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Section 28: NW1/4, N1/2SW1/4, SW1 | SW1l4
Section 29: All

Section 30: E112, E1l2W1l2

Waste Rock Storage Facility

T. 14 S., R. 12 E., SLBM, Utah (Approximately 2O.B acres)
Section 18: Portions of NE1/4, SW1 14 and SE1/4 of the NE1/4

Aff of LeaseML4264S,excepttheEllzof SectionBandtheNEl 14ofsection 17, isincludedwithin
the DugoutCanyon Mine permitboundary. However, onlythe S1/2 SE1/4 of Section gfrom Lease
ML42649 is within the permit boundary. The ten acres described in UTU-76601 are also described
in UTU-77985. The U.S. Department of lnterior, Bureau of Land Management (BLM) right-of-way
application UTU-76601 is included in Appendix 1-3.

The disturbed area encompasses 20.31acres (Mine Facility area,including Gilson well pad and
small substation),12.85acres (G-2, G-3, G4, G-5, G-6, G-7, G-9, G-10, G-11 and G-12 Degas
Well), 1 .8 acres (Leach field/pipeline areal,2.7 acres (Pace Canyon Fan Facility) and 26.8 acres
(Refuse Pile area) totaling approximately 64.5 acres. That acreage includes a pre- and post mining
road with an area of 1 .6 acres and 2.03 acres of undisturbed land within the mine facilities disturbed
area and 1 1.2 acres within the refuse pile disturbed area.

The permit boundary encompasses approximately g,471acres which includes the following surface
ownership and acreage: 10 acres in the BLM right-of-way, approximatefy56T acres of otherfederal
lands, 920 acres of state lands, and fee acreage of approximately 7 ,974 acres (Plate 1-1 and RA
Plate 1-1 ).

Coaf ownership acreage within the permit area incf udes approxim ately 2,804 acres of federal coaf ,
approximately 5840 acres of state coal, and 827 acres of fee coal (Plate 1-2 and RA1-18).
Approximately 745 acres which include the surface subsidence area, refuse pile and leach field
areas will not be mined although their acreage is included in the surface and coal ownership
acreage totals.
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CHAPTER 1

LEGAL, FINANCIAL, COMPLIANCE AND RELATED INFORMATION

110 MINIMUM REQUIREMENTS FOR LEGAL, FINANCIAL, COMPLIANCE AND
RELATED INFORMATION

111 Introduction

The refuse pile will be focated on propertyowned by Canyon Fuel Company, LLC. The property is
located in the N 1/2 of the NE 1/4 of Section 18, T14S, R12E. The site is located approximatelyG.5
miles southwest of the Dugout Canyon Mine adjacent to the Carbon County road accessing the
mine (see Figures 1-1A and 1-1 B).

112 ldentification of Interests

For information pertaining to this section(s) refer to the General Chapter 1 binder for Canyon
Fuel Company, LLC, Dugout Canyon Mine, Soldier Canyon Mine and Banning Loadout
operations.

112.100 Business Entity

For information pertaining to this section (s) refer to the General Chapter 1 binder for Canyon
Fuel Company, LLC, Dugout Canyon Mine, Soldier Canyon Mine and Banning Loadout
operations.

112.200 Applicant and Operator

For information pertaining to thls section (s) refer to the General Chapter 1 binder for Canyon
Fuel Company, LLC, Dugout Canyon Mine, Soldier Canyon Mine and Banning Loadout
operations.
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1 12.300 Officers of the Applicant

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

Fuel Company, LLC, Dugout Canyon Mine, Soldier Canyon Mine and Banning Loadout

operations.

112.400 Goal Mining and Reclamation Operation Owned or
Controlled

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

Fuel Company, LLC, Dugout Canyon Mine, Soldier Canyon Mine and Banning Loadout

operations.

112.500 Legal or Equitable Owner of the Surface and Mineral
Properties

The legal and equitable owner of the surface property to be affected by this mining operation

during the duration of the permit period is Canyon Fuel Company, LLC.

Canyon Fuel Company, LLC
225 North sth Street, 9th Floor
Grand Junction, CO 81501

The legal and equitable owner of the mineral property to be affected by this mining operation

during the duration of the permit period is United States of America.

United States of America
Department of Interior
Bureau of Land Management
Price Coal Office
125 South 600 West
Price, Utah 84501
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Reference Platesl-2 and 1-3 in the M&RP and RA Figure 1-1B of this amendmentforownership
information.

1 12.600 Owners of Record of Property Contiguous to Proposed
Permit Area

Owners of record for surface and mineral properties contiguous to the proposed permit area are
listed below.

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

In addition, Canyon Fuel owns properties contiguous to the refuse pile permit area. Surface
ownership along the countyroad is shown on Platesl-2,1-3 in the M&RP and RA Figure 1-1B
of this amendment.

112.700 MSHA Numbers

MSHA No. 1211-UT-09-01890-01 Dugout Canyon Mine Refuse pite.

For other MSHA numbers refer to the approved M&RP.

112.800 Interest in Gontiguous Lands

Canyon Fuel Company has no interest in contiguous lands other than those currently owned as
shown on Plate 1-3 of the approved M&RP.
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1 12.900 Certification of Submitted lnformation

Refer to the approved M&RP.

113 Violation f nformation

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

Fuel Company, LLC, Dugout Canyon Mine, Soldier Canyon Mine and Banning Loadout

operations.

114 Right-of-Entry Information

The Applicant, Canyon Fuel Company, LLC, owns the property on which the refuse pile and

borrow area will be placed. The applicant bases their legal right to enter and begin coal mining

and reclamation operations on the Warranty Deed, Contract # SC-023, Exhibit C (No. 801673),
Page 270, dated 911191. This deed includes both the refuse pile site and the borrow area (T14S

R12 E, Section 17: NW1/4SW1/4; NWt 14; E1|2SW1/4;SE1|4, Section 18: E1l2NE 114). Refer

to the approved M&RP for additional information.

115 Status of Unsuitability Glaims

Refer to the approved M&RP.

116 Permit Term

Refer to the approved M&RP.
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117 lnsurance, Proof of Publication, and Facilities and Structures
Used in Gommon

The certificate of insurance(s) and the newspaper advertisement and the verification of the

advertisement appearing in the appropriate newspapers will be included in Appendix 1-2 of the

approved M&RP and refer to the General Chapter 1 binder for Canyon Fuel Company, LLC
prepared for the Dugout Canyon Mine, Soldier Canyon Mine and Banning Loadout operations for

additional information.

The refuse pile site will have no facilities or structures.

1 18 Filing Fee

Refer to the approved M&RP.

120 PERMIT APPLICATION FORMAT AND GONTENTS

Refer to the approved M&RP.

130 REPORTING OF TECHNIGAL DATA

Refer to the approved M&RP.

140 MAPS AND PLANS

The maps and plans in the Mining and Reclamation Plan will correspond with the requirements
in R645-301 -140.
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150 COMPLETENESS

CFC believes the information in this permit application to be complete and correct.
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CHAPTER 2

sorLs

210 INTRODUCTION

This chapter and associated appendices address the data required for the refuse pile site for the
Dugout Canyon Mine. The M&RP and this document contain pertinent information relating to
identification, management, and reclamation activities associated with the soil resources present

in the disturbed area of the Dugout Canyon Mine. The soil studies were conducted in accordance
with the Utah Division of Oil, Gas, and Mining guidelines that were in effect at the time each study
was conducted. The site specific soil suruey conducted for this permit application was conducted
in accordance with the standards set by the National Cooperative Soil Survey and analyzed
according to Table 1 of the Division's "Guidelines forthe Management of Topsoil and Overburden
for Underground and Surface Coal Mining" (Leatherwood and Duce, 1988).

220 ENVIRON M ENTAL DESCRI PTION

The site is located at an elevation of about 5,900 feet on a wefl-drained bench (pediment) composed
of gravelly to stony alluvial deposits, which overlie the Mancos Shale formation. Pinyon-Juniper,
sagebrush, and various grasses are the dominantvegetation in the area. Climatological information
is provided in RA Attachment 7-5.

221 Prime Farmland Investigation

Refer to a letter included in RA Attachment 3-1, which states that the area of the Dugout Canyon
Road cannot be considered as prime farmland and the refuse pile area is immediately adjacent
to the road.
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222 Soil Survey

222.100 Soils Map

A description of the soils within the refuse pile area on an Order lll soil survey level can be found in

the SCS "Soil Survey of the Carbon County Area" (Jensen, 1 988). A copy of the soil descriptions

from the Order lll suruey has been included in Appendix S-5 of RA Attachment2-|. Information
pertaining to the soils associated with the construction of the sediment pond emergency spillway

is included in RA Attachment 2-1 once the data was collected and reported by soil scientist Dan

Larsen. No disturbance to the spillway area soils will occur until the information has been collected

for incorporated into the attachment, including soil descriptions and estimated salvage quantities.

