.19 

194.24 
147.35 
207.64 
66.98 
6.70 

100.47 

803.76 

• Sample size was 30 (n-30) and insured that 80% accuracy within 10% 
of the true mean. 

INCORPORATED 
8-13 
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TABLE 4: Total cover and composition summary for the Pinyon-Juniper 
Community Reference Area for the Cottonwood/Wilberg. Waste Rock Site. 
The table .hows the mean percent cover and composition with standard 
deviations .nd sample sizel. 

% MEAN STANDARD SIJ~LE 
TOTAL COVER COVER DEVIATION SIZES 

Total Living Cover* 34.08 30.91 40 
Litter 15.58 11.88 40 
Barearound 20.63 20.97 40 
Rock 29.73 24.61 40 

COMPOSITION 

Trees/Shrubs 77.21 39.40 40 
Forbs 15.29 32,98 40 
Grasses 0.00 0.00 40 

* Sample size insures 80% accuracy within 10% of the true mean or 
maximum aamples sU8gested by the State of Utah, Division of Oil, Gas 
and Minins. 

INCORPORATED 

MAY 2 0 201!' 
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TABLE 5: Species cover and frequency summary for the Pinyon-Juniper 
Community Reference Area of the Co~tonwood~~ilber8 ~aste Rock Site. 
The table shows the mean percent cover. standard de~1atioD, sample size 
and relative frequency by apecies. 

% ~IEAN STANDARD SAMPLE RELATIVE 
SPECIES COVER DEVIATION SIZE FREQUENCY 

TREES & SHRUBS 

Artemisia nova 0.28 1.43 40 5.00 
Cercocarpus montenus 2.58 7.70 40 10.00 
Ephedra viridull 1.43 5.58 40 7.50 
Erio8onum sp. 0.20 0.46 40 17.50 
Jun1peru. osteosperma 12.68 29.05 40 20.00 
Opuntia polyacanths 0.25 1.56 40 2.S0 
Pinus edults 14.45 24.69 40 37.50 
Yucca harrimania. 0.75 3.96 40 5.00 

FORBS 

Cryptantha humilis 1.33 2.84 40 20.00 
Penstemon mucronatus 0.15 0.65 40 7.50 

GRASSES 

INCORPORATED 

MAY 20 2013 
0 , 8- 5 

IV. of iJl Gas & U' , , mining 



' J 

TABLE 6: Woody species densities for the Pinyon-Juniper Community 
Reference Area of the Cottonwood~11ber8 Waste Rock Site. 

Artemisia nova 
Cercocarpus montanus 
Ephedra viridus 
Juniperus osteosperma 
Pinus edul1s 
OpuDtia polyacantha 
Yucca harrimaniae 

TOTAL 

NUMBER/ACRE* 

25.87 
97.01 

161.61 
148.74 
239.29 
45.27 
58.20 

775.99 

* Sample size was 30 (n-30) and insured that 80% accuracy within 10% 
of the true mean. 

INCORPORATED 
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TABLE 7: Total cover and compo.ition summary for the proposed 
disturbed Gardner Saltbush Community for the Cottonwood/Wilbera Waste 
Rock Site. The table shows the mean percent cover and composition with 
atandard deviation. end sample sizes. 

TOTAL COVER 

Total Livina Cover· 
Litter 
Barearound 
Rock 

COfoJPOSITIO:i 

Trees/Shrubs 
Forbs 
GraBses 

% MEAN 
COVER 

24.55 
5.28 

64.15 
6.15 

95.45 
0.31 
4.24 

STANDARD 
DEVIATION 

9.29 
2.29 

18.27 
12.91 

12.37 
1.95 

12.32 

SAMPLE 
SIZES 

40 
40 
40 
40 

40 
40 
40 

* Sample 8ize insures 80Z accuracy within 10% of the true mean or 
maximum sampleB SU8sested by the State of Utah, Division of 011, Gas 
and Mining. 

INCORPORATED 
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TABLE 8: Species cover and frequency summary for the proposed disturbed 
Gardner Saltbush Community of the Cottonwood!Wilberg ftaste Rock Site. 
The table shows the mean percent cover. standard deviation. sample size 
and relative frequency by species. 

% HEAN STANDARD SA.'1PLE RELATIVE 
SPECIES COVER DEVIATION SIZE FREQUEnCY 

TREES & SHRUBS 

Artemisia nova 0.43 2.65 40 2.S0 
Atriplex corrulata 0.13 0.78 40 2.50 
Atriplex gardneri 22.83 9.17 40 100.00 

FORBS 

Stanleya pinnata 0.13 0.78 40 2.50 

GRASSES 

Elymus salin us 1.05 3.08 40 12.50 

INCORPORATED 

8-1';;~.W 2 0 2015 
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TABLE 9: Woody species denSities of the proposed disturbed Gardner 
Saltbush Community of the Cottonwood!Wl1berg Waste Rock S1te. 

Artemi.ia noya 
Atriplex Bardneri 

TOTAL 

NUMBER/ACRE* 

46.30 
5,509.82 

5,556.12 

* Sample size was 36 (n-36) and insured that 80% accuracy within 101 
of the true mean. 

INCORPORATED 
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TABLE 10: Total Cover and composition summary for the Gardner Saltbush 
Community Reference Are. for the Cottonwood/Wilber, Waste Rock Site. 
The table shows the mean percent cover and composition With etandard 
deviations and sample sizee. 

2: MEAl~ STA~lDARD SAMPLE 
TOTAL COVER COVER DEVIATION SIZES 

Total Living Cover- 25.13 9.65 40 
Litter 7.75 4.1B 40 
Bareground 66.63 10.15 40 
Rock 0.50 1.87 40 

Cot-IPOSITION 

Trees/Shrubs 100.00 0.00 40 
Forbs 0.00 0 .. 00 40 
Grasses 0.00 0.00 40 

* Sample 81ze insure. 80% accuracy within 101 of the true mean or 
maximum samples sussested by the State of Utah, Division of Oil. Gas 
and :-1in1n8. 

INCORPORATED 

MAY 2 0 2015 
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TA8LE 11: Speciea cover and frequency .ummery for the Gardner Saltbush 
Community Reference Arel of· the CottonvoodA~ilbera Waste Rock Site. 
The table showl the mlan percent cover. standard deviation, aample size 
and relative frequency by species. 

SPECIES 

TREES & SHRUBS 

Atrip1ex Bardneri 

FORBS 

GRASSFS 

% MEAN 
COVER 

25.13 

STANDARD SAMPLE RELATIVE 
DEVIATIOR SIZE FREQUENCY 

9.65 40 100.00 

INCORPORATED 

MAY 2 0 2015 
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TABLE 12: Woody species densities for the Gardner Saltbush ComDunity 
Refere~ce Are~ of the CottonwoodlWilbers Waste Rock Site. 

Atriplex gardneri 

'IOTAL 

NUMBER I ACRE* 

4.927.60 

4.927.60 

* Sample size was 36 (n-36) and insured that 80% accuracy within lOX 
of the true mean. 

INCORPORATED 

MAY 20 2015 
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TABLE 13: Total cover end composition summary for the proposed 
disturbed Black Sasebrush/Gra.a Community for the Cottonwood!Wilbers 
Vaste Rock Site. The table shows the mean percent cover and 
composition with atandard deviations and sample .1ze8. 

TOTAL COVER 

Total LiviDa Cover* 
Litter 
Bar_sround 
Rock 

COMPOSITION 

Tnes/Shrubs 
Fork 
GraSBes 

I MEAN 
COVER 

25.25 
6.50 

53.10 
15.1S 

66.63 
2.88 

30.49 

STANDARD 
DEVIATION 

10.95 
.3.57 

19.07 
14.70 

22.21 
11.35 
19.39 

SAMPLE 
SIZES 

40 
40 
40 
40 

40 
40 
40 

• Sample aize insures 801 accuracy within 101 of the true mean or 
maximum aamples SUBsested by the State of Utah. Divilion of 011, Gaa 
and Mining. 

INCORPORATED 
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TABLE 14: Species cover and frequency summary for the proposed 
disturbed Black Saaebrush/Gr ••• Comcunlty of the Cottonwood/Wilberg 
W.ate Rock Site. The table shows the mean percent cover, standard 
deviation, sample size and relative frequency by species. 

SPECIES 

TREES & SHRUBS 

Artemisia nova 
Atriplex confertifoli. 
Atriplex aardnerl 
Chryaothamnua nauseosus 
Chrysothamnul vlscidiflorus 
EriogonUB corymbo8um 
Juniperus osteosperma 

FORBS 

Erloaonum sp. 

GRASSES 

Elymus .. linus 
Stipe hymenoides 

S MEJJ: 
COVER 

10.90 
1.88 
1.63 
0.13 
0.35 
0.63 
1.88 

0.68 

7.08 
0.13 

STANDARD 
DEVIATIOn 

7.36 
3.32 
6.06 
0.78 
1.17 
2.33 

10.94 

3.30 

4.76 
0.78 

SA.'!PLE 
SIZE 

40 
40 
40 
40 
40 
40 
40 

40 

40 
40 

RELATIVE 
FREQUEj~CY 

95.00 
30.00 
10.00 
2.50 

10.00 
7.50 
5.00 

10.00 

85.00 
2.50 

INCORPORATED 

MAY 20 2015 
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TABLE 15: Woody species densities of the proposed disturbed Black 
Sagebrush/Grass Community of the Cottonvood!Wilbers Waste Rock Site, 

Artemisia nova 
Atr1plex confertifolia 
Atriplex aardneri 
Chrysothamnus viscidiflorus 
Eriogonum corymbosum 
Juniperus osterosperma 
Opuntia polyacanthe 
SclerocactuB whipple! 

TOTAL 

NUMBER/ACRE* 

3,012.45 
1,066.91 

156.90 
31.38 

156.90 
31.38 
31.38 
31.38 

4,518.68 

* Sample Bize was 36 (n-36) and insured that 80% accuracy within 101 
of the true mean. 

INCORPORATED 
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TABLE 16: Total cover and composition summary for the Blsck 
Sa.ebrush/Grass Community Reference Area for the Cottonwood/Wilberg 
Waste Rock Site. The table shows the mean percent cover and 
ca.position with standard deviations and s .. ple sizes. 

I MEAN STANDARD SAMPLE 
TOTAL COVER COVER DEVIATION SIZES 

Total' Living Cover* 24.38 9.95 40 
Litter 5.48 2.41 40 
Barearound 55.60 15.10 40 
Rock 14.55 12.49 40 

COMPOSITIOtJ 

Trees/Shrubs 81.24 21 .. 05 40 
Forbs 0.00 0.00 40 
Gr.sses 16.26 16.75 40 

* Sample size insures 80% accuracy within 10% of the true mean or 
maximum sample. suasested by the State of Utah. Division of 011, Cas 
and Hining. 

INCORPORATED 
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TABLE 17: Species cover and frequency summary for the Bleck 
Sagebrush/Grass Community Referen~e Area of the Cottonwood/Wilbe~8 
Waste Rock Site. The table shows the mean percent cover. standard 
deviation. sample size Bnd relative frequency by species. 

Z MEAN STANDARD SAMPLE RELATIVE 
SPECIES COVER DEVIATION SIZE FREQUENCY 

TREES & SHRUBS 

Artemisia nova 17.53 7.97 40 95.00 
Atriplex confertifolia 0.18 0.83 40 5.00 
Chrysothamnus viscid1florus 0.13 0.78 40 2.50 
Echinocereus triSlochidiatus 1.08 2.93 40 12.50 
Juniperus osteosperma 0.63 2.29 40 7.50 
Opuntia polyacantha 0.18 0.83 40 5.00 
Sclerocactus whipplei 0.05 0.31 40 2.50 

FORBS 

GRASSES 

Elymus sBlinu8 3.00 5.79 40 30.00 
Stipa hymenoides 1.63 2.77 40 30.00 

INCORPORATED 
,').~!: if 
j',,"1., 2 0 2015 
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TABLE 18: \Oloody species densities for the Black Sagebrush/Grass . 
Commu~1ty Reference Area of the Cottonwood/Wilberg Waste Rock Site. 

Artemisia nova 
Atriplex confertifolia 
Chryaothamnus viscidiflorus 
Echinocereus tr1810chidiatus 
Juniperus osterosperna 
Pinus edul1s 

TOTAL 

Nur-mER/ ACRE* 

4.52l. 91 
51.98 
51.98 
51.98 

207.90 
103.95 

4,989.70 

* Sample size was 24 (n-24) and insured that 80% accuracy within 10% 
of the true mean. 

INCORPORATED 
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TABLE 19. Statistical summary sheet for the propose~ di5turbed and 
reference areas of the Pinyon-Juniper communities of the 
Cottonwood~ilberl Waste Rock Site. 

_______ n _________________ -......-...-:' ____ _ 

PROPOSED DISTURBED 

Total Livins Cover 

Density 

Aspect 

Slope 

REFERENCE AREA 

Total LivinS Cover 

Density 

Aspect 

Slope 

x • 33.45 s. 23.15 n. 40 NMin. 78.47 

x - 82.99*' 8 • 30.90 n - 30 NMin. 22.71 

South 

3 des. 

x • 34.08 8. 30.91 n • 40 NHin - 134.78 

x • 87.85* s • 29.16 n - 24 HHin. 18.05 

South 

3 des. 

Jaccard's Similarity Coefficient. 75.00% 

Student l
• t-value (cover). -0.103 

Deareea of freedom • 78 
S1snificance level. Nonaianific8nt 

Student's t-value (density). - 0.609 
Desrees of freedog • 62 
Sisn1f1cance level • Nonsisnificant 

-------------------------,----------
x • sample mean,s. sample standard deviation, 
n - sample size. N¥~n - Minimum sample size for statistical adequacy, 
p •• ignificance level. N.S •• nonsi8nificant, * average distance in 

inches at each sample location. 
INCORPORATED 
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TABLE 20. Statistical SUmAsry sheet for the proposed disturbed and 
reference areas of the Gardner Saltbush ccmounities of the 
Cottonwood/Wilberg Waste Rock Site. 

PROPOSED DISTURBED 

Total Living Cover 

Density 

Aspect 

Slope 

REFERUJCE AREA 

Total Living Cover 

Density 

Aspect 

Slope 

x • 24.55 s. 9.29 n. 40 m11n. 23.46 

x • 30.83* s • 13.46 n. 36 NNin.:n, 23 

East & West 

25 deg. 

x • 25.13 s. 9.65 n • 40 h~in. 24.16 

x • 33.69* s - 11.93 n • 36 ~1in. 20,54 

East 

36 des. 

Jaccard's Similarity Coefficient. 20.00% 

Student'. t-value (cover). - 0.274 
Desrees of freedom • 78 
Sisnificance level - Nonsignificant 

Student'. t-valua (denaity). - 0.954 
Degrees of freedom • 70 
Significance level • Nonsianificant 

----------------------------------.---------
x • sacple mean. s. sample standard deviation, 
n • sample size. NM1n. Minimum sacple size for statistical adequacy, 
p • significance level, N.S •• nonsignifIcant, • average diatance in 

inches at each sample location. 
INCORP()RATED 
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TABLE 21. Statistical summary sheet for the proposed ~isturbed and 
reference area. of the Black Saaebrush/Grass communities of the 
Cottonwood/Wilbers"Waste Roek Site. 

PROPOSED DISTURBED 

Total Living Cover 

Density 

Aspect 

Slope 

REFERENCE AREA 

x - 25.25 8. 10.95 n. 40 }.llin. 30.81 

x • 34.12* 8 - 15.18 n. 36 NMin. 32.43 

South 

3 del. 

Total Livin8 Cover x • 24.38 s - 9.95 n • 40 NMin. 27.29 

Density x • 34.48* s. 8.49 n • 24 NHin. 9.93 

Aspect South 

Slope 3 deg. 

Jsccard's Similarity Coefficient - 64.291 

Student's t-value (cover). 0.372 
Deareea of freedom • 78 
S18nificance level • Nonsisnificant 

Student's t-value (density) • - 0.106 
Dearees of freed~ • 58 
S1an1l1cance level • Nona1anificant 

x • lample mean, s. sample standard deviation. 
D • .ample lize, NMin. Minimum sample 81ze for statistical adequacy. 
p • significance level. N.S •• nonaiaolficant. * averase diatance in 

inches at each sample location. 
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UNITED STATES DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

350 North 4th East Price, Utah 84501 

SUBJECT Information on Waste Rock Sites - Cottonwood Wilberg [),\TE: January 25, 1990 

TO' Val Payne 
Utah Power & Light 
P.O. Box 310 
Huntington, Utah 84528 

Dear Mr. Payne: 

Below is the information on the new waste rock sites - Cottonwood Wilberg: 

Sites That Match The Soils: 

Strych very stony loam dry - 3-30% slope, which is the Ustollic Calc!
orthid 

Vegetative Ecological 
Type . Condition 

Pinyon-Juniper 
(Waste rock Ref.) Fair 

Lithic Ustic Torriorthents - 0-5% slopes 

Black Sage 
(Waste rock Ref.) 
Black Sage 
(Waste rock) 

Faie 

Fair 

Present 
Production 

400 lbs/ac 

250 lbs/ac 

300 lbs/ac 

Lithic Ustic Torriorthents - 5-30% slopes 

Saltbrush 
(Waste rock Ref.) 

_j~"7~' 
George S. Cook 
Range Conservationist 
Soil Conservation Service 
Price, Utah 

Good 125 lbs/ac 

Potential 
Production -
1200 lbs/ac 

500 lbs/ac 

500 1bs/ae 

1:"0 lbs/ae 

INCORPORATED 
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TRAIL MOUNTAIN MINE 

R645-301-400: Land Use and Air Quality 

R64S-301-410 Land Use 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

This chapter includes the general requirements to meet the State of Utah's regulatory 

requirements to conduct coal mining and reclamation operations at the Waste Rock Storage 

Facility and operate these facilities in Grimes Wash as part of the Trail Mountain Mine refuse 

disposal site. This application includes descriptions of the premining and proposed postmining 

land uses. 

The post mining land uses for the area, based on the BlM land Resource Management Plan and 

Emery County Zoning regulations, are wildlife habitat and livestock grazing. 

R645-301-411 Environmental Description 

The site for the proposed disturbed area ofthe Waste Rock Storage Facility is located 1.75 miles 

south of the Cottonwood/Wilberg Mine, Emery County, Utah. The legal description of the site 

is: Township 17 South, Range 7 East, Section 34. Elevation of the site range between 6,700 ft. 

and 7,000 ft. above sea level. The slopes are varied between 3 degrees and 36 degrees and are 

composed of exposures to the east, west and south. 

The Waste Rock Storage Facility occupies approximately 25 acres of public land administered by 

the U.S. Department of the Interior, Bureau of land Management. It is located in the San 

Rafael Resource Area of the Moab District, within BlM ecological sites described as follows: 

Semi-desert shallow loam 

The vegetation associated with the semi-desert shallow loam site consists of Utah juniper and 

pinyon-pine overstory with black sagebrush and Salina wildrye understory. Slopes range from 

15 to 50 percent and vegetative production (air-dry) is poor (100 to 250 pounds/ac.) 

Semi-desert stony loam 

The vegetation associated with the semi-desert stony loam site consists of Utah juniper and 

pinyon-pine overstory with black sagebrush and Salina wildrye understory. This site occurs on 

fan terraces and fan remnants with an average slope of 15 to 50 percent. Vegetative 

production (air-dry) is from 350 to 700 pounds/ac due to the presence of pinyon and juniper. 

The general area is classified by the BlM as Deer Winter Habitat and Crucial Deer Winter 

Habitat. UDWR classifies the area as Critical Deer Winter Range (Southeast Manti H~ .? ORATED 

_________________________ ~.;.;..;;;\;.;......;y 2 0 2015 
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Limited-value Elk Winter Range (see Plate 9-1). Further discussion of the wildlife habitat 

associated with the site can be found in R645-301-300 Biology. 

The Waste Rock Storage Facility is located within the West Grimes livestock grazing allotment 

(754 acres). This allotment is grazed from April 1 to June 10 each year. A total of 477 animal 

use months (AMU's) are allotted to the West Grimes Wash allotment; however, only 295 

AUM's are active. 

The mitigation/enhancement measures conducted for the disturbed wildlife habitat (R645-301-

300 Biology) will be effective to offset the impacts resulting from the 3 percent (25acres/754 

acres) reduction in the livestock grazing allotment. As stated in the Draft RMP/EIS (page 3-20), 

" ... a greater number of water sources are in demand (within the resource area), particularly for 

wildlife and livestock. More water sources could help redistribute livestock and wildlife and 

assist in range management." 

Section 34 is part of Oil and Gas Lease U-56024 held by Estelle H. Yates. An abandoned well 

exists approximately 1800 feet northeast of the waste rock facility. The facility will not 

negatively impact the oil and gas lease. 

R645-301-411.130 Land Use Classifications 

The area surrounding the Waste Rock Storage Facility is listed as Class IV in the BLM's Visual 

Resource Management (VRM) classification system. Class IV is described as follows: 

liThe objective of this class is to provide for management activities that require major 

modification of the existing character of the landscape. The level of change to the 

characteristic landscape can be high. These management activities may dominate the view and 

be the major focus of viewer attention. However, every attempt should be made to minimize 

the impact of these activities through careful location, minimal disturbance, and repeating the 

basic elements." 

INCORPORATED 
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The location, design, construction, and operation of the facility are consistent with this VRM 

class. 

The Waste Rock Storage Facility is also located within the Roaded Natural Class according to the 

BLM Recreation Opportunity Spectrum (ROS) classification. The setting opportunity within the 

Roaded Natural Class is described as follows: 

"Area is characterized by a generally natural environment with moderate 

evidence of the sights and sounds of man. Resources modification and 

utilization practices are evident, but harmonize with the natural environment." 

The location, design, construction, and operation of the Waste Rock Storage Facility are 

compatible with the Roaded Natural ROS class. 

R645-301-411.140 Cultural and Historic Resources In/ormation 

Archeological-Environmental Research Corporation (AERC) prepared a report in 1987 called 

"Cultural Resource Evaluation of Potential Subsidence and Escarpment Failure Areas in the East 

Mountain Locality of Emery County (Project UPL-87-6)". This report was amended in 1989 to 

include the Waste Rock Storage Facility. AERC prepared and addendum to the 1987 report as a 

statement that an intensive archeological evaluation was conducted of the proposed waste 

rock disposal and access road areas. It was reported that no cultural resource sites or isolated 

cultural material were observed during the evaluation. Refer to this addendum in Appendix A. 

R64S-301-412 Reclamation Plan 

In areas where surface disturbances result from coal mmmg and reclamation operations, 

regrading and revegetation will be conducted to restore the areas to their premining conditions 

which they were capable of supporting prior to mining. Because such a small surface 

disturbance is planned for the Waste Rock Storage Facility, little or no effect to the past or 

future land use is anticipated. The land will be reclaimed to the original land use practices of 

grazing and wildlife habitats. 

A detailed reclamation plan has been developed for the Waste Rock Storage Facility and is 

included in Section R645-301-200 through R645-301-700 of this volume. INCORPORATED 

MAY 2 0 2015 
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The reclamation soil sampling will identify any soil that is not suitable. All unsuitable soils will 

be placed at least 4 feet below the final grade surface. This will ensure suitable growth material 

for vegetation. All fills will be graded at slopes compatible with the surrounding areas. 

R645-301-413 Performance Standards 

All disturbed areas will be restored in a timely manner to conditions they were capable of 

supporting before mining. Liability will be for the duration of the coal mining and reclamation 

operations and for the period of extended responsibility for achieving successful revegetation. 

All post mining land use criteria will be satisfied before the bond is fully released. 

R64S-301-420 Air Quality 

Air pollution control measures are described in the Approval Order DAQE-835-91 issued by the 

Division of Air Quality. This order has conditions that the operator must comply with to control 

fugitive dust emissions, quantity of refuse hauled, maintenance to road to control fugitive dust 

emissions, etc. Those emissions will be controlled by typical dust suppressant measures. The 

Division of Air Quality requires that the Approval Order be in place and complied with by the 

operator for the life of the facility's operation. Periodic inspections, by the Division of Air 

Quality, are conducted at the site to verify compliance. This air quality Approval Order is filed at 

the Energy West Mining offices in Huntington, Utah and is also attached as Appendix B of this 

chapter. 

R645-301-421 Clean Air Act 

Coal mining and reclamation operations will be conducted in compliance with the requirements 

of the Clean Air Act (42 U.S.c. Sec. 7401 et seq.) and any other applicable Utah or federal 

statutes and regulations containing air quality standards. INC()PPfJRATED 

R645-301-422 Utah Division of Air Quality 
i]iv. of Oil, G85 & Mininr.' 

The operator has coordinated compliance efforts with the State of Utah, Division of Air Quality. 

The current Approval Order (AO) issued to the operator is DAQE-895-91 and is dated December 

16,1991. 
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Subject: 

ARCHEOLOGICAL- ENVIRONMENTAL 
RESEARCH CORPORATION 

P.O. Box 853 Bountiful. Utah 84010 
Tel: (801) 292-7061.292-9668 

August 7, 1989 

ADDENDUM REPORT TO ·Cultural Resource Evaluation 
of Potential Subsidence and Escarpment Failure 
Areaa 1 n th e East Hountain Local i ty of Emery 
County, Utab" dated November 16, 1981 (AERC 
Projeot UPL-87-6, Utah State Project No. 87-AF-
739b) 

To: Hr. Val Payne, Utab Power & Ligbt Company, P.O. Box 
1005, Huntington, Utab 84528 

Info: Utah State Preservation OffIoe, Division of State 
History, 300 Rio Grande, Salt Lake City, Utah 84101 
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In Apri~, 1987, during the evaluations conducted for Utah 
Power & Light Company relative to the referenced report, F. 
Richard Hauck of AERC accompanied Mr. Val Payne to a possible 
waste ro~k disposal site adjacent to Grimes Creek. Mr. Payne was 
uncertain at the time whether the site would be needed by Utah 
Power & Light Company and requested that a report on the 
archaeological evaluations of the location be differed to a 
fut ure da te. 

This addendum to the 1987 report is prepared as a statement 
that an intensive archaeological evaluation was conducted by AERC 
of the waste rock disposal location and access route as shown in 
the attached map. No cultural resource sites or isolated 
cultural ~aterial were observed during the evaluation. 

AERC recommends that a cultural resource clearance for the 
development and use of this site be Granted to Utah Power & Light 
Company based upon adherence to the standard stipulations. 

F. Richard Hauck, Ph.D . 
President 

lNCOPP()RATED 
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Cultural Resources Stipulations 

1. All Vehicular traffic, personnel movement, 

and construction should be confined to the locations 

examined as referenced in this report, and to the existing 

roadways and/or evaluated access routes. 

2. All personnel should refrain from collecting 

artifacts and from disturbing any cultural resources in the 

area. 

3. The authorized official should be consulted 

should cultural remains from subsurface deposits be exposed 

during construction work or if the need arises to relocate 

or otherwise alter the location of the construction area. 

INCORPORATED 
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State of Utah 
DEPARTMENT OF ENVIRONMENTAL QUALITY 
DIVlSION OF AIR QUALITY 

'150 West 'V1I'I T~ 
$II t..q C~. \AII1 

11O'1~ 
11O'I~Fu 

RtoIy ID SIaIt f1I (,WI 

~f1I~~ 

~f1IE-~OuIMy 
SIll UIIe CIty. UIItt .. t 14-420 

DAQI-835-91 

December 16, 1991 

David SlD&ldone 
'acificorp 
P. o. BoJl 26128 
Salt Lake City, Utah 8412&-0128 

Re: Approval Order for Waste Rock Storage Site near the Cottonwood Mine 
Emery County COS BATT 

Dear Mr. Smaldone: 

The above-referenced project has been evaluated and found to be consistent 
with the requirements of the Utah Air COnservation Rules (UACR) and the Utah 
Air Conservation Act. A 30-day public comment period was held and all 
comments received were evaluated. The condition. of this Approval Order (AO) 
reflect any change. to the proposed condition. which resulted from the 
evaluation of the comments received. This air quality AO authorizes t~ 
project with the following conditione and failure to comply with any of the 
conditions may constitute a violation of this order, 

1. Utah Power , Light Company, with offic •• located at P. o. Box 310, 
Huntington, Utah, ahall install and operate the COttonwood/Wilberg 
Wa.te Rock Storage racility 1n Emery County according to the 
inforuUon .ut.1tted 1ft the ItOI dated rebruuy 26, 1990, &hd 
additional inforaation wblitted to the .xecut1 ... Iecretuy to the 
date of thia AO. 

2. 

3. 

A copy of thi. AO .hall be poated on .ite and ehall be available 
to the employe •• who operate the a1r .. i •• ion prodUCing equipment. 
All .. ploy ... who operate the air .. i •• ioft produciD9 ~ipD8nt 
ehall receive instruction ae to their r •• poneibUiU ... 1ft 
operating the equi~nt In compliance with all of the relevant 
concUtion •• 

The approved in.taUationa .hall conalet of the followIng INCORPOiii\TED 
equipaent: 

Mt\Y 2 0 2015 
One Bulldozer A. 

I. One Diesel Truck, 24 ton capacity (approximate) 
)i') (/ OiL (~(iS &, Minin~i 

Vilible emission. from any point or fugitive emillion aourc. 
associated with the installation or control facilitie •• hall not 
exceed 20\ opacity. Opacity observation. of emil.ion. from 
stationary sources ahall be conducted in accordance with 40 eFR 
60, Appendix A, Method 9. Visible emission. from intermittent 
source. shall use procedure •• imilar to Method 9, but the 
requirement for observations to be made at 15 second interval. 
over a lix minute period ahall not apply. Any time interval with 
'0 visible emissions shall not be included. 

1-20.1 
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4. fhe quantity of wa.te rock hauled to the .lte .hall not eaceed 
50,000 ton. per 12-lIOnth period, and the bulldo.eE' .hall. DOt 
operate .ore than 200 hour. peE' 12~nth period without prior 
approval in accordanc. with R446-1-3.1, OAC. Compliane. with the 
annual limitation. ahall be d.ter.ined on a rollIng l2-.onth 
total. B.a.d on the fir.t day of .ach IIOntb a new 12-.onth total 
ahall be calculated ualng the pr.y!ou. 12 IIOnth.. ..cord. of 
haulag. and hour. of operation .hall be k.pt for all period. ~h.n 
in operation. aecord. of haula98 and bour. of operation .hall be 
.. de ayailabl. to the IX8Cutiy. s.cc.ta~ or hi. r.pr ••• ntatiy. 
upon requ .. t and .hall includ. a period of two yean .ndint witb 
the date of the reque.t. Record •• hall be available by the 10th 
of the month for the preceding DOntb. 

The quantity of waste rock hauled to the .ite Bhall be determined 
by examination of company record.. The quantity of waste rock 
hauled to the aite may be determined by multiplying the designed 
capacity (number of tons, hauled by each truck and the number of 
trips made by that truck during each time period. The recorda 
shall be kept on I dally basla. Houre of operation of the 
bulldozer shall be determined by supervisor monitoring and 
maintaining of an operationa log. 

S. All unpaved roada and other unpaved operational area. which ar. 
used by mobile equipment .hall be water sprayed and/or chemically 
treated to reduce fugitive duat. Control ia required At all tLme. 
(24 houre per day every day) for the duration of tb. 
project/operation. The application rat. of water ahall be a 
minimum of 0.25 9allonl per square yard. Applicat10n shall be 
made at leaat once every two hours during all time. the 
installation 1. 1n uae unlea. daily ra1nfall exceed. 0.10 of an 
inch or unle •• the road 1. in a muddy/damp/.oilt condition or 
unle •• it i. below fre.sing. The u •• of ·"~-Iyme· c~ical 
treatment for duet control, when applied according to .. nufactur •• 
in.truction., i. appr098d by the lxaeut1.- secretary. Iecord. of 
water or eh .. lcal tr.at .. ftt ahall be kept foE' all perioda when the 
w •• te rock .toraga ar.a 1. in operatloa. tM record •• ull 
includ. the following it .... 

A. Dat. 
B. Ru.ber of tr.at.ente .. de, d1lut1oe ratiO, and tuant1t, 
c. .alnfal1 received, 1f any, and .pprox~te a.ount 
D. ,lea of da, tr.abDent. war ... de 

R.cord. of tr.atment .hal1 be .. de availabl. to the Ixecuti .. 
Secretary upon requ •• t and .hall include a period of two year. 
encUn9 with the data of the requ •• t. INC'Oop . __ 

h OHi\,'ED 
The haul road length Ihall not exceed 1500 fe.t without prio!;:" . 
approval in accordance witb R446-1-3.1, UAC. Th. lpeed of rt;;'\y 2 0 201;)1:: 
vehicl •• on the haul road .hall not exceed 10 mIl •• per bour ' 
without prior approval in accordance witb 1446-1-3.1, DACe" ,,' " . 

"i . ul \.iIl. bas 8! Minino 
6. Visible emi •• iona from haul road traffic Ihall not exceed 221 " 

opacity. Vi.ible emia.ion. d.te~ination. for traffic loure •• 
ahall y •• procedur ••• ~ilar to Method 9, but the requlr ... nt for 
ob.ervation. to be mad. at 15 .Icond int.rval. ov.~ I .1 •• 1nut. 
period .hall not appl,. Six point., diltrUbuted along the lengtb 
of tbe haul road, shall be cholen by the Executive Secr.tary or 
hi. representativ.. An opacity reading .hall be mad. at each 
point when a vehicle passe. the .elected point.. Opacity readin91 

1-20.2 
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.hall be .. de ~ •• hicle length behlnd the .eblcl.. "
accumulated .l2 readlng' .hall be averaged fo~ the co-pllanc • 
• alu •• 

7. The amount of dl'turbed ar.a at any time .ball not exceed liLl 
I&ISI without prior approval in accordanc. with R~'6-1-3.1, U~C. 

I. The .ollture cont.nt of the •• t.rial .hall be .. lntaioed .t • 
value of no lee. than 7.0' by weight until the .. terlal 1. in 
place and .tabl11aid. Th • .oi.tu~. cont.nt .hall be t •• ted if 
directed by the Ixecutiv. S.cr.t.ry u.lft9 the appropriate AStN 
method. . 

9. The eilt content of the wa.te rock material .hall not exceed 111 
by weight without prlor approval in accordance with R4~6-1-3.1, 
UAC. The .ilt content ahall be determined if directed by the 
Executive Secretary using the appropriate ASTH method. Th •• ilt 
content h defined a •• ·11 material passing. 1200 U. S. Standard 
Sieve. 

10. Emission. from the exposed areas shall be minimized through the 
operating practice of watering and revegetAtion. During the 
operation of waste rock storage facility, the di.turbance. of 
exposed area. ahall be minimized a8 much a. possible, and water 
shall be applied to exposed area. to the extent neceasary to 
prevent the generation of fugitive duete a. dry condltione warrant 
or ae determined necessary by the Executive Secretary. O~ce the 
waste rock facility i. filled to capacity or ~ining operation. 
have ceased, natural area vegetation shall be placed II 800n I. 
possible to prevent the generation of fugitive duat •• 

11. All racord. referenced in thl. AO which are required to be kept by 
the owner/operator, .ball be made available to the .x.cutive 
secr.tary or hi. r.pre.entat1v. upon reqg.et. 

12. All in.tallatioD. and tacilltl •• autbori&ed by thi. Appro.a1 Ord.r 
.hall be a~tely and properly .. lntained. ~ OVDIr/operator 
.hall co.ply wlth .446-1-l.5 and 4.7, alC. R44'-1-3.I, oac 
addr ....... i •• lon 1Dv.ntory r.porting ~ir"'Dt.. a44'-1-4.1, 
UAC .ddr ..... un..,.oidabl. br •• kdown r.pol'tiat requb-__ •• The 
owner/operator .ball caleulat./ •• t~te tbi .. eele --, •• lon. 
whenaYer a breakdown occur.. The ega total of .. c ••• .ai •• lon • 
• hall be reported to the aa.cuthe secretary for .aeb cal.ndar 
year no lat.r than January 31 of tbe 10110111119 pu. 

13. Th. Executiv. Secr.tary _hall be notified in writing upon Itart-up 
of the in.tallation, a. an initial compliance In.pection i. 
required. lighteen month. from the date of thi. Appro.al Order 
the Executive Secretary 'hall be notified in writing of the .tatu. 
of con.tructlon/inatal1ItioD if conltruction/ln.tallation i. not 
completed. At tbat ttme the Executiv.· Secretary .hall require 
documentation of the contlnuou. conltruction/installatlon of tb. 
operation and aay revoke the Approval Order In accordance wlth 
R~46-1-3.1.5, DAC. 
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"'". s.aldoM 
Decembe~ 16, 1"1 ,ave • 

Any future _lf1cat1oM to the equipment approved by t .. l. orcSe~ ... t abo be 
approved 1n accordance wit .. 1 •• '-1-3.1.1, UAC. 

~hi. AO in no wa, r.l ••••• the own.r or operator fro. Aftr liability for 
complianc. witb all oth.r applicabl. fed.ral, .t.t., and local regulation. 
including the Utah Air Con •• rv.tlon Rul ••• 

Annual .. i •• ionl for thi •• ourc. (th. wa.t. rock hau11l9 and .torag.) ar. 
curr.ntly calculated at the following valu •• 1 

Particulat. 
PM10 
8°2 
NO. 
CO 
vee non meth 
vee meth 

1.13 ton./y~ 
3.1t 
0.1' 
1.93 
0.77 
0.17 
0.0 

These calculation. are for the purpose. of determlnin9 the applicability 
of PSD and nonattainment area major source requirement. of the UACR. 

Sincerely, 

r. Burnell Cordner, Executive Secretary 
Utah Air ~alit, Board 

FBCIHGNzcl 

cel .PA Region VIII, Mike Owen. 
Southla.t.rn Utah Diatrict Health Depart .. nt 
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TRAIL MOUNTAIN MINE 

R64S-301-S00: Engineering 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

During the operation of the Trail Mountain mines, certain waste products are generated that 

are not part of the coal product, they include; underground development waste, trommel 

screen reject, and sediment from the pond and drainages. The fill of the disposal site will 

comprise of these materials that will be permanently stored within the Waste Rock Storage 

Facility. This chapter includes the general requirements to meet the State of Utah's regulatory 

requirements to conduct coal mining and reclamation operations at the Waste Rock Storage 

Facility and operate these facilities in Grimes Wash as part of the Trail Mountain Mine refuse 

disposal site. This application includes descriptions of the Engineering design, operation, and 

reclamation of the waste rock site and access road area. 

R645-301-510 Introduction 

The original Cottonwood/Wilberg Waste Rock Storage Area is located south and east of 

highway 57. This site was filled to its capacity in 1989 (Phase III Bond Release of the original 

site was granted in July of 2009) making it necessary to construct a new facility to handle the 

disposal needs of the mine. Calculations have been made, based on past history, the rate and 

amount of waste rock generated during mining operations, these quantities have been used to 

formulate the design of a new facility. 

The area selected for the Waste Rock Storage Facility is located on public land managed by the 

US Department of Interior, Bureau of Land Management. The facility is located in the southeast 

quarter of Section 34, Township 17 South, Range 7 East, west of Highway 57 and used in 

support of the mining operations. The area was selected because it is close to the mine 

facilities and has the required capacity to contain all the waste rock generated at the 

Cottonwood/Wilberg, Des Bee Dove, and Trial Mountain mines for the anticipated life of each 

mine. Since the Cottonwood/Wilberg is being reclaimed and the Des Bee Dove Mine has been 

reclaimed, the site is used specifically for the refuse disposal for the Trail Mountain Mine. 

R64S-301-S11 General Requirements 

This application includes descriptions of the Waste Rock Storage Facility's operati I e'\~},~9- CFV\TED 

includes maps, cross-sections, and plans for its operation and reclamation of the site. 

R645-301-500: Engineering 1 
Djll ot OJ! Gas & Mining 
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R64S-301-S12. 100 Cross-Sections and Maps 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-06S027 

Maps and cross-sections detailing environmental resources of the area and plans for 

construction of the site are included in the Maps Section of this Chapter. All design maps and 

cross-sections have been certified by a qualified, registered professional engineer. 

R64S-301-S12.230 Coal Mine Waste 

The professional engineer experienced in the design of similar earth and waste structures has 

certified the design of the disposal facility according to R645-301-536. 

R64S-301-S12.2S0 Primary Roads 

A primary access road has been planned for entrance into the Waste Rock Storage Facility. The 

professional engineer has certified the design and construction of the road as meeting the 

requirements of R645-301-534.200 and R645-301-742.420. 

R645-301-514 Inspections 

The storage pile will be inspected for stability by a qualified, registered professional engineer at 

least quarterly and during the following critical construction periods and throughout its 

operation: 

1. Removal of all organic material and topsoil 

2. Installation of surface drainage system 

3. Construction of soil stockpiles 

4. Revegetation 

5. Placement and compaction of fill material 

The report will be submitted in writing to the Division within the subsequent quarter following 

the inspection. A copy of the inspection report will be maintained at the Energy West Mining 

Office for inspection by interested parties. iNCOh;:-O~~/;\-~=:] 

~//\Y 2 0 2015 

Div. of Oii, Ga~; & Mining 
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R64S-301-S20 Operation Plan 

R64S-301-S21 General 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The area selected for the Waste Rock Storage Facility is located on public land managed by the 

US Department of Interior, Bureau of land Management. The area is located in the southeast 

quarter of Section 34, Township 17 South, Range 7 East, west of the coal haul road used for the 

Cottonwood/Wilberg Coal Mine facility. The area was selected because it is close to the mine 

facilities and has the required capacity to contain all the waste rock generated at both the 

Cottonwood/Wilberg, Des Bee Dove and Trial Mountain mines for the anticipated life of each 

mine. Refer to Plates 1-1, 1-2, and 4-1 for Coal lease and Ownership map, Surface Ownership 

map, and Right of Way and Permit Boundary map, respectively. Construction of the site 

occurred in June 1990. 

R645-301-521.200 Signs and Markers 

Signs and markers will be made of durable material, such as thin sheet metal, and will be 

maintained during the conduct of all activities to which they pertain or until bond release. Each 

type of sign and marker will be of uniform design and shape and will be located so as to be 

easily seen and read. 

Perimeter and topsoil markers will be approximately 10" x 14", post mounted and read 

"Perimeter Do Not Disturb, or Topsoil" respectively. 

No stream buffer zone markers are required as there are no streams adjacent to the permit 

area. 

On the day in which blasting occurs, a portable sign which says "Warning: Explosives in Use" will 

be displayed near the entrance sign. 

R645-301-521.240 Mine and Permit Identification Signs 

A Waste Rock Storage Facility permit identification sign will be placed at each point of access 

from public roads to areas of surface operations within the permit area. The sign will state the 

facility's name, owner/operator address and phone number, Utah Reclamation Permit No., 

MSHA ID NO., and UPDES Permit No .. The sign size will be approximately 40" wid vl;a i;:-high:"~--~~~ 

R64S-301-S00: Engineering 3 May 20 1r~, a 2 0 201') 
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Upon cessation of operations or bond release, signs and markers will be removed as 

appropriate. 

R645-301-524 Blasting and Explosives 

All blasting operations will be conducted by persons who have been trained, examined and 

certified as provided by 30 CFR 850 and applicable regulations of the State Industrial 

Commission. No resident or owner of a dwelling or structure is located within one-half mile of 

where surface blasting activity will occur. 