An Order I soil surveywas conducted of the refuse pile site in September 1999. Descriptions of the

site soils are derived from ten pit locations and twenty-two soil samples. Based on the soil

descriptions and othersite observations, thirteen soil map units have been identified. The map units

are shown on RA Plate 2-1 and in RAAttachment 2-1. The locations of the soiltest pits excavated

during the survey are shown on Map SM-1, RA Attachment 2-1.

222.200 Soil ldentification

Following is a list of the soils found in the general area of the storage area as mapped by the

SCS (Jensen, 1988).

Map

Unit Soil ldentification

33 Gerst-Badland-Rubbleland complex, 15 to 50 percent slopes,

48 Haverdad loam, 1 to I percent slopes,

49 Haverdad loam, alkali, 0 to 3 percent slopes,

50 Haverdad loam, moist, 1 to 5 percent slopes,

66 Mivida gravelly fine sandy loam, 3 to I percent slopes
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113 Strych stony loam, 3 to 15 percent slopes.

The SCS descriptions for the soils are included in Appendix S-5 of Attachment 2-1 .

222.300 Soil Description

The description of the soils is based on the following information: taxonomic classification, horizon
name and depth, color, texture (percent sand, silt, and clay), consistence, structure, percent rock
fragments and organic matter, saturatior, pH, EC, SAR, and solubility of calcium, magnesium, and
sodium. This information is included in the soil test pit logs in Attachment 2-1 , Appendix S1 and the
lab data sheets included in Attachment 2-1 , Appendix 53 of this submittal. RA Table 2-1 presents

a summary of the soil unit features. The description of soils outside the disturbed area boundary
has been taken from the SCS (Jensen, 1988).

The site has gravelly and cobbly soils of the Strych series over much of the area (Jensen, 1 988).
The project area is primarily disturbed with little evidence of naturat soils in place. Original surface
soils were stripped by previous site activities. Therefore, the natural soils are basically lacking
except at the edges of the site and outside the disturbed area boundary. The remalning soil
materials generally consist of coarse alluvium of varying thickness covering the Mancos Shale. In
some places the shale is at or near the surface.

222.400 Soil Productivity

The data obtained from soiltesting are provided in Appendix S3 of Attachment 2-1 . Atable showing
depth and the number of samples taken from each backhoe pit location (Soil Pits DCW 1 through
DCW10) can be found in Appendix S3.

A summary of the soil testing results and ratings are provided below:

PH - Alf samples rated good, with a range of 6.9 to Z.B.
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% Saturation - 1 7 samples rates good (25.1to 45.3)and 5 samples rated tar (21.6 to 24.9).

Electrical Conductivity - 17 samples rates good (0.038 to 1 .93 umhos/cm) and 5 samples

rated tau (2.12to 4.68 umhos/cm).

Sodium Adsorption Ratio - 20 sampled rated good (0.56 to 3.71 ) and 2 samples rated fair

(4.64 and 6.03).

Texture - 12 samples rated good (loam and sandy clay loam) and 10 samples rated fair

(clay loam and silty clay loam)

Available Water Capacity- 6 samples rated good (0.11 to 0.14 inches per inch) and 16

samples rated fair (0.05 to 0.10 inches per inch)

Boron - All samples rated good (0.05 to 0.50 ppm)

Selenium - All samples rated good (0.02 ppm or less)

Acid/Base Potential - All samples rated good (90.0 to 282 0 T11000 tons)

Tests not used in the UDOGM rating criteria indicated low phosphorus, nitrogen, and sulfur levels.

Calcium carbonate content is relatively high, with a range of 9.3 to 26.9 percent. Organic matter is

low although there are pockets of woody materials in various sample locations. The soils were

determined to be acceptable for use in site reclamation.

A summary of the sediment pond spillway soil testing results and ratings for four samples are:
pH - samples rated good, with a range of 7 .lto 7.6; % Saturation - samples rates good (20 to 3b.a);

Electrical Conductivity - samples rated good (0.40 to 0.58 umhos/cm); Sodium Adsorption Ratio -

samples rated good (0.53 to 1.05); Texture - samples rated good (sandy loam and sandy clay

f oam); Avallable Water Capacity - samples rated good; Boron - samples rated good (0.21to 0.31
ppm); Selenium - samples rated good (less than 0.02 ppm) and Acid/Base Potential - All samples

rated good (1 15 to 150 U1000 tons).
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223 Soil Gharacterization

Daniel M. Larsen, Professional Soil Scientist, performed the soil surveydescribed in this chapter

and included asAttachment2-1, in accordancewith the standardsof the NationalCboperative Soil

Survey.

224 Substitute Topsoil

All soil resources to be removed from the refuse pile site qualifyas growth media but not as topsoil.

However, CFC may use selected overburden materials as a substitute or supplement to the

salvaged soil.

lf necessary for reclamation of the refuse pile, substitute topsoil/growth medium will be safvaged

from a borrow area approximately 3/4 mile southeast of the refuse pile. The borrow area is located

on fands owned bythe permittee (Portionsof the E1|2NE1/4 SW1/4, W1l2SE1/4, Section 17, T14S

R1 2E). The borrow area has sufficient soil, in addition to the soils previously salvaged or available

for salvage at the refuse site to cover the refuse pile with 4 feet of material. Refer to Section 233

and RA Attachment 2-3 for additional information.

Prior to salvaging soil to coverthe waste at the refuse pile, 12- inches of soil will be salvaged from

the borrow area to be used to reclaim the borrow area. This soil will be stockpiled in berms around

the area to be salvaged. An addition al24 to 40 inches of soil will then be salvaged from the borrow

area and transported to the refuse pile site to be used as cover over the waste in preparation for

reclamation.

At the borrow site the southwestern quarter will be salvaged first, followed by the northwestern
quarter (SB1 thru SB5, Figure 2, RA Attachment 2-3). Only the quantity of soil necessary for

reclamation will be removed from the borrow area, thus if sufficient substitute soil is available from

these areas, the area containing sites SBO thru SB9 shown on Figure 2 will remain intact and

undisturbed. The soil salvage will be between gullies, the boundary of the borrow area on the
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southern, eastern and western edges are gullies as drawn on Figure 2, including a gully running

through the middle of the borrow area site separating samples sites SB1 thru SB5 from sites SBo

thru SB9 (Figure 2, RA Attachment 2-3).

230 OPERATION PLAN

231 General Requirements

231.100 Removing and Storing Soil Methods

The refuse pile area has been the site of activities since the early 1900's. At the time of the initial

disturbances, topsoil was apparently not salvaged; however during the excavation of gravel in 1 998 -

1999 some soil was salvaged. These salvaged soils will be included in the soil stockpiles for the

refuse pile (RA Plate 2-2). The methods described for soil salvage herein will be followed when

removing and storing soil resources currently in-place.

Soil safvage wilf take place at the beginning of site use for alf areas within the disturbed area

boundary to be used immediately. There is no disturbance planned for the areas designated as H

and J on RA Plate 2-1 except for the areato be disturbed for the construction of the sediment pond

emergency spillway. Topsoil and subsoil will be salvaged and stockpiled from the area disturbed

during the construction of the spillway. The removal of salvaged soils will include all horizons,

except in soils salvage areas H and J ( RA Plate 2-1),where no salvage of soils is currently planned

except as state above. These materials will be stored in a graded stockpiles and seeded to promote

surface stabilization. The seed mix to be used will be the interim seed mix described in Chapter 3,

Section 341 .200. At the time of the 1999 Soil and Geotechnical Surveys, the area designated a 'L"

in the soil surveywas described as being a pile of gravel (on top of the soil), the gravel has since

been removed from the site (2002). The soils available for salvage in area "L" are assumed to be

similar to those in area "M". As recommended by the Division under R645-31 0-232.500 of the

October 24,z00zTechnicalAnalysis two piles have been created, one stockpile fortopsoil and the

second for subsoils. Areas D, E, F plus areas K and G designated on RA Plate 2-1 will be salvaged
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and placed in the topsoil pile. The majority of the salvaged topsoil come from the G and F soil units

noted on the soils map. The remainder of the areas to be salvaged will be placed in the subsoil

stockpile. Daniel M. Larsen, Professional Soil Scientist was on site during the salvage operations

and determined in which pile the salvaged soils were placed.

The operator will endeavor to remove and store as much soil as possible in the designated

stockpiles, thereby maximizing the protection of the soil resources of the site. The salvaged soil

will be treated in compliance with R614-201-234.300.

Suitability of Topsoil Substitutes/Supplements

231.300 Testing of Topsoil Handling and Reclamation Procedures
Regardi ng Revegetation

See Sections 232 through 234 and Section 240.

231.400 Gonstruction, Modification, Use, and Maintenance of Topsoil
Storage Piles

See Section 234.

232 Topsoil and Subsoil Removal

232.100 Topsoil Removal and Segregation

Due to the disturbed nature of the site area, all available soil rnaterials will be removed and

stockpiled, since the soil resource is limited on the site (referto Section 231.100). RA Pfate 2-1

shows the areas of soils to be stripped and the approximate depth ranges for each soil. RA Table

2-2 presents an estimate of the soil materials that are available for salvage from each of the soil

2-7



Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
June 2006

units within the disturbed area. Supporting calculations are presented in Attachment2-2. The

estimate is based on an average of the recommendations of Mr. Larsen's soils report presented in

Attachment2-1. During the actual salvaging activities, efforts will be made to maximize the soil

volume to be salvaged.

A professional soil scientist will be on-site during soil salvage operations to monitor and supervise

salvage activities forthe purpose of maximizing soil salvage volumes, quantities and to determine

medium to be left in place (i.e. gravel, boulders). Should a professional soilscientist be unavailable,

a professional with knowledge and experience in soil salvage (i.e. UDOGM Soil Reclamation

Specialist) will be used. This commitment also applies to soil salvage from the borrow area.

232.200 Poor Topsoil

The soils on the site have been classified as fair to good for sustaining vegetation. Therefore, all

available soil materials will be removed and stockpiled.

232.300 Thin Topsoil

Soil that is less than 6 inches thickwill be removed with the immediately underlying unconsolidated

materials and the mixture will be treated as salvageable soil.

232.400 Minor Disturbances Not Requiring Topsoil Removal

Small Structures. Soil will not be removed prior to construction that would result in only minor

disturbances. Such construction activity includes work on small structures such as signs, fence

lines, and etc.

Vegetation. The operator will not remove soil for minor disturbances where such activity will

destroy vegetation or cause erosion.
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232.500 Subsoil Segregation

The soif horizons will be removed and stockpiled together during the construction of the site, as

described in Sectton 234.

232.600 Timing

Soil removal will take place after all vegetation that could interfere with soil salvage has been

removed.

232.700 Topsoil and Subsoil Removal Under Adverse Gonditions

Due to the disturbed nature of the site, soil horizons wif l be removed together, except where natural

conditions render operations hazardous or detrimental to soils outside the disturbed area.

Gonventional Machines. In localities where steep grades, adverse terrains, severe rockiness,

fimited depth of soils, or other adverse conditions exist that render soil removal activities using

conventional machines hazardous, soils will not be salvaged and stockpiled.

Substitute Topsoil. lmporting of substitute topsoil may be required depending upon the final

height of the refuse pile, refer to Sections 224,233 and 242.

233 Topsoil Substitutes and Supplements

233.100 OverburdenMaterialsSupplementingandlorReplacing

Topsoil

Selected overburden materials may be used below the salvaged soils during reclamation

operations, if sufficient soil materials are not available for the proposed reclamation activities.
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Where overburden materials are used, the operatorcommits to demonstrating tothe Division prior

to salvaged soil emplacement that the overburden materials are non-toxic, non-acid forming, and

non-combustible. Refer to Section 536.200 discussion of waste sampling/testing.

The mixing of coal waste and subsoil is discussed in Section242 and RAAttachment2-2.

233.204 Suitability of Topsoif Substitutes and Supplements

The description of the substitute topsoil from the borrow area is based on the following

information: taxonomic classification, horizon name and depth, color, texture (percent sand, silt,

and clay), consistence, structure, percent rock fragments and organic matter, saturatiofl, pH,

EC, SAR, and solubility of calcium, magnesium, and sodium. This information in the soil test pit

fogs and the lab data sheets are included in RA Attachment 2-3 of this submittal.

The material from the borrow area will be available should there be a need for supplemental

topsoil/growth medium to reclaim the refuse pile. The analysis of the soil test pit samples

indicate that the physical and chemical properties are comparable to the soils salvaged at the

refuse pile site. The substitute topsoil/groMh medium will be left in place and be utilized only if

need for reclamation of the refuse pile site.

The depth and number of samples taken from each backhoe pit location (Soil Pits SBI through

SBg) can be found in RA Attachment 2-3 on the laboratory soil analysis report. The soil pit

locations are shown on Figure 2, RA Attachment 2-3. Photographs of the pits and borrow area

are located in RA Attachment 2-3.

A summary of the borrow area soil testing results and ratings are provided below:

PH - Sarnples rated from mildlyalkaline to moderatelyalkaline, with a range of 7.6 to 8.4.

% Saturation -42samples rated good (25to 46.4) and 1 sample in SBg rated fair(23.8).
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Electrical Conductivity- 24 samples rates good (0.22to 1.90 umhos/cm) and 14

samples rated tau (2.12to 4.83 umhos/cm) and 5 samples rated poor (5.39 to 12.2

umhos/cm).

Texture - 41 samples rated good (loam, sand loam and sandy clay loam) and 2 samples

rated fair (silt loam and silty clay loam)

Boron - 36 samples rated good (0.12 to 0.45 ppm), 7 samples rated fair (0.51 to 1.14

ppm)

Selenium - 34 samples rated good (0.02 ppm or less), 9 samples rated fair (0.04 to 0.28)

Acid/Base Potential - All samples rated good (124 to 197 T/1000 tons).

Borrow Area Soil Salvage Procedures - The soil borrow area will only be impacted during the

short period during which the refuse pile is being reclaimed. The top 12-inches of soil from the

borrow area will be removed/salvaged and placed as berms surrounding the salvage area.

Once the salvage of soil to reclaim the waste rock site has been completed, the soil from the

borrow area stored in the berms will be replaced, deep gouged, mulched and seeded. These

activities should insure adequate revegetation potential at the borrow area.

Refer to Section 224 and RA Table 2-2 for addition information about the borrow area.

233.300 Physical and Chemicaf Analyses

Topsoil substitutes and supplements may be used for the refuse site area. The laboratory soil

analysis report for the borrow area is included in RA Attachment 2-3.

The rate of sampling for the overburden beneath the soil will be sampled as discussed in Section

536.200.

Gertification of Reclamation Topsoil Suitabillty. The borrow area substitute topsoil was

certified by an approved laboratory in accordance with at least one of the following: Soil

Conservation Service published data and technicalguides, state agricultural agency, Tennessee
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Valfey Authority, BLM - USFS published data, physical and chemical analyses results, field-site

trials, or greenhouse tests.

233.400 Testing of Substitute Topsoil

Only the substitute topsoil used in lieu of, or in conjunction with, on-site overburden and soil will

be tested as described in Section 233.300.

234 Topsoil Storage

Soils salvaged from the site will be stockpiled on the site. Refer to Plates RA 5-1 and 7-1 for the

stockpile location. The estimated volumes of soil to be stockpiled are presented in RA Table 2-

2.

234.100 Topsoil Stockpiling

Soil removed will be stockpiled for later use in reclarnation operations when it is impractical to
promptly redistribute the materials on regraded areas. Refer to Plates RA 5-1 andT-1 for the

location of the soil storage area. Because the soil salvage guantities are estimated, the actual

contours and corresponding cross-sections are approximate. The final soil stockpiles will be

reflected in the as-built drawings for the site. RA Plate 2-2 wtll reflect as-built drawings of the

stockpiles soils should they be moved to facilitate the expansion of the waste rock site. Once the

expansion is completed the as-built drawings of the topsoil stockpiles will be submitted within six

months.

It is anticipated that the piles will be constructed in horizontal lifts of 1.5 to 2.0 feet. Tracked

equipment will be used to reduce compaction. The stockpiles will be graded to a maximum

sfope of 2:1 and seeded to promote surface stabilization. The interim reclamation seed mix

described in Chapter 3, Section 341.200 will be used for this purpose.
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The stockpiles will be kept isolated from the main area of the refuse site to protect the material from

contaminants and unnecessary compaction that would interfere with vegetation. A sign will be

installed on the stockpiles to identify one as a topsoil storage area and the second as the subsoil

storage area. The stockpiles will be protected from wind and water erosion by being revegetated

with a quick growing vegetative cover (interim seed mix) and by installing berms around the

stockpiles to help trap sediment coming off the stockpiles. The stockpiled soils will be moved if

necessaryto facilitate the expansion of the waste rock site and for contemporaneous reclamation.

Following the expansion, these stockpiled soils will not be moved or disturbed until required for

redistribution during contemporaneous reclamation. The boulders designated in area "K" 1p,q Phte

2-1) will be stockpiled separately from the soils salvaged from the refuse site. The boulders will

either be placed along the perimeterof the substitute topsoil pile, access road, on top of the subsoil

pile orwill be transported to the rock stockpile at the DugouUSoldier Canyon Mine topsoil stockpile

adjacent to the Soldier Canyon Road.