All blasting will be conducted between sunrise and sunset. Warning and all-clear signals will be 

given before and after blasting. Access to the area possibly subject to fly rock from blasting 

shall be regulated. Access to the area shall be blocked until an authorized representative has 

determined that after blasting no unusual circumstances exist and that access to and travel in 

or through the area can be safely resumed. 

Records of blasting will be kept on file at the PacifiCorp - Energy West Mining office in 

) Huntington. The records shall contain the following: 

) 

Name of Operator - PacifiCorp: Energy West Mining Company 

Location - Trail Mountain Waste Rock Site - date and time of blast 

Name, signature and license number of blaster-in-charge 

Direction and distance to nearest structure 

Temperature, wind directions and approximate velocity 

Type of material blasted 

Number of holes, burden and spacing 

Diameter and depth of holes 

Types of explosives used 

Maximum weight of explosives detonated within any 8-millisecond period 

Maximum number of holes detonated within any 8-millisecond period 

Initiation system 

Type and length of stemming 

If applicable - mats or other protection used 

Type of delay detonator and delay periods used 

Sketch of delay pattern 

Number of persons in blasting crew 

R64S-301-S00: Engineering 4 
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R645-301-526 Mine Facilities 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

This section includes the design and operational plans for the facilities that make up the Waste 

Rock Storage Facility. These facilities include the access road, refuse pile, and sediment pond. 

Construction of the site occurred in June 1990. 

Access Road Design 

The access road begins at the intersection with State Road 57 and extends in a southwesterly 

direction for 1435 feet to the northeast corner of the Waste Rock Storage Facility. The road is 

constructed through an area dominated by pinyon-juniper vegetation with several natural 

ephemeral stream channels. The road is used by trucks carrying waste rock materials from-Trail 

Mountain mines for disposal in the Waste Rock Storage Facility. 

The road is located in Section 34, Township 17 South, Range 7 East, SlBM, on public lands 

managed by the US Department of the Interior, Bureau of land Management. The total area 

disturbed by the road and road construction activities is approximately 1.7 acres. Refer to Plate 

4-1. 

The horizontal and vertical alignment, the cuts and fills and the drainage structures have been 

designed and located to conform to the existing topography. The overall grade of the road is 

less than 1.8% with a maximum pitch grade of 3.4%. The road cross-section has a 28 foot wide 

graveled surface of 6" depth sloped at 1% toward the roadside drainage ditches. Roadside 

drainage has been constructed to carry road drainage to the cross culverts. Embankment 

sections have out slopes built on a lV:1.5H. Cut sections are built on a lV:1.5H in 

unconsolidated areas. A locked gate is located at the beginning of the access road, station 

2+20, to the Waste Rock Storage Facility. A typical road cross-section is shown in Exhibit I. 

All foundations for embankments shall be free from organic material and topsoil. The top layer 

of the ground underlying the roadway embankment was moistened and scarified to a depth of 

6" and then compacted to 90 percent of standard proctor according to AASHTO Designation T-

99 Method D. Placement of the embankment material was in 12" maximum lifts. All rocks 

were worked into the fill to avoid forming voids. 

The road base course consists of 10" of pit run gravel. The base course was watered and 

thoroughly mixed and compacted in one lift to 90% of standard as determin~liCh¥i=A-ASHJll='J 

Designation T-99 Method D. 
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The surface course consists of crushed stone meeting the gradation requirements listed in 

Table 500-1. The material was thoroughly mixed with water to optimum moisture content. 

The material was then be placed and compacted in a single lift. This material was compacted to 

95% of standard as determined by AASHTO Designation T-180 Method D. The finished grade 

was graded smooth and uniform with surface deviations not exceeding 0.5 inch plus or minus in 

10 feet. 

Maps and drawings associated with the design and construction of the access road are Plates 4-

3 (Pre-Existing Topography Map), 4-4 (Initial Construction Map), 4-8 (Access Road Cross-Section 

Map), and 4-9 (Profile/Centerline of Access Road). Refer to Maps Section. 

Table 500-1: Gradation Requirements 

UNTREATED ROAD BASE SPECIFICATION 

Sieve Size Idel' Gradation (% plSSl.) Idell Gradation Tolerance 

liNCH GRADATION 

Note: 

linch 100 a 
y, inch 85 ±6 

No.4 55 ±6 

No. 16 31 ±4 

No. 200 9 ±2 

3/4 INCH 

3/4 inch 100 a 
3/8 inch 85 ±7 

No.4 61 ±6 

No. 16 33 ±5 

No. 200 9 ±2 

1. That portion of the material passing the No. 40 sieve shall be non-plastic when 

tested by AASHTO Designation T-90 

2. The above gradation specifications are to be done by AASHTO Designation T-27 

3. The aggregate shall be of uniform density and quality and shall have a rodded 

weight of not less than 75 pounds per cubic foot accor i g to AASHTO 
I . aRr OrttCC:u 

Designation T-19. 

I 'y 2 0 20 '] 
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Access Road Placement and Handling of Materials 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The road was designed and laid out to minimize the amount of cut and fill operations required 

for construction. The cuts were balanced with the fills so little excess material was generated. 

Topsoil 

The initial step of the road construction was to remove all vegetative matter from the 

area to be disturbed by road construction. Once the vegetative material was removed, 

the top soil (where existing in sufficient quantities to allow for mechanical collection) 

was removed and temporarily stockpiled until it was evenly redistributed on the 

embankment slopes after their construction. The temporarily stockpiled soil has been 

stored in three areas along the access road and away from the activities of the road 

construction. The piles were fertilized and planted as per the approved plan in 1990. 

The topsoil piles support a vigorous mature vegetative stand that controls runoff and 

erosion. Refer to Plate 4-4. 

Silt fences were installed along the toe of the embankment slopes to provide erosion 

protection until the interim vegetation was established. Refer to R64S-301-300 Biology 

for Interim Vegetation Plan. 

Subgrade 

Following removal of the topsoil and subsoil, the subgrade material was removed to the 

lines and grades shown on the plans as required to construct the cuts and fills. Each 

layer of embankment was placed, leveled and compacted in 12" maximum lifts. Large 

rocks were worked into the fill to avoid creating voids, etc. in the fills. The subgrade 

material was monitored during excavation to identify potential acid or toxic forming 

properties. If aberrant appearing (i.e. accumulated salts, etc.) materials were 

encountered, it was analyzed to determine if it is potentially toxic or acid forming. No 

aberrant material was found at the site. 

Road Surface 

Following the construction of the subgrade, 10 inches of road base gravel was placed 

and compacted. Then 6 inches of crushed stone was spread and compacted on the road 

surface. This serves as the final travel surface. The final configuration of the road was 

constructed to the lines and grades shown on the plans. Refer to Plates 4-d~~t~§}1idadYiCJ 
Cross-Sections. 
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Dust Control 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

During construction of the road fills and soil stockpiles, water was spread (as needed) 

over the working level of the fill surface to aid in compaction and to control fugitive 

dust. 

Access Road Drainage Control 

The disturbed area consists of the roadway and associated cuts and fills in an Alternate 

Sediment Control Area (ASCA) and has treatment facilities as described below. (See Map 4-2 

for area designated as ASCA's.) 

The drainage system for the road consists of road side ditches and cross culverts. The drainage 

system is designed to safely pass the peak runoff from a 10 year, 6 hour precipitation event. 

The system is designed to minimize to the extent possible, erosion and degradation of surface. 

To minimize erosion on the road bed the road cross-section was sloped 1% toward the roadside 

ditch (refer to Exhibit I). Roadside ditches have been provided along the entire length of the 

road to channel runoff into the cross culverts. Sediment controls, i.e. strawbales and/or silt 

fences perpendicular to the flow have been placed at no more than 200 foot intervals to 

prevent additional sediments from entering the natural channel. 

All drainage culverts are designed to safely pass the 10 year, 6 hour precipitation event without 

a buildup of head water at the inlet. The inlet of all culverts has been provided with a rock rip

rap headwall to protect against erosion. The culverts have a minimum of 12 inches of 

compacted cover and have been installed in line with the natural drainage channel. Refer to 

Plate 4-4 for location of all culverts and R64S-301-700 Hydrology, Appendix C for calculations. 

Operation and Maintenance 

On an as needed basis, as the road surface deteriorates due to usage and weather, a blade 

will be used to recontour the travel surface of the road. The rills and gullies will be 

backfilled and a smooth surface will be developed with side slopes of 1%. Road base gravel 

will be added to the surface as needed. 

The ditches along the access road will be maintained at the same time as the rdi~d:[u;rt.a~;')i~~-::~:=' 

A blade will be used to clean sediment and debris from the ditch. In areas whererewez;we,IW' 
• '\c' ,.J 
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erosion occurs, rock rip-rap will be placed to help control it. 

The inlet and outlet works of all culverts will be maintained as needed. Any debris clogging 

these structures will be removed. Rock rip-rap will be used to control erosion. Any erosion 

that occurs on the fill or cut slopes will be repaired by either backfilling or in those cases 

where a small channel has developed, due to drainage concentration, a rip-rap channel will 

be established. 

The silt fences along the toe of the road fill sections or in the roadside ditches will be 

cleaned of sediment accumulation by backhoe or hand methods. This material will be 

either used to backfill rills and gullies or disposed in the waste rock site. 

Waste Rock Storage Facility Design 

The facility is designed to fit into the existing topography of the area with as little disturbance 

as is possible to the existing drainage system. Only one ephemeral drainage channel required a 

permanent diversion for the construction and operation at the facility. At completion, only 

15.82 acres have been disturbed. A sediment pond designed and constructed as part of the 

facility catches and treats all the runoff from the site before releasing it back into the natural 

channel (refer to R645-301-700, Appendix C). The construction, operation, and reclamation of 

the facility will occur in the following sequence: 

1. Installation of sediment control (i.e. silt fence, straw bales, etc.) prior to initial 

disturbance. 

2. Construction of access road. 

3. Initial construction of Waste Rock Storage Facility, including the topsoil and 

subsoil stockpiles, sediment pond dam and the initial diversion ditch. 

Construction date: June 1990. 

4. Installation of silt fences at the base of soil stockpiles. 

5. Construction of the perimeter fence. 

6. Interim revegetation of soil stockpiles and road cut and fill slopes. 

7. Placement of underground development waste and sediments, and construct 

perimeter berms. 

8. Cover perimeter berms with soil and revegetate. 

9. Construction and maintenance of diversion ditches to be ongoing for the 

duration of the facility's utilization. 

10. Contemporaneous reclamation of outside slopes of berms. ii\iC;J;;::-';~::;~Jr-:==-1 
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11. Construction of permanent diversion around waste rock site into sediment pond. 

12. Monitoring and cleaning of sediment pond as required. 

13. Two years after seeding of outslopes and completed filling of the waste rock pile, 

reclaim top of pile according to plan, remove of sediment pond, and regrade of 

access roads begins. 

14. Monitoring of revegetation efforts for bond release. 

Waste Rock Storage Facility Drainage Control 

The drainage of the Waste Rock Storage Facility is confined to a single ephemeral stream at the 

bottom of a small valley. There is 15.3 acres of undisturbed land which normally drains through 

the valley that's diverted around the waste pile. This undisturbed runoff and the runoff from 

15.82 acres of disturbed land are diverted into a sediment pond where it is retained to remove 

suspended solids prior to release into the natural channel. Alternative sediment control areas 

(ASCA) on the outside slopes of the soil stock piles consisting of 0.9 acres are treated through 

use of silt fences and straw bales. (refer to Area 10, Plate 4-2.) 

Initial Construction 

The initial construction of the Waste Rock Storage Facility included the construction of the 

sediment pond and stripping and stockpiling of the topsoil and subsoil and construction of the 

initial diversion ditch on the west side of the valley. This diversion ditch was designed to 

convey the runoff from a 100 year, 6 hour storm event in a V-ditch with a 2% channel slope. 

This gentle slope keeps the velocity below 5 feet per second to minimize erosion. As the waste 

material pile grows and encroaches upon the initial diversion ditch and against the western and 

northern slopes, approximately 10" of soil material will be salvaged across the slopes. The ditch 

will be reconstructed at the toe of the waste pile to the same specifications as the initial ditch. 

Interim control of drainage on the surface of the pile will slope in a southwesterly direction. 

Runoff from the surface of the pile will discharge in a controlled manner into ditch DA and then 

to the sediment pond as shown on Drawing CM-l0877-WB, Plate 4-14. Should water 

accumulate in depressions on the surface of the waste material, to a level which may affect the 

stability of the waste pile, this water will be pumped to the sediment pond. When the active 

surface of the refuse pile reaches an elevation of approximately 6,795 feet, drainage control 

will be as the following describes. The western diversion ditch, labeled DA on Plate 4-5, drains 

the upland undisturbed areas, the top of the waste pile, the west slope of the waste pile and 

the top and inside slope of the topsoil pile. The eastern diversion ditch (DB) drains the east 

slope of t~e waste Pil~ and top an~ inside slope of the subsoil stockpile. The tot~f{~~~-:,~~,~._ ~:-: 
collected mto the sediment pond IS 2.17 acre feet for the 10 year, 24 hour storm event. rne · .. .. 

! ' ( ') n "'Of'" 
------------------------------------------------------------~~~~~ ) 

May 2015 
[)iV. OJ~ (;n, (~(\:; r~~~ ;vj}~.·:!:: 
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estimated annual sediment production for the site is 1.65 acre feet. The actual design of the 

sediment pond provides 4.58 acre feet of storage so that there is 2.41 ac. ft. of sediment 

storage available. The spillway for the sediment pond safely passes runoff from a 25 year, 6 

hour storm event with the required one foot freeboard. Refer to R645-301-700 Hydrology, 

Appendix C for all hydrological calculations. 

The outside slopes of the two soil stockpiles have silt fences constructed at their bases to treat 

the runoff from precipitation and are designated as alternate sediment control area 1D, Plate 4-

2. Interim revegetation was accomplished as soon as practical after construction to stabilize 

the slopes. 

Monitoring of these drainage controls will be on a regular basis and maintenance will be 

scheduled as needed to ensure that they operate as designed. The ditches and silt fences will 

be cleaned, repaired and reshaped with a backhoe or hand methods as appropriate. 

CetteRweeEll'Nillilerg Waste Rock Storage Facility Placement and Handling of Materials 

During the operation of the mine, certain waste products are generated that are not part of the 

coal product, they include; underground development waste, trommel screen reject, and 

sediment from the pond and drainages. The fill of the disposal site comprises of material that 

will be permanently stored within the Waste Rock Storage Facility. 

Topsoil 

After the vegetative material was removed from the site the topsoil was stripped and 

stockpiled as shown on Plates 4-4 and 7-2. Stripping areas and depths were staked to 

facilitate topsoil excavation. Care was taken to avoid unnecessary compaction of the topsoil 

material. Following soil placement, the stockpile was planted with an interim seed mix 

(refer to R645-301-300 Biology). 

R645-301-500: Engineering 11 May 2015 
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Subsoil 
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Following removal of the topsoil material the remaining material needed for the subsoil 

stockpile was excavated to the lines and grades specified on the cross-sections. The 

material was placed, leveled and compacted in 12" maximum lifts. Rocks larger than the lift 

thickness was worked into the fill to avoid forming voids. Those rocks that make good rip

rap and were separated, hauled and stored for future use. No acid or toxic forming 

materials were found in the materials cut for fill. Any acid or toxic forming materials will be 

treated as spoil and placed in the Cottomvooa/Willaerg Waste Rock Storage Facility. (Refer 

R645-301-200 Soils for soil information.) 

Underground Development Waste 

The underground development waste generated during coal mining, sediments from the 

sediment pond, and trommel rejects will be hauled to the site by truck and dumped. The 

composition of this material i.e. waste rock will be a mixture from the various sources. The 

coal rock ratio is estimated to be less than 50/50. As the material is spread and placed in 

the fill, it will be thoroughly mixed helping to blend the materials. 

The mixing action will come as a result of the handling required to get the material 

delivered to the site and the spreading and leveling actions at the site itself. The 

underground development waste is picked up and dumped at least three times prior to 

being deposited on the waste pile. The spreading and leveling is performed with a tracked 

dozer and will mix all of the dump truck piles of waste material, to disperse any waste which 

may be of higher concentrations than allowed. 

When the quantity of material dumped at the site needs to be leveled it will be spread, 

placed and compacted in 24" thick horizontal lifts. Large rocks etc., will be worked into the 

fill to avoid forming voids. As the fill lifts are made, the top working surface will be sloped 

to allow for drainage. Any acid or toxic forming materials found in the final lift of the waste 

pile will be buried in the fill with a least 4 feet of non-toxic cover material. 

To allow for contemporaneous reclamation of the outside slopes of the waste pile, a phased 

construction schedule will be implemented. A berm of waste rock materials will be 

constructed approximately 10 feet high at the outside edge of the waste pile. The waste 

material will be placed inside of the berm, spread out with a dozer and compacted in place. 

As the material level reaches the top of the berm, a new berm will be constru.ct.~ ~th a 2 

to 3 foot offset to provide a small terrace. This process will continue until the li~t~'re~l:O.l.Y:"::~:J 
foot high berms have been filled. Subsequent berms will be set back eight (8) feef'ffo)'i11he",. 

'- '.; i , . Ij 
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outside edge of the top of the previously completed berm. This process will continue until 

site construction is completed. This configuration will result in an overall outslope of 

approximately 2.5:1 as recommended by Rollins, Brown & Gunnel (Stability Analysis, 

October 1992). Contemporaneous reclamation activities will progress along with the 

construction of each berm. See Exhibit XXI, Exhibits Section. 

Soil will be salvaged at a depth of approximately 10 inches along the western and northern 

slopes of the Waste Rock Storage Facility. Once a lift has enough refuse material that 

leveling beyond the existing ditch line and against the western and northern slope is 

required, soil material will be salvaged across the slope. The width of material to be 

salvaged will be determined by the depth of refuse to be leveled to the slope. The ditch line 

will be constructed in compliance with the permit requirements. These parameters will be 

followed each time refuse is leveled to the slope. 

Salvaged soil material will be handled in the following ways. If the berm is in the process of 

being constructed, the salvaged soil material will be used in stabilization of the berm. If a 

berm is not being constructed, the salvaged material will be hauled to the subsoil pile for 

storage. 

During the leveling process, extraneous material, trash and etc. will be separated from the 

fill material and disposed of in an approved sanitary landfill. 

Sediment Pond Sludge 

Material removed during cleaning of the Trail Mountain sediment ponds will be placed in 

the Waste Rock Storage Facility. Sludge material that is dry enough to be immediately 

incorporated into the refuse material will be mixed with the waste rock and placed as 

previously described above. Sludge which contains more moisture than can be properly 

handled on the refuse pile will be placed in a containment area and allowed to dry. The 

containment area will be constructed within the refuse disposal area at a location that will 

allow drying of the sludge and maintain adequate working room for normal operation of the 

facility. When dry, the sludge material will be excavated and distributed throughout the 

refuse area for incorporation and compaction. This procedure will help maintain the proper 

coal-to-rock ratio throughout the site and ensure uniform stability. 

D/v or' 0'/ r, y ., " , . I, lAc.,': 1'/ 1~'11:1 'C1--
..... ' 'i .111 .:...1 

R645-301-500: Engineering 13 May 2015 



TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

R645-301-530 Operational Design Criteria and Plans 

R645-301-531 General 

This permit application includes a general plan and detailed design plans for each siltation 

structure, water impoundment, and coal processing waste bank, dam or embankment within 

the permit area. A discussion and design of the sediment pond and earthened dam is outlined 

in R645-301-700 Hydrology, Appendix C. Design of the Waste Rock Storage Facility is discussed 

above in R645-301-526. 

R645-301-532 Sediment Control 

The Waste Rock Storage Facility covers approximately 15.82 acres of disturbed area. All water 

within this area is conveyed to ditches, and/or culvert systems. Sediment control allows for 

undisturbed runoff to bypass the facilities via a diversion ditch and culvert system into the 

surrounding ephemeral drainage adjacent to the site. Disturbed runoff from the site is diverted 

to the sediment pond. Refer to R645-301-700 Hydrology for a complete discussion on sediment 

control. 

R645-301-533 Impoundments 

As described previously, a sediment pond is utilized to collect storm water runoff from the 

disturbed area of the Waste Rock Storage Facility. The design of the pond is found in R645-301-

700 Hydrology, Appendix C. Pond design encompasses approximately 1.0 acre of disturbed 

land. 

R645-301-533.200 Foundations 

The pond is designed as an incised structure. Foundations for embankments and impounding 

structures are constructed utilizing the information outlined in the Geotechnical Study 

conducted by Rollins, Brown, and Gunnel September, 1989. Refer to this report in Appendix A 

of this section. Stability analysis for the construction of the earthen dam is found in Exhibits XII 

through XVIII in the Exhibits Section. 

-.:·'I:it .. -, 
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In order to better understand the chemical and physical properties of the rock that will be 

placed in the waste rock site, over 130 samples from both outcrop and drill cores were 

analyzed. 

Samples were selected that would best represent the material that will be placed in the site 

over its useful life. The samples were tested individually and the results are summarized in the 

table in Appendix B according to the common rock types that will be stored in the site. 

In addition to these analyses, representative samples were tested for their potential alkalinity, 

pyrite/marcasite content and clay content. The results are shown below: 

Zgne Sar.IlIzled Number 2H ~rl~lMarga§I!! Clay ,,~ 

ofSamRles Alki!lInitll ~ot!ntlll 

Hiawatha roof 3 7.8 3.3 - 218,400 

Hiawatha floor 3 7.5 1.3 5.5 127,300 

Blind Canyon roof 2 8.1 0.5 - 252,600 

Blind Canyon floor 3 8.3 1.3 9.0 3,500 

A review of the above data concerning the sodium absorption ratio of the Blind Canyon floor 

reveals that three out of four samples have values less than 5.0 (4.8, 1.5 and 1.3). One sample 

has a value of 60.4 which raised the sample mean to 17.36 and created a high standard 

deviation of 25.14. This indicates that in general the Blind Canyon floor rock will not pose a 

problem from its high SAR but from time to time higher than average values will be 

encountered. These concentrations will be diluted by other rocks with low SAR values when 

stored in the Waste Rock Storage Facility. These results show there is little potential for acid or 

toxic conditions to exist for the disposed of coal mine waste material. 

Analysis results from the roof and floor samples taken at the Trail Mountain Mine are found in 

the Trial Mountain MPR, Volume I, Chapter 6 and Appendix 6-2. Similar results cfNCtmrod(W1A'CD 
these samples. 
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To identify the acid- or toxic-forming potential of materials disposed of at the Waste Rock 

Storage Facility prior to covering the refuse pile berms for final reclamation, the top two (2) feet 

of the surface will be sampled according to the Division's "Guidelines for Management of 

Topsoils and Overburdens", January 2008, Tables 3 and 7. Grab samples will be taken during 

construction of the berm. Samples shall be collected at a rate of two samples per 200 linear 

foot of berm; one composite sample at 0-1 feet, and one sample at 1-2 feet. Suitability of the 

coal mine waste materials shall be evaluated to comply with the acceptable criteria of Tables 4 

and 8 of the Division's guidelines. If initial sampling finds that the material does not comply 

with the acceptable criteria, than additional sampling will be implemented to define the extent 

of the problem material. All unacceptable material will be removed, buried, and covered with 4 

feet of non-acid/non-toxic forming materials. 

R64S-301-S40 Reclamation Plan 

R645-301-541 General 

The Waste Rock Storage Facility consists of 15.82 acres of disturbed land to be used for disposal 

of underground development waste. An access road 1,435 feet long is constructed in 

conjunction with the site and involves 1.7 acres of disturbed land. The site is located on public 

lands managed by the US Department of the Interior, Bureau of land Management and its 

principal use is wildlife habitat and livestock grazing. When the facility is completed, 

reclamation will return the area to these same uses. 

Construction of the facility commenced as soon as the permit was issued. Sediment control 

measures were put in place to minimize the effects of the initial construction. Straw bales and 

silt fences were erected in the natural drainages to treat any runoff during the initial 

construction period. Interim revegetation was used on the bare slopes of the soil stockpiles 

and along the roadway to stabilize and prevent erosion. The tospoil stockpiles were marked as 

such. Drainage structures were constructed and maintained to ensure that they were in good 

repair and capable of handling the design flow rates. Silt fences were constructed at the base 

of the soil stockpiles outside slopes. These silt fences have been replaced with straw logs and 

are monitored and repaired as needed to ensure they are continuously in good working order. 

Construction of the waste material pile incorporated a plan to allow for contemporaneous 

reclamation of the outside slopes of the pile. Waste material is used to construct a berm, 

approximately 10 feet high, to contain the waste material to be deposited. Quality sCJIV Ii g .qf _, ~~ 
this material is discussed above in R645-301-536. fl t- J I-'~ I cD 

R645-301-500: Engineering 

• ' or) 

.t z: B ~ rw" 
May 2015 ~_ i .. I J 16 

Div. 0;' Oil G··',,)·' ., ~.]' . 
, (-,~ .. ) I~ mmg 
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As contemporaneous reclamation commences, 24 inches of subsoil and 12 inches of topsoil will 

be placed on the outside slope of the berm and revegetation of the slope will begin. Successive 

berms will be constructed on top of the previous berms as the level of the waste material rises. 

There will be a two to three foot offset of the toe of the upper berm to provide a small terrace 

to reduce runoff velocities. (See Exhibit XXI, Exhibit Section.) Since the initial construction of 

the waste rock site (June 1990) to this date of August 2013, three berms have been constructed 

around the waste rock pile, filled to their capacity, and their side slopes reclaimed according to 

the approved reclamation plan. Approximately 15,740 cubic yards of subsoil and 7,870 cubic 

yards of topsoil will be needed to fully cover the outside slope of the berms. 

When the final berm is constructed, contemporaneous reclamation will be conducted as 

explained above on the outside slope. The outside slope will be revegetated with the approved 

seed mix as outlined in R645-301-341.200. Ditches DA and DB will also be constructed as 

outlined in Plate 4-12 and the pond will be left in place. 

Soils from the top and subsoil piles will be move to the north side of the waste rock pile (refer 

to Plate 4-7) and seeded. There is ample room to store approximately 11,300 cubic yards in this 

location. This includes enough subsoil to cover the top of the site with 2' of material (5,050 

cubic yards), and enough topsoil to cover the top of the site with l' of material (2,525 cubic 

yards). An addition of approximately 2,725 cubic yards of subsoil and 1,000 cubic yards of 

topsoil will be stored to fill this storage area to capacity. 

The original subsoil storage will then be covered with approximately l' of topsoil (2,060 cy), 

pocked and seeded. The original topsoil storage area will be pocked and seeded for final 

reclamation. If there remains additional soil at these original storage locations, it will be 

blended in with the surrounding topography. 

The access road to the waste rock pile will be re-routed for a north access to an east access 

from the pond access road. At this time, the two year time clock (as required by R645-301-

763.100 of the Utah Coal Regulations) for sediment pond removal will commence as the 

remaining waste rock site is filled to the top level of the berm. 

When the waste pile construction is complete, the top surface of the pile will be graded for 

proper drainage. To identify the acid- or toxic-forming potential of materials disposed of at the 

Waste Rock Storage Facility prior to covering the refuse pile for final reclamation, the top two 

(2) feet of the surface will be sampled according to the Division's "Guidelines for Management 

of Topsoils and Overburdens", January 2008, Tables 3 and 7. Grab samples willlJ~fl(&~i:W\7;=;) 
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to covering with soil. Samples shall be collected at a rate of two samples per acre; at each 

sample site one composite sample will be taken at 0-1 feet, and one sample at 1-2 feet. 

Suitability of the coal mine waste materials shall be evaluated to comply with the acceptable 

criteria of Tables 4 and 8 of the Division's guidelines. If initial sampling finds that the material 

does not comply with the acceptable criteria, than additional sampling will be implemented to 

define the extent of the problem material. All unacceptable material will be removed, buried, 

and covered with 4 feet of non-acid/non-toxic forming materials. 

Subsoil and topsoil stored at the north side of the waste rock pile shall be used to cover the top 

surface of the pile. The volumes ofthese piles are 7,775 cubic for subsoil, and 3,525 cubic yards 

for topsoil. This volume will cover the top of the pile with at least two feet of subsoil and one 

foot of topsoil. Pocks will be constructed as a means for alternative sediment control for this 

area. This surface shall be seeded utilizing the seed mix found in R645-301-341.200. 

At the end of the two year time clock (mentioned above), the sediment pond and remaining 

access roads shall be removed to the lines and grades as shown on Plates 4-8 and 4-10. The 

areas will be pocked and seeded according to the plan in R645-301-700 and R645-301-300. 

Topsoil stored along the main access road shall be used to cover this regraded area. 

Discussion of Salvaged Soil Volumes 

Salvaged soil volumes have been calculated for the subsoil pile and topsoil piles. 

Calculations show that the waste rock site area can be covered with 

approximately 3.4 feet of subsoil and 1.7 feet of topsoil. The access road can be 

covered with the salvaged topsoil to a depth of approximately 1.9 feet. 

Energy West has a limited confidence that the calculated subsoil and topsoil 

depths will be achieved. Calculations were based on the pre-existing contours 

established in the 1980's and compared to contours established in 2013. Energy 

West feels that there may be some discrepancy in the earlier established 

contours. 

In 2013, pile volume calculations were conducted utilizing Carlson software 

which constructs a grid and drapes the grid over a surface. It cannot distinguish 

between boulders and solid ground surface. For that reason, it is felt that 

salvaged pile volumes are a bit over estimated. However, there is a high level of 

confidence that subsoil distribution can achieve a 2 foot depth and topsoil 

distribution can achieve a 1 foot depth. 

R645-301-500: Engineering 18 May 2015 
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Once the surface of the refuse pile and access road is completed, the surface will have been 

covered with subsoil and topsoil (a minimum of 24 and 12 inches, respectively) and 

revegetated. This equates to approximately 23,462 cubic yards of subsoil over a 7.3 acre area 

and 17,687 cubic yards of topsoil over an 11 acre area. Soils shall be distributed as shown in 

Figure 1 below. All other additional soils shall be used to enhance depths where needed and 

blend the reclaimed areas into the adjacent natural areas to achieve a post mining topography 

that complies with all section of the Utah Coal Regulations. 

; Y 'l. U 20) 

Figure 1: Soil distribution diagram. 

At the time of final bond release for the reclaimed areas, all reclamation will have been 

completed. (Refer to Plate 4-7) This will include removal of the sediment pond dam and access 
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road, diverting the ditches into the natural drainage channel, covering the disturbed area with 

topsoil and removing the perimeter fence. Temporary sediment controls will again be used to 

prevent impact on the downstream areas during these construction efforts. Revegetation will 

take place on all reclaimed disturbed areas. Monitoring and maintenance, as required, will 

continue until final bond release is approved. Refer to R645-301-300 Biology. 

R645-301-542 Narratives, Maps and Plans 

A detailed timetable for the completion of each major step in reclamation is outlined in R645-

301-300 Biology. Certified contour maps and soil placement maps can be found in the Map 

Sections of each chapter. A detailed plan for backfilling, soil stabilization, compacting and 

grading is outlined below in R645-301-553, Backfilling and Grading. 

R645-301-542.600 Roads 

The site access road will no longer be needed after the refuse pile is reclaimed. The road will be 

removed and the area reclaimed during the reclamation operations. All drainage structures will 

be removed and the natural drainage systems through the access road area will be returned to 

their pre-existing state. 

R645-301-550 Reclamation Design Criteria and Plans 

Reclamation activities at the Waste Rock Storage Facility includes plans and designs for 1) 

Permanent features, and 3) Backfilling and grading. These plans and designs are outlined 

below. 

R645-301-552 Permanent Features 

Small depressions (pocks) will be constructed to retain moisture, minimize erosion, create and 

enhance wildlife habitat, and assist revegetation. The pocks will be constructed with a track

hoe or similar machinery and placed in random order. The pocks will measure approximately 

1.5 feet deep by 3.0 feet in diameter. Pocking techniques and sediment loss is explained in 

detail in the Soil and Hydrology sections. INCORPORATED 

';, 2 0 2DIJ 
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R645-301-553 Backfilling and Grading 

Access Road 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

Final reclamation of the road will take place as detailed below. The gravel road surface material 

and subgrade material will be removed and placed against the inside cut slope of the road 

cross-section. The topsoil off the embankment outslope will be removed and temporarily 

stockpiled in an area at the road construction beginning. The subsoil material from the 

embankment slopes will then be spread over the road cross-section to obliterate the road. 

Natural drainageways shall be extended through the reclaimed area and blended in with the 

downstream segment. The sizing of this channel will be the same as the natural channel. The 

topsoil material from the temporary stockpile will then be evenly spread over the area and 

seeded. 

Waste Rock Storage Facility 

To provide for contemporaneous revegetation, a phased construction program will be 

implemented. Waste material will be used to construct a berm on the outside of the waste 

pile. Once the berm is completed and tested for toxic or acid forming materials, subsoil and 

topsoil materials will be used to cover the outside slope of the berm. Prior to placement of the 

subsoil, the waste material will be roughened to a depth of 18 inches. The soil materials will be 

loaded and hauled to the berm and distributed with either a track mounted backhoe or small 

tracked dozer. The subsoil will be spread to a thickness of approximately 24 inches and the 

topsoil to approximately 12 inches. Special efforts will be made to minimize the compaction of 

the topsoil layer. Revegetation will then take place on that portion of the waste pile which has 

been covered. As the waste pile elevation rises, new berms will be constructed and reclaimed. 

At the completion of the construction of the waste pile, the top surface will be covered with 

approximately 24 inches of subsoil and approximately 12 inches of topsoil and then revegetated 

(refer to R64S-301-300 Biology). 

The drainage plan for the reclamation of the facility is the same as the Operating Plan. The 

diversion ditches are sized for 100 year, 6 hour storm event and no changes should be 

necessary for reclamation. When the final stages of reclamation are initiated, an extension of 

the diversion ditches will be required to pass through the area of the sediment pond and dam 

and into the natural channel. The diversion will use the same shape and lining specifications 

used in Ditch DA except for the channel slope, which will be 10% instead of 20%. INt~t)~_?::I(I.i~~7\T::::D 

4-12 for ditch details. 
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R645-301-553.140 Minimization of Erosion and Water Pollution 

Terraces will be provided (refer to Exhibit XXI) to reduce runoff velocities and ultimately 

erosion. A straw bale and silt fence filter will be constructed in the natural drainage channel 

during these activities to minimize the impact on the downstream areas. 

R645-301-560 Performance Standards 

Coal mining and reclamation operations will be conducted in accordance with the approved 

permit and requirements of R645-301-510 through R645-301-553. 
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Utah Power & Light.Company Mining Division 
P.O. Box 310 
Huntington, UT 84528 

Attn: Tom Faucheux 

Gentlemen: 

In accordance with your request, a 
geotechnical investigation has been completed at 
the proposed si te of the proposed Waste Rock 
Storage Facility near the Wilberg Mine in Emery 
County t Utah. The primary objective of this 
investigation was to define the groundwater 
condi tions throughout the area and to provide 
foundation recommendations for the Wa.ste Rock 
Storage Facil! ty. Foundation recommendations 
for a proposed stacking tube to be located near 
the Wilberg JUne are also provided. The work 
bas been completed in accordance with a written 
proposal submitted to your organization for the 
work and the reBul ts of the investigation, along 
wi th pertinent recommendations for foundation 
design, are outlined in tbe following sections 
of this report. 

Tbe information contained 1n the report 
is discussed under tbe follo.ing beadings: (1) 
Existing S1 te Conditions, (2) Subsurface Soil 
and Water Conditions, (~) Foundation 
Considerations and Recommendations, (4) Site 
Preparation. Bxcavation Considerations, and 
Compa~ted Fill ReqUirements, and (5) The RtN8~ORATED 
of Field and Laboratory Tes1;s. 

\Y 2 D 7015 
1. KXISTIBG SITE COIDITIORS 

Div. of Oil, Gas & Mining 
Tbe Waste Rock pile will be located on the 

west side of Wilberg Mine Road approximately 1.5 
miles soutb of the Wilberg Mine. The area wbere 
the proposed facility will be located is virgin 
terrain and the vegetative cover consists of 
weeds, native grasses. juniper and pine trees. 
The general configuration 01 tbe waste rock pile 
along with the topograpby throughout the 
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area is presented in Figure No.1. It will be observed that most 
of the site is relatively flat. however. the topograpby of the site 
rises quite sharply in the northwest pa.rt of the site. It is 
aDticipated that sbale will be located relatively close to the 
ground surface throughout most of the site aDd that the statiC 
groundwater level will be located at a substantial depth below the 
existing ground surface. It is entirely pOSSible, however, that 
groundwater may be encouDtered in the joints and fractures in the 
bedrock. 

As far as we can determine, DO manmade fill has been placed 
throughout the site and all of the subsurface material are natural 
deposi ts. No water conveyance water facilities or other water 
bodies area located in the immediate vicinity of the site which 
would effect the groundwater level in this area. 

The ,location of the proposed stacking tube is presented in 
Figure No.2. Existing facilities including the Silo, the Crusher, 
the Breaker Building and the Loadout Faci1-i ty are also shown in 
Figure No.2. The topography were the stacking tube will be 
located is relatively flat, bowever, the topography rises sbarply 
upward towards the mine offices. Some manmade fill will probably 
exist in the area wbere the stacking tube will be located. It will 
be observed that the topography slopes downward in a southerly 
direction away from the stacking tube and the silo. 

Other than the information outlined above for both the Waste 
Rock site and the stacking tube Site, no enviroDmental conditions 
appear to exist at this site which would adversely affect 
foundatioD performance • 

2. SUBSUUACB SOIL ARD 'fA'rBIl <DmITI<»IS 

The cbaracteristics of the subsurface material in the area 
where the Waste Rock Storage Facility will be located were defined 
by drilllDg three test borings to a depth of 80 feet at locations 
as shown on Figure No.1. The logs "for these test boles are 
presented in Figure Nos. 3 througb 6. In Test Borings 1 and 2, a 
surface silty clay zone, approximately 6 feet tbick. covers the 
area. The remainder of tbe subsurface material 1n each of these 
test boles consists of dark gray sba1e. ID Test Boring Mo. 3, tbe 
subsurface material in tbe upper 55 feet of the solI profile 
consisted of unconsolidated material. Tbe gravelly type material 
in tbe upper 25 feet of the soil profile was followed by a brown 
silty clay whicb extended to a depth of about 55 feet below the 
ground surface. The remainder of the s011 profile in Test Hole Ho. 
3 consisted of a gray sbale. 

INCORPORATED 
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Sampling of the unconsolidated material throughout the soil 
profile was performed by driving a two-inch split-spoon sampling 
tube through a distance of 18 inches using a 140-pound weight 
dropped from a distance of 30 inches. The number of blows to drive 
the sampling spoon through each 6 incbes of penetration is shown 
on the boring logs. The sum of the last two blow counts, wbich 
represents tbe number of blows to drive the sampling spoon through 
12 incbes, is defined as the standard penetration value. The 
standard penetration value provides a reasonable indication of the 
in-place density of sandy material: however t it only provides an 
indication of the relative stiffness of the cobesive materials, 
since tbe penetration resistance of these materials is a function 
of the moisture content. If the spoon can be driven througb the 
full distance of 18 inches with reasonable core recovery I tbe 
standard penetration value provides a reasonable indication of the 
in-place density of gravelly-type material. The results of the 
standard penetration test performed in the gravelly material in 
Test Bole No. 3 indicates that the gravel is in a relatively dense 
state and the cobesive material is In a stiff condition. 

Undisturbed samples were obtained in the clay material in Test 
Bole No.3 by pushing a 2.5-inch, thin-walled shelby tube into the 
subsurface material using the hydraulic pressure on the drill rig. 
The location at which the undisturbed samples are obtained are 
shown on the boring logs. Continuous cores were obtained in all 
of the bedrock encountered in eacb of tbe three test boles. Tbe 
bedrock was characterized in the drill holes by determining the 
percent core recovery and the rock quality designation. The rock 
quality designation is the percent of material in a given run which 
has a core lengtb greater than 4 inches. It will be observed from 
the boring logs that the percent core recovery was nearly 100 
percent in most of ths cores and tbat the rock quality designation 
below the weathered zone was greater than about 90 percent. 

Field permeability tests were performed in each of the drill 
boles from 3 to 10 foot intervals. The field permeability tests 
were performed in accordance with designation B18 of the U.S. 
'Bureau of Reclamation 'Earth Manual. The permeability coefficient 
expressed in feet per year is presented on the boring logs. It 
will be observed tbat tbe gravelly material in the upper portion 
of Drill Bole No. 3 is moderately permeable witb permeability 
coefficients ranging from about 1200 to 2700 feet per year. The 
sbale, however, in all of the test holes had relatively low 
permeabili ty test characteristics. In Test Boring No.1, the 
permeabili ty coefficient varied from no measurable loss to a 
maximum of about 10 feet per year. Tbe permeability coefficients 
in the bedrock of the other two holes were similar. 

INCOfiPORATcD 
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The characteristics of the subsurface material in the area 
were the stacking tube will be located was defined by drilling one 
test boring to a depth of about 60 feet at tbe location sbown on 
Figure No.2. The log for tbis test bole is presented in Figure 
No. 6 and it will be observed tbat the subsurface material in tbe 
upper 35 feet of the soil profile consists of a brown silty sandy 
gravel. Sampling of botb the unconsolidated and the consolidated 
material in this test hole were performed 1n a manner similar to 
the procedures defined for the Waste Rock Facility. The results 
of the standard penetration test indicate that the gravelly 
material throughout the profile at this site is in a medium dense 
condition. The field permeability test performed on the gravelly 
material above the shale indicated permeability coefficients 
ranging from 1,200 feet per year to 5,550 feet per year. The 
permeabil.! ty of the gray shale was moderately low wi th values less 
than 10 feet per year. 

Each sample obtained in the field was classified in the 
laboratory according to the Unified Soil Classification System. 
The symbol designating tbe soil type according to tbis system is 
presented on the boring logs. A description of tbe Unified Soil 
ClaSSification System is presented in Figure No. 7 and the meaning 
of tbe various symbols shown on tbe boring logs can be obtained 
from this figure. It will be noted tbat the cohesive material 
classified as either an JIL- or a CL-1-type lDaterial wbile the 
granular material classified as an SM- or a GK-type soil. 

During the subsurface investigation, an attempt was made to 
evaluate tbe groundwater eondi tions at the conclusion of each 
drilling period. The wash water in the drill hole was bailed out 
to the bottom of tbe hole. The elevation of the water in the drill 
hole, at the beginning of the next drilling period, was measured 
and recorded. This sequence of operations extended throughout the 
entire depth drilled. The results of the water level observations 
are presented in Figure Nos. 8 through 11 for each drill hole. ID 
Drill Bole No.1, the wash water was bailed down to a depth of 
&pp~oximately 12.5 feet.on t~e evening of July 21. By the morning 
of July 25, water had risen in the drill bole to a depth of about 
11 feet. It was concluded ·that some water was flowing into the 
drill hole above the 12.5 foot level. It will also be noted from 
Figure No. 8 that water flowed into the drill bole after each 
drilling interval. It appeared to stabilize at a depth of 28 feet 
below the existing ground surface. 

In Drill Bole No.2, no ground water appeared to exist within 
the profile above 13 feet, since no groundwater flowed into the 
drill hole following the bailing operations on July 18. At the end 
of each drilling period, however, water flowed into the drill hole 
and in each case rose to an elevation of approximately 1.5 feet 
below the ground surface. It is apparent from the resul . -~~~r-: 
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permeabili ty tests for Drill Bole No.2, t.hat water under on 
artesian pressure could be flowlng into tbe drill bole between 13 
and 23 feet and between 43 and 53 feet. It is apparent from Figure 
No. 9 tbat the groundwater level In Drill Bole No. 2 stabilized at 
about 7 feet. 