234.200 Stockpiled Topsoil

Stable Stockpile Site. Stockpiled materials will be placed on a stable site as described in

Section 234.100.

Protection from Gontaminants and Compaction. Stockpiled soil will be protected from

contaminants and unnecessary compaction. To protect the soil from contaminants and

unnecessary compaction that could interfere with vegetation, the stockpiles will be isolated from the

main refuse pile area (Section 234.1Aq. A sign designating "topsoil" will be installed on the

stockpile.

The stockpile will be constructed in such a manner as to allow equipment access around the base

of the stockpiles for repair of the surfaces and diversion structures as needed.

Furthermore, berms will be constructed around the stockpiles to further separate the soils from the

materials stored on the site. The berm will be constructed as specified in Chapter 7 .
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Wind and Water Erosion Protection. The stockpiles will be protected from wind and water

erosion by prompt establishment and maintenance of a vegetative cover. Berms will be constructed

around the stockpiles to help trap sediment runoff from the stockpiles. Referto Section242.100

for additional protection information.

Topsoil Redistribution. A limited quantity of stockpiled soil may be distributed on the refuse pile

to determine the quantity of soil cover necessary to meet revegetation reclamation requirements.

The remainder of the stockpiled soil will not be moved until redistributed during reclamation

operations unless approved by the Division.

234.300 Topsoil Stockpile Relocation

Stockpiled soil in jeopardy of being detrimentally affected in terms of its quantity and quality by

refuse pile operations may be temporarily redistributed upon approval by the Division and

modification of this M&RP. The stockpiled soils will be moved to facilitate the expansion of the

waste rock site. Following the expansion, these stockpiled soils will not be moved or disturbed

until required for redistribution during contemporaneous and final reclamation.

Host Site. Soil relocation may occur provided that such action does not permanently adversely

affect soil of the host site.

Topsoil Suitability. Stockpiled soil relocation may occur provided the material is retained in a

condition more suitable for redistribution than if stockpiled.
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240 RECLAMATION PLAN

241 General Requirements

Reclamation of the site (soil redistribution, amendments, and stabilization) is discussed in
Sections 242,243, and 244, respectively.

242 Soil Redistribution

242.100 Soil Redistribution Practices

The stored soil will be redistributed after recontouring of the site has occurred during reclamation
activities. The refuse pile will be covered with 1 foot of equally blended coal waste and subsoil,
approximately 2.6 feet of subsoil and approximately 0.4 feet of topsoil, to obtain a total depth of cover
on the pile of 4 feet. The volume of matedal needed to cover the refuse pile is 82,976 CY.

There are currently topsoil and subsoil stockpiles located in the northwestern portion of the site.
Olympus Aerial Surveys estimated the volume in each stockpile as well as the volume of soil in the
containment berms as:

Topsoil Stockpile volume = 7,298 CY

Subsoil Stockpile volume = 6,508 CY

Berm volume = 2,686 CY

An additional 6,317 CY of subsoil has been stripped from the site since construction of the original
stockpiles. Total cover material currently available in the stockpiles is estimated to be 22,809 CY

When the topsoil and subsoil stockpiles are moved to facilitate the expansion of the refuse pile

additional subsoil may be excavated from the northwest portion of the site. The volume of material
is estimated to be 5,400 CY.
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During reclamation the berms and embankments that create the perimeter ditches and sediment

pond will be pulled back to blend the undisturbed areas into the reclaimed refuse pile. This process

willgenerateapproximately2,94T CYofadditionalcovermaterial. Thetotalavailablecovermaterial

at the refuse site is 31,156 CY

To reduce the volume of imported cover material the bottom foot of cover materiaf will be a blend

of coal waste and subsoil. Equal portions of coal waste and subsoil will be used to create this

bfendedcovermaterial. Thus,thevolumeofavailablecovermaterial maybeincreasedby1O,ST2

CY (560,088 ft2x 0.5 ft 127 ft3l9Y) to a total ot 41,528 CY.

Vof ume of cover material to be imported = 82,976 - 41,528 = 41,448 CY

Summary of Volumes

Volume of material needed to obtain 4 feet of cover = 82,976 CY

Total cover material available at the site = 31,156 CY

Vol. of coaf waste blended with sub-soil to produce the first foot of cover = 10,372 CY

Vof . of subsoil blended with coal waste to produce the first foot of cover = 10,372 CY

Vof ume of subsoil and topsoil needed to cover the pile = 72,604 CY

Volume of cover material to be imported from borrow site = 41,448 CY

Soils will be handled when they are in a loose or friable condition. The moisture content will be

visually monitored and waterwill be added as needed to enhance the soil's condition for handling.

Gontemporaneous Reclamation: In the future, the applicant maydecide to demonstrate that two

feet of cover material over the refuse pile is sufficient to meet reclamation standards for bond

release. Additional information and clarification of the project will be provided at that time. An area

on the refuse pile will receive reclamation treatments contemporaneously to justify the decrease of

required cover soils from four feet to two feet for final reclamation.
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Soil Thickness: The topsoil will be distributed to the disturbed areas illustrated on Figure RA 5-

1 .

Currently, it is planned that the refuse pile portion of the site be covered with approximately 48

inches of soil. Based on the proposed pile configuration this will require about 82,976 CY of soil.

The remainder of the site area, not used for refuse storage will be covered with approximately 6

inches of substitute topsoil. Calculations of the soil cover volumes are presented in Attachment

2-2. Soils in the area designated as H and J (approximately 11 .zacres)are not currently planned

for salvage, except in the area of the pond spillway (RA Plate 2-1).

Gompaction. To prevent compaction of topsoil, soil-moving equipment will refrain from

unnecessary operation over spread soil. Front-end-loaders and other wheel-mounted eq uipment

may be used to transport and dump soil. However, to minimize compaction, only track-mounted

equipment (e.9. bulldozers, trackhoes) will be used to spread the soil. The soil will be loosened prior

to seedlng as described in Section 341 .200.

Erosion. Care will be exercised to ensure the stability of soil on graded slopes to guard against

erosion during and after soil application. Erosion control measures will include but not be limited

to extreme surface roughening (also known as pocking and gouging).

242.200 Regrading

Since the site has been disturbed by previous activities and will be used to permanently store coal

mine waste, the area will not be returned to the original geometric configuration. Prior to soil

redistribution, the disturbed areawill be graded to meet the proposed final reclamation topography

(RA Plate 5-3 ).

The surface of the refuse pile will be left in a roughened state and in addition will be ripped prior to

the application of soil. Afterthe 1'tliftof subsoilis placed, the surfaceof the refuse pilewillbe ripped

again to a depth of approximately 12 inches in an effort to promote root penetration and to mix the
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top layer of the refuse with the subsoil. Refer to Section 341 .200 for further discussion of

roughening methods.

The second type of surface consists of roads, perimeter ditches, etc. which may be compacted

through their use. The surface will be ripped to a depth of approximately 1 .5 to 2feetwith a ripper-

equipped tractororotherappropriate equipmentwhere possible to reduce surface compaction, to

assure soil adherence, and promote root penetration. Following the ripping of the soils and the

application of stockpiled soils, extreme roughening techniques will be applied. A backhoe or

trackhoe will be used to create microbasins with a minimum depth of 18" and the width of the

bucket. Soil removed to form the microbasins will be dropped approximately 2to3feet above the

microbasin onto the soil surface.

242.300 Topsoil Redistribution on lmpoundments and Roads

The sedimentation pond and embankment will be breached and reclaimed with the other surface

disturbed areas. Similarly, reclamation of abandoned roads will also follow the same technique as

for other disturbed areas.

243 Soil Nutrients and Amendments

Soil nutrients and amendments may be applied to the redistributed soil as necessary, to establish

the vegetative cover. The type and rate of application will be determined just prior to

contemporaneous and final reclamation activities based on analyses of samples collected from the

stockpiled soil materials. The soils will, at a minimum, be tested for pH, EC, total carbon, SAR,
phosphorus, nitrate-nitrogen, and water holding capacity.

In the event that the topsoil/subsoil piles are moved adjacent to the Dugout Canyon Road in

conjunction with the pile expansion, organic matter will be incorporated into topsoil/subsoil piles

when the soils are relocated. The type and rate of application will be determined by the applicant

and UDOGM reclamation specialists prior to moving the soils.
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2M Soil Stabilization

244.100 Protection and Stabilization of Surface Areas

Redaimed areas wilf be stabilized to control erosion by application of one or combinations of a

mulch, extreme surface roughening, orotherappropriate methods. Rills and gullies will be regraded

(Refer to Section 244.300). Seeding will be accomplished using BTCA methods suitable for

reclamation. These methods may include, but not necessarily limited to: application of seeds, and

mulch with a long fiber tackifier. Refer to Section 341 .200 for a discussion of the seeding and the

incorporation of straw/hay into the soil. Additional and more detailed discussions regarding soil

protection during and after final reclamation can be found in Chapter 5 of this submittal. Methods

of revegetation to be employed at final reclamation at this site are discussed in more detail in

Chapter 3.