In Drlll Bole No.3, water flowed into the drill hole In the 
interval between 0 and 10 feet below tbe ground surface. No 
groundwater appeared to flow into tbe drill bole, however, in tbe 
interval from 10 'to 40 feet, Since the groundwater failed to rlse 
in tbis drill bole between July 14 and July 17. It is apparent 
from Figure No. 10 that water flowed into the drill bole between 
a depth of 40 and 72 feet, since tbe water rose in tbe drill hole 
after the water level had been bailed down 1n this hole on July 17. 
It will be noted that the ground water level appeared to stabilize 
in this hole at an elevation of about 55 feet. Based upon tbe 
results of the field permeability tests in the bore bole as sbown 
on tbe boring logs. it appears tbat ground water is entering tbis 
bole between a depth of 45 feet and 63 feet. 

In Drill Bole No.4. DO ground water appeared to exist witbin 
tbe bore bole above a deptb of 9 feet. Water appeared to enter 
this bore bole, bowever. between a deptb of 9 teet and 35 feet, 
since the water rose to a heigbt of about 16 feet followlng tbe 
completion of drililng on August 1. No groundwater appeared to 
enter the drill bole below a deptb of 35 feet, since no rise in tbe 
groundwater level occurred in tbe drill hole wben the water was 
bailed down to tbe bottom of the hole at the end of drilling on 
August 2. 

3. POmmA'l'Ic.r RBCOIDIBlmATIOlfS Atm (DISIDBRATlmlS 

A. Tb~ Waste Rock Storage Facility Tbe location and size of 
the .aste Rock Storage Facility is present tn Figure No.1 and it ! 
will be observed that tbe rock pile will cover an area 
approximately 800 feet wide and a 1,000 feet long. 'e understand " 
tbat tbe waste·rock pile will have a height of about 140 feet. We 
also understand tbat the material within tbe waste rock pile will t, 
consist of particle sizes ranging from sand size material to cobble l~ 
size material. It is anticipated tbat the material wi thin the 
waste rock pile will beden~ified in a reasonable manner during tbe 
construction. operations. f 

It is apparent that within tbe vicinity of Drill Hole No.3, II 
as shown in Figure No.1, tbe subsurface material beneath the rock I' 
pile will consist of overburden ~aterial to a depth of about 55 . ~ 
feet. In the middle of tbe rock pile J however, wbere Drill Hole !\ 
Nos. 1 and 2 are located. bedrock was encountered at a dept~. of f 
about 6 feet below the existing ground surface. It is appar e' P RPORATED;l 
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therefore, that the south easterly side of the rock pile w1ll be 
the most critical area in so far as the stability of the rock pile 
1s concerned. A stability analysis bas been preformed for the rock 
pile, assuming that the subsurface soil profile beneath the rock 
pile is characterized by the subsurface material in Drill Bole No. 
3. This section correspond's to section AA shown in Pigure No.1. 
It will be observed from this test boring that the upper 20 feet 
of the soil profile consists of a brown silty sandy gravel while 
the subsurface material between a depth of 25 feet and 53 feet is 
cohesive material. 

The shear strength parameters for tbe gravelly material in the 
upper portioD of the soil profile have been inferred from the 
results of the standard penetration tests, while the 
characteristics of the subsurface material between a depth 01 25 
feet and 53 feet have been determined from triaxial and direct 
shear tests. The shear strength parameters for the rock pile have 
be inferred from our experience with this type of material. The 
stability analysis has been performed for ·various site slopes and 
for various heights of the waste rock pile. The ground 'Water level 
in the overburden material bas assUIIled to exist at a depth of 
approximately 55 feet below tbe existing ground surface. 

The stability analysis bas been performed using a computer 
model of Spencer's Metbod. The computer model, known as UTEXAS2, 
was developed by Steven Wrigbt at the University of Texas. This 
model is presently being used by tbe Corp of Engineers and we 
believe it is an acceptable method for solving limiting e~uilibrium 
problems. The results of tbe stability analysis is presented in 
Figure No. 12. The sbear strength parameters used for eacb of the 
materials with in the embankment and tbe subsurface profile are 
shown in this figure. Tables shown in Figure No. 12 indicates the 
factor of safety for a waster rock pile having various heights and 
side slopes. Factors of safety were obtained for both shallow 
failure surfaces and deep failure surfaces. The critical failure 
surface for side slopes of 2 horizontal to 1 vertical for both 
shallow and deep failures are shown in ~1gure No. 12~ It is 
apparent from 'this table tbat side slopes of 2 horizontal to 1 
vertical will be required to provide a stable slope for a rock pile 
140 feet high having a factor of safety of 1.5. 

A stability analysis bas also been performed for a subsurface 
profile cbaracteristic of Drill Hole Nos. 1 and 2. This case 
corresponds to the section designated as BB in Figure No.1. The 
results of this analysis is also presented in Figure Ro. 12. This 
analysis indicates that side slopes of 2 horizontal to 1 vertical 
will also be requIred for a rock pile height of 140 feet. It is 
recommended, therefore, that the rock pile located as shown in 

. Figure No. 1 been constructed using side slopes of 2 horlzont¥;l.-,rt;A rn0 I\T~n 
1 vertical. l fu jI" .'; ,f>" i .. r; 
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B. Stacking Tube and Coal Pile It is our understanding that 
the stacking tube will be 85 feet high and will bave a diameter of 
14 feet. The stacking tube will be supported on a rectangular 
concrete cell, wbich will connect to tbe reclaim tunnel. Tbe 
reclaim tunnel wlll consists of a 13 foot diameter multi-plate 
conduit a 180 feet long. We understand tbat tbe stacking tube will 
have a weight of 750 kips. It is anticipated that tbe rectangular 
cell will be supported on a mat foundation located at least 15 feet 
below the existing ground surface. It is apparent from tbe log for 
Test Bole No.4, that tbe zone of significant stress for tbe mat 
foundation for tbe stacking tube will exist primarily witbin tbe 
brown silty sandy gravel. 

In order to size tbe mat foundation for the stacking tube, the 
bearing capacity cbart. shown in Figure No. 13, bas been prepared 
for tbis site. Tbe ground water level bas been assumed to exist at 
the bottom of tbe mat. In preparing the bearing capacity chart, 
consideration bas been given to botb shear failure and differential 
settlement. The lines sloping upward to tbe right define the 
allowable solI bearing pressure with respect to sbear failure using 
a factor of safety of 2.5. The curve sloping downward to the ,right 
defines the allowable soil bearing pressure sucb that the maximum 
settlement of any footing will pot exceed 1 incb. 

If the foundations for tbe proposed facility are sized in 
accordance with Figure No. 13, the maximum settlement of any 
footing will not exceed one inch and differential settlement 
throughout the structure sbould not exceed 0.5 incb, whicb. In our 
opinlon, will be satisfactory for the proposed structure • 

The rectangular cell supporting the stacking tube wl1l be 
subjected to the lateral pressures associated witb the granular 
material. In providing lateral eartb pressures for designing tbe 
rectangular cell. it has been assumed that the walls of the cell 
wlll be restrained from aDY movement duriDI tbe backfilling 
operations. Under these conditions, we recommend that a lateral 
earth pressure coefficient of 0.45 be used to design the walls of 
the structure. Tbe lateral eartb pressure intenSity at any depth 
along the wall should be calculated using the fo1lowinl equation: 

P = Kyh 

P = earth pressure intenSity at any height 
K = earth pressure coefficient 
y - unit weight of the granular backfill 
h = beight of tbe eartb material above the point on be ~ ,",_ ._ ..... 

wall -. \., r.: ..... "f - o =_ 
4 39 
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It is our understanding that the coal pile will be 
approximately 80 feet high and that the slope of the pile will be 
approximately equal to the angular repose for the coal which is 

' , I approximately 1. 5 horizontal to 1 vertical. Since the foundation . , 
1.'; material is granular type solIs t the amount of settlement under the 

weight of the coal pile will not exceed a few incbe~. It Is 
r.:· recommended t however, that the overburden weight associated with 

the coal pile be used in calculating the total lateral earth 
pressure per lineal foot of wall for the rectangular cell • 

. . 
'" ." ....... , .•.. 

Yl 
f:J 

4. SITE PBKPABATIOB. BXCAVATIOlf COIISIDBRATIOB8. AlQ) COIIPACTBD :rILL 
RBQUIIlBImNTS 

The location where the stacking tube will be located is 
presented in Figure No.2. Site preparatioD for tbis area will 
involve the leveling of tbe Site along witb the excavation 
necessary to install tbe rectangular cell and the reclaim tunnel. 
As indicated earlier in tbis report, at the end of the drilling OD 
August 1, the wasb water in the drill bole was bailed down to the 
bottom of the bole at a depth of 35 feet. The follOWing morning, 
bowever. tbe water level in the bole had risen to a deptb of 
approximately 16 to 17 feet below tbe existing grouDd surface. If 
the excavation for the reclaim tUDnel and the rectangular cell 
extends below a depth of 16 to 17 feet, excavation below the ground 
water level should' be anticipated. Side slopes for all excavation 
in tbe development area should be at least 1.5 borizontal to 1 
vertical. Flatter slopes may be required, bowever, if the 
excavation proceeds much below tbe ground water level. 

The onsite material can be used as backfill material around 
tbe reclaim tunnel and the rectangular cell. We recommend that all 
backfill material be densified to an in-place unit weight equal to 
90 percent of the maximum laboratory density as determined by AST» 
D 1557-78. It is recommended that sufficient quality control be 
performed during the backfilling operatioDs to insure that "the 
densification recommendations are complied with. 

5. TIIK BESOLTS 0., .,IELD AIID T.AlMlBATOBY !'BSTS 

The field and laboratory tests performed during this 
investigation to define the characteristics of the subsurface 
material throughout the proposed s1 te included standard penetration 
tests, At terberg Limi ts, mechanical analyses, unconfi~~~ 
compressive strengtb, direct shear tests t and triaxial shear tes't~C;:; ,-=- :;:::·.--::-::
Tbe standard penetration tests have been previously discussed a~~ 'i 

' .• / \i ? n ~r_cr""o 
4-40 . .. 'J ('-.J 
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the results of these tests are shown on the boring logs. The 
Atterberg limits performed on the cohesive materIal throughout the 
soil profile at this site indicate that these ~terials classify 
as either an IIL- or a CL-l-type material. The results of the 
mechanical analysis performed on a number of the samples obtained 
from Test Bole No. 3 and 4 indicate that the granular material 
contained material in the silt and clay size range varying from 
about 14 percent to about 26 percent. 

The unconfined compressive strength of the shale was 
determined on undisturbed samples obtained from Test Bole No. 1 and 
2. The results of these test are shown in Table No.1 and it will 
be observed that the unconfined compressive strength of the shale 
varied from about 2,300 pounds per square inch to about 2,900 
pounds per square inch. The shea.ring strength of the cohesive 
materials in Test Bole No. 3 were evaluated by performing three 
consolidated drained direct shear tests on representative samples 
obtained at a depth of 7.5 to 9.0 feet below the ground surface and 
three consolidated drained direct shear tests on representative 
samples obtained at a depth of between 40 and 41.5 feet below the 
existing ground surface. The results of these tests are presented 
in the form of a Mohr Envelope in Figure Nos. 14 and 15 and it will 
be observed that the friction angle of 28 degrees and 31 degrees 
were obtained, respectively, for these materials. 

Consolidated drained triaxial shear test were also performed 
to define the strength characteristics of the cohesive material in 
Test Bole No.3. The results of three consolidated drained 
triaxial shear tests performed on representative samples obtained 
form Test Bole No. 3 at depth of between 25 to 26.5 feet are 
presented in Figure No. 16. Also the results of three consolidated 
drained triaxial shear test performed on representative samples 
obtained from Test Bole No. 3 at a depth of 30 to 31.5 feet are 
shown in Figure No. 17. It will be observed from these two figures 
that friction angles of 27 degrees and 29 degrees were obtained 
respectively for these materials. The friction angles for the 
granular material in, Test Bole No. 3 were obtained from 
correlations between -the standard penetration value and friction 
angle from materials of this type. 

The conclUsions and recommendations presented in this report 
are based upon the results of the field and laboratory tests which, 
in our opinion, define the characteristics of the subsurface 
material in the development areas in a reasonable ma.nner. It 
should be recognized that earth and rock fill materials are 
heterogeneous and that conditions ma.y be encouDtered between the 
test borings drilled at this site which could not be completely 

(r'iC'- r:~ ~ I ~ : .~~: 
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defined during this investigation. If during construction 
conditions are encountered which appear to be different than those 
presented in the report t 1 t 1s requested that we be advised in 
order that appropriate action may be taken • 

Yours truly, 

INC. 
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Table No, 1 SUMMARY OF TEST DATA 
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September 29, 1989 

Utah Power & Light Company MinIng Division 
P.O. Box 310 
Huntington, UT 84528 

ATTN: Tom Faucheux 

Gentlemen: 

l' ., ~. 
~ •• .....-J 

12, 

ROLLINS, 
BROWN and 

GUNNELL, 
INC I'r"Ii:",,"~1 

• t'lljtUlt:t't:-. 

In accordance with your request we have completed the soil testing 
on four samples for the Waste Rock Storage Facility near the Wilberg 
Kine in Emery County t Utah. These tests included m01sture density 
tests , laboratory permeab1li ty tests t and direct shear tests. The 
results of the moIsture density tests are presented in Figures No. 1 
& 2. It wlll be noted that the material used in the sample defined by 
Figure No. 1 was a combined sample of samples 1 • 2. The test result 
shown in Figure No. 2 is a combined sample of samples 3 & 4. It will 
be observed that the in-place density varied from 118.8 to 123.8 while 
the optimum moisture content varied from 12.5 percent to 11.6 percent. 

The results of the laboratory permeability tests are tabulated below 
as follows: 

Sample Number 
Samples 1 & 2 Comb1ned 
Samples 3 & 4 Comb1ned 

Permeability Coefficient (ft/year) 
0.90 
0.55 

The results of the direct sbear tests are presented in F1gure Nos. 
3 and 4. It will be noted that Figure No. 3 corresponds to Samples 1 
and 2 combIned while FIgure No. 4 corresponds to Samples 3 and 4 
combined. It wIll be noted that Samples 1 and 2 combined had a 
cohesion of 7 psi and friction angle of 32.7 degrees. Samples 3 and 
4 combined has a cohesion of 3 psi and a friction angle of 26.6 
degrees. It should be noted that all of the direct sbear tests were 
performed under consolIdated drain condit~on. 

Yours truly, 

ROLLINS, BROWN AND GUNNELL, INC. 

R~~£,.a,~ 
Ralph L. Rollins, P.E. 

Enclosures 
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TRAIL MOUNTAIN MINE 

R64S-301-600: Geology 

R645-301-610 Introduction 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The geology of the Waste Rock Storage Facility is fairly simple and straightforward. This site is 

located on the southern flanks of East Mountain south of Newberry Canyon. Rocks exposed in 

the area are marine derived mudstones in the lower portion of the Masuk Member of the 

Mancos Shale. The Masuk Shale on the bench which adjoins the proposed site on the north 

and east is covered by a five to twenty foot thick layer of terrace gravel of Quaternary age. 

North-south treading normal faults has disrupted the strata in the region. However, no faults 

are known to exist within the area of the Waste Rock Storage Facility. 

R645-301-620 Environmental Description 

The oldest rocks exposed in the region are part of the marine Mancos sequence deposited in 

Late Cretaceous time. This formation contains several alternating units of off-shore marine 

mudstones and near-shore marine sandstones. This discussion will address only the two upper 

members of the Mancos which are the Emery Sandstone and the Masuk Shale in ascending 

order. 

Emery Sandstone 

The Emery Sandstone member of the Mancos Shale is comprised of several upward fining 

transgressive sandstone deposits. To the east, where the Emery Sandstone is exposed on the 

surface, it is approximately 800 feet in thickness. However, subsurface data collected from the 

gas wells near the site indicate that the Emery Sandstone is positioned about 600-800 feet 

beneath the proposed waste rock site and is probably very thin (100 feet). Regionally, this 

member is water-bearing and may be classified as a limited regional aquifer. However, its 

importance as an aquifer is minimal in respect to other major water-bearing formations located 

at depth (Navajo and Wingate Sandstones). 

Masuk Shale 

The Masuk Member of the Mancos Shale overlies the Emery Sandstone and consists of light to 

medium gray marine mudstones. It forms the bedrock in the vicinity of the site. The Masuk 

Shale is generally devoid of significant water. However, it does transport smaliNa ,..o!J,l)ts of _ .. _~_ 
I Ql1r\Jt"l/-1. iCL,' 

water along fractures present in the rock. 

~:;."w 2 0 2015 

Qiv. €If Oil, (;~ .) 01 f\i1ininc 
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TRAIL MOUNTAIN MINE 

Terrace Gravels 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The benches surrounding the north and east sides of the Waste Rock Storage Facility are 

covered by a Quaternary terrace gravel deposit. These gravels are located on a gentle slope 

leading down from the base of the southern tip of East Mountain and are thought to be glacial 

outwash in origin. The gravel deposits are five to twenty feet in thickness and are moderately 

permeable. Because of this, much of the rainfall percolates into these deposits and flows down 

dip toward Grimes Wash and Cottonwood Creek. 

Alluvial Valley Floors 

There are no alluvial valley floors within the Waste Rock Storage Facility. The nearest one is 

located in Straight Canyon approximately 2 miles to the south. This alluvial valley floor has 

been shown to contain groundwater but the operation of the waste rock site should have no 

impact on the quality or quantity of the water it contains due to the impermeability of the 

Masuk Shale separating the site from the alluvial valley floor. 

Structure 

The stratum in the area of the waste rock site is dipping gently in a westerly direction into the 

Straight Canyon Syncline (2 to 3 degrees). The nearest known fault to this area is the Pleasant 

Valley Fault which is located approximately one mile to the north where its displacement 

terminates. No faults exist in the area of the proposed site. 

Regionally, the stratum contains a set of vertical joints trending in both a northwest and 

northeast direction. It is hard to identify jointing in the weathered Masuk shale outcrops, but in 

fresh cuts the joints appear to be wide spaced. Very limited amounts of ground water migrate 

down these fractures because the clays present in the rock swell when in contact with water, 

thus sealing the fractures. 

R64S-301-624 Geologic Information 

As part of the preparations to construction of the Waste Rock Storage FaCility, a geotechnical 

investigation was performed by Rollins, Grown and Gunnel Inc. in 1989. This document reports 

the existing site conditions, subsurface soil and water conditions, foundations considerations 

and recommendations, site preparations and compacted fill requirements, and results of field 

and laboratory tests. Refer to this report in R64S-301-S00 Engineering, Appendix' .COr-it ORA-, '.::~'" 
L:.I..J 
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TRAIL MOUNTAIN MINE 

R645-301-700: Hydrology 

R64S-301-710 Introduction 

R64S-301-711.200 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-06S027 

The Waste Rock Storage Facility encompasses a dry wash which flows water for a short time 

immediately following a storm. Water from this wash flows into Grimes Wash which is located 

about 2 miles to the southeast, which in itself is ephemeral. Grimes Wash then flows to the 

south for approximately 2 1/2 miles where it intersects Cottonwood Creek. 

Not all runoff from storms flow into the drainages. Some of the rain water migrates into the 

terrace gravels, where present, and flows down dip toward Grimes Wash and Cottonwood 

Creek. The waste rock disposal site should not impact this water occurrence because it is 

located at a lower elevation than the gravel terraces. Very limited quantities of ground water 

may be present by way of fractured permeability in the Masuk Shale. 

The Mancos Shale typically contains large quantities of soluble minerals such as gypsum thus, 

any water passing through it or eroding it will be naturally high in dissolved solids. 

R645-301-724 Baseline Information 

Baseline information for hydrologic, geologic, and climatologic information for the area of the 

Waste Rock Site is described in the sections below. 

R64S-301-724.100 Ground Water In/ormation 

Initially three test wells (drill holes 1, 2 and 3) were drilled within the Waste Rock Storage 

Facility to identify the soil conditions present (see Map 4-3). At each drill-hole location, water 

introduced in the hole from drilling was bailed from the drill hole at the end of the day. The 

next day the water level was checked and in most cases, the water level would rise. Drill holes 

1 and 2 were cement filled upon completion to prevent any unnatural groundwater migration 

to occur, but drill-hole No. 3 was cased. Groundwater in this hole was intersected at the 

bedrock contact at 50 feet. The upper 55 feet of drill-hole No. 3 consisted of unconsolidated 

material followed by weathered shale to 63 feet, and the remainder of the hole was a solid 

gray, silty shale. An attempt to sample the water in drill-hole No.3 was made on September 11, 

1989 but the hole was dry to a depth of 62 feet where the casing was silt ID ck '~r 'CrH\icu 

R645-301-700: Hydrology 1 May 2015 
,A( 2 6 ' 015 

Div. of Oii, Gas ;; jvlining 



) 

TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

November 29-30, 1989, an additional hole (No.4) was drilled adjacent to hole No.3 (see Map 

4-3). Drill-hole No. 4 was drilled to a depth of 87 feet and will serve for groundwater 

monitoring. The data collected during the original drilling program and subsequent drilling 

indicate that groundwater enters the hole between a depth of 45 to 63 feet and stabilizes at 

approximately 56 feet. The hole was cased from 37 feet to 87 feet depth with 1 1/2 inch 

schedule 80 slotted PVC pipe and with solid riser from 37 feet to the surface. The slotted 

section was gravel packed and a bentonite seal was placed above the slotted section to prevent 

cement, utilized to seal the upper portion of the hole, from migrating into the gravel section. A 

locked well cap was installed to protect against outside contamination. 

Baseline analysis was performed after a one-week stabilization period. It was apparent from 

the first sample that the hole still contained an elevated suspended solid content. In an 

attempt to reduce the amount of suspended solids the hole was purged with water until the 

discharge from the well was clear. Baseline analysis was again performed after a one week 

stabilization period. The suspended solid was still elevated but some improvement was 

noticed. Due to the suspended solid content, a third sample was collected and filtered before 

being fixed with acid to improve the accuracy of the results. As anticipated with groundwater 

associated with the Mancos Shale formation, the dissolved solids were extremely high and 

dominated by calcium, chloride, magnesium, sodium, and sulfate Refer to Appendix A for 

application for water well construction, and Appendix B for well water quality sampling results. 

Although two years of baseline data were not collected specifically at the waste rock site, the 

samples discussed above are consistent with other Mancos influenced samples. To augment 

the data from the samples taken on-site, sampling continued through construction of the 

facility; thus providing at least one year's site-specific data prior to actual operation. Sampling 

of the waste rock well (WCWR) has continued since the construction of the facility and will 

continue until final reclamation of the site. Sampling is conducted on a quarterly basis or four 

(4) times per year. Refer to the annual report for current quality data for WCWR. 

R645-301-700: Hydrology 2 May 2015 
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TRAIL MOUNTAIN MINE 

Aquifer Characteristics of the Terrace Gravels 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The geologic section of the Waste Rock Storage Facility discusses the terrace gravels that 

surround the area. These gravels were deposited by glacial outwash and form a cap on the 

slopes leading down from East Mountain to the north and west. The thickness of these terrace 

gravels generally increases as one progresses down slope away from the mountain. Also, the 

lower contact of the gravels is unconformable and as such its thickness varies with 

paleotopography. A good example of this is at Test Hole No.3 where the terrace gravel is 55 

feet thick and its base is much lower there than where it is exposed in the dry wash to the west. 

Although the terrace gravels are more permeable than the Mancos Shale that they overlay, 

permeability tests indicate that both soils are impervious (permeability coefficient 0.90 and 

0.55 ft/yr respectively, per Rollins, Brown and Gunnel letter dated 24 September, 1989, page 4-

62). On the down slope side of the Waste Rock Site, the base of the terrace gravel is exposed. 

No springs or damp areas exist along this contact which indicates that the limited recharge into 

this region is not sufficient to cause formation saturation. The recharge is most likely in balance 

with transpiration that occurs. 

The design of the Waste Rock Storage Facility is such that any water that flows into the site 

either from precipitation or from the terrace gravels will migrate to the southeastern portion of 

the site where a sedimentation pond is located. 

R645-301-724.200 Sur/ace Water In/ormation 

The areas around the Waste Rock Storage Facility contain ephemeral washes where surface 

water flows for short periods of time immediately following a storm event. This surface storm 

water is diverted around the site where it eventually flows into Grimes Wash approximately 

two (2) miles to the southeast. Grimes Wash then flows to the south for approximately 2 1/2 

miles where it intersects Cottonwood Creek. All storm water which flows within the boundaries 

of the disturbed areas of the site, is diverted through a sedimentation structure prior to being 

discharged into the natural drainageways. 

The Mancos Shale typically contains large quantities of soluble minerals such as gypsum. 

Therefore, any water passing through it or eroding it will be naturally high in dissolved solids. 

R645-301-700: Hydrology 3 
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TRAIL MOUNTAIN MINE 

R645-301-724.400 Climatological In/ormation 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

Rocky Mountain Power has maintained a weather station on East Mountain which is located 

two miles to the northeast from the Waste Rock Storage Facility since 1979. Historical records 

collected there show an average of 12.5 inches of precipitation annually. Much of this 

precipitation comes in the form of late summer thunder showers. This weather station is at a 

much higher elevation and consequently receives higher precipitation than at the Waste Rock 

Storage Facility. It is estimated that the site itself receives about 7-9 inches of moisture 

annually. 

Temperatures in the area range from highs in the upper 90's to lows to -10 degrees below zero. 

The area experiences a frost-free period of about 120-140 days annually. 

R645-301-728 Probable Hydrologic Consequences (PHC) Determination 

The Waste Rock Storage Facility is located in an area which is very dry from a standpoint of both 

surface and groundwater. The only time surface water flows is during storm events. Also, the 

geotechnical study performed by Rollins, Brown and Gunnel Inc. shows that the near surface 

permeability is very low, being measured in terms of feet/year. The groundwater present in the 

Mancos Shale strata is high in total dissolved solids as documented in Hydrology of Area 56, 

Northern Great Plains and Rocky Mountain Coal Provinces, Utah, published by the U. S. 

Geological Survey in 1983. Rocks from the strata in the Blackhawk formation normally 

contributes less TDS to the groundwater. Therefore, because of the lack of surface and 

groundwater in the Waste Rock Storage Facility and the fact that what surface water does occur 

during storm events will be diverted around the site, this facility will not have any negative 

impacts on the hydrologic regime of the area. As discussed on earlier, the nearest alluvial valley 

floor is approximately two (2) miles from the site. 

R64S-301-730 Operation Plan 

R645-301-731.100 Hydrologic Balance Protection 

All rain water that falls onto the disturbed area of the Waste Rock Storage Facility and forms 

surface runoff, shall be collected in diversion ditches and diverted into a sediment I Cl p ~j~rto --::0 
discharge into the surrounding ephemeral drainage systems. 
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TRAIL MOUNTAIN MINE 

R645-301-731.220 Surface Water Monitoring 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

The applicant commits to monitoring the surface waters surrounding the Waste Rock Storage 

Facility throughout the permit period. This monitoring shall include the measurement of 

quantity and quality of the water that is discharged from the sediment pond. Reasonable effort 

shall be made to measure the natural drainage during storm events in that it is almost always 

dry. The sediment pond discharge samples collected shall be analyzed as specified in UPDES 

permit (refer to Appendix Volume, Appendix 7). 

R645-301-740 Design Criteria and Plans 

This permit contains site specific plans that incorporate minimum design criteria for the control 

of drainage from the disturbed and undisturbed areas. Drainage control is accomplished by 

means of diversions ditches and a sedimentation pond. 

R645-301-742 Sediment Control Measures 

Sediment control measures include practices carried out within and adjacent to the disturbed 

area. The sedimentation storage capacity of practices in and downstream from the disturbed 

areas will reflect the degree to which successful mining and reclamation techniques are applied 

to reduce erosion and control sediment. Sediment control measures consist of the utilization of 

proper mining and reclamation methods and sediment control practices, singly or in 

combination. Sediment control methods include, but are not limited to: 

a. Retaining sediment within disturbed areas; 

b. Diverting runoff away from disturbed areas; 

c. Diverting runoff using protected channels or pipes through disturbed areas so as 

not to cause additional erosion; 

d. Using best management practices (BMP's) to reduce overland flow eJocities, 
NCC,-~; :-- C~ 

reduce runoff volumes and trap sediment. 
,.. ---~--.., 

R645-301-742.220 Sediment Ponds :Jiv.(p~()·' '.' -~,"'" "'1" 

., )11, UiJ.:, (~ i'vliiliii:l 

Runoff from the area above the Waste Rock Storage Facility will be diverted into a ditch 

designed for the 100 year, 6 hour storm event. This runoff, as well as runoff from areas within 

the site will be diverted into a sediment pond which will contain the runoff of a 10 year, 24 hour 

storm with a spillway designed for the 25 year, 6 hour storm event. Refer to Appendix C for 

R645-301-700: Hydrology 5 May 2015 



TRAIL MOUNTAIN MINE 

sediment pond design. 

R645-301-742.230 Other Treatment Facilities 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

During the design process it was found that there some disturbed areas which could not be 

reasonably treated by the sedimentation pond due to remote geographic locations, and which 

could not meet effluent limitations without treatment. These areas are considered Alternative 

Sediment Control Areas (ASCA). These areas will be treated by best management practices 

(BMP's) which include, but are not limited to: silt fences, berms, catch basins, vegetation, 

sediment filters, rolled erosion control products. ASCA areas present at the Waste Rock 

Storage Facility include the access road and the subsoil pile. Refer to Plate 4-2 for location of all 

ASCA areas with this site. Also refer to Appendix C for the design of drainage control structures. 

R645-301-747 Disposal of Non-Coal Mine Waste 

Inherently, non-coal mine waste finds its way into the coal produced from the underground 

mining process. This waste is transported out of the mine with the produced coal. During 

breaking and screening (sizing) of the coal product, coal mine waste (refuse) is removed and 

separated from the final coal product. This waste stream is transported to the Waste Rock 

Storage Facility for permanent disposal. 

As required by R645-301-528.330, non-coal wastes including, but not limited to, grease, 

lubricants, paints, flammable liquids, garbage, ..... , and other combustible materials generated 

during mining activities will be disposed of in a solid waste disposal area. Non-coal wastes 

found in the storage pile are removed prior to permanent placement of the material. The non

coal waste is temporarily stored at the site until such time it can be transported off-site to a 

proper solid waste disposal site. 

R645-301-748 Casing and Sealing of Wells 

The water well located at the Waste Rock Storage Facility shall be cased, sealed, or otherwise 

managed, as approved by the Division, to prevent acid or other toxic drainage from entering 

ground or surface water, to minimize disturbance to the hydrologic balance, and to ensure the 

safety of people, livestock, fish and wildlife, and machinery in the permit and adjacent area. 

The well has been provided with a steel casing and cemented in place at the sui a~2~ {de ~J eD 

end cap is installed to prevent unauthorized access to the well. r<!W 2 0 (01) 

R645-301-700: Hydrology 6 
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TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

R645-301-750 Performance Standards 

All coal mining and reclamation operations will be conducted to minimize disturbance to the 

hydrologic balance within the permit and adjacent areas, to prevent material damage to the 

hydrologic balance outside the permit area and support approved postmining land uses in 

accordance with the terms and conditions of the approved permit and the performance 

standards of R645-301 and R645-302. For the purposes of SURFACE COAL MINING AND 

RECLAMATION ACTIVITIES, operations will be conducted to assure the protection or 

replacement of water rights in accordance with the terms and conditions of the approved 

permit and the performance standards of R645-301 and R645-302. 

R645-301-751 Water Quality Standard and Effluent Limitations 

Discharges of water from areas disturbed by coal mining and reclamation operations will be 

made in compliance with all Utah and federal water quality laws and regulations and with 

effluent limitations for coal mining promulgated by the U.S. Environmental Protection Agency 

set forth in 40 CFR Part 434. 

If the site receives a storm greater than the designed capacity of the sediment pond, discharge 

from the sediment pond will be routed through the designed emergency spillways and into the 

ephemeral drainage. Discharge from the sediment pond would constitute an emergency 

situation and comply with State of Utah Department of Environmental Quality Division of Water 

Quality storm water regulations. 

R645-301-752 Sediment Control Measures 

Sediment control measures will be located, maintained, constructed and reclaimed according to 

plans and designs given under R645-301-732, R645-301-742 and R645-301-760 {refer to 

Appendix C: Drainage Control Plan for deSign, construction and 

controls for the Waste Rock Storage Facility). 

maintenance Iflfc~ . i ~nt 
MATED 

:'L;>W 2 0 ')Oir 
'- IJ 

At reclamation of the Waste Rock Storage FaCility, pocking (or surface roughen i g) ·1 if. ~:ed .. 

to intercept and trap sediment on a microscale. Roughening also collects moisture, wni~hMmlOg 
improves vegetation establishment and consequently prevents erosion. Pocking is highly 

recommended for moderate to steep slopes (up to lh:1Xv) but is also useful for flat or gently 

sloping areas with erosive soils and arid climates. Pocks are created by the use of a track-hoe 

shovel to dig, poke, or push basins with a minimum depth of eighteen inches. These basins 

should be 1 X to 2 feet deep and have the width of the bucket. This allows the basins to be up 

R645-30 1-700: Hydrology 7 May 2015 



TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

to four feet wide. The most common construction method is to dig a bucket load of soil and 

then drop it 2 to 3 feet above the soil surface. Repeat this process in a random and overlapping 

pattern, making it impossible for water to flow down slope. 

Sediment control shall be maintained as runoff will be limited or eliminated by ponding water 

within the pocks. To illustrate the effectiveness of the pocks for controlling erosion and 

sedimentation, the revised universal sediment loss equation is used in a modeling program as 

discussed below (UDOGM, Practical Guide to Reclamation in Utah, pg 106). 

Justification to control runoff is made by utilizing the computer program RUSLE2. This program 

solves a set of mathematical equations that compute values for rill and inter-rill erosion on the 

overland portion of the landscape. The user inputs variables to describe the site conditions 

such as climate, topography, soils, management practices, etc. to compute estimates for soil 

loss within the site. 

Three areas were modeled using RUSLE2. These areas are the reclaimed berms of the refuse 

pile, the reclaimed top of the pile, and the reference area immediately north of the pile. The 

reference area was chosen because it is a main contributor of sediment near the site. 

Variables used are those listed in the database files of the RUSLE2 program version 2.0.4.0. Not 

all variables are directly representative (i.e. location) of the site conditions; however they were 

similar to the conditions found at the site. 

Results of the modeling calculations showed that sediment contributions from the pile are 0.23 

t/ac/yr (top of reclaimed pile) and 0.16 t/acfyr (reclaimed berms). The soil loss eroded portion 

of the reclaimed berms computed a 2.6 t/ac/yr. However, because of how terraces are 

constructed on the berms during reclamation, the program credits for deposition of sediment. 

The reference area calculations (or soil loss from areas out of the permit area) showed 

sediment contributions of 16 t/ac/yr. The yield from this area is appreciably more than the 

sediment contributions from the reclaimed area. Therefore, a case is made that shows there 

will be no additional contributions of suspended solids to areas outside of the permit area than 

what naturally exist. Refer to Appendix XXII to review the Erosion Calculation/Worksheets. 
NCORPORi\TED 

i\,LW 2 0 701) 

Oiv, ot Oil, (;(l~' :i ;'ofi:' '!" . 
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TRAIL MOUNTAIN MINE 
WASTE ROCK STORAGE FACILITY 

VOLUME 4: UTU-065027 

752.100 

752.200 

752.210 

752.220 

752.230 

752.240 

752.250 

Siltation structures and diversions are located, maintained, constructed 

and will be reclaimed according to plans and designs given under R645-

301-732, R645-301-742 and R645-301-763. 

Road Drainage. Roads are located, designed, constructed, reconstructed, 

used, maintained and will be reclaimed according to R645-301-732.400, 

R645-301-742.400 and R645-301-762 and to achieve the following: 

Control or prevent erosion, siltation and the air pollution attendant to 

erosion by vegetating or otherwise stabilizing all exposed surfaces in 

accordance with current, prudent engineering practices; 

Control or prevent additional contributions of suspended solids to stream 

flow or runoff outside the permit area; 

Neither cause nor contribute to, directly or indirectly, the violation of 

effluent standards given under R645-301-751; 

Minimize the diminution to or degradation of the quality or quantity of 

surface- and ground-water systems; and 

Refrain from significantly altering the normal flow of water in streambeds 

or drainage channels. 

R645-301-753 Impoundments and Discharge Structures 

Impoundments and discharge structures have been located, maintained, constructed and will 

be reclaimed to comply with R645-301-733, R645-301-734, R645-301-743, R645-301-745 and 

R645-301-760. The sediment pond will be reclaimed no sooner than two years after the last 

augmented seeding of the reclaimed berms and soil storage pile locations. 

R645-301-755 Casing and Sealing of Wells 

All wells will be managed to comply with R645-301-748 and R645-301-765. The water well will 

be cased, sealed, or otherwise managed, as approved by the Division. INCOFlPORATEO 

;'c~;,W 2 D "'0'. r. • •. lj 

_______________________________________________________ O_iv~.o~·t~O~iI~(~Ja~~~d~n4~· 

" fil ing 
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R64S-301-760 Reclamation 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

Before abandoning a permit area or seeking bond release, the PacifiCorp will ensure that all 

temporary structures are removed and reclaimed, and that all sedimentation ponds, diversions, 

impoundments and treatment facilities meet the requirements of R64S-301 and R64S-302 for 

permanent structures, have been maintained properly and meet the requirements of the 

approved reclamation plan for permanent structures and impoundments. PacifiCorp will 

renovate such structures if necessary to meet the requirements of R64S-301 and R64S-302 and 

to conform to the approved reclamation plan. For complete discussion related to the 

reclamation plan for the Waste Rock Storage Facility refer to R64S-301-S00 Engineering, and 

Plates 4-7 and 4-12 in the Maps Section. 

R645-301-763 Siltation Structures 

It is planned for the sediment pond to be removed during the reclamation of the CetteRweea 

Waste Rock Site as outlined in R64S-301-S40. State and Federal regulation require such 

structures to remain for at least two years after the last augmented seeding unless removal is 

authorized by the Division. For the Division to authorize removal a case must be made by the 

permittee that removal of the siltation structure will not contribute additional suspended solids 

to stream flow or runoff outside the permit area. 

R645-301-765 Permanent Casing and Sealing of Wells 

When no longer needed for monitoring or other use approved by the Division upon a finding of 

no adverse environmental or health and safety effects, the water well shall be abandoned and 

provided a watertight barrier to the migration of water in the well bore, in the annular spaces 

or in fractures and openings adjacent to the well bore. Well abandonment shall be conducted 

as approved by the Division. 

R645-301-700: Hydrology 10 
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DIVISION OF HATER RIGlrI'S 
REJJUEST FOR l-DNrroR \'lELL CONSTRUCl'lot~ 

APP~CMns NNm ______ ~U=ta=h~P~o=w~e~~~&~L~i~i~h~t_-~~~~i~n~in~i~D~i~v~is~i~o~n ______________________ __ 

APPL[~ ADDRESS __ ~P~,~Q~,~8~ox~3~1~0~,~H~u~n~t~jn~g~t~o~n~._U~T~~8_4~5_28~ ________ ~ __________ __ 

..1'IDIVIrxJAL CONTAcr _----'C .... h ..... a .... r""'l e .... 5.---..A~.--""Se .... m ...... h .... o ... r ..... 5 .... k 1 ..... • / ..... y ..... a ..... l .... E_.__ ...... p ....... aYly ..... n ..... e _______ ---'6 .... 8.u.7=-9 .... S~2 ..... ] __ 
Name {ilone 

~ ~~ ~ER ____ U_ta_h __ P_o_w_e_r __ &_L_i~g~h_t_C_o_. _____________________________ __.ee 

PROP:lSED NUMBER OF WEUS ___ 1 ___ DI1'IMEI'ERS, __ ---.;:3~-..;,.7;,.,/8;,.,'_' __ APPnOX. DEPI1LS __ 8~7_' __ _ 

'IYPE OF CCMPI..EI'IONS __ 2_-_in_c_h~I_D __ sl_o_t_te_d~p-"V..;.C ......... p ..... ip,-,e,--_________________ _ 
'(casing, intake, 
gravel pack, grout, _____________________________________ _ 
etc.) . 

~ ENGn~GER _____ ~R..;,.o=dg~e~r~C~,~F~ry~ ____________________ ___ 
Name 

P. o. Box 310, Huntington I UT 84528 687-9821 
Address Fbone 

. GENERAL I.DCATION DESCRIPl'ION . Cottonwood Vane Waste Rock Storage Site a:xJlrr'i Elilery 

WEllS rn COMJUNCl'lON WI'lH (lEAKING) UNDERiROUNO STORAGE TANJ<S _..,4;XIo..-___ 
Yes No 

Nl\ME OF LICENSED DRILLER N/A L1<::::DlSE I ________ _ 

PRQFOSED OONSTRUCI'lON DATE November 1989 ANI'ICIPATEO a:MPl.EI'ION MTE 11/30/89 

')CATION OF WELlS: 

1. N" 800 FT. & EAI 

2. N/S FT. & E~ 

3. N/S FT. &E~ 

4. N/S FT. & E~ 

5. ' N/S FT. &E~ 

6. N/S FT. &E~ 

7.' N/S FT. &E~ 

8. N/S FT. &~ 

9. N/S FT. & E~ 

lO.N/S FT. ~ E/\'l 

Comnents or explanation 

2100 ' Fr. 

FT. 

FT. 

FT. 

FT. 

FT. 

FT. 

FT. 

FT. 

FT. 

FRM ~OOR'. 

FRM - a>R. 

ffiM CDR. -
rnM OJR. -
rnM CDR. -
FRM a>R. -

FRM OOR. -
FRM _COR. 

rnM _OOR. 

FlU1 COR. -

or _1/4_1/4 of S~ • .3.4..T.J.L"S R..LEtS SlBvam 

or _1/4_1/4 of SEC._T_tVS IL-E/W SlBVUSl1 

or _1/4_1/4 of SEC._T ___ N/S R_E/W SWVUSl·1 

or _1/4_1/4 o~ SEC._T_N/S ILE/W SLBVUSl1 

or _1/4_1/4 ot SEC._T_N/S R_E/W SlBVUSl1 

or _1/4_1/4 ot SEx:=._T ___ N/S Jt...-E/W SlBVUsr1 

or _1/4_1/4 of. SEx:=._T_N/S R_EIW SIlIVUSH 

or _1/4_1/4 of SECo_T ___ tljS R_E/W slHvusn 

or _1/4_1/4 Of SEx:=._T_N/S R_E/W SIB·vusn 

or _1/4_1/4 of SEC._T_N/S IL-E/W SLB'\.IUSH 
(continued on reverse side) 

INCORPORATED 

r, .. l 0 2015 
For office use only 

)DATE OF REQJEST __________ _ l\PP/RFJ MTE BY_~Du.iv!<_l.;o~f ~O!:.o.i l, ~G::.:.as~&~M~jn~tn:.:::./ __ 
hU1110RIZ1\'flOJi ._----------ARFA OFFICE 
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COMMERCIAL TESTING It ENGINEERING CO. 
GENERAL OFFICES: 1818 SOUTH HIGHLAND AVE .. SUITE 21~. LOMBARD.IWNOIS 80148 • (312) 8D3-8300 

.,IHell 1Il0l Member 01 the 8G8 Group (SOCIIM' GIhIhII • SuMlIIllraI 

Job No.; 59 10184 

Date Rec'd: December 5, 1989 

Date Sampled: December 5. 1989 

Sampled By: UP&L 

Utah Power and Light Co . 
P.O. Box 1005 
HuntirJgton UT 84528 

PlEASE ADDRESS AU. CORRESf'ONI)BCE TO: 
P.O. BOX 1020. HUNTlNGTON, trv 14528 

~"'erober 22. 1989 TELEPHONE: (801) E4311 

Sample ID: UP&L 

~D WASTE ROCK WELL 
Depth 57' 

FIELD MEASUREMENTS 
pH 7.07 
D. O. 7.03 
Conductivity 10666 

---------------------------.--------------- ----------.-------.-----
WATER ANALYSIS 

Altuninum 61. 00 D8/l Clu"Omium 0.28 ne/l 
12-19-89 14:00 hr. 12-19-89 14:00 hr. 

Alk.. Biccu"oonate 414 D8/1 HC03 Conductivity 10000 QJrlho5/cm 
12-07-89 15:20 hr. 12-07-89 11:00 hr. 

Alk .• Caroonate 1< n:s/l CaC03 Co~..r 0.320 rrg/l 
12-07-89 15:20 hr. 12-19-89 15:30 hr. 

Alk.. Total 339 riS/l GaC03 Fluoride 0.85 ~/l 
12-07-89 15:20 hr. 12-06-89 15:30 hr! 

ArseniC 0.008 ~/l Hru:'dness I Total 4037 ng/l caC03 
12-21-89 9:00 hr. 12-13-89 

Anions, Total 119.73 rreqJl Iron 5.01 1I8/l 
12-11-89 12:00 hr. 

Barium 0.03< ng/l Lead 0.470 U8/l 
12-19-89 14::')0 hr. 12-19-89 11:00 hr. 

Ebron J.59 ug/l Magnesium 292.00 ng/l 
12-22-89 14:0 tiro 12-13-89 13:30 hr. 

Cadmium 0.020 rrg/l Manganese 2.48 reg/l 
12-19-89 11:00 hr. 12-11-89 12:15 hr. 

Calcium 1135.0 rrg/l Mercury 0.002< r~O~PQF\AiTD 12-13-89 13:~5 hr. 12-20-89 17:00 hr. 
Cations, Total 0.38 rreqJl MolyMenum 0.15 rrg?{4;{ Y 2 0 7.015 12-19-89 14:00 hr. 
Chloride 815.0 ug/l Nickel 0.57 D~~6tOil, Gas & Mining 12-07-89 13:15 hr. 12-19-89 11:00 hr. 

~u)lF@,liRW\~i\n'~ 
RMpectfuDy aubdled \ \ 1 ..... (1 tt ; 
COMMERCIAl. TESTlNo ;'NGINEER1NB co. J!.ll-

Ol1glnal Copy Watermarked 
For Your Protection 

~ /" !i;£ 2 '7 1989 

M~'HunUngIDnLabcnl~INlNG DIV. 6-1.3 
OVER 40 BRANCH LABORATORIES STRATEGICAU.Y LOCATED IN PRINCIPAL COAL MlNlflqM..E'ff.OFFICE 

TIDEWATER, AND GREAT \.AI(ES PORlS. AND fIIVER LOADING FACCUTIE~ 
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COMMERCIAL TESTING Sf ENGINEERING CO. 
GENERAl. OFFICES: 1919 SOUTH HIGHLAND AVE .. SUITE 210-B. LOMBARD.ILUNOIS 80148 • (312) 963-9300 

tCE IIK)I Member 01 !he SOS Group (6ocIIIW GIW .... SUMflIance) 

Job No.: 59 10184 

Date Rec' d: December 5, 1989 

ll9.te SamPled: December 5, 1989 

Sampled By: UP&L 

Utah Power and Light Co. 
P.O. Box 1005 
Huntington UT 84528 

PLEASE ADDRESS All CORRESPONDENCE TO: 
P.O. BOX 1020, HUNTlNGTON, UT 84528 

Deceml:el' 22, 1989 TELEPHONE: (101) e53-2311 

SaIQPle ID: UP&[, 

~D WASTE ReCK WELL 
Depth 57' 

FIELD MEASUREMENTS 
pH7.r:n 
D. O. 7.03 
Comucti vi ty 10866 

------------------.--------------------------------------------
WATER ANALYSIS 

Ni t.rogen, AlrJYJ:)lua 
12-05-89 

Nitxogen, Nitrate 
12-08-89 

Nitrogen, Nitrite 
12-08-89 

Oxygen, Dissolved 
12-05-89 

pH 
12-05-89 

Phospllorus, Total 
12-06-89 

Potassium 
12-10-89 

1. 23 n:s/l 
16:00 hr. 
0.09 rrg/l 
13:00 hr. 
0.01< n:s/l 
13:00 hr. 
7.4 ng/l 

16:45 hr. 
7.85 Units 
17 :00 hr. 
0.80 IIS/l 
13:00 hr. 

119. 10 ng/l 
14:00 hr. 

ANALYST: __ ·.....!:·t!hf::::.----=-_Lkf=-.-;:.-:-__ 

Selenium 0.002< rug/I 
12-21-89 10:00 hr. 

Sodium 851. 00 rrg/I 
12-13-89 13:00 hr. 

Sol1dB, Di8sol ved 9316. 0 rug/I 
12-14-89 16:00 hr. 

5011dB, 5uepended 15754.0 rrg/l 
12-14-89 16: 00 hr. 

Sulfat~ 4300.0 mg/l 
12-14-89 10: 15 hr. 

Sulfide 9.80 rrg/l 
12-07-89 08:30 hr. 

Zinc 1. 06 rug/l 
12-19-89 11 : 00 

INCORPORATED 

MAY 2 0 (015 

Oiv. of Oil, Gas &. Minin9 

~JE@mHW~ID 
rec ~ 7 1989 . 

RMpectIuIly eubm\tled, MIN I N G OIV. 
COMMERCIAL TESnNG l Etfqf!t~~ I CE 

Original Copy Walennarked 
For Your Protection 
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COMMERCIAL TESTING. ENGINEERING CO. 
GENERAL OFFICES: 191 II SOUTH HIGHLAND AVE .. SUITE :l1D-B. LOMBAFlD.ILUNOIS 80148 • (31218&3-8300 

"'IIICIEIItOII MImber or 1M SOS Group ~~ ... _ ~ 

Job No.: 59 10212 

Date Reo' d: December 19., 1990 

Date Sampled: December 19, 1990 

Sampled By: UP&L 

Utah Power and Light Co. 
P.O. Box 1005 
Huntington UT 84528 

PLEASE ADDRESS ALL CORRESPONDENCE TO: 
P.O. BOX 1020. HUNT1NGroN, UT Iot528 

January 11, 1990 TELEPHONE: tlD1) 153-ZS11 

SamPle ID: UP&l 

<X>'rI'ON\tKX)D WASTE ReCK WELL 
Reo'd 1630 hr. 
Sampled 1500 hr. 

MINING DIV. 
FIELD OFFICE 

WATER ANALYSIS 

Acidity 10 
12-28-89 1500 hr. 

Aluminum 4.00 
01-10-90 1300 hr. 

Alk. J Bicaroonate 798 
12-28-89 1430 hr. 

Alk. J Garoonate 1< 
12-28-89 1430 hr. 

Alk. J Total 654 
12-28-89 1430 hr. 

Arsenic O. 006 
01-11-90 1100 hr. 

Anions J Total 150. 79 

Barium 
01-10-90 

Boron 
01-09-90 

Cadmium 
01-10-90 

Calcium 
01-08-90 

Cations. Total 

Original Copy Watermarked 
For Your Prot8Cllon 

0.03< 
1300 hr. 

0.69 
1600 hr. 

0.002< 
0900 hr. 

563.0 
1415 hr. 

149.93 

rrgll CaC03 

~/l 

rrg/l HC03 

~/l caC03 

rrg/l caC03 

JIg/! 

~ 

qll 

~/l 

ugll 

ng/l 

Chloride 
12-29-89 

Chromium 
01-10-90 

Conductivity 
01-08-90 

Copper 
01-10-90 

Fluoride 
01-09-90 

HeLl'dness. Total 

Iron 
01-08-90 

ll'On, Dissolved 
01-08-90 

Lead 
01-10-90 

Maaneslum 
01-08-90 

Manganese 
01-08-90 

Mercury 
01-11-90 

AeIpec:ltIIlIy IUbmIIId. 

280.0 
1815 hr. 

0.05 
1300 hr. 

32000 
1500 hr. 

0.070 
0900 hr. 

0.80 
0930 hr. 

3354 

11.30 
100r: hr. 

9.00 
1000 hr. 

rcg/l 

Jlgll 

\lIDb:)e Icm 

ns/l 

ns/l 

JI8/l Ca(X)3 

0.050< nsll 
0900 hr. 

413.00 
1400 hr. 

0.89 
0930 hr. 

O. 002< rrg/l 
0900 hr. 

INCORPOnA- ED 

M ... \Y 2 0 201J 
COMMERCIAL TESTlNO a ENBINEa3lNO co. 

t..J..-.( L-:.('" at Oil, Gas & Mining 

Man.,. HuntingIDn UbontDIy 6-1.5 
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Job No.: 59 10212 

Date Reo' d: O::cember 19. 1990 

Date Sampled: December 19. 1990 

Sampled By: UP&L 

Utah Power and Light Co. 
P. O. Box 1005 
HWltington UT 84528 

PlEASE ADDRESS ALL CORRESPOHDeNCE TO: 
P.O. lOX 1020, HUNTINGTON, UT 14528 

January 11, 1990 m.EPHONE: (101) 15N311 

Sanple ID: 0P&l 

CXJrI'OtMX)D WA<3TE ROCK WELL 
Reo"d 1630 hr. 
Sampled 1500 hr. 

w~J~(~aW~WI 
ill lPJ 

·hl / l 1 2 '199( .' 

I\!III\IING DIV. 
FIELD OFFICE 

WATER ANALYSIS 

MolyMemurl O. 10< rrgll 
01-10-90 1300 hr. 

Nickel 0.14 n:gll 
01-10-90 0900 hr. 

Nitrogen. Ammonia 0.14 rrg/l 
01-04-90 1330 hr. 

Nitrogen. Nitrate 0.48 n:g/l 
01-09-90 1500 hr. 

Nitrogen, Nitrite 0.12 n:g/l 
01-09-90 1500 hr. 

011 and Grease 1. 0< rrg/l 
12-29-89 1100 hr. 

Oxygen, Dissolved 3. 3 1l8/l 
12-19-89 1730 hr. 

pH 7.70 Units 
12-19-89 1700 hr. 

POOsp}l:)rus, Total 0.29 ng/l 
01-04-90 1105 hr. 

Potassium 41.60 
01-08-90 1315 hr. 

Selenium 0.002< 
01-11-90 1315 hr. 

Sodium 1905.00 
01-08-90 1300 hr. 

Solids. Dissolved 8714.0 
01-03-90 1600 hr. 

Solids, Settleable 13.0 
12-19-89 1645 hr. 

Solids, SuspeD:ied 8000.0 
01-03-90 1600 hr. 

Sulfate 6200.0 
01-00-90 1645 hr. 

Sulfide 19.80 
12-29-89 1745 hr. 

Zinc 0.35 
01-10-90 0900 hr. 

Reapeclfully IUbmIIIM, 

og/l 

rrg/l 

ug/l 

Jrg/l 

ng/l 

Jrg/l 

JJg/l 

ug/l 

D8/l 
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COMMERCIAL TESTING. ENGINEERING CO. 
GENERAL OFFICES: una SOUTH HIGHLAND AVE .• SUITE 2U) .... LOMa ..... D.IWNOIS .,1 .... (312, 8&3-8300 

Member of the SQS Group (~.w..... de~) 

Job No.; 59 10243 

Date Rec" d; January 9, 1990 

Date Sampled: January 9. 1990 

Sampled By: UP&L 

Utah Power and Light Co. 
P.O. Box 1005 
Huntington UT 84528 

PLEASE ADDRESS ALL COME8PCItClSC::E TO: 
P.O. BOX '020. HUNTlNcm:JN. UT ... 

January 16. 1990 T!I.!PHONE: fIOt)-.an 

~le ID: UP&L 

OOl"l'OtMX)D W~TE RCa{ WELL 
Depth 56.5' 
Roo"d 1645 hr. 
SamPled 1350 hr. 

---------------------------WATER-ANALYSIS------------"MINiNGDiV~----------

FIELD OFFICE 
Acidity 12 

01-12-90 1645 hr. 
Aluminum 0.01< 

01-10-90 1300 hr. 
Alk. J Bicaroonate 534 

01-10-90 1130 hr. 
Alk .• eru:'oonate 1< 

01-10-90 1130 hr. 
Alk.. Total 438 

01-10-90 1130 hr. 
Arsenic 0.002 

01-11-90 1000 hr. 
Anions. Total 144.34 

Barium 
01-10-90 

Boron 
01-09-90 

Cadmium 
01-10-90 

Calcium 
01-12-90 

CatioD5. Total 

0.03< 
1330 hr. 

1. 00 
1600 hr. 

0.002< 
0900 hr. 

266.4 
1430 hr. 

146.29 

ANALYST: fl ~ 

ng/l Ca0J3 

Il'€/l HC03 

rrs/l Cacoo 

Chloride 
01-11-90 

Chromium 
01-10-90 

Comuctiv1ty 
01-11-90 

Copper 
01-10-90 

Fluoride 
01-15-90 

Hardness. Total 

425.0 
1545 hr. 

0.02< 
1300 fir. 

16000 
1610 hr. 

0.020 
0900 hr. 

0.69 
1415 hr. 

2345 

Iron 0.21 
01-12-90 1400 hr. 

Iron, Dissolved 0.19 
01-12-90 1400 hr. 

Lead 0.070 
01-10-90 0900 hr. 

Magnesium 408.00 
01-12-90 1445 hr. 

Manganese O. 15 
01-12-90 1515 hr. 

Mercury 0.002< 
01-09-90 0930 hr. 

umh:e/cm . 
rrg/l 

rrg/l 

q/l 

ng/1 

us/1 

11'8/1 

rrs/l 
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Job No.: 59 10243 

Date Reo r d: January 9. 1990 

Date Sampled: January 9. 1990 

Sampled By: UP&L 

Utah Power and Light Co. 
P. O. Box 1005 
Huntington UT 84528 

PlEASE ADDRESS AlL COAAESPONOENCE TO: 
P.O. lOX 1020, HUNTINGTON. UT 14621 

Janua.ry 16. 1990 TELEPHONE: (101) 111W111 

Sartple ID: UP&L 

c.:xJrl'CmOOD HASTE ROCK WELL 
Depth 56.5" 
Reo'd 1645 hr. 
SaIQPled 1350 hr. 

MINING DIV. 
FIELD OFFICE ---------------------------------------------------------

WATER ANALYSIS 

M:>ly1:demun 0.10< 1I8/! 
01-10-90 1300 hr. 

Nickel O. 06 Ql/l 
01-10-90 0900 hr. 

Nit.rogen, Armvnia 0.20 ng/! 
01-15-90 1320 hr. 

Nit.rogen. Nit.rate 9.94 JIg/! 
01-15-90 1150 hr. 

Nitrogen. Nitrite 0.06 ng/l 
01-15-90 1150 hr. 

Oil and Grea5e 3. 7 mg/l 
01-15-90 1525 hr. 

Oxygen. Dissolved 4.1 ng/l 
01-10-90 1500 hr. 

pH 7.50 UnitB 
01-10-90 1425 hr. 

Pb05P}X)l"'US. Total 0.06 ng/l 
01-11-90 1100 hr. 

ANALYST: [J. ~ 

Potassium 23.80 rrs/l 
01-12-90 1500 hr. 

Selenium ' 0.002< rrs/l 
01-11-90 1000 hr. 

Sodium . 2300. 00 ng/l 
01-12-90 1415 hr. 

Solid5. Dissolved 10170. a rrs/l 
01-15-90 1540 hr. 

SOlid5. Settleable 20.0 rrs/l 
01-10-90 0930 hr. 

501id5. Suspended 11064. 0 rrs/l 
01-15-90 1540 hr. 

Sulfate 5900. a rrs/l 
01-15-90 1100 hr. 

Sulfide O. 00 ns/l 
01-15-90 1015 hr. 

Zinc 0.02 ns/l 
01-10-90 0900 hr. 

AHpeaIUy eubmllld, 
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Drainage Control Design 

General 

The Waste Rock Storage Facility encompasses 16.9 acres of disturbed land and has an access 

road 1,435 feet long. Drainage along the road will be routed to four culverts which will convey 

storm runoff safely under the road surface and into the natural drainage channels. Runoff from 

the waste pile and from the 15.5 undisturbed acres of land which normally drain through the 

waste rock site will be diverted to a sediment pond where the water will be retained to remove 

suspended solids before discharging back into the natural drainage. 

Sediment Pond Sizing 

This section details the methods used to estimate storm runoff volume and mean sediment 

yield to determine the design volume of the sediment pond. 

Storm Runoff Volume 

Sediment ponds and other sediment treatment facilities are required to treat the runoff from a 

10 year, 24 hour storm event. 

The runoff depth resulting from a given rainfall event was determined using the runoff curve 

number technique, as defined by the USDA Soil Conservation Service (now Natural Resource 

Conservation Service) in 1972. According to the curve number methodology, the relationship 

between storm rainfall, soil moisture storage, and runoff can be expressed by the equations: 

Where: 

a = direct runoff depth, inches 
P = storm rainfall depth, inches 

Q = (P-0.2S)2 

P+0.8S 

eN = 1000 
10+S 

S = maximum infiltration depth (defined as a), inches; and 
CN = curve number, dimensionless 

(1) 

(2) 

INCORPORATED 

M,W 2 0 2015 

Use of equations 1 and 2 requires the selection of a curve number, which is a function of 
vegetative cover and hydrologic soil groups. Curve numbers for the study area were selected 
from information provided by the USDA Soil Conservation Service (1972), by US Bureau of 



Reclamation (1977), and from personal hydrologic judgment following field observation. To 
determine a representative curve number the 31.3 acres were divided into two nearly 
homogeneous subareas. The south facing slopes above 6900 feet elevation, consisting of 15.3 
acres, are deteriorated shale and sandstone ledges with very little vegetative cover. The 
sandstone ledges are close to vertical while the shale colluvial slopes range from 1:1 to 2.5:1 
with an average of about 1.5:1. Select CN of 86 based on soil type C, 10% ground cover and 
figure 9.6, Soil Conservation Service National Engineering Handbook Section 4, Exhibit VI. 
Below 6900 feet elevation, the slopes are less steep with more vegetation including the valley 
floor. From Figure 9.6 (Exhibit VI), select CN of 80 based in soil type C and 30% ground cover for 
the 16.0 acres. Therefore a weighted average CN = ((5.3 x 86) + (16.0 x 80)) / (15.3 + 16.0) = 
82.9. 

Equation 1 is based on the assumption that la = 0.2S, where la is the initial abstraction from 
storm rainfall, defined as the rainfall which must fall before runoff begins (i.e., to satisfy 
interception, evaporation, and soil-water storage). Therefore, determination of runoff from 
Equation 1 is valid only when P ~ 0 .2S. Below this point, no runoff can occur. Once Q was 
determined from the above equation, the runoff volume was calculated by multiplying the 
runoff depth by the drainage area. 

Values of precipitation (P) were selected for the design return periods from Volume VI-Utah of 
the NOAA ATLAS 2 Precipitation-Frequency Atlas of the Western United States, (Miller et.al., 
1973). For P equal to 2.2 inches and weighted average curve number of 82.9, the computed 
runoff is 0.831 inches over 31.3 acres or 2.17 acre feet. 

Mean Annual Sediment Yield 

The amount of sediment to be deposited in the sediment pond was determined from the 

Universal Soil loss Equation from B. J. Barfield, R.C. Warner, and C. T. Haan, Applied Hydrology 

and Sedimentology for Disturbed Areas, Oklahoma State University, Stillwater, Oklahoma, 1981. 

In accordance with this equation, the annual soil loss due to precipitation related erosion is: 

A = R • K· LS· CP 

where : 

A = computed amount of soil loss 'in tonsjacre/year 

R = rainfall factor, average annual value 

K = rainfall factor, average annual value 

LS = topographic factor 

CP = erosion control factor 

INCOHPOHATED 
The R value can be estimated from Equation 5.5, Barfield et.al. 
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Where, P2,6 is the 2 year, 6 hour precipitation inches. For the Waste Rock Site, the P2,6 is 1.0 

inches (NOAA ATLAS Volume VI). Therefore: 

R = 27 (1.0j·2 = 27 

The K - value was taken as 0.03 from the map presented by C. Earl Israelsen, Joel E. Fletcher, 

Frank W. Haws, and Eugene K. Israelsen, Erosion and Sedimentation in Utah: A Guide for 

Control. UWRL/H-84/03, 1984 Utah Water Research Laboratory, College of Engineering, Utah 

State University, Logan, Utah. 

LS values are determined for each subarea of the watershed based on equation 5.10, Barefield 

et.al. 

where: 

LS = (L)m (430x 2 + 30x + 0.43)/(6.613) 
72.6 

L = slope length, feet 
M = exponent dependent on the slope 

if slope 3% then m = .3 
if slope = 4% then m = .4 
if slope 5% then m = .5 

X = sine of the slope angle 
= sin ( arc tan (slope %}/100 ) 

The CP values are also determined from Barefield, et.al., from either table 5.8 or table S.A.3. 

Table 4.1 summarizes the sediment prediction calculations and references the areas depicted in 

the map in Exhibit XI. 

INCORPORATED 
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TABLE 4.1 

Subarea Area Length Slope CPSource A· 
Annual 

Description LS CP Sediment 
10 (Acres) (ft) (%) Table # Tons/ Acre/Yr 

Yield 
Undisturbed 10% Cover 

A 14.4 800 62.5 68.8 0.32 5.A.3 178 2570 
No Canopy 

Undisturbed 10% Cover 
B 2.0 320 56.2 37.6 0.32 5.A.3 97 195 

No Canopy 

Undisturbed 30% Cover 
C 2.8 150 40 15.4 0.15 5.A.3 19 52 

No Canopy 

Reclaimed Soil Stockpile, 
D 1.6 100 67 26.7 0.2 5.A.3 43 69 

20% cover, No Canopy 

Disturbed, Compacted E 1.7 100 50 17.7 1.3 5.8 186 317 

Disturbed, Compacted F 6.3 500 2 0.32 1.3 5.8 3.3 21 

Disturbed, Compacted G 1.8 120 50 19.4 1.3 5.8 204 368 

* A = R x K x LS x CP = (27) (0.3) LS x CP Total = 3,592 tons/yea 

a 
:;::' -
0 3:: 

:2 - (') 
Q ~ -- 0 
G) '" 

.JJ 
m ~ 

"lJ 
en 0 
R<> ~ :0 
.s: ~ ~ -5- U'1 

5- m 
(0 0 



The total sediment yield per year is 3,592 tons. For a density of 100 pounds per cubic foot, that 

relates to 

3,592 tons x 2,000 Ibs/ton x fe /100 Ibs x Acre foot/43,560 fe = 1.65 Ac. Ft. 

Table 4.2 Sediment Pond Design 

Precipitation from 10 Year 24 Hour Storm 2.2 inches 
Weighted Average Curve Number 82.9 
Direct Runoff 0.831 inches 
Contributing Area 31.3 acres 
Total Collected Runoff per Design Storm 2.17 actt 
Annual Sediment Production 3,592 tons/year 
Total Volume of Annual Sediment 1.65 ac ft 
Combined Total Required Pond Volume 

3.82 ac ft 
2.17 + 1.65 

Design Volume of Pond 4.58 ac ft 
Additional Sediment Volume Provided 

0.76 ac ft 
(4.58 - 3.82) 

Design Sediment Volume (1.65 + 0.76) 2.41 ac ft 
Clean out required at 60% of annual sediment production plus 

1.75 ac ft 
Additional sediment volume provided (60% x 1.65) + 0.76 

Refer to Exhibit XX Sediment Pond Storage - Capacity and Stage - Discharge Curves. 

Spillway Design 

A single, non-erodible open channel spillway will be provided to safely discharge from the 

impoundment without damage to the dam. The peak flow calculated for the 100 year, 6 hour 

storm event (refer to the section entitled "Peak Flow Determination" below) was 22.13 cubic 

feet per second. The channel will be concrete lined with random exposed rocks for roughness 

to achieve a Manning's N value of 0.030 (Chapter 4, State Department of Transportation, 

Manual of Instruction, Part 4, Road Way Drainage, 1984). The slope of the channel across the 

15 foot wide crest is 5%. Manning's equation is used to determine the depth of flow and 

channel geometry. A six foot wide channel with 2:1 side slopes results in a design depth of six 

inches. The channel will be continued down the slope of the dam and discharge into the natural 

channel. 

General 

Temporary diversions will be constructed at the base of the valley side slopes to collect the 

runoff from the undisturbed areas and convey it to the sediment pond. As the waste pile grows 

and expands to cover the initial diversion ditch, new diversions will be constructed to convey 

iNCOnF'OHiHED 
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the collected runoff to the pond. This process will be repeated until the waste pile reaches its 

maximum size in plan view and the ditches will not be moved thereafter. (Refer to Exhibit IV) 

Upon final reclamation, the ditches will become permanent diversions of the natural ephemeral 

drainage channel. 

Sub-Area Divisions 

The Waste Rock Storage Facility is divided into four subareas for hydrologic calculations based 

on the route that runoff takes to enter the sediment pond. (Refer to Map 4-2) The first area, 

lA, includes the largest portion of the disturbed area consisting of the top and western slope of 

the waste pile, the inside slope and top of the topsoil stockpile and the undisturbed areas 

above the site which will also drain into the sediment pond. The ditch for this area, DA, will be 

constructed on a 2% slope until it reaches the last 355 feet before the sediment pond. The 

slope will then change to 18%. The total area to be drained by this ditch is 26.4 acres. 

The second area, 1B, totaling 3.4 acres, consists of the eastern slope of the waste pile, the road 

to the top of the waste pile, and the inside slope and top of the subsoil stockpile. The ditch, DB, 

will be constructed on grades of 2.5% and 12% until it reaches the sediment pond. 

Area 1C consists of the slopes above the sediment pond and the pond itself where runoff will 

) flow directly into the pond without ditches. This area totals 1.6 acres. 

.J 

The last area, 1D, consists of 0.9 acres including the outside slopes of the two soil stock piles 

and the dam. Runoff from these areas will not be collected in the sediment pond. Treatment of 

these areas will be by silt fences and straw bales. 

Peak Flow Determination 

A unit hydrograph program by Richard Hawkins and Kim Marshall, "Storm Hydrograph 

Program" Utah State University, 1974, was used to model the rainfall and resulting runoff. The 

model is based on the Soil Conservation Service rainfall runoff function, also called the curve 

number equation. As such, a curve number was determined for each sub-area along with a time 

of concentration. See Exhibit 10, Tables 1-A and 1-B for hydrograph results. 

Curve numbers were derived based Conservation Service National Engineering Handbook, 

Section 4 - Hydrology, Chapters 7, 8, and 9. 

Time of concentration was based on two methods. For the flow from the undisturbed area, the 

following relationships from Barfield et.al., were used: 

lNCOF1 POFurrEO 
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tc = t 1/·6 

tc = time of concentration, hours 

tl = lag time, hours 
tl = lO. 8 (5+1)°·7 / (1900 x yO. 5) 

l = hydraulic length, feet 

5 = (lOOO/curve number - 10) 

Y = slope in percent 

For subarea lA, the first portion of the travel time for the runoff from the highest point in the 

subarea to the diversion ditch is 0.0796 hours, or 4.78 minutes, based on a length of 1350 feet, 

CN = 83 and an average slope of 59%. 

The second portion consists of the time required to travel in the ditch to the pond. Manning's 

equation was used to derive a value for the velocity of the flow in the ditch. Assuming a flow 

rate of 20 cfs and a V-ditch with 2.5:1 side slopes and channel slope of 2%, Manning's n = 0.035, 

the velocity was determined to be 4.40 feet/second. The length of the ditch is 1300 feet which 

gives a travel time of 4.92 minutes. Therefore, the total time of concentration is 4.78 + 4.92 or 

9.7 minutes. 

The tc for subarea 1B was similarly determined from 185 feet of overland flow at 50% slope and 

CN=82 to yield an initial travel time of 0.0182 hours or 1.09 minutes. The travel times for the 

two foot wide trapezoidal ditch estimated as follows: 

1.5 cfs; 400 feet at 2.5% slope = 2.3 fps= 2.90 minutes 
2.5 cfs; 320 feet at 12 % slope = 4.6 fps= 1.16 minutes 
3.0 cfs; 170 feet at 7.5% slope = 4.1 fps= 0.69 minutes 
Total ditch travel time = 4.75 minutes 

Therefore the tc for the Area 1B equals 5.84 minutes. 

Peak flows from Area 1C were determined based on assuming 100% of the rainfall went directly 

to the pond. The peak flows for the ditches occurred at 2.52 hours when the rainfall intensity 

was 0.22 inches in 30 minutes or 0.0073 inches/minute. This resulted in a peak flow of: 

0.0073 inches 43,560 ft2 1 minute 1 foot 
1.6 acres x x x d x 2. h = 0.71 cubic feet/second 

minute acres 60 secon 1 mc es 
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Table 4-2.1: Diversion Peak Flow Rates 

Acres CUNe No. 
Time of 

Peak Flow 
Concentrtation 

lA 26.3 82.6 0.162 hrs 18.9 cfs 
lB 3.4 82 0.0973 2.52 
lC 1.6 - 0.71 
lD 0.9 -
Total 32.2 acres 22.13 cfs 
(Peak flows based on 100 year, 6 hour storm event of 2.2 inches) 

Each ditch was designed to keep the velocity below 5 feet per second in order to prevent 

erosion. Ditch DA will be a V-ditch for the entire length until it approaches the pond where the 

slope increases from 2 to 18%. At that point, a wide trapezoidal ditch will be used with a rip

rap lining. Ditch DB will be a narrow trapezoidal ditch for its entire length. Both ditches will be 

monitored throughout the life of the facility for erosion and formation of gullies. If erosion does 

occur with the ditches, the applicant will repair any gullies and install velocity controls (i.e. rip

rap, gabions, etc.) as needed to correct the problem. 

Rip-rap sizing for the steep section of ditch DA was taken from Utah State Department of 

Transportation Manual of Instruction, Part 4, Roadway Drainage, Section 4-610.30, Stable 

) Channel Design. Using a stone diameter of 0.5 feet, Manning's n = 0.0305 from fig. 3-28, Utah 

DOT Mal Part 4 (Exhibit VII), the calculated depth of the flow is less than the stone diameter so 

use velocity against stone equal to the average velocity. (Exhibit VIII) Then entering the 

calculated velocity of 7.58 fps in fig. 3-30 (Exhibit IX) the required stone size for 2.5: 1 side slope 

is confirmed at the assumed size, i.e. 0.5 feet diameter for D50• 

Ditch DA 

V-ditch, 2.5:1 side slopes, 2% channel slope, Manning's n = 0.035, peak flow 18.9 cfs, 

depth 1.32 feet, velocity 4.34 feet/second. 

Trapezoidal, 10 foot bottom width, 2.5:1 side slopes, 18% channel slope, Manning's n = 

0.0305, peak flow 18.9 cfs, depth 0.235 feet, velocity 7.58 feet/second, rip-rap D50 size 

= 0.5 feet. 

Ditch DB 

Trapezoidal, 2 foot bottom width, 2.:1 side slopes, 12% channel slope, Manninng's n = 

0.035, peak flow 2.52 cfs, depth 0.217 feet, velocity 4.59 fps. 



Combined Ditch A and B (after final reclamation and removal of sediment pond) 

Trapezoidal, 10 foot bottom width, 3:1 side slopes, 2.1% channel slope, Manning's n = 

0.035, peak flow 22.1 cfs, depth of flow 0.52 feet, depth of ditch 1.0 feet, velocity 3.61 

feet/second. 

CURVE NUMBER DETERMINATION FOR DIVERSION PEAK FLOW CALCULATION 

Area 1A 

15.3 Acres Undisturbed 

Sage Grass, 10% Cover, Soil Type C 

CN = 83 SCS NEH-4 fig 9.6 (Exhibit VI) 

11.0 Acres Disturbed 

Waste rock pile consisting of soils with moderate infiltration rate, deep and well 

drained with moderate fine to moderate coarse texture use Soil Type B, NO 

Cover, Dirt Roads 

CN = 82 NEH-4 Table 9.1 

Weighted Average CN = 

(15.3 (83) + 11.0 (82)) / (15.3 + 11.0) = 82.6 

Area 1B 

Use CN = 82 as above for disturbed area with No Cover. 

Access Road Drainage 

The access road will cross several natural ephemeral drainage channels and will require culverts 

to convey the runoff underneath the road surface. The drainage areas for each culvert have 

been marked on Map 4-2 and numbered 2 through 5. (Area 1 is the waste rock storage site and 

the undisturbed area which naturally drains through the site.) Peak flows were determined in 

the same manner as was used for the diversions in the previous section. Table 4-3 gives the 

parameters used to determine peak flows and culvert sizing. See Exhibit 10, Tables 2 through 5 

for hydrograph results. Refer to Exhibit XIX for culvert outlet protection and trash racks. 

Application to Alter a Natural Stream Channel 

See following page. 
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STATE Of UTAH 
NATURAL RESOURCES 
water Righl$ 

J",-aUern "rlKl' ~3 S Carbon Avenve .;> O . Box 71B • PriCe. lJT 84501.Q71e· ~1';)3'·13OJ 

April 3. 1990 

UP'L Mining Division 
Attn: Val Payne, Senior Environ~ental Engineer 
P.O. Box 310 
Huntington. Utah 84528 

Dear Val: 

NQrmo'1 ~ &onge<I.r. Go\'e'~: ' 
Dee C MQnu". heeuti~e O"e,"~' 
~Obert l Moroo'1. Stole E'1Q'-,H" 

pursuant to the requirements ~et forth in Section 73-3-29 
(Natural Stream Channel Alteration) Utah Code Annotated, 1953, a 
field exuination of the proposed wilberg Waste Roc): Site was 
co~pl.t d on March 30, 1990. Upon reviev of the designed channel 
orossings, it was concluded that the existing channels are, at 
beat, ephemeral in nature and are not supportive of a riparian 
type habitat. Further, installation of the drainage controls 
(culverts) and ancillary site construction should not adversely 
impact the immediate drainage areas. Therefore, application to 
alte.r a natural stream channel is herebY ~Aived. 

In rQgar~s to construction of monitor wells, applicationa should 
be submitted to this office prior to drilling. I have enclosed 
several application forms for your use, which should incorporate 
any existing AS well as proposed monitor wells. Please be 
a~vi5ed that all wells must be constructed by a licensed well 
~riller of the State of Utah. 

In addition, I have included Administrative Rules for Well 
Drillers and Stream Channel Alterations as requested. If I can 
be of any further assistance, please feel free to contact me at 
your convenience. 

Sincerely, 

william A. Warmack 
Assistant Area Engineer 

EnclOsUres 
WAW/lIjk 



Table 4.3: Access Road Culvert Sizing 

HydrolOgic Slope Curve Time of Peak Flow 
Culvert Culvert Minimum 

Area # Acres Diameter Capacity Culvert 
length (%) Number Cone. (hrs) (ds) 

(in) (ets) Slope (%) 
2 2.21 420 37.4 80 0.0433 0.589 12 2.3 0.5 
3 25.14 2630 34.6 80 0.195 5.08 24 13 0.5 
4 4.18 915 8.6 73 0.207 0.186 12 2.3 0.5 

5 33.97 3260 29.3 80 0.252 6.21 24 13 0.5 
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Earth Dam Design 

The earth dam is analyzed for stability using a computer program, Rotational Equilibrium 

Analysis of Multilayered Embankments, by Yang H. Huang. (Exhibit XII) Both the simplified 

Bishop method and the normal method of slices are used to determine a factor of safety based 

on a cylindrical failure surface. The method allows a variety of conditions to be analyzed 

including both static and seismic loading and seepage through the earth dam. A piezometric 

surface is specified along with the geometry of the dam as input for the program. Soil data 

includes density, angle of internal friction, cohesion, depth and thickness of each layer. 

The factors of safety are determined for a number of points forming a grid pattern above the 

slope. A routine within the program automatically searches for the minimum factor of safety 

between the grid points and displays the location of the center and gives the radius and the 

most critical factor of safety. 

The analysis of stability is based on the method of slices which assumes the failure surface is 

cylindrical and the earth mass rotates about some center point located above the slope. The 

sliding mass is divided into separate slices, each slice being acted upon by a set of forces. The 

weight of the soil in the slice acts to cause the soil to move. This is the driving force of the slope 

failure. The resisting force is the sum of the shear and cohesion acting along the failure surface. 

The factor of safety is the ratio of resisting forces to the driving force. 

Where: 

SF = 
n = 

C = 

Li = 

Ni = 

0 = 

Ni Tan = 

Wi = 

e = 

Factor of Safety 

Number of slices 

Effective cohesion 

Lf:ol(C Li + Ni tan 0) 
SF = ~n (W' . e') 

£oi=l L Sin l 

Length of ith slice at the failure surface 

Effective normal force at the failure surface 

Angle of internal friction of the soil 

Shear strength of the soil 

Weight of ith slice 

Angle of inclination of the ith slice 

Equation 2.7, Yang H. Huang, STABILITY ANALYSIS OF EARTH SLOPES, Van Nostrand Reinhold 

Co., 1983. 
INCORPORATED 



The normal method of slices assumes the resultant of all forces on the vertical sides of the slice 

is zero in the direction normal to the failure arc for that slice. This method is usually 

conservative in comparison to other stability methods. The simplified Bishop method assumes 

the resultant of the forces on the sides of the slice is zero in the vertical direction. This 

produces an equation for the safety factor as follows: 

SF = L~dc Li + (Wi - UiLi) tan8] [Mi~8)] 
L~l Wi sin8i 

Where Vi = Pore pressure = depth from phreatic surface x density of water 

All other parameters described above. 

Equation 24.12, T.W. Lambe and Robert V. Whitman, SOIL MECHANICS, John Wiley and Sons, 

1969. 

Because the equation contains the expression for safety factor on both sides, the solution is a 

trial and error procedure. 

The earth dam is analyzed under three conditions of loading: (1) full reservoir and steady - state 

seepage, (2) full reservoir with seismic loading, and (3) rapid draw down. Soil layer strength 

parameters are obtained from the geotechnical investigation performed by Rollins, Brown and 

Gunnell, Inc. dated 7 September, 1989 (See Geotechnical Report R64S-301-S00 Engineering, 

Appendix A). Strength parameters for the dam embankment were determined by the same 

firm and dated 29 September, 1989 (refer to this report within the Geotechnical Report page 

number 4-62). The location of the phreatic surface was determined from Figure 4.3, Huang, a 

chart for determining the point of exit of the phreatic surface from the earth slope. (Exhibit XIII) 

The seismic coefficient of 1.13 was taken from Table 2.2, Huang, for Zone 2 which includes 

Central and Eastern Utah. (Exhibit XIV). 

The results of the analysis are: 

Condition Safety Factor Exhibit 
Full reservoir with steady state seepage 1.9 XV 
Full reservoir with seismic loading 1.3 XVI 
Rapid draw down 2.4 XVII 

INCOf-iPCR/\T.f:::D 



Refer to Exhibit XVIII for the diagram of the input data for the program and the location of 

critical failure surfaces. 
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TRAIL MOUNTAIN MINE 

R64S-301-800: Bonding 

WASTE ROCK STORAGE FACILITY 
VOLUME 4: UTU-065027 

A detailed bond estimate is provided for in Volume 1, Chapter 3, Appendix 1 of the Trail 

Mountain Mining and Reclamation Plan. 

R645-301-800: Bonding 1 

INCORPORATED 
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NOTE: 
1- CUT SLOPE 1 V TO 1.5 H IN UNCONSOLIDATED MATERIAL 

CUT SLOPE 1 V TO 0.5 H IN ROCK MATERIAL. 

EXHIBIT I 
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UNTREATED OOAD BASE SPF.X:IFlCATIW 

1 m::H GRADATIOO 

Ideal Gradation Ideal Gradation 
Sieve Size (percent passing) Tolerance 

1 inch 100 0 

1/2 inch 85 +6 

No. 4 55 +6 

00. 16 31 +4 

No. 200 9 +2 

3/4 nDi GRADATIOO 

Ideal Gradation Ideal Gradation 
Sieve Size (percent 1!!ssinq) Tolerance 

3/4 inch 100 0 

3/8 inch 85 +7 

No. 4 

No. 16 

No. 200 

Note: 

61 +6 

33 +5 

9 +2 

1. That portion of the material passing the No. 40 sieve shall 
be non-plastic when tested by MSlfro Designation T-90 

2. The abo\Te gradaticn specifications are to be done by MSlm.) 

Designation T-27 

3. The aggregate shall be of unifoDn density and quail ty and 
shall have a rodded weight of not less than 75 pounds per 
cubic foot accordin3' to AASIfID Designation T-19 

INCO~i ~~ 

MAY 2 0 2015 \ 

Div. of Oil, Gas & Mining 

' .. 



! ' 

, 
I 
I 
I I 
I, 
I 

:c 
~ 
u 

0 
!<' 
0 ....... 

~ 
G' 
D 
t,) 

~"i 

~: 

~: 
':Cl 

0.50 

. 30 

. 20 

.40 

~ :J1fr ! nil Lr I+~ I-~ ffl 1 IlL • ~ I I ~ I 
-.11 I -!-1J1 I J:f LM I + ~ t--!'-~ Til 1 1 j 1 

-I'" "I.. 1 I .l. I 1 1 
"" N I' "~ I'""J 1 1-- I 1 1--< ~I'I ~ 1 II : I .... 
" b "If tt I I -+-- I 'ct N. '~", j T !--r T 1 ~Tt'>m "T _ ... T 1 

~ "''' II 1 o r-.... l'~ It ---s;:: , 'I I" I I 1 

~ l'.. .,... I '"""1"'.... '<',"'k .... "" '" '" ~ t'1;:: '-J I' B r-:;.. , 1 ~ J" ' I --< 
F::.... ~,«'~r ~ _~~I~ I' l' I 
r ... " ~j'j.,... ,,,'!.. H ~ i"!,... ';;~ '" ' I' No.;;: I";.. ...... t>. ~ 
I';;L .... '>J " .t ~, :<!:. " "r... ... N !>. rl 
'=t " h. ~~ t'..! "''' f;;[ N h. ~ 
r-1'< N ;;':,~... '" ... '..... " ' N " h.f;l 
r;::::: ..... ~" " .1' '" ".:'1-..--< 
r IN" 1'-... '" ,...... '" ~ 'I 1~4~ 1'"'- _-r:: ll:s. .. ~ p1 i to-L r __ 

.10 

2'0 

;', degrefl~ 

FIGURE A-3. - Factors of safety-l.S: 1 slope, no phreatic 
surface, 0 = 1.00. 

~ 

":":.~ 

-;;0 
,~. 