244.200 Mulch Application

Mulch will be applied as discussed previously in this chapter and for a .further discussion of

revegetation practices to be utilized, see Chapter 3 of the approved M&RP.

2M.300 Rills and Gullies

Postmining Land Use and Revegetation. Rills and gullies that disrupt the postmining land use

or reestablishment of vegetative cover will be regraded and seeded. CFC will fill, regrade, or

otherwise stabilize any rills or gullies deeper than nine (9) inches that form in areas that have been

regraded and soiled. The areas adjacent to any rills or gullies, which have been filled, regraded or

otherwise stabilized, will be reseeded or stabilized accordingly.

Water Quality. Rills and gullies that contribute to the degradation of stream qualitywill be regraded

and be seeded.
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250 PERFORMANCE STANDARDS

251 Topsoil, Subsoil, and Topsoil Supplements Management

Topsoif , subsoil, and topsoil supplements shall be managed as outlined in Sections 230 and 240.

252 Stockpiled Topsoil and Subsoil

All stockpiled topsoil and subsoil will be managed according to plans outlined in Sections 230
and 240.
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RA TABLE 24

SOIL SALVAGE VOLUMES

AREA

A

B

c

D

E

F

G

I

K

M

H & J (Spillway)

VOLUME

ANTTCTPATED (CY)

47 19

1 4300

5467

2957

461 6

3393

2603

2356

206

3700

VOLUME SALVAGED

APPROXTMATE (CY)

Topsoil

832

1313

2423

2595

Subsoil

1787

5323

2778

1 066

407

3857

293

1551 1 CY

135

7298 CYTOTAL 44317 CY

Soil Borrow Area (approximate available soil) 106,000 cY
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RA TABLE 2.1

SOIL MAP UNIT FEATURES

Map Unit
Symbol

A

B
c

D

E

F

G

H

I

Material

Shale

Gravelly Alluvium over Shale
Gravelly to Stony Alluvium

Non-gravelly Alluvium, some
wind blown material
Gravelly Alluvium, small amount
of refuse with coal on surface
Non-gravelly Alluvium (topsoil
storage)
Alluvium and woody materials

Relatively Nongravelly Alluvium
(undisturbed)
Cobbly and Gravelly Alluvium

Depth to Texture
Shale
0 - 6' Clay loam, silty clay

loam
20 - 40" Loam, clay loam

40 - 100" Loam, clay loam,
sandy clay loam

40 - 100" Loam, clay loam,
sandy clay loam

40 - 100' Clay loam, loam

40 - 100" Clay loam, sandy clay
loam

40 - 100" Clay loam, sandy clay
loam

60 - 100" Loam, clay loam,
sandy clay loam

40 - 100' Sandy clay loam, clay
loam

Rock
Fragments (%)

5 - 1 5

2 0 - 6 0
2 0 - 6 0

5 - 1 5

1 5  - 4 5

5 - 1 5

1 5 - 3 0

5 -25

2 5 - 6 5

1 0 - 6 0

5 - 4 0

Average
pH
7.5

7.3
7.3

7.5

7.5

7.0

7.3

7.4

7.5

7.5

7.5

J

K
M

Gravelly to Stony Alluvium over 10 - 40. Silty clay loam, clay
Shale loam, sandy clay loam
Boulders -*
Shale with thin layer of Gravelly 4 - 20" Silty clay loam, sandy
Alluvium clay loam

* Refer to RA Plate 2-1 for description,
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Reclamation Soil Thickness
Dugout Refuse Pile Site

The Refuse Pile is to be covered with 1 foot of equally blended coal waste and subsoil,
approximately 2.6 feet of subsoil and approximately 0.4 feet of topsoil, to obtain a total
depth of cover on the pile of 4 feet. The volumes of subsoil and topsoil needed to cover
the pile are discussed below.

Area covered by the refuse pile : 516,552 ft2

To obtain the surface areato be covered by soil the above area must be adjusted to
account for the 2:1 slopes of the refuse pile. A2:l slope increases the surface area by
tt.8%.

Slope area: 368,95 0 ftz
Area of flatter space on top of the pile : 147,602 ftz
Adjusted slope area: 1.118 x 368,950 ft2 :412,486 ft2
Adjusted surface area of the pile to be covered - 560,088 ft2

The refuse pile will be covered with 4 feet of cover material. The cover material will
consist of topsoil, subsoil, and a blend of coal waste and subsoil.

The volume of material needed to cover the refuse pile :82,976 CY

Available Cover Material

There are crurently topsoil and subsoil stockpiles located in the northwestern portion of
the site. These stockpiles have been surrounded by a full containment berm. Olympus
Aerial Surveys estimated the volume in each stockpile as well as the volume of soil in the
containment berms.

Topsoil Stockpile volume:7,298 CY
Subsoil Stockpile volume - 6,508 CY
Berm volume :2,686 CY

An additional 6,317 CY of subsoil has been stripped from the site since construction of
the stockpiles.

Total cover material currently available to be placed in the new stockpiles:22,809 CY

When the topsoil and subsoil stockpiles are moved to facilitate the expansion of the waste
rock site additional subsoil may be excavated from the northwest portion of the site. The
volume of material available to be stripped has been estimated to be 5,400 CY.



During reclamation the berms and embankments that create the perimeter ditches and
sediment pond will be pulled back to blend the undisturbed areas into the reclaimed
refuse pile. This process will generate approximately 2,947 CY of additional cover
material.

Total available cover material :31,156 CY

To reduce the volume of imported cover material the bottom foot of cover material will
be a blend of coal waste and subsoil. Equal portions of coal waste and subsoil will be
used to create this blended cover material. Thus, the volume of available cover material
may be increased by 10,372 CY (560,088 ftz x 0.5 ft / 27 ft3 /CY) to a total of 41,528 CY.

The mixing of coal waste and subsoil, to produce the first foot of cover for the refuse
pile, will occur only if the coal waste has been demonstrated through sampling and
analysis to not be acid or toxic forming. Otherwise the entire 4 feetof cover material will
be composed of subsoil and topsoil.

Volume of cover material needing to be imported : 82,976 - 4I,528 : 41,448 CY

Summar,v of Volumes

Volume of material needed to obtain 4 feet of cover :82,976 CY
Total cover material available at the site - 31,156 CY
Vol. of coal waste blended with sub-soil to produce the first foot of cover : 10,372 CY
Vol. of subsoil blended with coal waste to produce the first foot of cover : 10,372 CY
Volume of subsoil and topsoil needed to cover the pile : 72,604 CY
Volume of cover material to be imported from borrow site - 41,448 CY

SoiVWaste Rock Mixiqg Procedure

Depending on conditions there af,e many ways that the imported soil and coal waste can
be effectively mixed. Examples of methods that may be used are:

1. Mixing with a tractor mounted tiller or similar equipment. On flatter areas of the
pile a 6-inch layer of soil will be spread on the surface and then tilled with the
coal waste to a depth of l2-inches. This tilled material may be left in place and
the additional 3-feet of soil placed on top or the mixed material may be pushed
onto the slopes as the initial l2'inches of soil cover;

2. Mixing with an excavator or front end loader. Equal amounts of soil and coal
waste will be dumped on the surface of the pile and mixed together using an
excavator or front end loader. A dozer will then push the mixture onto the surface
of the pile in a l2-inch layer;



3. Loading equal amounts of coal waste and soil into a dump truck. Trucks hauling
soil to the site can be loaded with an equal amount of coal waste. Mixing will
occur as the material is being loaded as well as when the load is dumped.
Additional mixing will ocsur when the mixture is pushed out over the pile by a
dozer; and

Mixing with a dozer. A 6-inch layer of soil can be spread on the surface of the
pile and then a dozer will push the soil and 6-inches of coal waste into a pile. The
rolling action of the material in front of the dozer blade will mix the soil and coal
waste. Additional mixing will occur as the material is pushed back out in a 12-
inch layer.

4.
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1. Introduction and Setting

The soil inventory and assessment was conducted to evaluate a site proposed as a soil borrow area
for the reclamation of Dugout Canyon Mine's refuse pile. The site is located in Section 17 ,Township
13 South, Range 12 East (AppendixA). The site is approximately20 acres in size and photographs
of the site have been included in Appendix E.

The site is in an alluvial fan valley fill position with relatively gentle slopes at an elevation of
approximately 5800 feet. Slopes are 3 to 5 percent with a fairly smooth surface that has been
dissected by gullies.