;:~',~ n ,.. -.~ 

-< () 
I'Y 

: ) 
~, ] 

<::I J 
~." :. ) 
c;, :~.; .. ,--
~, - ) 

i'il 
::J 

\' 

"l 

o 

:c 
~ 
u 

0.40 

~ ~ 
.35 

'" .....: ~ 
" lo...~ 

" '-eo , .30 
,;;e;", 

....:: ~~::'!.. 
r....:: .......<. , 

.... -...:.tJ 
"' I'. 

,,~ I ....... 
....... ...... ~ ....... ....... 

IX .? , , 
~ ,-<, ....... I'. 

",,tft"'l., ' 
, , , r-...~ , ..... , 

" '" ~~.o ....... 

.25 

.20 

..,. -.,:: " 
, 

~ --~~'" , 
" '" ", , , 

'" ....... 
....... ' / ..... :, f'. 1'0. , ....... N..,. I ..... " K I ..... ....... 

.15 

" ~ "l'-. " 
, r-... I"... 

~ ....... , 
~~ ..... roo. ..... 

...... '0 ...... ....... 
~ ~ '" 

.10 

r....: ""J: ....... I"- ...... 
""'- '(.~' ..... "'" "'- r"i. r....: 

...... .... i'o.. Q . ........ '" 
.05 

l'. ...... 
....... .... r-... "'" 10 20 30 1.j0 5 o 

f', degrees 

FIGURE A-4. - Factors 01 sofety-2.0: 1 slope, no phreatic 
surface, 0 = 1.00. 

EXHIBIT III 

FROM: O.R. TRs~rjk and P.C. Uilljams, 
Factor of SafAty Charts for Estiuating the 
Stability of Satl1rated Rnd UnRaturated TailingR 
Pond Embankments, Bureau of Mines Report 
of Investigations 8564, OS Department of the 
Interior 
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TABLE l-A 

STORM RUNOFF DETERMINATION 
FOR 

CWRSF l-A 

INPUT SUMMARY: 
=================================================================~======== 

DISTRIBUTION = ses 6 HOUR 
RAINFALL DEPTH = 2.2 INCHES 
STORM DURATION = 6 HOURS 

HYDROGRAPH ORDINATES: 

RUNOFF AREA = .0411 SQ. MILES 
RUNOFF CURVE NO. = 82.6 
TIME OF CONCENTRATION = .162 HRS. 

- -================~=============== 

========================--=======================================;;======== 
TIME 
(HR) 

PPT 
( IN) 

CUM. FLOW 
( IN) 

DEL. FLOW 
<IN) 

FLOW RATE 
(IN/HR) 

FLOW RATE 
(CFS) 

===============:=============~============================================ 

0.00 0.00 o. :'.:. ' ) 0.0000 0.0000 (t .00 

2.35 1 .08 C :::21 0,0151 0.5308 14 .08 
2.38 1 12 O. :~32 0.0156 0.56(1.6. 14.86 
2 .l~() 1. · 15 O. :=,38 0.0160 0.588<7 15.62 
21'42 1 · 19 0.=:)48 0.0165 0.6162 16.34 
2. 4£~ 1 .22 0.'='2::.3 0.0169 0.6425 17.0'+ 
2.46 1 .26 Cj.~?~~2 0.01 7l~ 0.6677 i 7 .71 
2.48 1 .2 1-J1 0.=::56 0.0144 0.6920 18.35 
2.51 1 .32 O.'='7·~;O 0.0049 (:t.?lO; 18.85 
2.53 1. .33 C.'='~~9 (I. (li)49 (:.710(- 18.83 
2 .. 55 1 .34 0.:::'-:-:;;7 (I.O(Jl19 0.6895 18.29 
2.57 1 ·.L":' 0.=;':::'7 (1.00'+9 0.6487 17.20 • ~.J 

2.59 1 .36 0.='396 0.0050 0.5872 15.57 
2.61 1 .37 o . .=.::'46 0.0050 0.5121 13.5El 
2.64 1 31"'· • c 0.=:;:,,::;16 0.0050 O.Lj451 1 1 .81 

OUTPUT SUMMARY: 
============================================================:============= 

TOTAL RUNOFF DEPTH = .814 IN. 
INITIAL ABSTRACTION = .421 IN. 
PEAK FLOW = 18.905 CFS 

TIME TO PEAK = 2.516 HOURS 
RUNOFF VOLUME CHECK = .816 IN. 

========================================================================== 

• (? 0 ,." 
" t .. J 

EXHIBIT Ie 
TABLE 1-A 



TABLE 1-B 

STORM RUNOFF DETERMINATION 
FOR 

CWRSF 1-B 

INPUT SUMMARY: 
=============================::::.=.=:===-==============================-====:== 

DISTRIBUTION = SCS 6 HOUR 
RAINFALL DEPTH = 2.2 INCHES 
STORM DURATION = 6 HOURS 

RUNOFF AREA = .00531 SQ. MILES 
RUNOFF CURVE NO. = 82 
TIME OF CONCENTRATION = .0915 HRS. 

============================================~=====~=;===================== 

HYDROGRAPH ORDI.NATES: 
========================================================================== 

TIME 
(HR) 

PPT 
(IN) 

CUM. FLOW 
(IN) 

DEL. FLOW 
(IN) 

FLOW RATE 
(IN/HR) 

FLOW RATE 
(CFS) 

===========~============================================================== 

0.00 0.00 0.0000 0.0000 C.OOOO 0.00 

~ 'JO::::-L-. ,,-,_I 1 .08 O. 1462 0.0081 0.5735 1 .97 
2.37 1 10 O. 1543 0.0082 0.5887 2.02 
':J - •.• 
'-. "'::"0 1- 1 '.;j l_ O. 1625 0.0084 0.6036 2.07 
2.39 1 · 1,4 0.1709 0.0086 ().6182 2.12 
2.40 < 16 0. 1794 0.0087 (J .6325 2.17 .L · 
2.42 i · 18 O. 1.881 O. (lOB'=]! O.6Lj·65 2.22 
2,.43 1 .20 (; .1970 0.0090 0.6602 2.26 
2.44 1 .22 0.2060 0.0091 0.6737 2 .. 31 
2.45 1 .24 0.2151 0.0093 0.6868 2.35 
2.46 1 .26 0.2244 0.0094 0.6997 2.40 
2.48 1 .28 O. 23~:38 0.0096 0.7123 2.44 
2.49 1 .30 0.2434 0.00'7'1 (:.7247 2.48 
2.5e) 1 3 Q · "- 0.2525 0.0026 0.7354 2.52 
2.51 1 .33 0.2552 0.0026 ().7282 2.50 
2.53 1 .33 0.2578 0.0027 0.7028 2.41 ... 
2 .. 54 1 .34 0.2605 0.0027 0.6589 2.26 
2.55 1 .34 O.263l 0.0027 0.5963 2.04 
2.56 1 .35 0.2658 0.0027 ().5170 1 .77 
2 1:''''''' 1 .35 0.2685 0.0027 (i.4466 1 .. 53 .. .J i .1. 

.::::l C-Q 
L.... • ....J J 1 .36 0.2712 0.0027 0.3855 1. .32 
2 .. t.ICl 1 .36 0.2739 0.0027 0.3337 1 .14 

OUTPUT SUMMARY: 
====~==================================================================== 

TOTAL RUNOFF DEPTH = .784 IN. 
INITIAL ABSTRACTION = .439 IN. 
PEAK FLOW = 2.52 CFS 

TIME TO PEAK = 2.502 HOURS 
RUNOFF VOLUME CHECK = .785 IN. 

=======;:==-===========-==========-========-==;==-============---============= 

Div, of Oii 
J 

EXHIBIT 10 
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TABLE 2 

STORM RUNOFF DETERMINATION 
FOR 

CWRSF AREA 2 

INPUT SUMMARY: 
========================================================================== 

DISTRIBUTION = SCS 6 HOUR 
RAINFALL DEPTH = 1.5 INCHES 
STORM DURATION = 6 HOURS 

RUNOFF AREA = .0034~ SQ. MILES 
RUNOFF CURVE NO. = 80 
TIME OF CONCENTRATION = .0433 HRS. 

========================================================================== 
HYDROGRAPH ORDINATES: 

=======================================c================================== 
TIME 
(HR) 

PPT 
<IN) 

CUM. FLOW 
<IN) 

DEL. FLOW 
(IN) 

FLOW RATE 
(IN/HR) 

FLOW RATE 
(CFS) 

==========~=============================================================== 

2.43 
2.44 
2.44 
2.45 
2.45 
2.46 
2.47 
2.47 
2.48 
2.48 
2.49 
2.49 

0.82 
0.83 
0.84 
0.84 
0.85 
0.85 
0.86 
0.87 
0.87 
0,88 
0.89 
0.89 

0.0369 
0.0383 
0.0397 
0.0412 
0.0426 
0.0441 
0.0456 
0.0472 
0.0487 
0.0503 
0.0519 
0.0535 

2.50 0.90 0.0551 
2.51 0.90 0.0556 
2.51 0.90 0.0561 
2.52 0.91 0.0565 
2.52 0.91 0.0570 
2.53 0.91 0.0574 

____ ~2~.~5~3~--~(~)~.91 0.0579 
2.54 o. 9i "-- - 6:-0583 
2.55 
2.55 
2.56 
2.56 
2.57 
2.57 
2.58 
2.59 
2.59 
2.60 

0.91 
0.92 
0.92 
0.92 
0.92 
0.92 
0.92 
0.93 
0.93 
0.93 

OUTPUT SUMMARY: 

0.0588 
0.0592 
0.0597 
0.0601 
0.0606 
0.0611 
0.0615 
(1.0620 
0.0625 
0.0629 

0.0014 
0.0014 
0.0014 
0.0015 
0.0015 
0.0015 
0.0015 
(1.0015 
0.0016 
0.0016 
0.0016 
0.0016 
0.0005 
0.0(104 
0.0004 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 
0.0005 

0.2171 
0.2212 
0.2252 
0.2293 
0.2333 
(1.2373 
0.2413 
0.2452 
0.2491 
0.2530 
0.2568 
0.2607 
0.2645 
0.2622 
0.2534 
0.2382 
0.2163 
0.1878 
0.1622 
0.1398 
(1.1209 
0.1054 
0.0935 
0.0851 
0.0803 
0.0792 
0.0794 
0.0797 
0.0799 
0.0802 

0.48 
0.49 
0.50 
0.51 
0.52 
0.53 
0.54 
0.55 
0.55 
0.56 
0.57 
0.58 
0.59 
0.58 
0.56 
0.53 
0.48 
0.42 
0.36 
0.31 
0.27 
0.23 
0.21 
0.19 
0.18 
0.18 
0.18 
0.18 
0.18 
0.18 

===============================,=-========-=============-======-=========-=-=-===== 
TOTAL RUNOFF DEPTH = .286 IN. 
INITIAL ABSTRACTION = .5 IN. 
PEAK FLOW = .S8Q CFS 

TIME "TO PEAK = 2.501 HOURS 
RUNOFF VOLUME CHECK = .28b IN. 

..===-== =============:'===--=======,==-=-=====.================================== 

EXHIBIT 10 
TABLE 2 

Div. oi OJ;, \,l, 
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TABLE 3 

STORM RUNOFF DETERMINATION 
FOR 

CWRSF AREA 3 

INPUT SUMMARY: 
=~====~=================================================~=============~=== 

DISTRIBUTION = SCS 6 HOUR 
RAINFALL DEPTH = 1.5 INCHES 
STORM DURATION = 6 HOURS 

RUNOFF AREA = .0393 SQ. MILES 
RUNOFF CURVE NO. = 80 
TIME OF CONCENTRATION = .195 HRS. 

================================?========================================= 
HYDROGRAPH ORDINATES: 

========================================================================== 
TIME 
(HR) 

PPT 
(IN) 

CUM. FLOW 
( IN) 

DEL. FLOW 
(IN) 

FLOW RATE 
(IN/HR) 

FLOW RATE 
(CFS) 

==============================================================-============ 

0.00 

2.21 
2.24 
2.26 
2.29 
2.31 
2.34 
2.37 
2.39 
2.42 
2.44 
2.47 
2.50 
2.52 
2.55 
2.57 
2.60 
2.63 
2.b5 
2.68 

0.00 

0.58 
0 . 61 
0 . 64 
0.66 
0.69 
0.72 
0.75 
0.78 
0.81 
0.84 
0.87 
0.90 
0.91 
0.91 
0.92 
0.93 
0.94 
0.95 
0.95 

OUTPUT SUMMARY: 

0.0000 

0.0024 
0.0044 
0.0070 
0.0102 
0.0139 
0.0182 
0.0229 
0.0282 
0.0340 
0.0402 
0.0469 
0.0540 
0.0569 
0.0589 
0.0610 
0.0631 
0.0652 
0.067't 
0.0696 

0.0000 

0.0020 
0.0026 
0.0032 
0.0037 
0.0043 
0.0048 
0.0053 
0.0058 
0.0062 
0.0067 
0.0071 
0.0028 
0.0020 
0.0021 
0.0021 
0.0021 
0.0022 
0.0022 
0.0022 

0.0000 

0.0040 
0.0091 
0.0172 
0.0286 
0.0429 
0.0595 
0.0779 
0.0975 
O.! 179 
0.1386 
0.1592 
0.1793 
0.1933 
0.1999 
0.1986 
0.1890 
0.1709 
0.1524 
0.1355 

0.00 

0.10 
0.23 
0.44 
0.73 
1.09 
1 .51 
1.97 
2.47 
2.99 
3.52 
4.04 
4.55 
4.90 
5.07 
5.04 
4.79 
4.33 
3.87 
3.44 

=============================================:============================ 
TOTAL RUNOFF DEPTH = .286 IN. 
INITIAL ABSTRACTION = .5 IN. 
PEAK FLOW = 5.08 CFS 

TIME TO PEAK = 2.557 HOURS 
RUNOFF VOLUME CHECK = .286 IN. 

========================================================================== 

EXHIBIT 10 
TABLE 3 



TABLE 4 

STORM RUNOFF DETERMINATION 
FOR 

CWRSF AREA 4 

INPUT SUMMARY: 
===~=,=====.============:,=====-========-==================================== 

DISTRIBUTION = SCS 6 HOUR 
RAINFALL DEPTH = 1.5 INCHES 
STORM DURATION = 6 HOURS 

RUNOFF AREA = .00653 SQ. MILES 
RUNOFF CURVE NO. = 73 
TIME OF CONCENTRATION = .207 HRS. 

================================================================:========= 
HYDROGRAPH ORDINATESI 

~========================================================================= 

TIME 
(HR) 

PPT 
(IN) 

CUM. FLOW 
(IN) 

DEL. FLOW 
(IN) 

FLOW RATE 
(IN/HR) 

FLOW RATE 
(CFS) 

======================================~~====::;========:================== 

0.00 

3.20 
3.23 
3.26 
3.28 
3.31 
3.34 
3.37 
3.39 
3.42 
3.45 
3.48 
3.51 
3.53 
3.56 
3.59 
3.62 
3.64 
3.67 
3.70 

0.00 

1.10 
1.11 
1.11 
1.12 
1.12 
1.13 
1.14 
1.14 
1.15 
1.16 
1.16 
1.17 
1.18 
1.18 
1.18 
1.19 
1.19 
1.20 
1.20 

OUTPUT SUMMARY: 

0.0000 

0.0317 
0.0328 
0.0340 
0.0351 
0.0363 
0.0375 
0.0387 
0.0400 
0.0412 
0.0425 
0.0438 
0.0450 
0.0459 
0.0468 
0.0477 
0.0487 
0.0496 
0.0:506 
0.0515 

0.0000 

0.0011 
0.0011 
0.0012 
0.0012 
0.0012 
0.0012 
0.0012 
0.0013 
0.0013 
0.0013 
0.0012 
0.0009 
0.0009 
0.0009 
0.0009 
0.0009 
0.0009 
0.0010 
0.0010 

0.0000 

0.0392 
0.0391 
0.0392 
0.0394 
0.0398 
0.0403 
0.0409 
0.0415 
0.0422 
0.0428 
0.0435 
0.0440 
0.0441 
0.0437 
0.(1429 
0.0416 
0.0399 
0.0384 
0.0372 

0.00 

0.17 
0.16 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.18 
0.18 
0.18 
0.19 
0.19 
0.18 
0.18 
0.18 
0.17 
0.16 
0.16 

=======================================================~================== 

TOTAL RUNOFF DEPTH = . . 13 IN. 
INITIAL ABSTRACTION = .74 IN. 
PEAK FLOW = .186 CFS 

TIME TO PEAK = 3.525 HOURS 
RUNOFF VOLUME CHECK = .13 IN. 

========================================================================== 

EXHIBIT 10 
TABLE 4 

e .-_. _ •• , .... ,. ... .. ,...... .. _ . " ... ~. ___ " 1"::"- . _ , . . .. _ , . ..- .... ""'""'. __ .. .... e ' ~.--.,... . .... ... . .. ,.- -_ ... --- -
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TABLE 5 

STORM RUNOFF DETERMINATION 
FOR 

CWRSF AREA 5-

INPUT SUMMARY: 
================================================-=========-================= 

DISTRIBUTION = SCS 6 HOUR 
RAINFALL DEPTH = 1.5 INCHES 
STORM DURATION = 6 HOURS 

RUNOFF AREA = .0531 SQ. MILES 
RUNOFF CURVE NO. = 80 
TIME OF CONCENTRATION = .252 HRS. 

========================================================================== 
HYDROGRAPH ORDINATES: 

=========================================================================; 
TIME PPT CUM. FLOW DEL. FLOW FLOW RATE FLOW RATE 
(HR) (IN) <IN) <IN) (IN/HR) (CFS) 

===================;=====:================================================ 
0.00 0.00 0.0000 0.0000 0.0000 0.00 

2.52 0.91 0.0567 0.0026 0.1598 5.48 
2.55 0.92 0.0594 0.0027 0.1744 5.98 
2.59 0.93 0.0621 o . (J027 0.1809 6.20 
2.62 0.94 0.0648 0.0028 0.1785 6.12 
2.65 0.95 0.0676 0.0(128 (1.1667 5.71 
2.69 0.96 0.0705 0.0029 0.1512 5.18 
2.72 0.97 0.0734 0.0029 0.1364 4.68 
2.76 0.98 0.0763 0.0030 0.1228 4.21 
2.79 0.99 0.0793 0.0030 0.1109 3.80 
2.82 1.00 0.0823 0.0031 0.1011 3.46 
2.86 1.01 0.0854 0.0031 0.0937 3.21 
2.89 1.02 0.0886 0.0032 0.0893 3.06 
2.92 1.03 0.0917 0.0032 0.0881 3.02 
2.96 1.04 0.0950 0.0033 0.0890 3.05 
2.99 1 .05 0.0982 0.0028 0.0905 3.10 

OUTPUT SUMMARY: 
========================================================================== 

TOTAL RUNOFF DEPTH = .286 IN. 
INITIAL ABSTRACTION = .5 IN. 
PEAK FLOW-= 6.208 CFS 

TIME TO PEAK = 2.595 HOURS 
RUNOFF VOLUME CHECK = .286 IN. 

========================================================================== 

EXHIBIT 10 
TABLE 5 

,~ ... 
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SOIL-EROSION MAP 

EXHIBIT XI 

SCALE 1"=200' 
Div. oiOil r>j' '~n' . 
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2 APPENDIX" 

00 880 11-2,5U
LINB(R )-PLUS 
IF (MOD(If,10)-I) 880.870,880 

'0 LlRE(tO·EXXE 
10 COIn'IIIU1! 

LOAD LINE 
X) DO 950 J·I,K 
)0 IF (JA(J)-IXSR(J» 910,910,950 
10 JJ-JA(J) 

IF (IY(JJ,J)-I) 950,920,950 
20 n·IX(JJ.J) 

IF (LlRE(JB).RE.BLAMX.AND.LIRE(JB).RE.PLUS) GO TO 930 
.TK-J 
IF(J .EQ. H) JK-22 
IF(RSPG .EQ. I .AND. J .EQ. If-I) JK-ZI 
LINE(JB)·POINT(J~) 

GO TO 940 
)0 IF(RSPG .EQ. 1 .AND. J .GE. H-l .OR. RSPG ,ME. I • AND. J .EQ. M) 

.. GO TO 940 
IF (LlRE(JB).RE.POINT(J» LINE(JB)-EXXE 

~O JA(J)-JA(J)+I 
GO TO 900 

50 COJn"INU! 
tINT A LINP. OF TIlr. rnlAl'H. l' (MOD(I,5)-I) 970,960,970 
60 K.«.2)*I+l.) 

WRITE(6,20) YLABEL(K),(LINE(N),N-l,51) 
00 TO 980 

70 WRITE(6,30) (LlNE(N),W-I,51) 
80 CONTIIIUE 

WRIT!(6,40) (XLABEL(N),N-l,6) 
RETUIlN 
END 

tzl 
C1 >< !<:. ::z:: 
0 

1-4 ::; 
..... txr " "",. 
f! 1-4 () 

-- ..,".'~' C) 
G) ~-0 

::::) 

0J I::iJ 
.~; j 

::'J c -) 
1-4 

~ , 
.;.:.:.) 

~~ ~ .~ j 
~.: , 
S" ...... Of / 

,',/ 
.J 

-'~) U 

XYPL0249 
XYPL0250 
XYPL0251 
XYPL0252 
XYPL0253 
XYPL0254 
XYPL0255 
XYPL0256 
XYPL0257 
XYPL0258 
XYPL0259 
XYPL0260 
XYPL0261 
XYPL0262 
XYPL0263 
XYPL0264 
XYPLOZ65 
XYPL0266 
XYPL0267 
XYPL02611 
XYPLOZ69 
XYPL0270 
XYPL0271 
XYPt.0272 
XYPL0273. 
XYPL0274 
XYPL027S 
XYPL0Z76 
XYPL0277 
XYPL0278 
XYPL0279 
XYPL0280 
XYPL0281 

-

Appendix VI 

List of REAME in BASIC 

5 RP.M RI':NU!(ROTATlONAI. P.QUlLIIRIlIt AIIALYSIS OF MULTtl.AYP.D """ANICHP!NT~) 
10 I",. INTERACTIVE OR "ATeM HODr. 
15 DIH C(19),E8(80),F2(90),G(19),L2(9,11),L4(9,11),NO(10),Ll(9,II) 
20 DI~ 116(20),P2(19),14(11),R5(90),54(49,20),Tl(19),T6(10),T7(10) 
25 DIH T8(11),T$(72),X(3),XI(50,20),X3(50),Y(3),Y8(50,20) 
30 DIM AO(5),89(5),F8(5),F9(5),S5(5),Y7(50),Y9(49,20) 
35 PRINT "TITLE -"; 
40 MAT INPUT T$ 
45 PRINT 
50 PRINT "PILE NAKE"; 
55 INPUT F$ 
60 FILE II, P$ 
65 PRINT "READ PROM FIL!?(ENTER 1 WIIEII READ FlOft FILl! , 0 WHEN NOT)"; 
70 INPUT 110 
75 PRINT 
80 IF 10-1 THEN 95 
85 SCRATCH '1 
90 GO TO 100 
!l5 RESTOR! '1 
100 PRINT "NO. OF STATIC AND 8!I~lC CASES-"I 
105 INPUT p6 
110 FOR p5-1 TO P6 
115 PRINT 
120 PRINT "CAS! NO.";P5, "SEISMIC COEFFICI!N'l'·"; 
125 IIIPUT S5(P5) 
130 PRINT 
135 IF P5<>1 THEN 1195 
140 IF 110-1 THEN 16~ 
145 PRINT "NUHIlEI OF BOUNDARY LINES -"; 
150 INPUT N5 
155 WRITE II,N5 
160 GO TO 175 
165 READ 11,115 
170 PRINT "NO. OF BOUNDARY LIRES-";1I5 
175 PRINT 
lAO FOR J-l TO 115 
185 IP BO-I TlI"lI 210 
190 PRINT "NO. OF POINTS ON BOUNDARY LIH!":J; .. • .. ; 
195 IIIPUT 116(J) 
200 WRITE II,N6(J) 

Yang H. Huang 
STABILITY ANALYSIS 
OF EARTH SLOPES, 
Van Nostrand Reinhold 
Co. J 1983 
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20 fO 220 
211. ,.I) II, N6(J) 
215 PRllfT "MO. 01' POINTS ON 10UNDARY LINE";J;"-":N6(J) 
220 PRIIIT 
225 l'll11fT "BOUIIDAllY LINE -";J 
230 FOR I-I TO \II6(J) 
235 11 Bo-l THEIl 270 
240 PRllfT I; ''X~OORDIMATE-''; 
245 INPUT II(I.J) 
250 PRUIT TAB(3) ; ''Y-COOltDIMATE-"; 
255 INPUT Y8(I.J) 
260 waITE Il,XI(I.J).Y8(I.J) 
265 GO TO 280 
270 READ 11.XI(1.J).Y8(I.J) 
275 PRINT 1:"1 COORD.· .. :Xl(I .J)."Y COORD.-";Y8(I.J) 
280 MtxT 1 
285 PRINT 
Z90 MEXT J 
295 PRINT 
300 PRINT"LIWE MO. AIm SLOPE OF EACH S!GHENT AllE:" 
305 FOR J·I TO ItS 
310 1f1-116(J)-1 
315 PRIIIT J. 
320 FOR I-I TO Nl 
325 IF lU(I+I.J)-XI(I.J) TH!!N 340 
330 84(I,J)-(Y8(I+l.J)-Y8(I.J»/(Xl(I+I.J)-Xl(I,J» 
335 GO TO 3105 
3100 84(I.J)-99999 
345 Y9(I.J)-Y8(I.J)-S4(I.J)*XI(I.J) 
350 !'RIIfT S4(I.J)1 
3'5 NEXT I 
360 PRINT 
365 If EXT J 
370 PRINT 
375 11 BD-I TH!!N 415 
380 PRINT "MIN. DEPTH OF TALLEST SLlCE-": 
385 llfPtlT 04 
390 PUNT 
395 PRINT "NO. OP RADIUS COIITROL ZON!!S-": 
400 INPUT 1'6 
405 waITE Il.D4.F6 
410 GO TO 430 
415 READ I1.D4.P6 
420 PRINT "HIN. DEPTH OP TALLEST SLICE-";D4 
425 PRINT "MO. OF IlADIUS COIITROL ZONES-"iP6 
430 'OR I-I TO '6 
U5 PRINT 
440 IF 10-1 THEN 510 
445 PlllNT "RADIUS DEl:al!JtENT POR ZONt";I;"-": 
450 INPUT T6 (I) 
455 PRINT 
460 PRtNT "MO. OF CIRCLE POR ZONE";I; .. • .. ; 

=; 465 INPUT NO (I ) 
~, 470 PRUT 
(j 475 PRINT "10 NO. FOR FIRST CIRCLE FOR ZONE";I;"-"; o 'liD INPIIT T7(Y) 
:' ] 411~ PlUNT 
-,} 490 PRINT "NO. OF ROTTIfl LIN!'!S 'OR ZONE .. ;I; ...... ; 
C) 495 INPUT T8(I) . 
~)) 500 WRIT!! II.T6(I).ND(I).T7(I).T8(I) 
:::~ 505 GO TO 535 
~ . I ~JO lI'.AD Il.T6(t).HO(l),T1(T).T8(1) 
I : J 515 PRINT "RADIUS DECRD!KNT POll ZON!!"; I :"~";T6(I) 
,,) 520 PRINT "110. OF CIRCLI!S FOIl ZONE"; l;"~";NO(I) 

j lIST OF REAME IN ~ • ~IC 215 

525 PRlitt "to NO. Po. PIRST CIJ.CLE FOR ZOIlE";I;· ... ' • '. 
530 PRIlft "110. OF IOTTOK LIMES rot!. ZOM!";I; .. ~";T8(1) 
535 PRIIIT 
540 I' Bo-l TKEN 555 
545 PRINT "INPUT LINE MO •• BEcaN PT. MO.,AND EIfD PT. NO. POll ZONE";I 
550 PRINT "EACH LINE ON OM! LINE , EACH EJmtT SEPARATED liT COMMA" 
555 FOR J-l TO T8(I) 
560 IP BO-l TRI!N 580 
565 INPUT L2(J.I).L3(J,I).L4(J.l) 
570 WRITE II,L2(J.I).L3(J.I).L4(J.I) 
575 GO TO 595 
580 READ II.L2(J.I).L3(J.I).L4(J.Il 
585 PRINT "FOR ZONE";I. "LIN!! SEQUENCE";J 
590 PRINT "LINE MO.-";L2(J.I),"BZG. MO.· .. ;L3(J.I)."EIfD NO,"";L4(J.I) 
595 NEXT J 
600 NEXT 1 
605 E7-X1(L3(l.1).L2(l.I» 
610 G8-XI(L4(1.1),L2(I.l» 
615 IP T8(1)"1 THEM 650 
620 POR 1-2 TO T8(1) 
625 IF Xl(L3(1.1),L2(l,l»>-E7 THEN 635 
630 E7-Xl(L3(I,I),L2(I.l» 
635 IF Xl(L4(I.I).L2(I.l»<-G8 THEN 645 
640 G8-Xl(L4(I.l),L2(1.1» 
645 NEXT 1 
650 IF E7<>Xl(l.N5) THEN 665 
655 IP G8<>XI(N6(N5),M5) THEN 665 
660 GO TO 680 
665 PRINT 
670 PRINT "ROCK LIME IS TOO SHORT 0It EXTEIfDS REYOJfll GROtmD LUIf." 
675 STOP 
680 L2(1.'~+1)-N5 
685 L3(1. F6+l )-1 
690 L4(I,F6+I)-ft6(N5) 
695 T8(P6+t)-1 
700 T9-ftS-l 
705 PRINT 
710 IP BO-I THEN 725 
715 PRIHl'''INPUT COHESION. PRIC. ANGLE. UNIT WT. 01' SOIL" 
720 PUNT "EACH SOIL Olf OWE LINE " EACR ENTRY SEPARATED IIY COMMA" 
725 POR I-I TO T9 
730 IF BO-l THEW 750 
735 INPUT C(I).P2(I).G(1) 
740 WRITE Il.C(I).P2(I).G(I) 
745 GO TO 755 
750 READ Il,C(I).P2(I).C(I) 
n5 NEXT I 
760 IF 10<>1 THEN 785 
765 PRINT "SOIL MO .... "COHESION". "PRIC. ANGLE", "UNIT nIGHT" 
770 FOR I-I TO T9 
775 PRINT I,C(I).P2(I).GCI) 
780 NEXT I 
785 FOR I-I TO T9 
790 TI(I)-TAN(P2(I)*3.141593/180) 
795 NEXT I 
800 PRINT 
AO~ rp RO-I TII!'!N Al~ 
RIO PRINT "ANY !lI!EPAGf.? (ENTER 0 WITIIOUT SEEPACr.. 1 wnll PIIII~A·rlr." 
815 PRIIfT "SURFACE. AND 2 WITH PORE PRESSUkE RATIO)": 
1120 INPUT N3 
825 WRITE 11. N3 
830 CO TO 875 
83S RI!AIl 'I,N3 
840 IF ")-0 THEN 860 
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84S II' 11)· II 870 
8S0 PRINT' C O ~ PORE PRESSURE RATIO" 
855 GO TO 875 
860 PRINT "NO SEEPACF." 
1'6S GO TO 875 
870 PRINT ""58 1'HREATIC SURFACE" 
87S IF BO-I THEN 960 
880 IF N)<>1 THEN 905 
885 PRINT 
890 PRINT ''UNIT WEICHT OF WATER-"~ 
895 INPlIT G5 
900 WRITE 'I,G5 
905 PRINT 
910 PRINT "ANY SEARCH1(ENTER 0 WITH GRID AND 1 WITH SEARCH)"; 
915 INPUT zO 
920 PRINT 
925 PRINT "MO. OF SLICES-"; 
930 INPlIT 1'4 
935 PRINT 
940 PRINT "RO. OF ADD. RADII-"; 
945 INPlIT N7 
950 WRITE 'I,ZO,P4,N7 
955 co TO 1005 
960 IF N3<>1 THEN 975 
965 READ Il,G5 
970 PRINT "UNIT WEIGHT OF WATER-";G5 
975 READ Il,ZO,P4,N7 
980 1P ZO-O tHEN 995 
985 PRINT "USE SEARCH" 
990 CO TO 1000 
995 PRINT "US8 GRID" 
1000 PRINT "NO. OF SLICES-";P4, RIIO. OF ADD. RADII-";N7 
1005 P7-Z0 
1'010 IF N3-o THEN 1195 
1015 tF 113-2 THEN 1155 
1020 PRINT 
1025 IF BO-I TREN 1055 
1030 Pll.INT "NO. OF POINTS ON WATER TABLE _n; 
1035 INPlIT N4 
1040 PRINT 
1045 WRITE I1.N4 
1050 GO TO 1065 
1055 READ I1,N4 
1060 PRINT "NO. 0 .. POINTS ON WATI!R TABL!-";N4 
1065 FOR I-I TO N4 
1070 IF BO-l THEN 1110 
1075 PRINT I;''X-COORDINA'l"E-''; 
I 080 INPUT X3 (1) 
1085 PRINT TAJH3)~''Y-COORDINATE-'': 
1090 INPUT Y7(I) 

95 PRINT 
00 WIUTE II.X)(11,Y7(I) 
05 GO TO 1120 

1-110 READ II, no), Y7(1) 
:t1115 PRINT Ij''x CQORD.-"jX3(I),"Y COOItD.-"~Y7(I) 
~'120 NEXT t 
1..V1 25 IF X3(l )<-X I (I,NS) THEN 1135 
:VllO GO TO 11'0 
~13S IF X3(N~»-Xl(N6(N5).N5) THEN 1195 -Juo PRINT 
r 145 PRINT"PlEZOKETRIC LIKE IS NOT EXTEND Btl AS FAR 017r AS GROUND LINE" 

I~O STOP 
I"~ rlllllT 
1160 IF BO-I THEN 1185 

1165 PIlINT "PORE PRESSURE IATIO-"; 
1110 INPUT 11.8 
1175 WRITE '1,11.8 
1180 GO TO 1195 
liAS READ U,a8 
1190 PRINT "PORE PRESSURE II.ATI0-·';R8 
1195 IF P5-1 THEN 1215 
1200 Z-F4 
H05 ZJ-FS 
1210 ZO-P1 
1215 IF ZO<>O THEN 1510 
1220 IP 1'5<>1 TREN 1415 
1225 PRINT 
1230 PRINT "INPUT COORD. OF GRID POINTS 1.2,AND 3" 
1235 PR INT 
1240 FOR I-I TO 3 
1245 IF BO-l THEN 1285 
1250 PRINT "POINT";I;''X-COOltDINATE _to; 
1255 INPUT X(I) 
1260 PRINT TA8(8);"Y-COORDIIlATE -"~ 
1265 INPUT y(I) 
1270 PRINT 
1275 WRITE 'l,X(I),Y(I) 
1280 GO TO 1295 
1285 READ II,X(I) , Y(I) 
1290 PRINT "POINT";I;''x COORD.-";X(I);"Y COo\lD.-"~Y(I) 
1295 NEXT I 
1300 IF BO-l THEN 1385 
1305 PRINT "x I"CREKENT-"; 
1310 IKPlIT ZI 
1315 PRINT 
1320 PRINT "Y INCR&lENT-"; 
1325 INPlIT Z2 
1330 PRINT 
Ins PRINT "NO. 01' DIVISIONS BETWEEN POINTS I AND 2-"; 
1340 INPUT Z 
1345 PRINT 
1350 PRINT "NO. OF DIVlSIONS 8!T11E!N POINTS 2 AMD 3-"1 
1355 lllPUT Z3 
1360 WRITE ,I,ZI,Z2,Z,Z3 
1365 PRINT "CONTIIlUE1(ERTEIt I POR COtrrINUING AND 0 FOR STOP"; 
1370 INPUT G7 
1375 IF G7-o THEN 6260 
13110 CO TO 1405 
13115 READ II,Z1,Z2,Z,Z3 
1390 PRINT "x INCREKENT-";ZI,"Y INCIEMENT .... ;Z2 
1395 PRINT "NO. OF DIVISIONS BIt'NJ!:EN POINTS 1 AND 2-";Z 
1400 PRINT ""o. OF DIVISIONS BETWY.EN POINTS 2 AND 3-";Z3 
1405 F5-Z3 
1410 F4-Z 
1415 IP ZI<>O THEN 1430 
1420 IP Z2<>0 THEN 1430 
1425 CO TO 1440 
1430 PRINT 
1435 PRItrr "AUTOMATIC SEARCH WILL FOLLOW AFTER GRID" 
1440 Z4-Z5-o 
1445 IF Z3<>0 THEN 1460 
1450 Z6-7:7-o 
1455 -CO TO 1470 
1460 Z6-(X(3)-X(2»/Z3 
1465 Z7-(Y(3)-Y(Z»/Z3 
1470 IF Z<>O THEN 1485 
I" 1'i 7,11-7.<1.0 
14110 IJIl Til ..... " 
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1485 (,.1' -1(1 ))It 
1490z9< ,-YU»/Z 
1495 AI-A3-X(1) 
1500 A2-A4-Y (1 ) 
lS05 co TO 1810 
1510 IF F5<>1 THEM 1685 
1515 PUNT 
1520 IP BO-l THEN 1545 
1525 FRINT"NO. or CENT!R.S TO II! ANALYZED -"; 
1530 INPUT Z5 
1535 WRITE 11,t5 
1540 co TO 1555 
1S45 READ 11,Z5 
1550 PRINT "MO. OF CENTDS TO BE ANLTZED-";Z5 
1555 D3-Z5 
1560 IF 1'5<>1 THEN 1690 
1565 PRINT 
1570 IF BO-l THEN 1645 
1575 PIlINT "x COORDINATE OF TRIAL CENTER-"; 
1580 INPUT Al 
1585 PUNT "Y CooRDlWATE OF TIlIAL CENTER-"; 
1590 II'PUT A2 
1595 PllINT 
1600 PRINT "x INCREMENT-"; 
1605 INPUT ZI 
1610 PRINT "y INCREMENT-"; 
1615 INPUT Z2 
1620 WRI~E 'I,Al,A2,ZI,Z2 
1625 PRINT "CONTINU!?(!NT!R. 1 FOR CONTINUING AND 0 FOIl STOP)"; 
1630 INPUT G7 
1635 IF G7000 THEN 6260 
1640 GO TO 1660 
1645 READ 'I,Al,"2,2I,Z2 
1650 PRINT "x CooRD.-";AI, "y COORD.-";A2 
1655 PRINT "x INCREMEIfl'-";ZI,"Y INCREMENT-";Z2 
1660 AO(25)-Al 
1665 89(Z5)-A2 
1670 F8(Z5)-ZI 
1675 F9(Z5)-t2 
1680 GO TO 1725 
1685 Z5O()] 
1690 AI-AO(Z5) 
1695 A2-B9(Z5) 
1701) 21-1'8(Z5) 
1705 2Z-F9(1.') 
1710 GO TO 1725 
1715 AI-A7 
1720 A2-A8 
17ZS Ro.O 
1730 PRINT 
1735 PRINT 
1740 AS-AI 
1145 IP DJooO THEN 1755 
1750 PRINT "SEARCH STARTED AT CENTER NO.";D3-ZS+l 
1755 A6-0\2 
1760 Z4-41. 
1765 Z5-ZS-1 
1770 1.3-Z-o 
1775 11' ZO-1 THEM 1790 
1780 Z8-Z9-D 
1785 ('.0 TO 1810 
1790 28-1.1 
1795 1.9-1.2 
1800 A9-B2-B3-G6-B5-o 
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1805 114-2 
1810 23-23+1 
lU5 Z-Z+l 
1820 B6~OooO 
1825 FOR E6-1 TO 23 
1830 FOR KO-I TO Z 
1835 K2-<l 
1840 IF 1.0-1 THEN 1850 
1845 GO TO 1885 
1850 IF B6<>2 THEN 1885 
1855 MO-A9-B2-B3-G6-B5-o 
1860 B4-Z 
1865 AI-AS 
1870 A2-A6 
1875 1.8-Z I 
1880 1.9-22 
1885 XO-Al 
1890 YO-A2 
1895 R-Z4 
1900 IF ZO<>1 THEN 1940 
1905 IF ABS(XO-A5)<20*ZI TR!N 1940 
1910 IF ABS(Yo-A6)<20*Z2 TREM 1940 
1915 PRINT 

LIST OF "F,.~.~ 'N P - -'C 2M 

1920 PRINT "THIl INCRI!HENTS USED FOR SEARCH AIlE TOO SHALL, OR eQUAl." 
1925 PR INT "TO ZI':RO, SO THE MINIMUM FACTOR OF SA1!TY CANNOT liE FO\JMtl" 
1930 IF Z5<>0 THEN 2815 
1935 STOP 
1940 J2-SQR«XO-Xl(l,N5»**Z+(Y0-Y8(I,NS»**Z) 
1945 J3-5QR«XO-Xl(N6(N5),1'5»**Z+(YO-Y8(N6(M5),N5»*.Z) 
1950 IF J»-J2 THEN 1960 
1955 J2-J) 
1960 FOR I-I TO (16+1) 
1965 J4-99999 
1970 FOR J-l TO T8(I) 
1975 FOR K-L3(J,I) TO (L4(J;I)-l) 
1980 IF Xl(K,L2(J,I»-XI(K+l,L2(J,I» THEN 2035 
1985 J8-(X0+S4(K.L2(J,I»*(YO-Y9(K,L2(J.I»»/(S4(K,L2(J,I»**2+1) 
1990 IF J8<11(K,L2(J.I» THEN 2000 
1995 GO TO 2010 
2000 J9-5QR«XO-XI(K,L2(J,l»)**Z+(YO-Y8(K,L2(J,I»)**2) 
2005 GO TO Z050 
2010 IF J8>Xl(K+l.L2(J,I» THEN 2025 
2015 J9-SQR«Xo-J8)**2+(Y0-S4(K.L2(J,I»*J8-Y9(K,L2(J,I»)**2) 
2020 GO TO 2050 
202~ J9-S~«XO-Xl(K+l,L2(J.I»)**2+(YO-Y8(K+l,L2(J,I»)··2) 
2030 GO TO 2050 
2035 IF YO<Y8(K,L2(J,I» THEN ZOOO 
2040 IF YO>Y8(K+l,L2(J,I» THEN 2025 
2045 J9-ABS(XO-Xl(K,L2(I,J») 
2050 IF J9>-J4 THEN 2060 
2055 J4-J9 
2060 IIEXT K 
2065 NEXT J 
2070 IF J4<-J2 THEN 2095 
2075 PRINT 
20BO PRINT"*""* WARNING AT NEXT CIlIfl'ER "." .. n 

2085 PRINT "MAXIMUM RADIUS IS LIMITED BY Etm POIIIT OF GROUHD LINI!" 
2090 J4-J2 
2095 K4 (I)-.J 4 
2100 NEXT 1 
2105 R3-R4(F6+1) 
2110 FOR LO-l TO P6 
2115 IF NO(LO)-O THEN 2230 
2120 R-4I.4(LO) 
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210 A"-=~DIX VI 

2115 .. 1 )-0 THEM 2135 
2130 GO " .5 
2135 HO-(i .O)-R4(Lo.l»/N0(LO) 
2140 GO TO 2150 
2145 RO~6(LO) 
2150 ko4l-(T7(LO)-l)"H0 
2155 POR JO-l TO MO(LO) 
2160 IF R>-R4(Lo.l) TREN 2200 
2165 I(2-K2+1 
2170 F2(K2)-IE6 
2175 R5(RZ)-R 
2180 IF K2<>1 THEN 2195 
2185 F1-11!6 
2190 R2 .... 
2195 GO TO 2235 

'2200 GO SUB 2925 
2205 GOSUB 4480 
2210 IF F2(K2»100 TH!!N 2235 
2215 IF HO<-O THEN 2230 
2220 R-lt-RO 
2225 NEXT JO 
2230 NEXT LO 
2235 HO-tfo.l 
2240 IF ZO<>1 THEN 2255 
2245 IF 86-1>0 TREK 2255 
2250 GO TO 2260 
2255 86-1 
2260 PRINT 
2265 PRINT 
2270 PIlllfT 
2275 PIlllfT "AT POllfT C";'XO;YO; ")";"THE RADIUS AND FACTOIl OF SAFETY ARE:" 
2280 FOR H4-1 TO K2 
2285 PRllfT k5(H4),F2(H4) 
2290 NEXT H' 
2295 PRnrr ,"LOWEST FACTOR OF SAFETY -":Fl;"AND oCC'lms AT RADIUS -":1l.2 
2300 PRIHT 
2305 IF .ZO-l<O TNE" 2315 
2310 GO TO 2360 
2315 IF HO-I TH!N 2325 
2320 IF Fl>-RI THE" 2345 
2325 HI-VI 
2330 H2-R2 
2335 A7-XO 
2340 A8-YO 
2)45 AI-U.ZS 
2350 AZ-A2.Z9 
2355 GO TO 2820 
2360 IF HO-I THEN 2410 
2365 A9-A9H 
2370 IP PI-HI<O THEN 2410 
2375 IP C6-1 THEN 2445 
2380 IP 63<>0 THEN 2610 
2385 lP A9<>1 THEN 2580 
2390 A9-0 
2395 AI-AI-84·Z8 
2400 83-1 
2405 GO TO 2625 
2410 HI-VI 
2415 "2-«2 
2420 A7-XO 
2425 A8-YO 
2430 CI-G3 
21035 C2-G4 
2440 GO TO 2525 
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2445 IF 83<>0 TH!!N 2475 
2450 IF A9<>1 THEN 2495 
2455 83-1 
2460 AZ-A2-84.Z9 
2465 A9-0 
2470 CO TO 2625 
2475 IF A9<>1 THEN 2495 
2480 IF 82<>1 THEN 2495 
2485 112-2 
2490 GO TO 2625 
2495 A9-B3-G6-o 
2500 82,""0-1 
2505 84-2 
2510 AI-A1+Z8 
2515 A2-A8 
2520 CO TO 2625 
2525 IF G6-1 THEN 2555 
2530 IF 83-0 THEN 2545 
2535 Al-A!-Z8 
2540 CO TO 2625 
2545 Al-Al+Z8 
2550 CO TO 2625 
2555 IF 63-0 THEN 2570 
2560 A2-A2-Z9 
2565 GO TO 2625 
2570 AZ-A2+Z9 
2575 GO TO 2625 
2580 MO-82-G6-1 
2585 A9-B3-0 
2590114-2 
2595 AI-A7 
2600 AZ-A8+Z9 
2605 GO TO 2625 
2610 IF A9<>1 THEN 2580 
2615 IF 82<>1 THEN 2580 
2620 82-2 
2625 R-o 
2630 IF 82<>2 THEN 1835 
2635 85-85+1 
2640 IF 85<>1 THEN 2705 
2645 IF Hl<100 THEN 2660 

LIST OF AEAME '111 BASIC 291 

2650 PRIIfT "IMPl.OPg CENTER IS USED FOil SUIteR" 
2655 CO TO 2815 
2660 Z8-Z 1/4 
2665 Z9-Z2/4 
2670 82-A9-W3-G6-o 
2675 84-2 
2680 HO-l 
2685 115-115+1 
2690 AI-A7+Z8 
2695 A2-AS 
2700 GO TO 1835 
2705 PRIIfT 
2710 PRlNT "AT POINT (";A7;A8: ")": ''RADIUS'';R2 
2715 PRINT 
2720 PRINT 
2725 PRINT "Til!! MINIHUI1 FACTOR OF SAFETY 1S";"1 
2730 PRINT 
2735 PRINT 
2140 PRINT "ANY PLOT?(EHTER 0 FOR 110 PLOT "lID 1 FOR PLOT)": 
2745 INPUT p8 
2750 IF p8-0 TH!!N 2795 
2755 PRINT 
2760 PRIIfT ''YOU KAY LIKE TO ADVAIICE PAPER TO TH!! TOP OP NEXT PAG!" 
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276'i !; . : Eln iRE PLOT WILL PlT IN ONE SIMGLI PAGI." 
2770 PRINT "f( PROGIlAH TO PROCgED, HIT THE ~!TUItN RY." 
2775 PRINT "An ,;., ... LOT, TOU MAT LIKE TO ADVAIfC! PAPER TO IlEXT 
2780 PRINT "AIID HIT THE RmJIlH ItEY AGAIN" 
2785 INPUT C$ 
2790 COSUB 4725 
2795 IF ZO-l THEN 2875 
2800 AI-A7 
2805 A2-A8 
2810 86-2 
2815 IF Z5<>0 THEN 1560 
2820 NEXT JeO 
2825 A3-AJ+Z6 
2830 A4-AHZ7 
2835 AI-A3 
2840 42-A4 
2845 N'EXT E6 
2850 PRINT 
2855 PRINT "AT POINT (";A7;A8; ")"; ''RADIUS'';HZ 
2860 PRINT 
2865 PRINT 
2870 PUNT "THE MIND1UH FACTO. OF SAF!TY IS";Hl 
2875 IF Z5<>0 THEN 1560 
2880 IF ZO-O THEN 2890 
2885 CO TO 2915 
2890 IF ZI<>O THSN 2905 
2895 IF Z2<>O TH'EN 2905 
2900 ao TO 291' 
2905 ZO-z5-1 
2910 GO TO 1715 
2915 NEXT P5 
2920 GO TO 6260 
2925 RPlt SUBROUTINE FSAFTY 
2930 OIH Bl(80),C8(80),D6(80),Ll(80),S(80),S8(80),T4(80) 
2935 0D1 W(80) ,WI (80) ,X2(80)',X4(20) ,X5(20), Y4(80, 20), Y5(80) 
2940 IF R>tl) THEN 2955 
2945 r7-1E6 
2950 GO TO 4475 
2955 S7-o . 
2960 FOR J-l TO "5 
2965 X4(J)--99999.0 
2970 X5(J)-99999.0 
2975 N1oo1t6(J)-1 
2980 FOR I-I TO Nl 
2985 IF S4(I,J)-99999 TREN 3105 
2990 A-1+S4(I.J)*.2 
2995 B-S4(I.J)*(Y9(l,J)-tO)-xO 
3000 0-(Y9(I.J)-YO)**Z+xO**2-a •• Z 
3005 T2-8**2-A*O 
3010 IF ABS(T2)<1 THEN 3110 
3015 IF T2>0 TRSN 3025 
3020 CO TO 3105 
3025 X6-(-B-SQR(T2» IA-
3030 X7-(-8+SQR(T2»/A 
3035 IF X6>-(Xl(I,J)-O.01) TH!N 3045 
3040 GO TO 3010 
3045 IF X6<-(XI(I+l.J)+0.01) THEN 3055 
3050 GO TO l070 
3055 X4(J)-Xfi 
3060 IF J<>N5 THEN 3070 
3065 Y6-S4(I,J)-X4(J)+Y9(I.J) 
3070 IF X7~-(X1(I,J)-0.01) THEN 3080 
30n co TO 3105 
3080 IF X7<-(Xl(I+I , J)+o.OI) THEN 3090 
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3085 CO TO 3105 
3090 XS(J}-X7 
3095 IF J<>M5 THEN 3105 
3100 YI-S4(I,J)*X5(J)+Y9(I,J) 
3105 NEXT 1 
lllO NEXT J 

LIST OF AEAME IN BASIC 293 

3115 IF X4(N5)--99999.0 THEN 2945 
3120 IP X5(N5)-99999.0 THEN 2945 
3125 IP YO<l6 TH8N 3135 
3130 GO TO 3140 
3135 IF YO<lI THEN 2945 
3140 RI-0 
3145 IF YO>Y6 THEN 3270 
3150 X4(N5)-XO-R 
3155 X8-X4(N5) 
3160 FOR ~-1 TO N5 
3165 Itl-N5+l-r: 
3170 N I-N6(JU )-1 
3175 Y4(I,Jel)--9999.0 
3180 FOR I-I TO HI 
1185 IF Xl(I,KI)-Xl(I+I,Xl) THEN 3210 
3190 H-I 
3195 IF X8>Xl(I,Xl) THEM 3205 
3200 GO TO 3210 
3205 IP X8<-XI(I+I,Xl) THEN 3220 
3210 NEXT 1 
3215 CO TO 3230 
3220 Y4(1.~ll-~4(K,XI)*x8+Y9(K.Kl) 
322' [P X-I THEN 3260 
3230 IF (Y4(I,Kl)+9999.0)-o THEN 3265 
3235 IF (y0-Y4(1,Kl»>0 THEN 3250 
3240 Rloftl+(YJ-Y4(l,kl)*C(Kl) 
3245 CO TO 3260 
)250 R1oftl+(Y3-YO)*C(r:1) 
3255 GO TO 3290 
3260 YJ-Y4(l , Kl) 
3265 NEXT K 
3270 IF YO>Yl THEN 3290 
3275 X5(N5)-XO+R 
3280 XS-X5(N5) 
3285 GO TO 3160 
3290 J6"""5-1 
3295 N1"""6(N5)-1 
3300 R7-(X5(N5)-X4(N5»/P4 
3305 P9-o 
3310 07-X4(N" 
3315 POR 1-1 TO P4 
3320 b8-o 
3325 POR J-2 TO Nl 
3330 IF Xl(J,N5)<-(D7+O.01) THEN 3350 
3335 IF Xl(J.N5»-(07+R7-o.01) THEN 3350 
3340 b80418+1 
3345 b6(D8)-XI(J,N5) 
3350 NEXT J 
3355 POR J-2 TO J6 
3360 IF X4(J)<-(D7+O.01) THEN 3385 
3365 IF X4(J)~-(D7+R7-o.01) THIN 3385 
3370 OS04I8+1 
3375 06(D8)-X4(J) 
3380 GO TO 3405 
3385 IF X5(J)<-(D7+O.01) THEN 3405 
3390 IF X5(J»-(b7+R7-0.01) THEN 3405 
3395 080418+1 
3400 D6(D8)-X5(J) 
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J5 NEXT J 
J~10 IP 08<1 THEN 3540 
3415 IF 08-1 THEN 3525 
3420 E5-oB-l 
3425 09-0 
3430 FOR L-I TO E5 
3435 090009+1 
3440 EOO()6(09) 
3445 £2O()9+1 
3450 E3-o9 
3455 FOR K-EZ TO DB 
3460 IF D6(K»-EO THEN 3475 
3465 £O-o6(1t) 
3470 E3o« 
3475 NEn It 
3480 06(E3)0006(09) 
3485 n6(D9)-!0 
3490 NEXT L 
3495 Bl(P9+1)0006(1)-D7 
3500 POIt L-Z TO 08 
3505 Bl(P9iL)0006(L)-D6(L-l) 
3510 NEXT L 
3515 Bl(P9+D8+1)-o7+R7-o6(08) 
3520 GO TO 3545 
3525 81(P9+1)-o6(1)-D7 
3530 Bl(P9+Z)0007+R7-o6(1) 
3535 CO TO 3545 
3540 al (P9+l)-R7 
3545 P9-1'9-+I)8+1 
3550 D70007+R7 
3555 NEXT 1 
3560 £4-0 
3565 FOR J-I TO P9 
3570 IF J>(P9-£4) THEN 3595 
3575 tF BI(J)<>O TH~N 3585 
H80 E4-E4+l 
3585 Bl(J)-81(J+£4) 
3590 NEXT J 
3595 P9-1'9-E4 
3600 IF P9<-40 THEN 3605 
3605 X2(1)-X4(N5)+BI(I)/2 
3610 FOIl J-2 TO P9 
3615 X2(J)-1t2(J-I)+(BI (J)+81(J-1)/2 
3820 N~1tT J 
3625 FOIl J-I TO P9 
3630 Y5 (J )-YO-5Qk (R*"'2-(X2(J )-XO)"2) 
3635 S(J)-(Xo-X2(J»!K 
3640 IP Yl<-Y6 THEN 36S0 
3645 S(J)--S(J) 
3650 C8(J )-(YO-T 5(J» /R 
3655 NEXT J 
3660 FOR J-l TO P9 
3665 17000 
3670 FOR It-I TO N5 
3675 Y4(J,It)--9999.0 
3680 NI-N6(K)-1 
3685 FOR I-I TO Nl 
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3690 IF Xl(I,It)-Xl(1+1,K) THEN HIS (.". 
3695 M-I ;;. 
3700 IF X2(J»Xl(I,K) THEN 3710 
3705 GO TO 3715 

CJ 
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3710 IF X2(J)<-Xl(I+l,K) THEN 3725 ~, 
3715 NEXT I "'" 

:~~. 3720 CO TO 3770 
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31H Y4(J, K)-S4(K, K)*X2(.l)+T9(M,It) 
3730 IP 17-0 THEN 3760 
3735 IF It-I THEN 3760 
3740 IF Y4(J,K»(Y3-D. l) THEN 3760 

LIST OF REA"'''' .... , ~I 

3745 PRINT "BOUNDARY LINE NO.";K;"IS OUT OP PLAC!, PLUS!" 
3750 PRINT "CHANCE THE INPUT OA.TA AND IlUIt THE PIlOGIlAl'l ACAlN" 
3155 STOP 
3760 Yl-Y4(J,K) 
3765 17-1 
3770 !tEXT It 
3775 S8(J)-Y4(J,N5)-Y5(J) 
3780 IF 58(J»57 THEN 3790 
3785 CO TO 3795 
3790 S7-58(J) 
3795 NEXT J 
3800 IF S7<o4 THEN 2945 
3805 16-0 
3810 POR J-l TO P9 
3815 U-D 
3820 W(J)-O 
3825 WI (J)-o 
3830 FOR It-I TO N5 
3835 IF (Y4(J,K)+9999.0)-D TR!N 3845 
3840 GO TO 3855 
3845 16-16+1 
3850 GO TO 4165 
3855 SI-r4(J,N5)-Y4(J,K) 
3860 IF 51>-(S8(J)-0.01) THEN 4090 
3865 IF El-1 THEN 3890 
3870 PRINT 
3875 PRINT "AT POINT (";XO;YO;")";"WITR RADIUS OF";R 
3880 PRINT "TH! CIRCLE CUTS INTO ROCK SURFACE" 
3A85 STOP 
3890 IF N9<0 THEN 4080 
JA95 IF K9-0 THro" )905 
3900 CO TO 4080 
3905 Y2-Y5(J) 
3910 Ll(J)-K-I6 
3915 K9-1 
3920 IF C(LI(J»-O THEN 3950 
3925 IF J-I THEK 4105 
3930 IF C(Ll(J-l»-O THEN 3940 
3935 GO TO 4105 
3940 tr TI (LI (J-l) )-0 TH!N 3960 
3945 GO TO 4l0S 
3950 IF T I (L l(J »-0 THEN 3995 
3955 CO TO 3925 
3960 02-Ll(J-l) 
396503-Y4(J-l,K5) 
3910 IF Tl<Y6 THEN 3985 
3975 04-1 
3980 CO TO 4045 
3985 04-1 
3990 CO TO 4045 
3995 IF J-l TH!N 4160 
4000 IF C(Ll(J-l»<>O THEN 4015 
4005 IP Tl(LI (J-l »<>0 THEN 4015 
4010 GO TO 4160 
4015 OZ-I.l(J) 
4020 03-Y4(J, N5) 
4025 IF Yl<T6 THEN 4040 
4030 04-1 
4035 GO TO 4045 
404001,-1 

295 
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40'~ b'..o41( 
4050 0600: 

~*"2-(X2(J )-ll(J) 12-10)**2) 

4055 Vl(J)av~-o.S-06.*zAG(02)*(YO-OS-o6/3)/' 
4060 IF C(Ll(J-l»-O THE" 4070 
4065 GO TO 4160 
4070 IP Tl(LI(J-l»-O THE" 4105 
4075 GO TO 4160 
4080 T2-Y4(J.~-I6) 
4085 GO TO 4105 
4090 N9-o 
4095 Ei-I 
4100 GO TO 4160 
410~ "400II1 (J)*(Y4(J.K)-Y2)-cCIC-I6) 
4110 W(J)-U(J).w4 
4115 WI(J)-Wl(J).w4*S(J) 
4120 IF SS(,5)-0 THEM 4160 
4125 IF C(R-I6)<>0 THEN 4155 
4130 IF Tl(R-I6)<>0 THEM 4155 
4135 IF Y6>-Yl THEM 4150 
4140 IF X2(J)<Xl(2.N5) THEN 4160 
4145 GO TO 4155 
4150 IF X2(J»Xl(2.N5) THEN 4160 
4155 Wl(J)-Wl(J).w4*S5(P5)*(YO-O.5.(Y4(J.K)~Y2»/R 
4160 16-1 
4165 NEXT K 
4170 NEXT J 
4175 IF N3-1 THEN 4205 
4180 IF N3-o THEN 4300 
4185 POR J-l TO P9 
4190 E8(J)-W(J)*(1 __ 8) 
4195 NEXT J 
4200 GO TO 4315 
4205 N2of14-1 
4210 FOR J-I TO P9 
4215 'OR I-I TO N2 
4220 K-I 
4225 IF X2(J»-X3(I) THEN 4235 
4230 CO TO 4240 
42]5 IP X2(J)<-X](I~I) THEN 4250 
4240 NEXT I . 
4245 GO TO 4255 
4250 T4(J )-( (Y7(K+1)-Y7(M» I(Xl(K~1 )-Xl(M» )*(X2(J)-Xl(K) )+Y 7(H) 
4255 NP!ltT J 
4260 FOR J-l TO P9 
426' IF T4(J)-Y5(J»O TH!'!N 427~ 
4270 GO TO 428S 
4275 F,8(J)-W(J)-(T4(J)-Y5(J»AG5*81(J) 
4280 GO TO 4290 
4285 E8(J)-W(J) 
4290 NEXT J 
42'15 CO TO 4315 
4300 FOR J-I TO P9 
4305 ES(J)-W(J) 
4310 NUT J 
4315 R0-411 
4320 01-0 
4325 FOR J-I TO P9 
4330 RO-4lIHC (Ll (J) )*BI (J) IC8 (J)+£8(J)*TI (L I (J» *CS(J) 
4335 OloOl.wl(J) 
4340 NEXT J 
4345 IP RO-O THEN 2945 
4350 IF 01<1 THEN 2945 
4355 F7-R0/01 
4360 I' '7<0 THEN 4'~5 
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4365 IP P7>100 THEN 4475 
4370 IF F7>1 TREK 4380 
4375 11-2 
4380 1900() 
4385 19-19+1 
4390 PI-F1 
U95 K2","3-o 
4400 FOR J-I TO P9 
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4405 M4-C(L1(J) )*Bl (J)~8(J)*Tl(Ll(J» 
4410 M5-P I"C8(J )+Tl(Ll (J»*5 (J) 
4415 H2","2~4/HS 
4420 H3"'3~4*T1 (L t(J) )*5 (J) !MS**2 
U25 NP!XT .1 
4430 F7-P1.(I~(Rl'Pl~2-o1)'(OI-H3» 
4435 IP ABS(F7-Pl)/Pl>0.OOOI THEM 4445 
4440 GO TO 4475 
4445 IF 19<10 THEN 4385 
4450 IF F7>O THEN 4475 
4455 PRINT 
4460 PRINT "AT POIin' (";XO;YO;")";''WITH RADIUS 0''';11. 
U65 PR INT "THI! FACTOR OF SAFETY IS RECATIVE" 
4470 STOP 
4475 RETURN 
4480 REM SUBROUTlHE SAVE 
4485 1:2-K2+1 
4490 1I.5(K2)'" 
4495 12(K2)-F7 
4500 IF 1:2<>1 THEN 4530 
4505 Fl-P2(Kl) 
4510 R2-R.5(K2) 
45l'5 G3-X4(N5) 
4520 C4-X5(N5) 
4525 GO TO 4720 
4530 IP ,2(K2»-FI THEN 4555 
4535 Fl-F2(K2) 
4540 R2-R5 (K2) 
4545 G3-X4(N5) 
4550 C4-XS(N5) 
4555 IF P2(K2J<>IE6 THP.H 4570 
4560 13-18-2 
4565 CO TO 4640 
4570 IF F6<>1 THEN 4600 
4575 IP K2<>"0(1) THEN 4600 
4580 IF F2(1:2»F2(K2-1) THEN 4600 
4511S n-18-J 
4590 R5(K2+1 )-R3 
4595 GO TO 4640 
4600 IF K2<3 THEN 4720 
4605 IP N7-0 THEN 4720 
4610 IF P2(K2»P2(K2-1) THEN 4620 
4615 GO TO 4720 
4620 IP F2(K2-1)<F2(K2-2) THEN 4630 
4625 CO TO 4720 
4630 IJ-l 
4635 18-2 
4640 DO-41 
4645 FOR 10-13 TO 18 
4650 1I.6-R5(K2-3+IO) 
4655 Dl-(R5(K2-2+10)-R5(K2-3+IO»/(H7+1) 
4660 POll. N-I TO N7 
4665 1I.6-R6-+D I 
4670 11.-416 
4675 COSU! 2925 
4680 IF F7>-Fl THEH 4705 
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4685 Fl· 
4690 U ... 
4695 G3-X"IIo;;) 
4 700 G4-X5(M5) 
4705 REn' N 
1,710 NEXT 10 
4715 R-DO 
47Z0 RmntN 
"" 7Z5 RI!K SUIIIlOI1l'INE XYPLOT 
4730 DIH B7(50.22).B8(11),Il(5I,22).I2(51,2~),I5(22),Jl(22) 
4735 OIH L5(22),L$(51),P$(22),SO(50,22).X9(6) 
4740 IF AS-"+" THEN 4870 
4145 8$-" " 
4750 A$-"+" 
4755 E$-"X" 
4 760 P$ (I )-"1" 
47'" 1'$(2)."2" 
4770 P$(])-"]" 
4 775 1'$ (4 )-"4" 
4780 P$(5)."5" 
4785 P$(6)-"6" 
4790 P$(7)-"7" 
4795 P$(8)-"8" 
4800 P$(9)-"9" 
4805 P$(10)-"0" 
4810 P$(11 )-"A" 
4815 PS(12)-"8" 
4820 P$(3)."C" 
4825 P$(14)-"0" 
4830P$(l5)-"E" 
4835 1'$(16)-"F" 
4840 1'$ (l7)."G" 
4845 p$(l8)_"J" 
4850 P$(19)-"It" 
4855 P$(20)."L" 
4860 P$ (21 )-"P" 
4865 1'$(22)-"*" 
4870 KI-115 
4875 FOR J-l TO HI 
4880 L5 (J )-N6 (J) 
4885 L8-L5(J) 
4890 FOR I-I TO L8 
4895 ~O(I.J)-XI(I.J) 
4~00 67(t.J)-YB(t.J) 
41)0' NI'.X'r r 
4910 NEXT J 
4915 tF N3<>1 THEN 4955 
4920 KI-KIH 
4925 L5(MI )-N4 
4930 N8-114 
4935 FOR I-I TO H8 
4940 50(I,Hl)-X3(1) 
4945 87(I .Hl)-Y7(I) 
4950 NEXT I 
4955 CI-C2-S0(I.l) 
4960 C3-C4-87(1. 1) 
4965 POll J-I TO HI 
4970 L8-L5(J) 
4975 FOR I-I TO L8 
4980 IF C2<-SO(I,J) THEN 4990 
4985 C2-S0(I,J) 
4990 IF CI>-SO(I,J) THEN 5000 
4995 CI-SO(I,J) 
5000 IF C4<-87(I.J) THEN 5010 
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5005 C'-B7(I,J) 
5010 IF CJ>-B7(I,J) THEN 5020 
5015 C3-17(I,J) 
5020 NEXT I 
5025 J1(J)-1 
5030 NEXT J 
5035 llZ-CI-C2 
5040 N8-o 
5045 IF D2<>0 TREK ~075 
5050 llZ-0.2*C2 
5055 IF CZ <> 0 TREN 5065 
5060 DZ-o.2 
5065 CZ-CZ-D.5*1l2 
5070 CI--CI+O.45~2 
5075 FOR I-I TO 75 
5080 IF 02>10 TREN 5105 
'OR' l' 02>1 TMP.N ~120 
~090 D2.oZ*10 
5095 NB-I 
5100 CO TO 5115 
5105 1l2-1)2/10 
5110 M8-! 
5115 KEn' I 
5120 IP D2<8 THEN 5135 
5125 1t7-10 
5130 GO TO 51B5 
5135 IP 02<5 THEN 5150 
5140 K7-8 
5145 GO TO 5185 
5150 IF 02<4 TH!N 5165 
5155 10-5 
5160 CO TO 5185 
5165 IF D2<2 THEN 5180 
5170 K7-4 
5175 GO TO 5185 
5180 K7-Z 
5185 IF N8>O THEN 5205 
5190 C5-1C7 
5195 C5-C5/10·*(1-H8) 
5200 GO TO 5210 
5205 C5-K7*10**(N8-1) 
5210 C6-0 
5215 IF C2>-0 TREK 5235 
5220 C6-C6-C5 
~'I2'1 IJI' r:Ii)(!7 THP.N nlO 
5230 00 TO 5250 
5235 C6-C6+C5 
5240 IF C6>C2 THEN 5220 
5245 IF C6<C2 TREN 5235 
5250 C7-C5*1O+C6 
5255 IF C7>-Cl THEN 5270 
5260 C2-C6-o.001*C5 
5265 GO TO 5035 
5210 I-INT«C7-Cl)/(z*C5» 
5275 C6-C6-I*CS 
5280 C7-C6+10*C5 
52115 D2-C3-C4 
5290 1(8-0 
5295 IF DZ<>O TREK 5325 
5300 D2-0.Z*C4 
5305 IF C4<>0 THEN 5315 
5310 C2-D.2 
5315 C4-C4-D.5*02 
5320 C3-C3+O.45~2 
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_ _ J T_-: TO 75 
5330 .>10 THER 5355 
5335 l. -JZ>I THEN 5370 
5340 D204Z*10 
5345 ,,8-1 
5350 GO TO 5365 
5355 D2-o2/10 
5360 H8-I 
5365 RUT I 
5370 IP 02<8 THEH 5385 
5J75 1C1-10 
5380 GO TO 5435 
5385 IP 02<5 THEN 5400 
539010-8 
5395 GO TO 5435 
5400 IP D2<4 TREN 5415 
5405 1C7-5 
5410 co TO 5435 
5415 IP 02<2 THEN 5430 
5420 U-4 
5425 00 To 5435 
5430 .:7-2 
5435 IF "8>0 THEN 5455 
5640 CO-tO 
5445 CO-C0/IO**(1-N8) 
5450 GO TO 5460 
5455 CO~1*10**(N8-1) 
5460 C9-D 
5465 IF C4>-D THEN 5485 
5470 C9-C9-C0 
54 75 IF C9>C4 TREN 5470 
5480 CO TO 5500 
5485 C9OC9-+e0 
5490 IF C9>c4 THEN 5470 
5495 GO TO 5485 
5500 05-C0*10iC9 
5505 IF D5>-CJ THEK 5520 
5510 C4-C9-0.001*C0 
5515 GO TO 5285 
5520I-INT«(D5-C3)/(2*C0» 
5525 C9-C9-I*CO 
5530 D5-C9+10"CO 
5535 Hl~l+l 
5540 J I (HI )-1 
5545 SO(1,Hl)ooCl 
5550 S0"(2,Hl)-cZ 
5"5 L5 (HI )-2 
5560 FOR J-I TO HI 
5565 L8~5(J) 
5570 FOR I-I TO L8 
5575 tl(t,J)-INT««~0(I,J)-C6)/(C7-C6»*50)+1.5) 
5580 IF J-HI THEN 5590 
5585 12(I,J)-IRT(51.5-«(81(I,J)-C9)/(D5-C9»*50» 
5590 HEXT I 
5595 NEXT J 
5600 K8-1 
5605 JO-51 
5610 FOR I-I TO 10 
5615 IF 1>5 THEN 5645 
5620 IF (C6+C5*(I-I)*2)-0 TREN 5640 
5625 IP (C6+C5*(I-I)*2»0 THEN 5645 
5630 ICB-IO*(I-I)+6 
5635 GO TO 5645 
5640 K8-10*(I-I)+1 
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5645 IF (C9+C0*(I-l)*1.05»-0 THEN 5655 
5650 Jo-51-5*l 
5655 1f!XT I 
5660 FOR I-I TO II 
5665 IP 1>6 THEH 5675 
5670 X9(I)-C6+C5*(I-l)*2 
5675 88(I)-IMT(C9+C0*(II-I» 
5680 NEXT I 
5685 FOR N8-I TO HI 
5690 IP N8-KI THEN 5765 
5695 HI~5(N8)-1 
5700 H5-1.5(M8) 
5705 FOR Hl-1 TO HI 
5710 R3-Il(H7+1,H8)-Il(R7,N8) 
5715 H4-I2(R7+I,1f8)-12(R7,N8) 
5720 IF H3<2 THEft 5755 
5125 86-113-1 
5730 FOR R8-1 TO H6 
5735 Il(R5+N8,N8)-II(H7,N8)+H8 
5140 I2(85+H8,N8)-IZ(R7,N8)+INT(H8*H4/RJ) 
5745 NEXT 118 
5750 1I5-1\5+H6 
5755 NEXT H7 
5760 CO TO 5805 
5765 R5-11(2,N8)-ll(I,N8)-1 
5770 R9-11(I,N8) 
5775 FOR I-I TO H5 
5780 11(I,N8)-II9+I 
5785 J8-(Il(I,N8)-1.5)*CC1-C6)/5o.c6 
5 790 W2-A8-S~ (H 2**2-(J 8-.4.7)"2) 
5795 12(l,N8)-IKT(51.5-(WZ-C9)/(DS-C9)*50) 
5800 NEXT 1 
5805 FOR 1-1 TO H5 
5810 FOR J-I TO H5 
5al5 IF t2(t,N8)<-t2(J,H8) THEN 58S0 
5820 K-I2(I,H8) 
5825 t2(t,H8)-I2(J,N8) 
5830 12(J,M8)-K 
5835 R-Il(I,N8) 
5840 II(I,N8)-II(J,N8) 
584511(J,N8)-IC 
5850 NEXT J 
5855 MEXT I 
51160 15(N8)-H5 
5865 NEXT N8 
5870 PRINT TA8(8); 
5875 FOR I-I TO 72 
5880 PRINT T$(I); 
5885 NEXT 1 
5890 PRINT 
5895 PR lin' " 
5900 PRINT .. 
5905 l'1lINT .. 
5910 l"RINT 
5915 FOR I-I TO 51 
5920 FOR N8-1 TO 51 
5925 L$ (HB)-8$ 
5930 NEXT M8 

'FOR SP;tSHIC C!O,.rrICl1!In' OP''';SHPS) 
AT POINT C";A7;A8;")";"RADIUS";H2 
THE KINIKUK FACTOR OF SAFETY IS";Hl 

5935 L$(I)-L$(ICB)-L$(51)-A$ 
5940 IF(I-INT(I/5)*5)<>I THEN 5970 
5945 'OR H8-1 TO 51 
5950 IF (H8-INT(N8/10)*10)<>1 THEN 5960 
5955 U(N8)-A$ 
5960 NEXT M8 
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5965 L$(l)-I. 'L$(51)-1!$ 
5970 U' I-I 'l. . 5990 
591S IF 1,..,0 THEN 5990 
59R0 IF I~51 THEM 5990 
59115 r.0 TO 6015 
5990 POR "8-2 TO 50 
5995 LS(N8)-A$ 
6000 IP(N8-INT(N8/10)*10)<>1 TREN 6010 
6005 L$ (N8 )-E$ 
6010 NEXT N8 
6015 POR J-I TO KI 
6020 11 JI (J »15(J) TREN fit45 
6025 F3-J I (3) 
6030 IF I2(V3,J)<>I TREN 6145 
6035 lt9-I1 (P3,J) 
6040 IF L$(lt9)-B$ THEN 6055 
6045 I' L$(X9)-A$ THEN 6055 
6050 GO TO 6095 
6055 L7,.., 
6060 IF J<>KI THEN 6070 
6065 L7-Z2 
6010 IF N3<>1 TR~N 6085 
6075 IF J<>Hl-1 THEN 6085 
6080 L1-Z1 
6085 LS(K9)-P$(L7) 
6090 GO TO 6135 
6095 IF N3-1 THEN 6105 
6100 CO TO 6110 
6105 IF J>-KI-I THEN 6135 
6110 IF N3<>1 TREN 6120 
6115 CO TO 6lZ5 
6120 IF J-Kl THEN 6135 
6125 IF L$(lt9).p$(J) THEN 6135 
6130 L$(K9)-E$ 
6135 Jl(J)-JI(J)+I 
6UO GO TO 6020 
6~45 NEXT J 
6150 IF(t-lNT(I/5)*5)<>1 TREN 6195 
6155 K-INT(0.2*I+I) 
6160 PRINT TAB(8),B8(X);TAB(14); 
6165 FOR N8-1 TO 51 
6170 PRINT L$(N8); 
6175 IF N8<>51 THEN 6185 
61110 PRINT 
6185 NEXT Nil 
6190 CO TO 6225 
6195 PRINT TAB(14); 
6200 FOR N8-1 TO 51 
6205 PRINT L$(N8); 
6210 IF N8<>51 TREN 6220 
6215 PRINT 
6220 NEXT N8 
6225 NEXT I 
6230 PRINT USING 6235,X9(1).X9(2),X9(3).X9(4).X9(5),X9(6) 
6235 : """, ,,"," """, """, """, 
6240 PRINT C.; 
6245 FRINT :2' 
6250 INPUT C$ 0 
6255 RETURN 
6260 END 
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Anchor sySlem~. 6S 

Bench fills, 
definilion, 19S 
effect of seepage, 20 I 
Ihree Iypes, 198 
I"tal Slress analysis. 2112 

Buaress,62 

Olemical treatment. 67 
Coefficient of variation, 232 
Cohesion, 14 

developed cohesion. SO. 121, 213 
effective cohesion. 18. 27. 32. 36 
Su also Undrained strength 

Computer storage. REAME. 148 
SWASE,I34 

Correclion factor, phreatic BUrfKe, 46 
stability analy~is. 9S 

Corrective methods. anchor .ystema. 6S 
bulln:S8 or retaining walla. 62 
hardening of solis. b6 
pile systems, 64 
slope reduction or removal of weight. S9 
subsurface drainage. 61 

surface drainage. 60 
tunnel. 64 
vegctBlion, 62 

Cylindrical failure, 8. 13 
Su 0/,'" Fellenius melhod; Normal melhod; 

Simplified Bishop melhod 

Direct shear lest, 30 
peak shear strength, 31 
residual shear strength, 31 

Dutch cone tesl, com:lalion 10 friction angle . 
27 

correlMlinn In undrMined 'Irenglh. 2K 

Earth pressure melhod. 219 

Earthquake. 20 
Su also Earthquake number; Seismic fOl'Ce 

Earthquake number, 108 
Effective suength. 18 

consolidaled undrained leSI wilh pnn: pres
sure meL, uremcnls . J) 

dim:l shear lest. 30 
Iypical values fM compacted sc>il~. 36 

Effective Itress analysis. 17 
choice of analysis, 18 
homogeneous dams. 103 
nonhomogencous dams. 107 

Elcctro-()Smosis. 67 
Equal pore pressure rllio. 83 

factor of wety. definition. 13 
sugested values. 2S 

Feileniul mclhod. 10. 17 
Field investigBlion, S2 
rreld tests, 26 

S~C ais" Dulch cone leSI; Sun<1anl penetrll-
tion lest; Vane shear lesl 

Filler drains. 41 
rmite element method, 12, 229 
Flow charts . REA ME. ISO 

SWASE,I3S 
FriClion angle. 14 

correlalion 10 Dlilch cone Ie .. , 28 

correlalion "' pen:ent clay. JII 
conelation 10 plasticity inde", 37 
correlation to standard penetration leSI. 27 
developed friction angle, 15. 81.89.213. 

215 
effective Friction angle, III. 32 
typical nlues. J6, 311 

Friclinn circle nlClh.,d, 'I, 21J 
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LEGEND 

lo .... O- No""_ 
Zo,.. t - Dinl"t .III'1hqUlka with rund.mlnta! pericMK 

.... l.' t,"" 1.0M<IDndutwt c:lUM M [not 

dllNgt. eorrelPOndllD inten"';'. V Md VI 
On Ilh. Modif. ""caMi inten.kv ~. 

Zon6 2 - MocS.r •• .,...; aM'n!IpOndt 10 int.nltty 
VII on the Mardi'., ..... calli Incensilv 1CaIt. 

Zon_ 3 - .... jar cU"'II8f; COI'T'ftPOndt to inl.nsit:v VIII 
If'Id hill_ on N Modifitd MefClfIi inttn.ity 
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AGURE 2.9. Seismic zone map of continental United Stales (After Algennissen. 1969) 

Table 2.2 Seismic Coefficients Corresponding to Each Zone. 

INTENSITY Of MODIFIED 

ZONE WUCALU SCALE 

0 
I V and VI 
2 VD 
3 VD and higher 

"VEaA.OE SEISMIC 

COEFRmNT 

0 
0.03 to 0.07 

0.13 
0.27 

REMARJ( 

No damage 
Minor damage 
Moderate damage 
Major damage 

Yang H. Huang 
STABILITY ANALYSIS 
OF· EARTH SLOPES, 
Van Nostrand Reinhold 
Co '., 1983 
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READ FROM FILE? (Enter 1 when read from ~ile & 0 wher -~tJ? 1 

I·,HJ. OF STr:HIC AnD SEISMIC CASES=? 1 

CASE NO. 1 SEISMIC CDEFFICIENT=? 

NO. OF BOUND~iRY LINES= 8 

NO. OF F'OINTS ON BOUhlD~"iRY LINE 

BOUND(4F:Y LINE - 1 
C(lOF~:D I NATE # 1. ;::;; ( !ZI , IZ! 
COORDINATE # 2 -. ( 2C'",'j1 _ .".J,,_. !Z! 

NO. OF FOINTS ON BOUNDAPY LH~E 

BOUNDARY LINE - 2 
com:m I r~ATE *" 1 ::: I~l , it ) 

COORDINATE # 2 _. 250 ~ 11 

1\10. OF POINTS ON BOUNDf.""iRY L.INE 

l:,-' '!'-JDARY LINE .- 3 
1- )oPD I NATE # 1 :::; ( !!l , 1. ~.; ) 

'.";OORDINATE # 2 :::; ( i~5m , .15 

ND. DF POINTS ON BOUNDAR'f LINE 

BOUNDAFU LINE - 4 
COOF:D I NATE # 1 = ~~j 19 ) 

COORDINATE # 2 - 25!2i ~ 19 

NO. OF FOINTS ON BOUNDARY LINE 

BOUNDARY LINE - Co· 
~ 

COORDInATE # 1 !Zi '-)1::" 
c...; j 

COORD II'UHE # Q 

"- - 250 ~r.::-, ,-.1 

NO. OF POINTS ON BOUNDAFS L. I t-JE 

BOUNDAF:Y LINE - 6 
COORDINATE # 1 _. 4!o , 33 
COORDINATE :1* 2 - 1L~6 , 3121 

NO. OF POINTS ON BDUNDARY LII\IE 

1 GUNDARY LINE - 7 
1~()OFmINATE # 1 = !ZI, 33 ) 

) 

= ( tH21 , 33 ) 

1 

2 

3 

£t. 

5 

6 

7 

( JOliO I NATE ~* 2 
~:ODRDINATE ' # 3 .- ( 86.5 , 48.5 

_. 

-

-

= 

-

-" 

= 

2 

'") c. 

2 

2 

-, c. 

2 

3 

O. OF POINTS ON BOUNDARY LINE 8 = 7 

BOUNDARY LINE - 8 
COORDINATE # 1 - ( 0 ~ 48.5 ) 
COORDINATE # 2 = ( 86.5 , 48.5 

fa 

'NCORPORA"'~u 
EXHIBIT .~V 
./ I :::,{r 2 0 '10'''' t.. U 

Div. of Oil Ga';: ;:;. N~' , , .., .... lining 



l .. 1 ~ .J ,- }.; J ".,ro', I \ .. -,1 -, 
CClUF:Dli'H\TE "* ::i .- 1 37 3 ;~ c::, . ~ . 
;~:(JC;F:[' I f\J{'ITE: ~~ .~~ - ll+t1 3(, '...J 

t:DUFD " N,:;TE :j:, .-, :: 2'5:·:1 ~3;~} i 
" I 

- NO. A~D SLOPE OF EACH SEGMENT ARE~ 
~Zl 

6 
7 

!21 
Qi 

121 
v.1 

-2.830189E-!2l2 
121 .3333334 

8 o ~3333334 0 -.5 -.5 0 

MIN DEPTH OF TALLEST SLICE:: 3 
NO. OF RADIUS CONTROL ZONES~ 1 

RADIUS DECREMENT FOR ZONE 1 = 0 
NO. OF CIRCLES FOR ZONE 1 = 5 
ID NO.FOR FIRST CIRCLE FOR ZONE 1 = 1 
NO. OF BOTTOM LINES FOR ZONE 1 = 1 

LINE SEQUENCE 1 FO~: ZOI'JE :l 
L.INE NIJ.= 1 BEG. NO.= 1 END NO.= 2 

SOIL NO . 
1 
2 

4 
:5 
6 
'-' I 

COHESION 
IZI 
!!I 
121 
159J 

121 
1 IZI jZI 8 

I?i 

USE PHREATIC SURFACE 
UNIT WEIGHT OF WATER= 62.4 
USE GRID 

FRIC. ANGLE 
3121 
34 
3q· 
27 
34 
32.7 
Qj 

UNIT J...JEIGHT 
12121 
1312! 
1 :::121 
13121 
13 (~! 

123.8 
62.4 

NO. OF SLICES= 10 NO. OF ADD. RADII= 3 

NO. OF POINTS ON WATEr.: TABLE= 5 
COOFW I NATE: # 1 = ( IZI , 48.5 ) 

COO!~DINATE # 2 :: ( . 86.5 , 48.5 
COOF: OINATE # 3 = 137 34.5 ) 

COORDINATE # 4 .- 146 3!~1 ) 

COOFmINflTE # 5 - 25121 3121 ) 

INPUT COORD. OF GRID POINTS 1~2,AND 3 

POINT 1 X Co'OFW. = 111 Y COORD.= 61Z) 
POINT ") 

"- X COORD.= 151 Y COORD.= 5v.1 
POINT 3 X COOFW. = 176 Y COORD.= 112HZI 

X INCF:CMENT= 4 Y I NCF:EMENT= 

NO. OF DIVISIONS BETWEEN POINTS 1 AND 2= 4 
~ 10F DIVISIONS BETWEEN POINTS 2 AND 3= 5 

)TOtfjATIC SEARCH ~HLL FOLLOW AFTER GRID 

4 

AT POINT ( III 60 )THE RADIUS AND FACTOR OF SAFETY ARE: 
60 3.544193 

INqORPORATcD 

r;::rt 2 0 "01" A.J 

Div. of Oil G'>s;(. ~II' • 
, Li •. .... mlnmg 



· t ). ' . ... : 

" c .. ..J 

d • 68:32E 

,-,' . :.' ~-: . ,-' ~ .. : 
:·1 • ,~; . (Yl (3 ~~i'~? 