Typicalvegetation includes Indian Rice Grass, Shadscale, Sagebrush and various other species.
Annual precipitation is estimated at B inches and the average annual air temperature is 48 degrees
Fahrenheit.

2. Procedures

Field work was conducted the first week of October, 2005. Spot checks were made by the use of
a spade, hand soil auger, and observation of soils in erosional cuts such as gullies. Nine locations
were selected for backhoe pits to obtain soil samples and allow soil descriptions. Each site was
marked with a flagged stake and identified by SB-1 through SB-9. The soil pits were dug by Scamp
Excavation on October 5, 2005. The pits were described and sampled by Dan Larsen, Soil Scientist
on October 5th and 6th. Samples were submitted to Intermountain Laboratories, Inc., of Sheridan,
Wyoming for testing of selected parameters required bythe Utah Division of Oil, Gas and Mining
(UDOGM). The soils were rated for suitability based on UDOGM Guidelines.

3. Soil Resources

The site has been mapped as "Ravola loam, 1 to 6 percent slopes, eroded" (Soil Map Unit 91 ) in the
Soil Surveyof the Carbon Area, Utah bythe USDA, Soil Conservation Service, issued 1988. Ravola
soils are very deep, well drained, and moderately permeable. They are classified as fine-silty,
mixed, active, calcareous, mesic Typic Torrifluvents.

A copy of the order three level of mapping, a description of soil map Unit 91 and an official series
description of the Ravola soil are included in Appendix D for reference. This soil map unit in not
considered as prime farmland and the soils are listed as being fair for use as topsoil.

Soil Inventory Results

The soils on the site are fairly uniform in characteristics and would typically classify as the Ravola
soil series. Of the nine soil profiles described there were only minor differences. The site is at the
upperelevation limits of the Ravola series and there is a trend toward the Hernandezsoil series
which has a calcic horizon (more carbonates) and the particle size class is fine{oamy instead of
fine silty.
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For soll mapping purposes the site is basically one unit except for gullies which would reduce or
eliminate the amount of soil available. The soils have formed in verydeep (greaterthan 60 inches)
alluvium derived from sandstone and shale. The most common texture is loam; however the
amount of very fine sand dominates the total sand fraction and gives these soils characteristics
similar to silt loam and yields a particle size class of fine-silty. A contrasting layer of soil about 4 to
8 inches, having more sand and fine gravel is present over much of the area at a depth of 38 to 45
inches.

The soils typically have brown to light grayish brown colors. The profiles show little change in color
although the surface is slightly darker and the subsoils are lighter due to increases in carbonates
and lower organic matter. They are generally low in soil organic matter and lack the dark colors
typical of topsoil developed in moister environments.

Soil structure is typically fine granular and platy at the surface and becomes more blocky or massive
with depth. The soils are moderately permeable and have a moderately high to high soil erodibility.
The erosion hazard of the site is favored by the low degree of slope. Detailed soil descriptions are
presented in Appendix D.

Soil Testing Results

The soil analytical results from Intermountain Laboratories are presented in Appendix B. A copy of
the analytical results were used to record the suitability ratings for the soil samples. The suitability
ratings are contained in Appendix C.

A summary of the analytical results is given below for suitability parameters.

PH - Ranged from 7.6 to 8.4, rated good to fair

Saturati on o/o - Ranged from 23.8 to 46.4%, all rated good except for sample SB-8, 39 - 47" which
rated poor due to a sandy layer

Electrical Conductivity - Ranged from 0.22to 12.2 dS/m
Above 30 inches all samples were less than 4.0 dS/m
Nine subsoil samples were between 4.0 and 8.0 giving a rating of fair
Two samples had Electrical Conductivity greater than 8.0:

S8-6 - 48 - 68" = 8.38 dS/m
SB-9 - 36 - 72" = 12.3 dS/m

Sodium Adsorption Ratio (SAR) - Ranged from 0.18 to 11.9, the majority of the samples were
below 4.0. Ten samples were rated fair with readings of between 4.0 and 10.
Sample SB-9, 36-72" (1 1.9) had a poor rating

Texture - Laboratory analysis resulted in a particle size distribution yielding textures of loam and
sandy loam except for one sample which barelyfell into a silty clay loam class. Sandy loam
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and loam rate as good for topsoil. The very fine sand is commonly 70 to 90 percent of the
total sand content. Veryfine sand plus silt is commonly about 65 to 75 percent of the overall
soil matrix (mostly fine-silty). Clay content ranges from 12to 28 percent. Rock fragments
are generally less than 5 percent.

Available Water Capacity (AWC) - Ranged from 7.6 to 19.8 percent
Seven samples were between 7.6 and 10 percent with a fair rating
All other samples rated as good (>10o/o')

Acid/Base Potential - Ranged from 127 to 197 tons/1000 tons, all ratings are acceptable

Boron - Ranged from 0.12 to 1.14 ppm, all rated acceptable

Sefenium - Ranged from less than 0.02 to 0.28 ppm
Samples SB-1, 54 to 78 inches and SB-5; 56 to 68 inches were rated unacceptable
Samples SB-1 ,32to 54 inches and SB-8, 47 toT2inches were near unacceptable

Total Organic Carbon (TOC) - Ranged from less than 0.1 percent to 1 .4 percent. All rated good
at less then 10o/o, but show overall low organic matter content for topsoil

%CaCO3 - Based on the acid base potential it is estimated that carbonates are about 10 to
20 percent, rating good to fair.

4. Soil Suitability Assessment

The area is fairly uniform for soil salvage, except where gullies are present. Rating the soils for
suitability for use in reclamation was based on Table 4, "Soil and Spoil Suitability/Unsuitability
Evaluation " in Guidelines for Management of Topsoil and Overburden, R645-301 -200 Soils, State
of Utah, Department of Natural Resources, Division of Oil, Gas and Mining, draft June 2003.

The most suitable soils are in the upper 18 to 36 inches of the borrow area soils although the overall
rating would be fairto poor based on a moderately high to high soil erodabilityfactor. Estimates give
a K-factor (soilerodiblility)of about0.37 to 0.43. A K-factorof 0.37 is considered "faif and greater
than 0.37 is considered "poot''.

In the upper 36 inches of the samples, six of the soil profiles had pH ranging from 8.2 to 8.4 (fair
rating). Several samples rated fair due to moderately high EC, SAR and carbonates and low
available water capacity.

Below 36 inches some soil samples rated poor in factors including low saturated percentage, high
EC and high SAR. Two samples (SB-1 and SB-5) had unacceptable levels of selenium below a
depth of about 54 inches.
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Soil Inventory and Assessment
Soil Borrow Area

Dugout Canyon Mine
March 2006

APPENDIX C

Soil Suitability Ratings



Teble {. soil end spoil suitebillity/Unsuibbility Evaluation

CRTIERIA GOOD FAIR

- ,-
-

Satmdion96

pH

EC (r8/crsr2fC)

sAItab

%CaCO3

Terftre "

TotelOrgdic
Carb@

ArnilableWder
cqacitt'

Kfacmro

AnilabloBmm

25 to55

6-5 ro 82

0 to4

0 to4

<15

sl, L siL scl v&1" &l

<1CI/o

> 0.10

>30

s[c5 q scq oos,S, vfs g, \rcos

7Wo

<o05
rterylow

>037

>56 - 80

6-0 to 6-4
8.2 to 85

4 t o B

5 to l0

l 5 - 3 0

c. sicl,s',ls,lfs

O.05 to0.l0

45
>E0

5.5 to6.0
8.6 to 9.0

8to 15

l0 to 14

<5,5
> 9.0

> 1 5

> 1 4

nodcrate lorv

.<037 A37

' For clry temrrred soils rnacceptable is SAR >14. Fu sady tofiE€d soils rnacoqtable is >20.
t F* ,o*t Westenr soils, tre SAR o ESP rdeti@Sip is usnlly I :l , ry to ESP F 20. If SAF20, ttren de*ennine ESP.
(Evmgatroq 2000.)
" sssr{ F ham" si= silt cr clay, rr \Ery, Ffne' c@arsq g=grlarlrd
d A*ruilublo Wacr Caacig b tdjustealfute*hre md SAR
T( ftctqreommcadatimsfioNrfreUsDA Soil Gmsvaion ScwitalgRl.Iili@l SoibMboo&Noaice24 PHnq.
NSH hrt tr -4t8.6(a). Fc Primc F*'mlmd soits, tbe K frctor rimes ee perc€ot silope SmId be a ralue offirre q less fur
ninfunal crosimh*zrd.

Table 9. AciditylEorieiry Eveluetbn
r  t  a a  r  

'  
1 r  

_ !