;;;- .61.1 ''::'1 

121 57.5) THE RAD I us A~·m F;:::: -. ~;R DF SAFE:-:i AF:E ~ 
P.859315-
2. ,~~6288 

39.8b65~ 2.165707 
31.04924 3.022677 
22.23313 6.190835 

LOWEST FACTOR OF SAFETY = 2.146885 AND 2:CURS AT RADIUS - 37.66239 

AT POINT 131 55 )THE RADIUS AND FACT~? OF SAFETY ~RE: 

55 2.593468 
47.1305 2.287888 
39.261 2.079407 
31.39149 2.055751 
23.52199 5.757919 

LOWEST FACTOR OF SAFETY = 1.968248 AND OCCURS AT RADIUS = 35.32624 

A'T' POINT ( 141 52.5 lTHE RADIUS AND F~CTOR OF SAFE TV ARE: 
2.738529 , 

-" . , 5 1'7771 
18.65542 

2 .l~91286 
2.383912 

:1.73313 2.299669 
24 . 81084 3.221789 

LOWEST FACTOR OF SAFETY 2.254928 AND :::URS AT RADIUS - 35.19428 

1=;"1" POINT 151 50 )THE RADIUS AND FACT]q OF SAFETY ARE: 
50 3.26!!1975 
44 3.23008 
38 3.287799 
32 3.478361 
26 4.628189 

LOWEST ~ACTOR OF SAFETY - 3.23008 AND =CCURS AT RADIJS = 44 

AT POINT ( 116 70 )THE RADIUS AND FACTOR OF SAFETY ARE: 
70 3.226276 
60.47214 2.787477 
50.94428 2.364968 
~1 .41641 3.352857 

,88855 7.912275 
1 IwwtST FACTOR OF SAFETY = 
j "') 

2.364968 AND OCCURS AT RADIUS ._ 5!~j. 94~, 28 INCORPORATED 

l <.~'y 2 0 2015 

! 
!I' AT POINT ( 126 

67.5 2.7537 

Div. of Oil Gas & M' . , Inlng 
67.5 )THE RADIUS AND F~:TOR OF SAFE~Y ARE: 



:-_,!.:J • ",::i ... ::.~ ;:::' / 

33 • .l7'.7Y· ::; .. :'.?l;::~~)():·:. 
' .. Oi.!EE,T ~: ,;CTOf;: DF ~;;:,F:::::T'{ = :: . . ,=:~ 1. ::;9f3~:; At,JD occur: ·::, ·:;:T F:(:,D I U::i - "tfi. j '7'3~':;4 

~:i? 36656 
'1·9 .. 73313 

""j ':.):::> 1 ,-,t'";'::J 
C~ • (_ 'o- .J.. l ,t-

2. 1. 4 ~:327::; 

42.09969 2.097306 
34.46625 5.327466 

LOWEST FACTOR OF SAFETY - 2.028898 AND OCCURE AT RADIUS = 45.91641 

AT POINT ( 146 62.5 lTHE RADIUS AND FACTOR ~F SAFETY ARE: 
62.5 
55.81378 
49.1.2756 
42. lflf134 
35.75511 

c~ . 7!!.l:~1!2i31 
2.534W73 
2. t.f558 l f3 
2.536948 
3. Lf6Lf938 

LOWEST FACTOF: OF SAFEr,.' - 2.445503 AND OCCURS AT RADIUS = 45.781.1-45 

AT POINT 156 60 )THE RADIUS AND FACTOR OF SAFETY ARE: 
3.259335 
3.298867 
3 • '1·8863'+ 

4 2 3 . 974185 
36 6.227028 

LOWEST FACTOR OF SAFETY = 3.259335 AND OCCUP~ AT RADIUS = 60 

AT POINT ( 121 80 lTHE RADIUS AND FACTOR OF SAFETY ARE: 

71~j • 79.1821 
61. • '+1641 
52.1,2462 
42.83283 

LOt-JEST r-:-ACTOF: 

3.1Zl81869 
2.633:-i57 
2. 22676t, 
2.827'f97 
7.1.95i2j63 

OF S?)FETY = 2.163766 AND OCCURS AT RADIUS = 

AT POINT (131 77.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
77.5 
69.15542 
tj /ZI . 811Z184 

2. TJ3 C)12 
2.3;;:6391 
1.979112 

59.12j9347 

~ t ~~.46626 2.245595 
I ( . ' 12168 5 • 536 QilZi=i , 
1 '~~EST FACTOR OF SAFETY = 
t ,~) 

1.916596 AND OCCURS AT RADIUS = 58.7247 

\ 

'! 

AT POINT ( 1~1 75 )THE RADIUS AND FACTOR OF SAFETY ARE: 

INCORPORATED 

i~~,J,'t 2 0 2015 

Div. ot Oil Gas & M' , . Inmg 75 2.598~93 



i 
I 
t 
J 

I 
1 

I 
i 
~ 

i 
~ 
./ 

i 
1 

· ... .. ~ ::: E:.7Ei;::E:.9 
E~. 65 ... 971 

59.59969 2.60792 
53.14953 2.759505 
46.69937 3.835899 

LOWEST FACTOR OF SAFETY = 2.60792 AND OCCURS AT RADIU2 - 59.59969 

AT POINT ( 161 70 )THE RADIUS AND FACTOR OF SAFETY AP~: 
70 3.332017 
64 3.394558 
58 3.748289 
52 4.603681 
46 8.980051 

l..OWE!:iT r= {-1CTDF: OF SAFETY _. :-3. 332!H 7 AND OCCURS AT RAD I L"E - 71~j 

A, POINT ( 126 90 }TrlE RADIUS AND FACTOR OF SAFETY APE: 

1_, • '=i4428 
}1 . 8B8~55 

::~E~ • 8~=J2~32 

3.11141515 
f? .. 5789 
2.195744 

:3~~; .7T7!!j9 6.812'785 
LJWEST FACTOR OF SAFETY - 2.105234 AND OCCURS AT RADIUE - 69.62462 

AT FCiINT ( 136 
8~ " .. 

. 1 ..... J 

79.39149 
71 . 28r.~98 
,S3 . 1 ':;. 4':\ 6 

87.5 lTHE RADIUS AND FACTOR OF SAFETY ~?E: 

2.766999 
2 . 362!1'91 
2. !1J357;)5 
2.268292 
5.477588 

LOWEST FACTOR OF SAFETY - 1.984229 AND OCCURS AT RA[IU~ = 69.25585 

AT POINT ( 146 85 lTHE RADIUS AND FACTOR OF SAFETY AP~: 
85 2.666601 
77.8387 2.342608 
70.6774 2.324941 
'~.5161 2.418824 

.3548 3.84908 
\ 0~EST FACTOR OF SAFETY = 2.306292 AND OCCURS AT RADIUE = 

{~, T PC) I :\JT 156 82.5 )THE RADIUS AND FACTOR OF SAFETy ~;E: 
2.783508 

76. Qj l f837 INCORP 
ORATED 

4 \ 
\ 

;"'~'( 2 0 2015 

Oiv. of Oil Gas & M' , 
'ining 



; ',' F'OlL"l 
if 

166 80 )THE RA[!~S AND FACTOR OF SAFETY AF~: 
3 . 46!!H~j93 
3.565!?62 
4.1217712 

62 5.41585lt· 
56 14.79745 

LOWEST FACTOR OF SAFETY = 3.460093 AND OCCURS AT RADIUa - 80 

AT POINT (131 100 ITHE RADIUS AND FACTOR OF SAFETY ARE: 
100 3.04081 
91.18034 2.594735 
B2 . 36i2169 
73.541!!13 
.oS4 • '72138 

l..O~JEST F"ACTOF: 

2.2!~13512 

2.39.15713 
6.583996 

OF SAFETY = 2.12083 AND OCCURS AT RADIUS = 8m .15578 

A: POINT ( 141 97.5 )THE RADIUS AND FACTOR OF SAFETY ARE~ 
,-"'''''' I:'" , ,1 ,J 

I '" 2-':-C" 
" : .. 0 ,/...J-.....J 

.~.1 .7551 
73.8826:-; 

2.83!21522 
2. LI36576 
2.123475 
2. 3l~7678 

66.0102 5.473756 
LOWEST FACTOR OF SAFETY = 2.072628 AND OCCURS AT RADIUS = 79.7869S 

AT POINT ( 151 95 )THE RADIUS AND FACTOR OF SAFETY ARE: 
95 2.76!!1116 
88 . !ZI747? 2"£~4'741.4 
81.14954 2.448535 
74.22~31 2.633861 
67.29908 3.944263 

LOWEST FACTOR OF SAFETY - 2.411715 AND OCCURS AT RADI~S - 84.61215 

AT POINT ( 161 92.5 ITHE RADIUS AND FACTOR OF SAFETY ARE: 
92.5 2.892463 
86.5 2.966379 
J0.5 3.04569 
74.5 3.30924 

. 5 5.059313 
, ~~~ST FACTOR OF SAFETY = 2.892463 AND OCCURS AT RADIUS = 92.5 

INCO;-'P'''R -n UI AIED 
, . 'I 2 . , .. , a '01r •.. ,J 

AT POINT ( 171 90 )THE RADIUS AND FACTOR OF SAFETY ARE: Div. of Gil G;>C' .~ 0' • 
, '-1.:0 II IVlmmg 

9d 3.63745 



I I 

I 

'-'.-l.= 6. :.-:;256 ~SJ 
2~~ .. 27[~_: L+9 

i_m.JE~ . T FACTlJR OF SAFETY _. 3.63745 ,:·~ C OCCUF';:S t=iT F:ADIUS '- 90 

AT ?OINT ( 136 110 lTHE RADIUS A~: FACTOR OF SAFETY ARE~ 
l1 n 
1>:;:51.4164 
ct2.83281 
84.24921 

:;. V77l2j27 
2. 63ia26 
2. 2534!2l9 
2.29114 :l 

75.66562 6.442675 
LOWEST FACTOR OF SAFETY = 2.177216 AND OCCURS AT RADIUS = 88.54102 

AT POINT ( 146 107.5 )THE RADIUS ~ND FACTOR OF SAFETY ARE: 
107.5 2.907893 
99.86362 2.52755 
92.22725 2.242378 
84.59088 2.470216 
76.9545 5.503069 

LOWEST FACTOR OF SAFETY = 2.195842 AND OCCURS AT RADIUS - 90.81816 

AT POINT ( 156 105 lTHE RADIUS AN~ FACTOR OF SAFETY ARE: 
.. ,=-; 

\ 311!184 
.h .62168 
:)4.93251 

E.. B712j354 
2.571.913 
2 . 6!2i8Q125 
2.874833 

. '8.24335 if. 1. 5312172 
LOWEST FACTOR OF SAFETY = 2.542379 AND OCCURS AT RADIUS = 96.63855 

AT POINT ( 166 102.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
102.5 3.02651 
96.5 3.129835 
90.5 3.312849 
84.5 3.749648 
78.5 6.560286 

LOWEST FACTOR OF SAFETY = 3.02651 ~ND OCCURS AT RADIUS - 102.5 

AT POINT ( 176 100 )THE RADIUS AND FACTOR OF SAFETY ARE: 

I 

lQ!Q1 

94 
~38 

3.851414 
4 • aI92!!19(~ 
5. !Z128397 
8.1v.14567 

\ / 1. QI IZJQl QI l2l!!j 
"u~EST FACTOR OF SAFETY - 3.85141L AND OCCURS AT RADIUS = 

.,J INCORPORATED 

AT POINT ( 126 67.5 )RADIUS 48.1S354 



I 

I 
I 
J 

I 
i 
I 

I 

I 
< 

I 

;, ..., c : 
\ _ 1 ' . ..... J 

67.5 )THE RADIUS AND FACTOP OF SAFETY ARE: 
2.7537 
i~ • :33267 cl 
1.991727 
2.417483 

~3.1774 5.712003 
LOWEST F~C70R OF SAFETY - 1.913985 AND OCCURS AT RADIUS - 48.1935~ 

Al POINT ( 130 67.5 )THE RADIUS AND FACTOR OF SAFETY ARE~ 

67.5 2.655757 
59 .. 27712 
51 . ~j5{+25 
42.83137 

2.2M1258 
1.99312158 
2. 172~166 

34.60849 5.386652 
LOWEST FACTOR OF SAFETY = 1.983175 AND OCC~RS AT RADIUS - 48.99853 

AT POINT I 122 67.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
67 .. 5 
58.56158 
;i9.62316-

2.87992 
2.':f66768 
2.12196653 

40.68473 2.839975 
74631 6.255259 

:ST FACTOR OF SAFETY - 1.986216 AND OCCURS AT RADIUS - 47.38855 

AT POINT: 126 71.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
71.5 2.794992 
62.83489 2.365706 
54.16979 2.009868 
45.50468 2.446572 
36.83957 5.843439 

LOWEST FACTOR OF SAFETY = 1.903152 AND OCCURS AT RADIUS = 52.00351 

AT POINT 

66.759.144 
58. QIQIW87 
4'71.2513 

126 75.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
2.8ij·!ZI454 
2.41214181 
2.!!i44182 
2.361216 

40.50173 6.008069 
lOWEST FACTOR OF SAFETY = 1.93131 AND OCCURS AT RADIUS - 55.81348 

71..5 >THE 
2.69161217 
2.288913 
1.973l+64 
2.214liZ15 

RADIUS AND FACTOR OF SAFETY ARE: INCOR·ClOP "TED .4 i (/-1 i 

63.1926'7 
5lf.88532 
46.578 
38.27!::166 5. 4i~6256 

Oiv. of Oil ur-, ~~ -, AJ' . 
, <:.1.:. ( n'mmq 



~ 
" 

~ T POINT ( 122 ~:.5 lTHE RADIUS AND FACTOR OF SAFETY ARE: 
'; 1 " :-i 

"'--j 47712 
Lf:'A24 

:f4 • £,,313'::1 

2.=238!215 
2.'-'7922 
E • : ~!!\8t;, 9 

2. -'~;7928 
35.40848 6.~49379 

LOI".JEST FACTOF~ OF ;:,AF'ETY = 2. !2123755 Plt'~D OCCU~:S AT PAD I US - . 51. 19852 

AT POINT ( 127 71.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
71 .. 5 2.76666 
62.92434 2.342452 
54.34867 1.~90251 

45.77301 2.350387 
37.19734 5.-27583 

LOWEST FACTOR OF SAFETY - 1.897779 AND OCCURS AT RADIUS - 52.20476 

AT POINT ( 128 71.5 lTHE RADIUS AND FACTOR OF SAFETY ARE: 
71.5 2.740086 
63.1211378 
54.52756 
i+6.1214134 
. .--,1 .. 55512 

2.322!Z!23 
1. S'78Q153 
2.296522 
5.623163 

: 8T FACTOR OF SAFETY - 1.898079 AND OCCURS AT RADIUS = 52.406 

AT POINT ( 127 72.5 )THE RADIUS AND FACTOR OF SAFETY ARE~ 
72.5 2.;77634 
63. 9~ij322 
55.3QI6 l+4 
46.7!!!965 
38.11287 

LOI".JEST FACTOR 

2.351591 
1.'198775 
2.36121716 
5.762839 

OF SAFETY = 1.897505 AND OCCURS AT RADIUS = 

AT POINT 
73.5 
64.8821 
56.26421 
47.6'-t631 

127 73.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
2.788877 
2.36!Z1991 
2.0!2i7466 
2. 366 l tQI4 

39.02841 ~.80003 

53.15724 

~WEST FACTOR OF SAFETY - 1.898358 AND OCCURS AT RADIUS = 54.10974 

T POINT ( 
,.1 72.5 

63.99266 
55.48532 
i+6.97798 
38.4712164 

128 72.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
2.751f142 
2.331235 
1.979878 
2. 3~215367 
5.655391 



- ; .5 
.--\ ' :(.i8E' 11 

I b{~')~·E~ i 
2.312241 
1.973625 
2.26i?482 
5" 5585'7'6 

LC~EST FACTOR OF SAFETY = 1.907056 AND OCCURS AT RADIUS - 53.55974 

AT POINT ( 128 73.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 

64.97155 
56.4-431 
47.91465 
:;:::9.3862 

2.762265 
2.34121695 
1.9878,S6 
2 • 31 61!~1£~ 
5.6895'+1 

LCiNEST FACTOR OF SAFETY = 1.896828 AND OCCURS AT RADIUS :::; 54. 31 !~)9'=t 

AT POINT ( 128 71.5 ITHE RADIUS AND FACTOR OF SAFETY ARE: 
71.5 2.740086 
63.01378 2.322023 
54.52756 
46 • ~!IL~ 134 

1.978!EI53 
2.296522 

37.55512 5.623163 
I. :ST FACTOR OF SAFETY = 1.898079 AND OCCURS AT RADIUS:::; 52.406 
) 

At POINT ( 128 72.5 lRADIUS 53.35849 
*************************************~************** 
~HE MINIMUM FACTOR OF SAFETY IS 1.896735 

~*************************************************** 

ANV PLOT? (enter 0 fo~ no plot, and 1 for plot)? 1 

YOU MAY LIKE TO ADVANCE PAPER TO THE TOP OF NEXT PAGE 
SO THE ENTIRE PLOT WILL FIT IN ONE SINGLE PAGE. 
FOR THE PROGRAM TO PROCEED, HIT THE RETURN KEY. 
AFTER PLOT, YOU MAY LIKE TO ADVANCE PAPER TO NEXT PAGE 
AND HIT THE RETURN KEY AGAIN 
? 

INCORPORATED 

;~ ::: ~ f 2 0 "rll"" 
d,Jj) 

Oiv, of Oil Gas &. A'I' , 
I /V,mlng 



NC. OF ST~T:C AND SEISMIC CASES=? 1 

CASE NO. 1. SEISMIC COEFFICIENT=? .13 

. 
~ 

NO. OF BOUNDAR\' LII'·JES= 8 

NO, OF F'O INTS ON BOUNDAF:Y 

BOUNDAPY ~lNE - 1 
COOF:Dr~~~TE # 1 = !Z) ~ 

COORDINATE 4* 2 = 25i21 

NO. OF POINTS ON BOUNDAF(V" 

BDLJNDAF:Y L Ir,tE - 2 
COOFWINATE # 1 
COORDINATE # 2 

NO. OF PO I t-FS ON 

r' " "mARY L IJ'.£ - 3 
JOFi.DINr4TE # 1 

COORDInATE :# 2 

NO. fJF FCINT'3 ON 

BOUNDARY LINE - q. 

COORDINATE # 1 
COORD:NATE # 2 

= ( !2! , 
= ( 25m 

BOUNDARY 

= 

BOUNDr-iFf( 

-- ( 121 

= ( 25121 

NO. OF PO:NTS ON BOUNDARY 

BOUNDARY LINE - 5 
COORDINATE # 1-
COORDH~ATE # 2 

III , 
25(2! 

LINE 

!2l 
QJ 

L.INE 

1.1. ) 

, 11 

LINE 

1.5 ) 
, 15 

L.INE 

1 S' ) 

, 19 

L.INE 

25 ) 

1 = 2 

2 - 2 

3 = 2 

4 = 2 

c' 
;J = 2 

~ 
~ 

NO. OF POINTS ON BOUNDAR V LINE 6 = 2 

,! 
j 
) 
'/ 
1 

BOUNDARY LINE - 6 
COORDINATE # 1 = 
COORDINATE # 2 = 

4121 ~ 33 ) 
146 , 3!] 

A 
;~ NO. OF PCINTS ON BOUNDARY LINE 7 = 3 
.< 
~ BOUNDARY LINE - 7 
J COORDINATE # 1 
:' (:OOF:DINATE # 2 
t COORDINATE • 3 

':1 -1.JO. OF PD Itr: 5 ON 

'i 
j 

.1 

'-4 

'j 

BOUNDARV LINE - 8 
COCHDIt';ATE # 1 
COL1RDP-JATE # 2 

= !2j , 33 ) 
-. ( 4~!j , 33 ) 
-' ( 86.5 , 48.5 

BOUNDARY LINE 8 = 7 

= (;:J , 48.5 ) 

= 86.5 ~ 48.5 



: .. ~t~:LJi lJ J ! \f"1 f C, ;., .. - " . ~~, Cl ,- . ~ : ' : 

CU( ,F:PI I~?HE ¥,: I: " = 1. '-."', 34 c;:· I '-' ~I .J 

C (,:~C! F- e I ~H:, ~. E: ~* ... = 1 ~:. ~~-;': =:!~i ) 

c:.:C'(Jf\[, I !"!{-4TE t~: ~.i ; ~:~~5!:~J ~(~ ) 

'. _. i"IL'" ?:'ND ::::,LCc::: O::~ E:AC::H !3[ GI'1ENI {:;F:E ~ 

~:l 

3 
'·f 

6 ,.., 
I 

8 

-2. 53!Z! 1. E39E --!212 
.3:i3333 l+ 
.3333334 IZJ -.5 

MIN DEPTH OF TALLEST SLICE= 3 
NO. OF RADIUS CONTROL 20NES= 1 

RADIUS DECREMENT FOR ZONE 1 = 0 
NO. OF CIRCLES FOR ZONE 1 = 5 

c,
-.;J 

ID NO. FOR FIRST CIRCLE FOR ZONE 1 = 1 
NO. OF BOTTOM LI~ES FOR ZONE 1 = 1 

LINE. SEQUENCE 1 FOf~ Zm'~E 1 
LINE NO.= 1 BEG. NO.= 1 END NO.= 2 

SOIL.. ND. 

2 
3 
4 
5 

'7 

COHESION 
121 
v.J 
lei 

15;:.' 
(21 

1 !? ~i;3 

lei 

USE PHREATIC SURF~CE 
UNIT WEIGHT OF W~TER= 62.4 
USE GF:ID 

FRIC. ANGLE 
3!ZJ 
34 
34 
27 
3 4 
32.7 
!r.1 

UNIT l·JEI GHT 
12QJ 
13121 
13!21 
13(!1 
13!21 
123.8 
62. 'f 

NO. OF SLICES= 10 NO. OF ADD. RADII= 3 

NO. OF POINTS ON ~JATER TABLE= I::" 
,~ 

COORDINATE # 1 = I!I ~ 'f8.5 ) 

C(1fJRDINATE # 2 = 86.5 ~ 48.5 
COORDINATE # 3 = ( 1.37 34.5 
CDORDINATE # 4 :;:: ( 146 3i!1 ) 

COOF:DINATE # c: 
-' = ( 25121 3!l1 ) 

INPUT coonD. OF GPID P(] I tns 1,2~AND 3 

POINT 1 X COOHD.= 111 Y COORD.= 6121 
POINT 2 X COORD.= 151 Y COORD.= 5!!J 
POINT 3 X COORD.= 176 Y comm.= 11!1IZ! 

X 1 NCF:Ei1ENT== 4 '( INCREMENT= 

Nn. OF DIVISIONS BETWEEN POINTS 1 AND 2= 4 
\, OF DIVISIONS 3ETWEEN POINTS 2 AND 3= 5 

; I JTOt'lA TIC SEAF\CH ,~l I LL FOLLOW AFTEH GF~ I D 
! ,J 

4 

AT POINT ( 111 ~ 0 ITHE RADIUS AND FACTOR OF SAFETY ARE: 
6 0 2. 8 1649 

,", '·'·r 2 '. '. \( ,9 '-"'1 1 ,.., 

'- ..I 



'I Ci • " ...... ~ 1 04 

L~WEST FACTD~ OF SAFETY = 1.929~81 AND OCCURS AT RADIU~ = 52.67705 

~ ~ POINT ( 121 57.5 lTHE RADIUS AND FACTOR OF SAFETY ~- ~ : 

67.5 1.802972 
48.6E328 1.65576 
39.86656 1.531434 
31.04984 2.191351 
22.23313 4.739994 

LOWEST FACTOR OF SAFETY = 1.513928 AND OCCURS AT RADIUS = 37.66239 

AT POINT ( 131 55 )THE RADIUS AND FACTOR OF SAFETY ARE: 
55 1.703243 
47. 131215 1.587459 
39.261 1.494403 
31.39149 1.51528 
23.52199 4.502667 

LOWEST FACTOR OF SAFETY = 1.430584 AND OCCURS AT RADIUS = 35.32624 

?n POINT ( 141 52.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1.771.99 

' ) ,,57771 1.685619 
~8.65542 1.649461 
31.73313 1.623854 
24.81084 2.411011 

LOWEST FACTOR OF SAFETY = 1.580499 AND OCCURS AT RADIUS = 35.19428 

AT POINT ( 151 50 )THE RADIUS AND FACTOR OF SAFETY ARE: 
5!21 1 .96Q1636 
44 1.98549 
38 
32 

2. (2172558 
2 • lQ141v.16 

26 2.766088 
LOWEST FACTOR OF SAFETY = 1.960636 AND OCCURS AT RADIUS = 50 

AT POINT ( 116 70 )THE RADIUS AND FACTOR OF SAFETY ARE: 
70 1.809147 
60.47214 1.687234 

,: C;r-;).9.~i..J..!:J. 8 1 r::-19<="98 .:.1 ~'" .. ..,.... . • .j ..J 

,j 4j,. 41641 2.329818 
~ .88855 5.507259 
~ ~d('-JEST FACTOR OF SAFETY = 
,'I 

1. .519598 AND OCCURS AT RAD IUS = 5Q.!. 9442tNCORPORATED 

" ''J 2 0 ~rt ''"' , .; Ij 

AT F'OINT 
67 .. 5 

126 67.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1 .676!ZI47 

i)iV, oi Oil, Gas & ivlil";n'") 
r hi ~~J 

.. - ...... _ .- - . . ... _---_ .. -- .. .. -_._- ._ .... - --- ... .. 



~3J . 1 ;7 '" 

1 .~:) b r.-: ;H:<::; 

I .'-; 1 :i. !t.l29 

_OWEST FAC rOR or SAFETY = 1.235976 AND OCCURS AT RADIUS = ~8.1=~~~ 

) 

- POINT ( 136 65 )THE RADIUS AND FACTOR ~F SAFETY ARE= 
.::.5 1 . 623f.-l4~':' 
57.36656 
49.73313 

1..488162 
1.468353 

42.09969 1.505421 
34.46625 4.154773 

LOWEST FACTOR OF SAFETY = 1.42117 AND OCCURS AT RADIUS = 45.91t~1 

AT POINT ( 146 62.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
62.5 1.697918 
55.81378 1.634046 
49.12756 1.625154 
42.44134 1.716904 
35.75511 2.504432 

LOWEST FACTOR OF SAFETY = 1.62354 AND OCCURS AT RADIUS = 54.14223 

AT POINT 

42 

156 60 lTHE RADIUS AND FACTOR OF SAFETY ARE: 
1.91279 
1.928139 
2 . !~j3L~ 135 
2.235571 

36 3.327371 
LOWEST FACTOR OF SAFETY - 1.91279 AND OCCURS AT RADIUS - 60 

AT POINT 
80 
70.7(!821 
61.41641 

121 80 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1.696237 
1 . 57~:!245 
1.432381 

52.12462 1.953488 
42.83283 5.073921 

LOWEST FACTOR OF SAFETY = 1.410261 AND OCCURS AT RADIUS = 59.[~347 

'. 
~ 

:1 
·1 ., 

\1 
:$ 

AT POINT ( 131, 
77.5 
69.15542 
61!l. 8112184 
=:~.46626 

77.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1.6!!!873 
1.469144 
1 .34112191 
1.570739 
'+.177697 j \' J.l2168 

4 \uvJE ST FACTOH OF SAFETY - 1.313514 AND OCCURS AT RADIUS = 58.7247 
INCORPORA-_ 

U::.iJ ~..J 
! 

·i 

AT POH1T 
75 

141 75 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1..582255 

':' 'J 2 0 ')() , ... 
,.i.!'fj 

) . 
A':070'} .-

, , I, lias &. M' . 
min;] 

-" - .- .. . - _ ...... .... . 



, , 
~ 

'1 .. : 

''72. ::: 

11::'1 _...J .. 

1 .. ~::J5q819 
3 n ,.?,i3C;'5,.:-: 

72.5 lTHE RADIUS AND F~CTOR OF SAFE~' ~RE: 

1.643366 
1.6282(13 

5Q.~C969 1.650836 
53.1~953 1.789975 
46.60 937 2.641985 

LOWE5~ FACTOR OF SAFETY = 1.618818 AND OCCURS AT RADIUS - 64.4373 

AT POINT ( 161 70 lTHE RADIUS AND FACTOR OF SAFETY ARE: 
70 1.867603 
64 
58 

1.895766 
2.12174799 

52 2.408469 
46 4.04728 

LOWEST FACTOR OF SAFETY = 1.867603 AND OCCURS AT RADIL3 = 70 

AT POINT ( 126 90 )THE RADIUS AND FACTOR OF SAFETY APE: 

) 
). :;1'4428 

"" 1 8'~8C:-C:; I " ._. ,_,""" 

1.6357!2i5 
1.511875 
1.397985 

62.83282 1.674166 
53.77709 4.85~444 

LOWEST FACTOR OF SAFETY = 1.364657 AND OCCURS AT RADl~S -

AT PO:NT ( 136 87.5 ITHE RADIUS AND FACTOR OF SAFETY ARE: 
87.5 1.575513 
79.39149 1.44914 
71.28298 1.344737 
63.17446 1.566456 
55.06595 4.126736 

69.62462 

LOWEST FACTOR OF SAFETY = 1.328937 AND OCCURS AT RA~ILS = 69.25585 

AT POINT ( 146 85 )THE RADIUS AND FACTOR OF SAFETY ARE: 
85 1.563909 
77.8387 1.458461 
70.6774 1.488166 
A3.5i61 1.635882 

!~ ~ J • 3548 2.912951 
~ · ..... ,~JE~T FACTOF: OF SAFETY = •• J 
', . 

1.451629 AND OCCURS AT RADIUS - 76.04837 

INCORPORATED 

,,' 2 . "/ a 'YJ/"" 
' .. ' .,J 

~ AT POINT ( 156 82.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
" ;J 82. :.; 1 .624983 

{Jj " 
- v. or 011, Gas & Mining 



:. ; 

- ' ~ 
.:, 

: i'.: 

· -r- POINT 
>3(21 

74 
68 
62 

166 80 )THE RADIUS AND FACTOR OF S~FETY ARE: 
1.851737 
1.89'7'283 
2. 13t+538 
2.61217295 

56 4.94205 
LOWEST FACTOR OF SAFETY = 1.851737 AND OCCURS AT RADIUS = 60 

AT POINT ( 131 
lIZ!!!' 
91.1812'34 
82.3612169 
73.541!213 
64.72138 

LOWEST FACTOR 

:4T F'OINT ( 141 
'7.5 

:; 9.62755 
81..7551-
73.88265 
66. !211vJ2 

LQl..JEST FACTOR 

?H POINT ( 1.51 
95 
88. QI7477 
81 • l.4954 

100 ITHE RADIUS AND FACTOR OF SAFETY ARE: 
1 • 5996!Z1 1 
1 . 49!!12~17 
1.38527 
1.582665 
4.72374 

OF SAFETY = 1.360489 AND OCCURS AT RADIUS = 

97.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1.561595 
1.451296 
1.368218 
1.596515 
4.122639 

OF SAFETY = 1.356723 AND OCCURS AT RADIUS = 

95 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1.561721 
1.472 ft7 
1.52!21857 

74.22431 1.721814 
67.29908 2.898039 

"7S".7B699 

LOWEST FACTOR OF SAFETY - 1.468915 AND OCCURS AT RADIUS = 8~.34346 

AT POINT 
92.5 
86.5 
8121. ~; 
74.5 

161 92.5 lTHE RADIUS AND FACTOR OF SAFETY ARE! 
1.625874 
1.66282 
1.763262 
1.957185 

18.5 3.087495 
~OWEST FACTOR OF SAFETY = 1.625874 AND OCCURS AT RADIUS = ~· 2. 5 

"V . . . , , or 011, Gas & n;,' , 
IV I.'. ng 

AT POINT (171 90 lTHE RADIUS AND FACTOR OF SAFETY ARE: 
90 1.856553 



,:"".:~. ;::: ] 6\-, - C 

72 

LOWEST FACTOR OF SAFET~ - 1.8~6552 A~D OCCURS AT RADI_E - q0 

~ ) 

'T POINT ( j36 110 I THE RADIUS AND FACTOR OF SAFETY L;E: 
11 0 1.581748 
1 ::n . £~ 1 64 
92.E3281 

1.4:31484 
1.393724 

84.24921 1 . 56367~ 

75.66562 4.651863 
LOWEST FACTOR OF SAFETY = 1.378527 AND OCCURS AT RADIL3 = 90.68691 

AT POINT ( 146 107.5 ITHE RADIUS AND FACTOR OF SAFET ~ ARE: 
107.5 1.558004 
99.86362 1.463614 
92.22725 1.407095 
84.59088 1.646941 
76.9545 4.146478 

~ LOWEST FACTOR OF SAFETY - 1.401212 AND OCCURS AT RADIUS = 90.31816 ,. 
'« .' 

, 
" " 

.f 
~ 

AT POINT ( 
• l'i1C.-

. ~I 

) .. 31Ql84 
,91.62168 
,34.93251 

156 105 )THE RADIUS AND FACTOR OF SAFETY ~RE: 

1..569494, 
l. l ,96174 
1.568147 
1 .81(iI9 S-'9 

7 8.24335 2.928159 
LOWEST FACTOR OF SAFETY - 1.496174 AND OCCURS AT RADI~S - 98.31084 

AT POINT ( 166 
lQ12.5 

102.5 lTHE RADIUS AND FACTOR OF SAFETJ ARE: 
1.63851116 

96.5 1.689''(111 
9 Qi.5 1.8361 G9 
84. =i C!. 11 :L 4,+3 
78.5 3.68458 

LOWEST FAC10R OF SAFETY = 1.638506 AND OCCURS AT RADI C3 = 

AT POINT 
1 !Zl!ZI 
94 
88 

1'76 10 0 ) THE RADIUS AND FACTOR OF SAFETY ~RE: 

1.873812 

~ 
.'. ~" , 
1i1 \ j' 

~ J" ,.:. ;·JEST 
~~ 
i~-! ,11 

1.968293 
C:~.318879 

3. !Z188333 
3.43~i985 

FACTOR OF SAFETY = 1.873812 AND OCCURS AT RADIJS -

f AT POINT ( 131 77.5 I RADIUS 58.7247 
~; 

H12.5 

INCORPORATED 

i'".~1 2 0 '."1r" 
"v,;J 

Div, 01 Oil Cia & '. 
, S Mining 

THE MINIMUM FACTOR OF SAFETY IS 1.313514 
-- • - - - - - ., ---- • • , ..... - • - - .... _ _ __ ... &e ' • • _ -., •• I , ... . _' \ •• • • _ ••• , , _._ 



1 ~1 
...... ..1. 

t.- ;7.: • 46t12.:::. 

77.5 )THE RADIUS ~ND FACT~c OF SAFETY ARE: 
1 • 6Q)8~ ' 3 

1.46~144 

1.3~·E;91 

1 .5'1!Z1739 
1.12168 4.177697 

L( . ~EST FACTOR OF SAFETY - 1.313514 AND OCCURS AT RADIUS ; 52.72~7 

?\T POINT 
77.5 
69.5132 
61.52638 
53. 539~58 
45.55277 

1 ~.t::" .:!..J 77.5 >THE RADIUS AND FACTOR OF SAFETY ARE: 
1.588542 
1.451284 
1.358743 
1.54Q@35 
4. !~136378 

LOWEST FACTOR OF SAFETY; 1.350813 AND OCCURS AT RADIUS ~ 59.52~68 

AT POINT ~ 127 77.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
77.5 1.639468 
68.79765 1.496786 
6!ZI. 1219529 
51.39294 

1.369287 
1.6!i.11361 

;. ~ 69058 ~.418625 

) .ST FACTOR OF SAFETY = 1.312946 AND OCCURS AT RADIUS = 57.9197 

AT POINT ( 123 
77.5 
68.43988 
59.37976 
5i!I.31964 
41.25951 

'_Cll,.JEST FACTOF: 

AT POINT ( 
81.5 
72.71319 
63.92638 

77.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1.676841 
1.541291 
1.40791215 
1. SQI0449 
4.772162 

OF SAFETY = 1.367521 AND OCCURS AT RADIUS -

81.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1.633362 
1.497253 
1.373658 

55.13957 1.585509 
46.35276 4.515703 

57.11473 

LOWEST FACTOR OF SAFETY = 1.324585 AND OCCURS AT RADIUS = 61.72968 

: ~r POINT ( 127 
~ 73.5 

73.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1.647'7'79 
1.499754 
1 . 3661~-8 

INCORPORATED 

6'+.8821 
56.26421 
47.64631 
39.Q12841 

1.651432 
4.3417Qi5 

Vi\, 010'/ 
' . j , GaS & Minhi. .-- ._-. . - .- ._ .. ______ . ... ... _._._ ..... ___ ....... _ .... __ D_ 
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~ 
1 
~ 

" 
~l 
J 

~ 1 

I 
l 

:.; 
.; 

,1 . 

~T ?O!NT ( 127 69.5 )THE RADIUS AND FACTOR OF SAFETY ~~E: 

-. ~~657 1.505898 
, ~3313 1.369993 

48.8997 1.643372 
35.26t26 4.286059 

LOWEST FACTOR OF SAFETY = 1.323118 AND OCCURS AT RADIL~ = 50.29977 

Al- POINT ( 131 73.5 )THE RADIUS AND FACTOR OF SAFETY ~RE: 
73.5 1.616476 
65.23988 1.472547 
56.97975 1.351276 
48.71963 1.557057 
40.4595 4.126545 

LOWEST FACTOR OF SAFETY = 1.332266 AND OCCURS AT RADIUS = 54.91472 

AT POINT ( 123 73.5 )THE RADIUS AND FACTOR OF SAFETY ~RE: 

7-3.5 
tA .52434 
55.54868 
46.573\;:12 

1.68M!53 
.t .545464 
1.41Zl7312!9 
1.821.:1137 

~~.59735 4.664006 
) ~ST FACTOR OF SAFETY = 1.358755 AND OCCURS AT RADIU~ = 53.30476 

AT POINT ( 128 73.5 )THE RADIUS AND FACTOR OF SAFETY ~RE: 
73.5 1.639535 
64.97155 1.491839 
56.~431 1.357197 
47.91465 1.622328 
39.3862 4.279207 

LOWEST FACTOR OF SAFETY = 1.308074 AND OCCURS . AT RADILS = 54.31099 

AT POINT ( 
73.5 
65.~IMj99 

56.62198 

129 73.5 )THE RADIUS AND FACTOR OF SAFETY ~RE~ 
1.631561. 
1.484388 
1.35133 

48.18297 1.596608 
39.74396 4.22275 

LOWEST FACTOR OF SAFETY = 1.311055 AND OCCURS AT RADI~3 = 

IT POINT ( 128 74.5 )THE RADIUS AND FACTOR OF SAFETY ~RE: 
74.5 1.637299 
65.95043 1.490945 
57.40087 1.357845 
48 . 8513 1.626116 
40.30173 4.295122 

54.51223 



T POI NT ~ :28 75.5 }THE RADIUS AND FACTOP ~ SAFETY APE: 
. :-:' .:5 

') . C;'2 '~:3E: 
~ 35~::, 64 

4(~{" 78~'96 

~ 1 . c~ 1 727 

1. • 63:3E:25 

1.858612 
:I. "b1 ·~221 
4.312268 

L OWEST F~CTOR OF SAFETY = 1.303726 AND OCCURS AT RADIUS = 56.21597 

AT POINT ( 128 76.5 lTHE RADIUS AND FACTOR OF SAFETY ARE~ 
76.5 1.633303 
67.90821 1.489658 
59.31641 1.359488 
50.72461 1.602822 
42.13282 4.3306 

LOWEST FACTOR OF SAFETY = 1.302694 AND OCCURS AT RADIUS = 57.16846 

AT POINT 
7'7.5 
68.8871 
612!.27419 
51.66128 

128 77.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
1.631527 
1.489243 
1 .36121/-+63 
1.5919:1.2 

· ~.04837 4.35003 
~ST FACTD~ OF SAFETY = 1.305246 AND OCCURS AT RADIUS = 58.120 96 

AT POINT ( 129 76.5 )THE RADIUS AND FACTOR OF SAFETY ARE: 
76.5 1.62568 
67.99765 1.482428 
59.49529 1.351639 
50.99293 1.603605 
42.49057 4.26956 

LOWEST FACTOR OF SAFETY = 1. 3!~12697 {';~lD OCCU~:S AT RAD I US = 57.3697 

AT POINT ( 127 76.5 lTHE RADIUS AND FACTOR OF SAFETY ARE: 
76.5 1.641365 
67.81876 
59.1:"i753 
5i2J .45629 
41.7751216 

L.OWEST FACTOR 

1.497193 
1.368336 
1.6i219574 
4.397661 

[IF SAFETY = 1.310383 AND OCCURS AT RADIUS = 

l. f='OINT ( 128 76.5 )RADIUS 57.16846 
.\ " r.****~,**************"*.**.;;.************************** 

_~HE MINIMUM FACTOR OF SAFETY IS 1.302694 
~ *************************************************** 

56.96722 

INCORPORATED 

i<, ~r 20 """'" L,"'j) ANY PLOT? (enter 0 for no plot, and 1 for p!ot)? 0 
Ok Div of 0·/ . 

, I, GelS & n.l' , 
IV Iilmn 

.. .0-- _ ' . .. ...... _ _ ....... _ . . .... _ ... __ . ,,_ 



NO. OF STATIC AND SEISMIC CASES=? 1 

CASE NO. 1 SEISMIC COEFFICIENT=? 0 

NO. OF BO~NDARY LINES= 7 

NO. OF POINTS ON BOUNDARY LINE 1 - 2 

BOUNDARY LINE - 1 
~ COORDINATE # 1 = (ll ~ !2J 
, COORDINATE # 2 = 25!!1 
" 

NO. Or- f'OINTS UN BOUNDAHY LINE 2 = 2 
, 

BCJUr"DAF:Y LINE - 2 
COGRDIl'·JATE # 1 = ( !;:l 11 ) 

. : 
,L ~ 

COORDINATE tl: 2 = ( 25121 , 11 
~ 

NO. OF POINTS ON BOUNDARY LINE ':) == 2 ~, 

.. '"' JNDP,R\' LINE - .-, 
,::, 

'::OORDINATE # 1 = ( v.l , 1 !::; ) 
.' 
! CC]OFW INATE # E = ( 259.1 , i5 
-

~ 
NO" OF POINTS ON BOUNDARY LINE 4 - ":j ._. 