PARAIvIETR,S

Soluble Sdsium >Ol5mg/kgl
>O.lOmdkg"

>5.0mglkg

FMiat {0 tos /1000 t@sov€rbudco
I uaacoeptable lernt for lbe rooling me (top fourfeet offiIl) od/oreilmaf draiuges wirh 100 yer ffood plains,
toD 4 fpct fll

2 rmacceprnble lqrcl fon ttre top 4 f€etof fiU in srfu-umter impounOmems

3 rmacceptable laxt fmiatemitnenffracmial drainsgcs ineluding l00y,erfloodplab

Ref: Guidelines for Management of Topsoil and Overburden, R645-301-200 SOILS, Utatr
Division of Oil, Gas and Mining, Draft June 2003

-
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APPENDIX IV

GUIDE FOR TEXTURAL CLASSIFICATION IN SOIL FAMILIBS

/ ,

\
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%
and Separate,

*  Clay-s ize carbonate is  t reated as s i l t .
** Very l inc sand (0.05 - 0. I  is treated as si l t  for family groupings;

coarsc fragments are considered the equivalent of coarse sand
in the houndary betwecn the s i l ty  and loamy c lasses.
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Exhibit 618-8 Texture Mangle and
Classification Systens.

Particle-Size Limits of AASItrTO, USDA, and Unified
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Soil lnventory and Assessment
Soil Borrow Area

Dugout Canyon Mine
March 2006

APPENDIX D

Soil Profi le Descriptions
Carbon Area Soil Survey Mapping Information
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Field Soil Profile Description Notations

This is a guide to assist in undersunding the notations on the soil description forms.
These are not all inclusive but are meant to apply to common situations in the mountains
and foothills of central Utah.

Horizon:

Standard letter designations used for soil layers. Commonly used designations are:

A Surhce layer usually of dark color due to accumulation of organic mateg topsoil-
B Altered soil layet often associated with subsoil.

BT - Increase in clay
BK - Increase in carbonates
BW - Color or strucfire change
Relatively unaltered parent materials from which the soils have formed.
Hard bedrock; as sandstone
Soft bedrock; as shale

A "B': horizon may have dark colors and have high to moderate amounts of organic matter but be
designated ds'a'8" horizon due to soil changes as noted above.

Depth:

Depth intenral ofthe soil layer Usually e:cpressed in inches unless noted othenilise.

Color:

Dry and moist colors are based on the Mrursell Soil ColorChart and give the hue, value, and chroma.
Connotative color descriptions may be added.

Texture:

Texture and texhire modifier abbrwiations

c
R
CR

S Sand SCL
LS Loamy Sand CL
Gravely
SL Sandy Loam SICL

Extremety Gravel
L Loam SIC
SIL Silt Lnam C

Structure:

Sandy CB Cobbly
Clay lnam CBV Very Cobbly

Silty Clay Loam CBX E:cheinety Cobbly

Silty Clay
Clay

GR. Gravely
GRV Very

GR)(

SH Shaley

silt

CN Channery
Cti[V Very Channery

CNr( Exbemely Channery

Grade
w
M
S

Weak
Moderate
Sbong

Size
\IF Very Fine
F Fine
M Medium
CO Coarse
VCO Very Course

Tr?e
PL Platy
GR Granular
SBK Subangular Blocky
ABK Angular Blocky
PR Prismatic
W Weak Massive
S StnongMassive
SG Single Grained
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Consistency:

Reaction:

Ilorizon Boundaries:

Distinchess

Moist
loose 

'LO

Soft VFR
Slightty Hard FR
Hard FI
Very Hard \IFI
Extremely Hard EFI

Loose
Very Friable
Friabte
Firm
Very Firm
F,lcffemely Firm

Wet
NS
SS
S
VS
NP
SP
P
VP

Non Sticky
Slightty Sticky
Sticky
Very Sticlqf
Non Plastic
Slightly Plastic
Plastic
Very Plastic

Reaction Class
Smongly Acid
Moderately Acid
Slightly Acid
Neutral
Mildly Alkaline
Moderatety Alkaline
Stongly Alkaline
Very Shongly Alkaline

Dry
LO
so
SH
H
VH
EH

A Abrupt (€ cm thick)
C Clear Qto5 cmthick)
G Gradual (5 to 15 cm thick)
D Diffise Pl5 cm thick)

Topoeraphy

S Smooth (the boundary is a plane with few or no irregularities)
W Wavy (the boundary has undulations in ufrich depressions are wider than they are deep).
I hregular (&e boundary has pockets that are deepu than they re wide)
B Broken (at least one ofthe horizons or layers separated by the boundary is discontinuous
and the boundary is intemped).

Rock Fragments: Elpressed in percent by volume by size.

Effervescence (10% HCL) pH
5. t  -5 .5
5.6 -6.0

EO Non-Effervescent 6.1-6.5
SE Slightly Effervescent 6.6 -7.3
EM Moderarcty Effervescent 7.4 -7.8
ES Strongly Effervescent 7.9 -8.4
EV Violently Effervescent 8.5 -9.0

'9 .0

Gravel
Cobbles
Stones

GR
CB
ST

Ouantity
F Few
C Cornnon
M Many

BL Boulders
CN Channers
FL Flagstone

Very Fine
Fine
Medium
Course

Roob: Roots are described in terms of quantity and size. Quantity is given first followed by the size class.

Size
VF
F
M
co

- tr
Quant$ classes of roots are defined in terms of nrmbers of each size per unit area. One (l) square
centimeter for very fine and fine roots and one (1) square decimeter for medium and coarse roots.



I-

Few: Less than I per unit area of the specified size
Cornrnon: I to 5 per rmit area ofthe specified size
Many: more than 5 per unit area of the specified size

The size classes are:

Very Fine: Less than I mm in diameter
Fine: I to 2 mm in diameter
Medium: 2 to 5 mm in diameter
Coarse: 5 mm or larger in diameter
Roots larger than l0 mm in diameter may be described separately.

tD-
v
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Soll type

Area

Classifical
Location L
fi- wg- (or crop)
ParenI material
Physiograpty.

Relie{ C
Elevatim hrJ-,
Slope 3 - r
Aspect 5.r,, T
Erosion

$IL DESRPNdN
U.S. OEII RTgeHI ot: +GRICqLTURE

3o t C CoxsERv^Tlotq SERVICE

File fi0..

St0p [to.

Sall or atkali

Stoniness'

% Coaser lh.an V.F.S:''

Moisture

5U?W.J-

Permeability
Additional notes

/8-za

* Control seclion avenge

tfi
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7.
frn.A.
4q-
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3o t t- cons ERvAT to .r:.. s eRri rc e

filello.,5gf 3
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Location S 63
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Parent material
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Slope j -

Aspqct
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Carbon Area, Utah

The potential plant community on the Ravola soil is 50
percent grass€s, 10 percent forbs, and 40 percent
shrubs. Among the important plants are galleta, fndian
ricegrass, shadscale, and winterfat.

Management practices that maintain or improve lhe
rangeland vegetation include proper grazing use, a
pfanned grazing system, and proper tocatioh of water
developments. Severe drought may adversely atfect the
production of the perennial vegetation. Partial or total
removal of livestock from the range may be necessary.

It is not practical to revegetate large areas of this unit
because of the low annual precipitation. For critical
erosion control, small areas can be mechanically treated
and seeded. Native plants are suitable for critical area
seedings.

lf areas of this unit are irigated, suitable management
practices used to maintain or improve the area inblude
conservation cropping systems with rotations of alfalfa
hay, -srnall grain, and com. To maintain production, crop
residue should be incorporated into the soil and fertilizer
should be applied.

Inigation water can be applied by the sprinkler or flood
method. Fields can be leveled.

This qap unit is in capability unit lle-2, inigated, and in
capabifity subclass Vlfe, noninigated. lt is in the Desert
Loam range site.
' gl-Ravola loam, I to 6 percent slopes, eroded.
This very deep, well drained soil is on altuvid| fans and
narow vglley floors. lt extends from Helper to wellington
and south to the Garbon-Emery county fine. lt formed"in
allwium derived dominanily from sandstone and shale.
Sfopes are dominanfly g to 6 percent 100 to 300 feet
long, and concave to convex.-The vegetation in areas
not cultivated is mainly galleta, shadscale, and soms
greasewood. Elevation 6 s,ao6 to 6,000 tbt. tne
average annual precipitation is 6 to g inches, the
average annual air temperature is 4g to 50 degrees F,
and the ?yel?ge freeze-free period is ti5 to tiO dayd.
. Typically,_ the surface layer is light brownish gray lilam

about 2 inches thick. The hext layer b light bro-wnish
gray loam about 21 inches thick. 

-Below 
firis to a depth of

60 inches or more is light brownish gray sitt loam.
Included in this unit are about s percbnt Billings silty

clay loam, 5 percent Killpack clay loam, and smiil ar6as
of Persayo loam. Also included are small areas of
Ravola loam, 1 to 3 percent slopes.