~i 
; POUNDPlF:Y LINE - 4 
" COORDINATE *~ i = 9.1 19 ) ~ ... , 
:;j COORDINATE # 2 = 25!21 1. '=i ;1 , 
~ '-, 1 NO . OF POINTS ON BOUNDARY LINE I;- = -.J C,7 • 

... , -. 
:.Q BOL;NDARY LI NE - 5 "l 

CQOFWINATE # 1 = 0.1 ~ 25 ) 
'J COORDINATE # 2 = 25~:1 20::: " , ..J J • 

• 'l 

~J 
'7-, NO. OF POINTS ON BOUNDARY LINE 6 == 2 
.;" 
:'1 BOUNDAF:Y LINE - 6 .;~ ., 

COORDINATE # 1 4';,;! 3':.> ' ,' = ) l ) • o..J 

j COORDINATE t.J: 2 = 146 ~ 3~~; 
;1 
.; 

•. i 
NO. OF POINTS DN BOUNDARY LINE 7 8 ' ~ = 

~~ 
; 

,.!l !-3JUNDARY LINE - 7 
~ ~ COOFmINATE # 1 = m 33 ) 
"j 

, 
, ',.: ( ::O()F:D I NATE *" 2 = ( 4!~j 33 ) :;':i , 

: ' ~i COORDINATE # ':.> :: ( 86.5 48.5 
'; ' ) -, ~ 

" com~: [) I NA 1 E 
*" 4 = 91 , 5~!J ) : .. ' '--,.oJ COOF:DINATE :ij 5 -- 1G6 5!o ) '1 

~. ; COORDINATE :tj: 6 = ( 137 24.5 ! 

;~~ COORDINATE # 7 - ( 1'~6 3!21 

1NC0i1r-Or,,c.. 7Er, 
EXHIBIT XVII U 

" " iw. I 1',., 

J 
,"1, COOF<DINATE :1:\: 8 = ( 25!~! 3 !~! ) 

" 

" 1 
.>;t 

i)IV. Of Oil (, 
• I .... aa & ill;, '.., 

• . - • • ~- ~ - . .. _ • • - ' >-" • • --! ...... - .. 



, ' i :\1 DEF -r ;.-j OF T A'_LE'3T S~ I C~ = ~, 

~·IC. OF F:ADIUS CmHF-:OL zm£=:::: : 

RADIUS DECREMENT FOR ZONE 1 = 0 
NQ. OF CIRCLES FOR ZONE 1 = 5 
ID NO.FOR FIRST CIRCLE FOP ZONE 1 == 1 
NO. OF BOTTOM LINES FOR ZONE 1 == 1 

LINE SEQUENCE ! FOb: ZONE 1 
LINE NO.:: 1. BEG. NO.= 1 E~D NO.= 2 

SOIL NO. 
1. 
2 

~. 

6 

COHESION 
!2l 
!a 
lZl 
15(ZI 

m 
1 t!j~!j8 

USE PHREATIC SURFACE 
UNIT WEIGHT OF WATER= 62.4 
U[';E C3P I D 

FF:IC. ANGLE 
3~Zj 

.34 
3(1' 

27 
34 
":J':J ,.., 
...... L-" I 

UNIT I,.JEI Gf-IT 
12!!i 
13:Zi 
: 3121 
i3i2i 
13Qj 
123 . f3 

~ '" OF Sl.. I CES= 1 !21 NO. OF ADD. RADII= 3 

.1, OF POINTS ON 
COCFWINP!TE # 1 
coor-m INATE # 2 
COOFWINATE # 3 
COOF:DINATE # 4 
COORDINATE # 5 
COC)~:[; INA TE # 6 

l.JP1TEP TABLE:: b 
( m ~ 32 ) 

== ( 4G ~ 23 ) 
= ( 86.5 ~ 48.5 ) 
= 137 34.5) 
== 146 :=:;Zi 
== 

INPUT COORD. OF GRID POINTS 1,2,AND 3 

POINT 1 X COOr:;:D" ..,. ~ 

POINT ~, v COORD.=-c: " 
F'OINT 3 X COORD.= 

x: I NCREf'1ENT= 8 

35 Y COORD.= 4!!l 
1 QI5 Y ::;O:J:iD. =:: 6 it! 
1 (2;5 V CDOPD.:= 90 

V INCREMENT= 

NO. OF DIVISIONS BETWEEN POINTS 1 AND 2= 3 
NO. OF DIVISIONS BETWEEN POINTS 2 AND 3= 3 

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID 

**** WARNING AT NEXT CENTER **** 

8 

l MAXIMUM RADIUS IS LIMITED BY END POINT OF GROUND LINE 
j 

AT POINT ( 35 40 }THE RADIUS AND FACTOR OF SAFETY ARE : 
35.69314 6.739603 
29.95451 7.155602 
24.21588 7.639589 
18.47725 8.75721 
12 . 73863 12.63302 

INCORF'ORA--
.. J::':O 

.' : '.1 2 0 "!"'''' 
"'v I J 

·1;'/ 8,' I)', 
. '. L ,I Ga"':, ~.I· . 

, ,:, U( Iv Inlrlf} 



I 

, 
" 

A' r rOI NT ( 59 . 33334 ~c . 66667 )THE ~~DI US AND F~CTOR OF SA~ETi APE: 

. 3t/ll ::3 
[2 . 9673t;, 
~ 5 .. ~)6'759 

:~.193:;';'S 

2 , CY'7Lj·.:f'"-!:' 

LOWEST FACTOR OF SAFETY - 2 . 6 6346} AND OCCURS AT RADIUS - 24 . 94231 

AT POINT ( 81.66667 53.33334 lTHE RADIUS AND FACTOR OF SAFETY ARE: 
53.33334 6.787232 
L3.889l;·2 
34.4'-.55 
25.IM1158 

~5. 6~:1588 

4.869568 
5,'189396 

15.55766 9.974754 
LOWEST FACTOR OF SAFETY 4.869568 AND OCCURS AT RADIUS - 34.4455 

AT POINT ( 105 60.0000 1 ) THE RADIUS AND FACTOR OF SAFETY ARE: 
6 QI • 1!l!2! G IiI 1 

5QI. 121Gy'Wj 1 
4-m • IZHll(?1 QI 1 
3~~1 • (MI9-I~:11 

6.!!18'::;'161 
5.74837 
5,99121893 
9.811441 
15.821t:,1 

) ~ST FACTOR OF SAF~TY = 5 . 618844 AND OCCURS AT RADIUS - 52.50001 

**~* WARNING AT NEXT CENTER **** 
MAXIMUM RADIUS IS LIMITED BY END POINT OF GROUND LINE 

A~ POINT ( 35 50 )THE RADIUS AND FACTOR OF SAFETY ARE: 
38" 9Hl15 
34.52)312 
3!~j • 1 Lj·L ::J9 

~5. 764Ql6 
21.382iZi3 

5.223855 
5.325674 
5.41i21542 
6 . !;!J222't 4 
8, 918::-1~; 

LOWEST FACTOR OF SAFETY = 5.223855 AND OCCURS AT RADIUS = 38,,91Q~15 

AT POINT ( 58.33334 56.66667 )THE RADIUS AND FACTOR OF SAFETY ARE: 
56.66667 
48.66427 
4~j. 66187 

3. 42Ql7Qi9 
2.958459 
2. MH:;232 

32.65946 2.484243 
~4.65706 5.941665 INCO?""':)"", _ 

34 66 
-I - . Ii L 1"'11-1,;::1 E ST FACTOR OF SAFETY = 2.453164 AND OCCURS AT RADIUS == • !! {':)6 -

) 

AT POINT ( 
.::3.33334 
53.78678 

~ , 'r .., 
J>/ : .';. I.. a ?Dlj 

Div, of Oil G " , a..:; Ut ;Vlii/ing 
81.66667 63.33334 ITHE RADIUS AND FACTOR OF SAFETY ARE: 

7.761678 
5.767468 

.. _ .... --. . ~- .. . _ ..... -~-... ,.- ... _... . . .. _ .,... ... . -... . : ·- U'_ . 



· c:: 1 • ~ ;.'~ .- : .:.: 

.. !.~! 

'+Cj 

3f:i 

~5. 767'7'71 

1.6.62873 
LOWEST ~ACTOR OF SAFETY = 5.652396 AND OCCURS AT RADIUS = 60 

****. ~·JAF~"ING AT NEXT CENTEF: ***-lE. 
MAXIMUM P~DIUS IS LIMITED BY END POINT OF GROUND LINE 

AT POIN- (35 60 )THE RADIUS AND FACTOR OF SAFETY ARE: 
4~.204C~ 4.285009 
40.'76326 4.384427 
37.322~~ 4.778785 
33.881=3 5.419759 
30.4402l 8.851052 

LOWEST FACTOR OF SAFETY = 4.285009 AND OCCURS AT RADIUS = 44.20407 

) ~OINT 58.33334 66.66666 )THE RADIUS AND FACTOR OF SAFETY ARE: 
: 6.c666~ 3.579324 
5 8.561c3 2.99455 
50.4566 2.62732 
42.3515~ 2.441682 
34.24653 6.325668 

LOWEST FPCTOR OF SAFETY - 2.404449 AND OCCURS AT RADIUS - 44.37782 

AT POINT (81.66667 73.33323 )THE RADIUS AND FACTC~ OF SAFETY ARE: 
73.33333 1000000 

LOW~ST FACTOR OF SAFETY = 1000000 AND OCCURS AT RADIUS = 73.33333 

AT POINT 
8!!! 
7i2i 

105 80 )THE RADIUS AND FACTOR OF SAFETY ARE~ 
6. 91712~97 
5.827(2134 

59.99999 5.72434 
49.99999 10.27125 
39.99999 18.1946 

LnWEST FACTOR OF SAFETY = 5.72434 AND OCCURS AT RADIUS = 

.* WARNING AT NEXT CENTER **** 
MhXIMUM RADIUS IS LIMITED BY END POINT OF GROUND LINE 

PIT POINT 70 )THE RADIUS AND FACTOR OF SAFETY ARE: 

59 . 9999~NCORPORATED 

M.W 2 0 201'j 

Oiv. of Oil, Gas & Mining 



( 

.,..-

l' ,::ixIMUM RADIUS IS lIMITED BY END FOH!T OF GfWUN: LINE 

AT POINT ( 58.33334 76.66666 )THE RADIUS AND F~[TOR OF SAFETY ARE: 
72.866'7 
65.41°Qi2 
57" ;=t71 ::::5 

3.£.78548 
3. (2'46£.4 
2.55!2163 

50.52368 2.603717 
43.076 6.999839 

LOWEST FACTOR OF SAFETY = 2.496367 AND OCCURS AT RADIUS - 56.10943 

AT ponr- .: Ell.6666'7 83.33333 )THE RADIUS AND FACTOR OF S~1FETY ARE: 
83.33323 1000000 

LoWESl ~ACTOR OF SAFETY = 100000 0 AND OCCURS AT RADIUS ~ 83.33333 

AT POINT ( 105 89.99999 )THE RADIUS AND FACTOR OF SAFETY ARE: 
. r~~_'. 99C;'Q9 

)/ !!! 

7.619468 
6.134912 
5.76733 1 

49.999~9 20.09167 
LOWEST ~~CTOR OF SAFETY - 5.767331 ANQ OCCURS AT RADIUS - 70 

AT POINT 58.33334 66.66666 lPADIUS 44.37782 

THE MINIMUM FACTOR OF SAFETY IS 2.404449 

AT POINT ( 58.33334 66.66666 )THE RADIUS AND FACTOR OF SAFETY ARE: 
66.66666 3.579324 
58.56163 2.99455 
50.4566 2.62732 
42.35157 2.441682 
34.246S3 6.325668 

LOWEST ~ACTOR OF SAFETY = 2.4044 49 AND OCCURS AT RADIUS = 44.37782 

,~-,- P(J HlT ( 66 . 33334 66.66666 )THE RAD I US AND FACTOH OF SAFETY A~NCORPORATED 

;-' '-~y 2 0 'Ol'"' 
bt.. 6 6b ':J 6 
58.1215567 
49.44467 
41.21.83367 

L, • 11.189:-378 
3 " c;8(:i 184 
2.764726 
2.8 LI99v.18 
6.836557 

"1. J 

\\1 ot Oil, Gas 3. Mining 
........ . .. , -.,,. . . ... . -, _ v· -... _ _'l., .. _ 



;'''''' ;': lJ{.;f~,rUt·,i3 AT iJE;'T :::=:NTEF' ~''".H:·Y· 

M:~, MUM R~CIUS is L!~:7ED BY eND PC1NT OF 3ROUND Llr~ 

j- . OINT , 50.33334 ~~.66666 ITHE ~ADIUS AND FACTOR ,- SArETY ARE: 
,.~:f!). 5~j(+8~' 

.54. l78U+ 
'+7.snli;3 
41.42473 

3 It ~Zj\~:) 87f.,. 7 
,~. 86(i~;17 

2.6128L 8 
2,692136 

35.0~802 5.034355 
LOWEST FACTOR OF SAFETY 2.588557 AND OCCURS AT RADI~S = 46.207 26 

**** WARNING AT NEXT CENTER **** 
MAXIMUM RADIUS IS LIMITED BY END POINT OF GROUND LINE 

AT POINT ( 58.33334 74.66666 lTHE RADIUS AND FACTOR ~F SAFETY ARE: 
71 .686!2l5 
64 • i~19512j3 
56 . 5QI4!~j 1 
48.91299 
41 .321 <7'7 

L.Ot.JEST FACTOF\ 

3.5G17~9 

2. 996'7!Zi9 
2.568i?:19 
2.5M1401 
6.956368 

OF SAFETY -- 2.482871 AND OCCURS AT RADIUS - S2.7G85 

) . ~?I~!~( 58.33334 58.66667 )THE RADIUS AND FACTOR OF SAFETY ARE: 
~b.6666' 3.438t3 
~ :.;O • 64374 
':::~2. 62081 
34.59789 

2. 971M!74 
2.597i5~ 

2.461787 
26.57496 5.943261 

LOWEST FACTOR OF SAFETY - 2.427096 AND OCCURS AT RADIUS = 38.60935 

AT POINT ( 60.33334 66.66666 )~HE RADIUS AND FACTOR OF SAFETY ARE: 
66.66666 3.674947 
58.43514 3.021702 
50.20362 2.635236 
41.97209 2.471201 
33.74056 6.870487 

LOWEST FACTOR OF SAFETY = 2.429103 AND OCCURS AT RADIUS - 44.02997 

**** WARNING AT NEXT CENTER **** 
MAXIMUM RADIUS IS LIMITED BY END POINT OF GROUND LINE 

! oOINT ( 56.33334 66.66666 )THE RADIUS AND FACTOR OF SAFETY AF:E: 
' L-.J • 6269 3 . lj· 197i~j2 

~j7.85631 2.95482 
50.08572 2.595966 
42.31513 2.470448 

INCORPO::' ,"!--","" 
nl"\/ L: .. J 

M,U 20 (alj 

34.54454 5.61211561 Div. of Oil Ga~ " ~.l · . 
LOt..JEST FACTOR OF SAFETY -- 2.417525 AND OCCUF:S AT F:AD ~ US = 46. 2!~I!Zj43 ,,) (x IV mln0 

.... - .. ~ .. .. -.. .. .. .. . ... . .. ... .. . .. .. .. ... .. -- . ..... . 



co..; ·t! .'l<, l li-iF 1'1 I NG ,:.:, T NE ':; T CENTE '~: -lI' ~ " ;;. 

ri~ >. I! 1l)", F;:~ , D i. L'3 IS:'.!. t1 ~ n:D ~i \' ::: ~,j=- PC! II\IT OF GF·C:::.'~ · iD L I !"!~:: 

/ ";~T F-'C1II-JT . 5f:3.33]:;'::L!. 6B.6t::.6.~."'''''';!:: f~ADIU~; . ~+J~'" r r:',CTUF: ' .. r· ~~AFE"'" P.F:E~ 

. \ 37::: 1,S ~:: • bOU377 
.30 b3 3.000 184 

' .T' .2394Lf 

,:"4.17258 E~ .. 4573':' 1. 
36.10572 6.855815 

LOWEST FACTOR OF SAFETY = 2.420134 AND OCCURS AT RADIUS ~ 46.1893 

AT POINT (58.33334 64.66666 lTHE RADIUS AND FACTOR OF SAFETY ARE: 
64.66666 3.536054 
5t,.58216 
48 .. 49765 

2.98312117 
2.615768 

40.41314 2.450719 
32.32864 6.130396 
~OWEST FACTOR OF SAFETY = 2.3q2~39 AND OCCURS AT RADIU3 - 42.43428 

AT POINT (58.33334 62.66667 )THE RADIUS AND FACTOR OF SAFETY ARE: 
62.66667 3 .. 497487 
54.60269 2.976369 
46 .. 53871 2.606422 
-~.47473 2.462836 
\ ~41074 6.036296 
,~WEST FACTOR OF SAFETY = 2.398912 AND OCCURS AT RADIUS = 42.50672 

AT POINT ( 60.33334 64.66666 lTHE RADIUS AND FACTOR OF SAFETY ARE: 
64.66666 3.624181 
56.45567 
48.24467 

2.99718 
2.622976 

40.03367 2.458164 
31.82267 6.969S~S 

LOWEST FACTOR OF SAFETY = 2.41~668 AND OCCURS AT RADIUS 

**** WARNING AT NEXT CENTER **** 
MAXIMUM RADIUS IS LIMITED BY E~D POINT OF GROUND LINE 

AT POINT (56.33334 64.66666 )THE RADIUS AND FACTOR OF SAFETY ARE: 
64.6237 
56.67428 
48.72486 

3.465327 
2.979157 
2.621456 

~0.77543 2.457069 
:. 826m 1 5. 2!M1487 

......... ,EST FACTOR OF SAFETY = 2.414468 PIND OCCUF:5 AT F:ADIUS == 44.751Z11 L!NCORPORATED 

AT POINT (58.33334 64.66666 )RADIUS 42.43428 
**************************************************** 
THE MINIMUM FACTOR OF SAFETY IS 2.392439 
*******************************~******************** 

.".; .. {t 2 0 70lJ 

'J/V 01 Oil. Ga.:; & Mining 
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SOL DESCRIPTION :.COHESION 

I 1 
2 
J 
4 
5 
I 

15.5' 

BROWN SANDY GRAVELLY ClAY 
BROWN SillY SAND 
BROWN SILlY ClAVEY SAND 
BROWN SILlY SANDY ClAY 
BROWN SILTY SANDY GRAVEl 
SANDY SILT 

CENltR OF' FAlWRE SURFACE 
-RAPID DRAWDOWt( 
18.3' RlGKT OF UPS1'R£AM 'TOE 
31.7' A80VE UPSTR£AM TOE 
RADIUS OF FAIlURE SURFACE 42.4 FT. 

YJAlER 

0,., 
0,., 0.-
150.-
0.-
1001.-

...... --------*'" 
JY 

-, :z 

ANGl.£ OF' INT. FRIC110N 

30 Degrwa 120 per 
34~ 130 pet 
J4~ 130 pet 
27~. 130 pet 
34 Deoreea 130 pet 
32.70.0,.... 123.8 pet 

@ 

SOIL LAYERS < 00{ 

(J 
,. :.,.;,;: CJ 

:\) STABILITY ANALYSIS DIAGRAM 
I~ -'J 

c:;, :.) 
';- ' "J'. JJ 
(.7' '-. 

:'~; 
· ...... l 

(:1 
C-:J 

contR OF' FM.URE SURFACE 
FULL RESERYOIR AND S1DDY-STAlE SEEPAGE 
, 8' LEFT OF' DOWNS1R£AU TOE 
42.5' MCNE DOWNS'TM'AU TOE 
RADIUS OF' FAlUJRE SURFACE 53.4 FT. 

4.5' /tBI:NE DOWNS1MAM TOE 

J' IEl..OW UPSTREAM TOE 

_/ --

EARTH DAM 

- -- - -----



3 
~ 

~ 
~ 
i , 
~ 
J ., 
~ 

... 
: , 
;i 
!l. 

:i 
~ .. 
.,j 
:J 
;1 
.; 

I 
) ;1 

1 
\t 

1 
:.) 
;~ 
I 

):l 

CULVERT DISCHARGE 
LOCA TION cfs 

STA 0+36 6.21 
STA 8+02 5.08 

SLOPE 
Yo 

2.8 
3.8 

CUL VERT OUTLET ... 

VELOCITY 
fps 

5.7 
6.25 

(6 INCH MINUS 
STONE 

HEAD\lALL 

I 

2'~~-

2' ~,...---

1/~' X 2' 

PREFABRICATED STEEL EN~ SECTION 

NOTE. 

ROCK HEAD\lALLS ON INLETS 
\lILl BE CONSTRUCTED \11TH 

6 INCH MINUS STONES. 

----10'----

12' 

t 
D=2~' 

T=6,J 

2' 

2' 
I 
, .. CULVERT INLET .. ----

10' 

I 
4' 

I 
10' 

UTAH POWER & UGHT 
UlNlNG DIVISION 

.... -----
COTTONrOOD/JfILB8RG MINE 

rU"6 Roa Sf'ORAC6 '~C1LlTT-~cass llQU) 
CUL 'ORr DUf'Ur PllonCf1DlI • Dlur f'lU3B RACK 

DMDI JrI K. LARSEN EXHIBIT XIX 
NONE 

5-4-90 

---'-------
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. 
I-
<[ 

> w 
.-J 
w 
w 
LJ 
<[ 
I-
(/) 

z 
0 
........-4 

I-
<[ 

> w 
.-J 
w 
w 
lJ 
<[ 
l-
V? 

STAGE - CAPACITY CURVE 
6775 

___ lQQ of Do.l'l 6772.L __ 

6770 ___ SRlllwClDr~.2..t 6770.0 ___ ----'-_______ .7_3 

6765 Mo.x. SediMent Level 

~ DEVATERING PIPE AT 6766.3 FT . 
Cleo.n Out Level 

6760 

6755 

0 1 2 3 4 5 6 

STORAGE CAPACITY) ACRE FEET 
MAXIMUM SEDIMENT VOLUME 2.4l AC.FT. AT 6765.3 FT. 

CLEAN OUT OF POND REQUIRED AT 1.75 . AC.FT. AT 6763.1 FT. 
DE\,.,! ATERING PIPE ELEVATION 1.0 FT. A~BbvE MAX. SEDIMENT LEVEL 

6772 

6771 

6770 

0 

STAGE - DISCHARGE CURVE 

=~ ==~~ ==~~ e~ 
---~~---------------------- --~--~--------------------

- --~~------\ -------------------_ 2..L ________ '""\. _________________ _ . __ 

I - I I ' I I 

50 100 150 200 'j ;J;:;:'1"I~ '- --, ,,~ '" 3-00 
CI~~'-'''J l '" . , '--., 

DISCHARGE -crs 

UTAH POWER & UGHT 
MINING DIVISION 
,~-,..---

COTTONJrOOD/JrILBERG MINE 
WASTE ROCK STORACE TACIUrr - SEDJIaNT POND 

STACE CAPACITY AND STACE DISCHARt;E CURYKS 

K. LARSEN EXHIBIT XX 
NONE 

5-4-90 
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OVERALL SLOPE 2.57: 1 

8' 

------- ---257· P ~4 ' 

' ..... -;: 

(,-....} 

l::"") 

- -, 

WASTE MAT£RIAl BERM~ 

~ 6" TOPSOIL 8' 

. ;::"......; 

12" SUBSOIL 

SEQUENCE 

1. CONSTRUCT BERM WITH WASTE ROCK PILE MATERIAL 
FROM MINING OPERATION. 

2. COVER OUTSIDE SLOPE OF BERM WITH 1'L OF 
SUBSOIL AND ft OF TOPSOIL 

3. REVEGETATE OUTSIDE SLOPE. 

_ 4. PLACE WASTE MATERIAL INSIDE OF BERM AND 
COMPACT IN 2' LIFTS. -,., .::. 

o 
(J 
:~ j 
-) ; 

o 
2) 
">' 
r J 

i:1 
U 

5. WHEN WASTE MATERIAL LEVEL REACHES TOP 
OF THIRD BERM CONSTRUCT lHE NEXT BERM 
WITH 8' OFFSET AT TOE OF NEW BERM. 

~ 8,1~~ 
...... 

100' 

~WASTE MATERIAL PILE 
CONSTRUCTED IN 2' LIFTS 

CtI fU NAItII'./I#KI: a-lOtI 

PACIFICORP 
FUEL RESOURCES DEPARTMENT 

20' so. !oWN CINE uwt CIDf1IR SW'I: 2000 M.T INa CII't. uwt .. , ........ 

DRAWN 8't'; 

COTTONWOOD/"ILBERG MINE 
"ASTE JlATERIAL PILE 

CONSTRUCTION SEQUENCE 
K. LAlfS.N 

Non 
JANUUfY 6. 1993 lIlY. 
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RUSLE2 Erosion Calculation Worksheets 
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u;w.NRCS~=~ _ IfhriCf 

RPSLE2 w.0I.'~._ E.r~on_ C.Jc~la,,~ .R~_col'Cl 

Info: reclaimed top of pile 

Location Soil Slope length Avg. slope steepness, 
(hor;z) % 

Utah\Unitah county average By texture\sandy clay loam\sandy clay loam (h OM. s-m 
500 2.00 

-
~al) 

----
~erm) 

--- - ---

--. _. 
Management Contouring 

Strips/ Diverslonlterrace, Soil loss erad. 
Soi/ Cons. plan. Sed. .~ 

barriers sediment basin portion, t/aclyr 
detachment, soil/oss, de/ivery, 

tlaclyr t/aclyr tlaclYr 
rough bare. freshly a up-and-

disturbed downslope 
(none) (none) 0.23 0.23 0.23 0.23 

- --- -- - - --

,::.- -~ Z 0 -, 
() ..... .-. 

l.~ 0 ""' ... 
)1 

t....: -;J 
'} 
J 

~. ... ;' i 
t J 



~.NRCS~ 

RUSL-=~-Wf)~J1e~ E~~!'t r;~Ici"~~ti~" ]t~~rd 

Info: reclaimed berms 

Location Soil Slope length 
(horlz)' 

Avg. slope %steepness, I 

Utah\Unitah county average By texture\sandy clay Ioam\sandy clay loam (h OM, s-m 257 38.9 
I (Vernal) 

- -
pennJ_ 

- - -- - -- -- -

-- .--. 
Management Contouring Strips I Diversionlterrace, SoH loss erad. 

Soil Cons. plan. Sed. 
, 

batTiers sediment basin portion, tlac/yr detachment, soil/oss, delivery, 
tlaclyr tlac/vr tlacIYf 

rough bare, freshly a up-and- 3 - 0.1 % grade terrace 
disturbed downslope 

(none) __ at bottom 
2.6 2.6 1.3 0.16 

-- -

0 
iii' --.. 
0 

...., 
L. -. :>., a .aJ.-;' 
() 

--==: ~-- 0 
C' ,,~ 

: : J 
r'_' 

-; ) 
(;: 

,~ () 
r; 

t' ~ 
_~, J 

:s- --, I 
J 

rs .. : , j 



' --IIINRCS5=-

~.V$~E2~W9~lji.t "~~i'~ c.lcul.ijtion ~d=-_~_~~~_--, 

Info: Undisturbed Slope 

- -
Management Contouring Strips I Diversionlterrace, Soil loss erod. Soil Cons. plan. Sed. 

barriers sediment basin portion, tlac/yr detachment, soli foss, delivery, 
tlac/yr Uac/yr tlaclir 

smooth bare, no au~nd-
disturbance downslope (none) (none) 16 16 16 16 

L.... - - - - - - - -

0 
;;:" 

Z 0 '~:.'.' 0 - :~.::_'1 0 0 --.; 
:IJ 

G~; '" -,) 
l:J ,~ () (h 

:lJ ~j --.J 

~ l.:-_~ = ~1 --I :£. 

rd ::J 

C) :;:,-
«() 



LEGEND 

;;;.~\..~~~ TRAIL MOUNTAIN MINE PERMIT BOUNDARY 

~===~ UNLEASED FEDERAL COAL 
STATE COAL LEASE 

UTU·64375 FEDERAL COAL LEASE 

Coal Ownership 
Scale: 1 "=400' I 

± , 
I , 
I 

Surface Ownership 
Scale: 1 "=2000' 

General Location Map 
Scale: 1 "=3000' 

Coal Ownership 
Scale: 1 "=2000' 

LEGEND 

;;;.~~\..~~~ TRAIL MOUNTAIN MINE PERMIT BOUNDARY 

~===~ U.S. NATIONAL FOREST 
NATIONAL RESOURCE LAND 

STATE COAL LEASE 

Surface Ownership 
Scale: 1"=400' 

RECEIVED 
MAY 2 6 ZQj 

DIV. OFOIL,GAS& MININC 

INCORPORATED 

MAY 2 0 7015 

Div. oj Oil, Gas & Mining 

CAD FILE: NAME:/DISKl TMS1454C 1-1 
ENERGY WEST 
MINING COMPANY 
A SUBSIDIARY OF PACIFICORP 

TRAIL MOUNTAIN MINE 
SURFACE & COAL OWNERSHIP MAP 

DRAWN BY: K. LARSEN TMS1454D 
SCALE: AS NOTED DRAWlNG : 

AT . JANUARY 29, 2015 SHEET _L OF _L REV. __ _ 



NOTES 

REFER TO DRAWING #CM-10830- WB 
PLATE 4 - 12 FOR DETAIL 1 AND 
DETAIL 2 

BONDED AREA IS DISTURBED AREA 

C J ASCA AREAS 

C J SUBSOIL STORAGE 

C J TOPSOIL STORAGE 

.. ...,., 
~ 

aero-graphics 
GEOSPA TIAL SERVICES 

40Wp.st OaklaodAw SaltbkeCty Utah3411!5 
Telephone (601) 487 3273 Fax (801) 487-3313 

WlhW aero-grephlCS com 

I 
I 

I 

IP ~ RlIP 
DITCH DA
[lETAI), 2 

", 
" 

/ 

SILT FE~ICE,/Wt\ffL 

~ -, 
" ' " - " E 28764 ' 
\ \ 

\ ", , \ 

I , 

I / 
I ' \ 

, 
/ 

I / 

I r 

,,~ 
, /, / 

/ ' 

\ 

/ J 
'> ,-

/' 

\ 

/ 

/ I I \ ~ 
/ / I 

/ 

I 

I I ;' I 
/ 

/ I 

/ / 

,,~) ~ 
J I J \ 

!-~,-

I I~ 
VV'--l-H4 .,tIL ~ /) i' > 

- I / /'\ 

/ '--

I 
'30" W- 8247' 

1'/-

9973' 

- / 

I 

I 
I 

'/ 

/ 

I 

J 

/ /' 

/ 

\\ 
/ I I ) 

/ / / / 
, / 

I 

" / / 
// 

/' 

//' 

_/ 

, , 

) 
/ 

./ 

/ 
1-27-15 CONVERTED DRAWING TO THE TRAIL MOUNTAIN PERMIT 8< REMOVED 

REFERENCES TO THE COTTONWOOD 8< DES-BEE -DOVE PERMITS 

1-28-14 UPDATED UTIliZING AEROQUEST TOPOGRAPHY AND HIGHliGHTED 
SOIL STORAGE AREAS 

4-10-12 REVISED TO REFLECT PHASE 3 BOND RELEASE OF TH E 
CO [fONWOOD WASTE ROCK SITE 

7-26- 02 REVISED RIGHT- OF- WAY PERfoAlT BOUNDARY 

2- 26- 02 REVISED RIGHT- OF-WAY PERfoAlT BOUNDARY 
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1-13- 00 ADDED 8< REVlSED SILT FENCES. ADDED DECANT 8< OIL SKIMMER 
UPDES DISCHARGE POINT, ROAD TO SED POND 8< ASCA AREAS 

12-6-99 REVISED TO REFLECT INITW. CONSTRUCTION AND RELINQUISHMENT 
OF STAGING AREA 

I 1- 8- 99 REVISED PERMIT BOUNDARIES UTU-65027 AND U- 37642 

5- 1-97 ADDED SILT FENCES. TOPSOIL PILES 8< REVEGETATION COVER 

3-26-97 RELOCATED WATE ROCK STORAGE ACCESS GATE TO STA 2+20 
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NOTES 
CROSS SECTION OF SURFACE RUNOFF CONTROL (SRC) 
DITCH WILL MATCH INTERIM DIVERSION DITCH (DA) 
LOCATION AND LENGTH OF SRC DITCH WILL VARY WITH 
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1-17-H UPDATED UTILIZING AEROQUEST AS-CONSTRUCTIED TOPOGRAPHY KJL 

4 11 12 REVISED TO REFLECT PHASE 3 BOND REL1EASE OF THE 
COTTONWOOD WASTE ROCK SITIE 

7-26-02 REVISED RIGHT-OF- WAY PERMIT BOUNDARY 
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INITIAL DIVERSION DITCH 
CROSS SECTION 

SCALE 1 =2' 

Topsoil Pile #1 
Volume Report January 13 2014 

CHANNEL SLOPE 2% 
FLOW RATE 18 9 ds 
FLOW DEPTH 1 32 ft 

VELOC/lY 4 34 f ps 

lYP MATERIAL SALVAGING 
NTS 

COf11lanng Gnd J /Revised Pennt Mapsltopsoill on9lnal grd 
and Gnd J:JRevlSed Pennt Mapsltopsoill constgrtl 

Grid comer locations 2111755 350914 to 2112205,351289 
Grid resolution X 18 Y 15Gnd cell size X 2500 Y 2500 
Area In Cut 125470 S F 029 Acres 
Area In RII 155 578 0 S F 357 Acres 
Total Inclusion area 1681250 SF, 3 86 Acres 
Cut to Fill raM 001 
Average Cut Depth 0 58 Average RII Depth 4 57 
Max Cut Depth 4 13 Max RU Depth 28 04 
Cut (C Y) I Area (acres) 7024 
Fill (C Y ) I Area (acres) 681939 
Cut volume 73195CF 271CY 
Fill Volume 710646 6 C F 26,320 C Y 

Topsoil Piles #2 
Volume Report January 13 2014 
Companng Gnd J IRevlsed Permll Mapsltops",1 2 on9lnal grtl 

and Grid J IRevlsed Penlnl! Mapsllop5Ol12 constgrd 
Gnd comer locations 2112578351801 to 2112953 352126 
Gnd resolution X 15 Y 13 Gtid cell SIZe X 2500 Y 2500 
Area In Cut 27,818 6S F 064Acres 
Area In Fill 92 181 4 S F 2 12 Acres 
T Dial mciuSKm area 120 000 0 S F 275 Acres 
Cut to Fill ratio 006 
Average Cut Depth 0 28 Average F,U Depth 1 47 
Max Cut Depth 1 94 Max F,U Depth 1478 
Cut (C Y ) I Area (acres) 10563 
RII (C Y) I Area (acres) 181801 
Cut volume 7,8568 C F 291 C Y 
Fill Volume 135223 9 C F 5,008 C Y 

Topsoil Pile #3 
Volume Report January 13 2014 
Companng Gnd J /Revised Pennlt Mapsltopsoil 3 on9lnal grtl 

and Gnd J IRevlsed Pennlt MapsitopsOll3 constgrd 
Gnd comer locations 2113053 352556 to 2113193 352886 
Gnd resolution X 14 Y 13 Gnd cell sIZe X 1000 Y 1000 
Area In Cut 8 468 6 S F 0 19 Acres 
Area In FlU 91314 S F 021 Acres 
Total,nciuslOn area 17 600 0 SF, 0 40 Acres 
Cut to Fill ratio 1 23 
Average CutDepth 118 Average F,U Depth 089 
Max Cut Depth 3 36 Max F,U Depth 550 
Cut (C Y ) I Area (acres) 91390 
RU (C Y) I Area (acres) 74391 
Cut volume 9 969 9 C F 389 C Y 
Fill Volume 8,1154 C F 301 C Y 

Topsoil Pile #1 
Fill volume 26,320 C Y 
TopSOil Piles #2 
Fill volume 5008 C Y 
Topsoil Pile #3 
Fill volume 301 C Y 

Total Fill Volume 31 629 C Y 

Subsoil Pile 
Volume RepIOrt - January 13 2014 
Companng Grid J IRevlsed Penni! Maps/SUBSOIL 1 ORIGINAl grd 

and Gnd J1Revised Pennlt MapS/SUBSOIL 1 CONST grd 
Gnd comer locations 2112194 350991 to 2112469 351791 
Gnd resolution X 11 Y 32 Gnd cell sIZe X 25 00 Y 2500 
Area In Cut 27 128 3 S F 062 Acres 
Area III Fill 192,871 7 S F 443 Acres 
Total InciuslOn area 220 000 0 S F 505 Acres 
Cutto Fi ll ratio 0 02 
Average CutDepth 0 62 Average Fill Depth 564 
Max Cut Depth 5 83 Max Fill Depih 26 36 
Cut (C Y) I Area (acres) 123 70 
FlO (C Y) I Area (acres) 798286 
Cut volume 16 868 8 C F 624 77 C Y 
Total Fill Volume 1 088571 C F ,40317 C Y 
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AND REVISED COMPLETED CONSTRUCTION CONTOUR LINES 

5-8- 90 ADDED SUBSOIL AND TOPSOIL STOCK PILES 
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MASS BALANCE 

VOLUME OF TOPSOIL AND SUBSOIL THAT CAN BE 
STORED AT THE LOCAl ION NORTH OF TilE WASTE 
ROCK PILE 

VOLUME OF SUBSOIL IN EXISTING STORAGE PILE 

SUBSOIL NEEDED FOR RECLAMATION OF OUTSLOPES, 
SUBSOIL PILE, AND TOPSOIL PILE 

REMAINDER OF SUBSOIL FOR r,ECLAMATION OF TOP 
OF WASTE ROCK PILE 

AMOUNT OF SUBSOIL NEEDED FOR TOP OF WASTE 
ROCK PILE 

EXTRA SUBSOIL TO BE USED FOR RECLAMATION OF 
THE SEDIMENT POND AND BLENDED INTO EXISTI NG 
SURFACE TOPOGRAPHY 

VOLUME OF TOPSOIL IN EX ISTING STORAGE PILE 

TOPSOIL NEEDED FOR RECLAMATION OF OUTSLOPES, 
SUBSOIL PILE AND TOPSOIL PILE 

REMAINDER OF TOPSOIL FOR RECLAMATION OF TOP 
OF WASTE ROCK PILE 

AMOUNT OF TOPSOIL NEEDED FOR TOP OF WASTE 
ROCK PILE 

EXTRA TOPSOIL TO BE USED FOR RECLAMATION OF 
THE SEDIMENT POND AND BLENDED INTO EXISTING 
SURFACE TOPOGRAPHY 

VOLUM E OF lOPSOIL AND SUBSOIL NEEDED FOR 
THE TOP OF THE WASTE ROCK PI LE FOR FI NAL 
RECLAMATION 

NOTES 

THESE VOLUMES ARE CALCULATED BY PLACING 24 ' 
OF SUBSOIL AND 12' OF TOPSOIL DURING PHASE 1 
AND PHASE 2 RECLAMATION 
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= 23,386 YDS 3 

= 16,931 YDS 3 
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7575 YDS 3 
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CHANGED COLOR OF PROPOSED ROAD LINES TO RED 
KJL FOR CLARIFICATION 

ADDED STREAM FLOW CROSS SECTIONS KJL 
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Note 

• 1 Soil Pedon Excavation Site 

• Composite Sample Sites 1-27-15 

DATE 

CONVERTEO DWG. TO THE TRAIL MOUNTAIN PERMIT &: KJL REMOVED REFERENCE TO THE COTTONWOOD PERMIT 
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SOILS MAP 
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DATE REVISION BY CHK. DATE: JANUARY 27, 2015 SHEET _ 1_ OF 1 REV. _ 



ZONE 

A 

B 

C 

D 

E 

N 35 2,000 

N 351,000 

N 35 1.000 

TOPSOIL AND SUBSOIL MASS BALANCE TABLE 

TOPSOIL REMOVAL SUBSOIL REMOVAL TOPSOIL REDIST. 

AREA DEPTH QUANTfIY DEPTH QUANTITY DEPTH QUANTITY 
ACRES INCHES YDS3 INCHES YDS' INCHES YDS' 

1.6 6 1330 0 0 6 1330 

2.95 9 4492 24 6365 6 2380 

4.98 18 12050 24 10720 6 4020 

7.25 0 0 28 16512 6 5850 

78 0 0 0 0 6 630 

SUB TOTAL B.C.D.E 16542 33597 12880 
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NOTES 

EXCESS TOPSOIL 3662 YOS' OR 28" 

EXCESS SUBSOIL 7715 YDS' OR 30% 

EXCESS SOIL IS REQUI RED TO PROVIDE FOR BOULDERS 
WHICH WILL BE REMOVED AND COBBLE SIZE ROCKS 
(3 TO 12 INCHES) WH ICH WILL BE SAVED FOR RIP RAP 
AND DAM EMBANKMENT PROTECTION. 

2. SUBSOIL REMOVED WILL GENERALLY BE AS SHOWN 
EXCEPT THAT SOME AREAS WILL BE EXCAVATED 
DEEPER WHERE LOOSE SOIL IS FOUND AND SOME AREAS 
MAY NOT BE EXCAVAfED AT ALL DUE TO EITHER 
STEEPNESS OR ROCKINESS OF THE SOIL 

3. DEPTHS OF TOPSOIL REMOVAL SHOWN IN ZONES A, B 
AND C ARE THE MAXIMUM ALLOWABLE. ZONE A IS 
ONLY PLANNED TO BE STRIPPED 6 INCHES DEEP. IT 
MAY BE NECESSARY TO GO DEEPER IF THE QUANTITY 
OF BOULDERS PRESENT REDUCES THE YIELD OF 
TOPSOIL BELOW 1330 YDS . 

• , SOIL PEDON EXCAVATION SITE 

• COMPOSITE SAMPLE SITES 
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aero-graphics 
GEOSPATTAL SERVICES 

40 West Oakland Ave S011 Lake C.ty. Utah 84115 
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SUBSOIL REDIST. 

DEPTH QUANTITY 
INCHES YDS' 

0 0 

12 4784 

12 8073 

12 11759 

12 1266 
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1-27-15 CONVERTED DRAWING TO rHE lllAIL MOUNTAIN PERMIT & RBAOVED 
REFERENCES TO THE COnONWOOD & DES-BEE- DOVE PERMITS KJL 

0\ (f/\ '- .......... 1- 8 - 14 UPDATED UTILIZING AEROOUEST TOPOGRAPHY KJL 
,\\ ~._/. ' '- _r----~~~~~~~~~~~~~~~----_r--_r--4 I J 4-11 -1 2 REVISED TO REFLECT PHASE 3 BOND RELEASE OF THE KJL 
\'-.., / I\.'--- _ _ COnONWOOD WASTE ROCK SITE 

,\'" :: ~ J "-- _ 1-7-_2_B_-_02-+_REV_IS_E_D_R_IG_H_T-_0_F_-_W_AY_P_ER_M_'T_BO_U_N_DA_RY ________ I-K_JL---il-_-l 

'. I /" 1-9- 02 ADDED PERMIT BOUNDARY AREA AND RIGHT-OF- WAY LINES AND KJL 
./ '\ TEXT AND REVISED ZONES TO REFLECT DISTURBED AREA 

( I ~ 
• , 4-4- 9 1 REVISED MASS BALANCE TABLE 

I ( " 

5 - 4-90 ADDED ZONES. MASS BALANCE TABLE AND SOIL SAMPLE I" , \ \. 9-22-89 REVISED NOTATION ON TEST HOLE NO. 3 
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Dlv. Of Oil Gao & Mining 

CONTOUR INTERVAL 2' 7-2 CAOALE CM- l0831 - WB.OWC 

ENERGY WEST 
MINING COMPANY 
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TOPSOIL STRIPPING MAP WITH MASS BALANCE TABLES 
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