Permeability of this Ravola soil is npderate. Available
water capacity is about 7.5 to 10.S inches. The water
lypffVine capacity is 4 to b inches in aleas not inigated.
Effective rooting -dqpth is 60 inches or more. The drganic
mailer content of the surface fayer is 1 to 3 percent.
Runoff is medium, and the hazaird of water erosion is
moderate. Runoff from adjqcent areas has formed gutfies
in some areas of this soil. The gullies are /-shapedl are
4 to I feet deep, and in some areas are lfi) to 400 feet
apart. The hazard of soil blowing is moderate.

67

This unit is used mainly as rangeland and wildlife
habitat. lt is also used for inigated crops and for
homesite and urban development.

The potenliaf plant community on the Ravola soil is 5O
percent grasses, 10 percent forbs, and 40 percent
shrubs. Among the important plants are galleta, Indian
ricegrass, shadscale, and winterfat

Management practices that maintain or improve the
rangeland vegetation include proper grazing use, a
planned grazing system, and proper location of water
developments. Severe drought may adversely atfect the
production of the perennial vegetration. Partial or total
removal of livestock from the range may be necessary.

It is not practical to revegetate large areas ol this unit
because of the low annual precipitation. For critical
erosion control, small areas can be mechanically treated
and seeded. Plants that may be suitable for critical area
seedings are adapted native plants.,

lf areas of this unit are inigated, suitable management
practices include conservation cropping systems with
rotations of hay or pasture and smafl grain. Grop residue
should be kept on the surface of the soil. Pasture
management that incorporates use of a rotation grazing
systern is best.

Sprinkler inigation systems provide the best erosion
contol and the abihty to apply inigation water evenfy to
the fields. Flood inigation can also be used if erosion is
contolled.

This map unit is in capability unit llle-2, inigated, and in
capability subclass Vlle, noninigated. lt is in the Desert
Loam range site.

92-Ravola€ullled land complex. This map unit is
on allwiaf fans and dissected narow valley floors. lt is
widely distibuted throughout the survey area. Some of
the larger areas are along Drunkards Wash, Coat Greek,
Miller Greek, Gordon Creek, and Sofdier Creek. Slopes
are 1 to 6 percent. Elevation is 5,300 to 6,000 feet The
average annual precipitation is 6 to I inches, the
average annUal air temperature is 48 to 50 degrees F,
and the average freeze-free period is 115 to 140 days.

This unit is 70 percent Ravola loam, 1 to 6 percent
slopes, eroded; 20 percent Gullied land; and 10 percent
other soils. The Ravola soil is generally on valley floors,
and the Gulfied land is adjacent to the washes on the
bottom of valleys. The components of this unit are so
intricately intermingled that it was not practical to map
them separately at the scale used.

Included in this unit is about 10 percent Green River
silt loam on the bottom of washes. Also included are
small areas of Killpack clay loam near the adiacent shale
hills.

The Ravola soil is very deep and well drained. lt
formed in allwium derived dominantly from shale and
sandstone. Slopes are 50 to 150 feet long and are
@ncave to convex. The present vegetation in most
areas is mainly shadscale, halogeton, winterfat, yellow
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LOCATION RAVOLA

Established Series
Rev. RLI\{/DKR/S SP/ttrfWJ
031200s

UT+NM CO

-

RAVOLA SERIES

The Ravola series consists ofvery deep, well drained soils that formed in alluvium derived from shale,
siltstonq and sandstone. Ravola soils are on alluvial fans and flood plains. Slopes range from 0 to l0
percelrt'JVlean annual precipitation is about 7 inches and the rnean annuat temlir*ure-is about 50
degrees F.

TAXONOMIC CI"ASS: Fine-silty, mixed, active, oalcareou, mesic Typio Toniflwents

TYPICAL PEDON: Ravola lom under cultivation. (Colors are for dry soil "nless otherwise noted.)

Apl-O to 6 inches; lighr broumish gray (2.5Y 6/2) loaq dat grayish brown (2.5y 4D) mois! weak
cgar-se zuUangqtar blocky shucttne- parting to weak fine suUmgular ttocky; slightly hma, friabie, slightly
pJastic; many, fine roob, few coarse roots; common fine and mediun porJq st6ngty er;vesc"nq
slighfly alkaline (pH 7.8); clear smooth boundary. (2 to 6 inches thict)

Ap2-6 to9 inches; light brormish gray e.5y 6D) lcna dark grayish broum e.sy 412) rr'lisL stongly
compacted plovrpan layer; weak coarse subangular blocky strucfrrre partiry to weat coirse graurufar;- 

-

band" ftiable-sligbfiy sticky and sligttly plastii; mmy fine roots; common-fine pores; few medium
pores; shongly effervescent slightly alkaline (pH 7.7); clea srnooth tormaary,iO to I inchcs thick).

91-s_lo 18 inohes; ligbt brovmish gray Q.SY 612)loaadark grayish brovrn (2.5y 4/2) moisg weak
thin plpfy stsuctue parting to weak very thin platy; barrd, ftiahle rtighly 

"ti"ky 
sn6 slightly plsstic; few

c9alp and,qgy fine roots; many modium nd common fine pores, strongty efervesceng stiglrty
alkaline (pl{ f.f; gradual uravy boundary. (9 to 24 inches th6k)

C2-18 to 45 inches; light fuesaffi gay (2.5Y 6D)loansdrk grayish brorm (2.5y 42) moisg weak
co.aJse sulagpglgr blocky stucfire partiag to weak mediun gu"otir; sligbtly bird, ftiabie sligitly
sticky and slightly plastic; few medium Ti many fine motsfcommon mEairim pores; stongti 

'

effervesceng moderately alkaline (pH 7.9); gradrial furcgularboudary. (6 to 30 inch;6icf)'

c?-45 to 60 inches; lightbrownishgray e.sY iD)lwdartgrayishbrown e.5y 4D)rcrst;
massive; soft, very friable; few fae roots; few fine pores; shongly itrcrvesc€rilj noderatety altatine 6H7.e).

IrPx.LgcaIgNj Emery county, uta\ about I l2 miles south md l/2 mile easr of Hrmti4gton;
located about 2,000 fe€t west md 600 feet north of the southeast corner ofsec. 31, T. 17 s,, R 9-8,

RANGE IN CEARACTD.RISTICS:
Mean annual soil temperatrne: 49 to 56 degrees F
Particle-size oontol section: 18 to 27 percent clay and less rhnn 15 percent sand ooarser tban very fine
sand

rage l or J

http : //ortlro. ftrv.nrcs. usda. gov/osd/dat/R/RAvolA.htnt 2/5/2006
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Ahorimn:
Hue: l0YRto5Y
Value: 5 to 7 dry, 4 or 5 moist
Cbroma: 2 or 4 dry or moist
Terrhrr€: loam, clay loam, very fine sandy loarr, or silt loarn
Calcium carbonate equivalent 5 to 25 perce,nt
Reaction: slightly to shongly nlkaline

C horizon:
Hue: l0YRto5Y
Value: 5 to 7 dry, 4 or 5 moist
Chroma: 2 to 4 dry or moist
Texture: shatified loamy sand to olay lom
Calcium catbonate equivalent 5 to 25 percent
Reaction: slighfly to strongly elkeline

COMPEIING SERIES: This is the BilllEs s€ties. Bilrings soils have particle-size contol sections
with 27 to 35 percent clay, and gpsum nodules below the serics contuol section.

GEOGRAPHIC SETTING:
Pareirt material: alluvium derived fiom shalg siltstone, and sandstone
Landform: alluvial fans and flood plains
Slopes: 0 to l0 percent
Elevation:4,500 to 6,000 feet
Mean annual temperafire: 47 to 56 degrces F
Mean annual precipitation: 5 to I I inches
Frost-free period: 1 10 to 160 days

GEOGRAPIIICALLY ASSOCIAlED SOIIS: These are the competing Billings soils and rhe
HultuC, KiilIaek, I@yficld, Saltair, and [hrm+ab soils. Hrmting soils have mottles md a vater table at
depths between 20 and 40 inches. Killpaok soils have a paralithic oontact betwccn 20 and 40 inches.
lvlayfield soils have carbondic mineralogy. Saltair soils contain calcic horizons. Skumpah soils have a
natriChOriZOn a,r. /.cr/v /r-rh../

DRAINAGE, AND PERMEABILITY: well drained, oegligible tomediumrunofr, moderate or
moderalely slow permeability. These soils are subject to occasional briefflooding following high
irtensig summer thuderstorms.

USE AIYD VEGETATION: Irrigatod areas are used for gmwing small grains, oorn, sugar beets, alfalf4
elrd pasture. PoGntial vegctation is shadscale, grcascwood, Indian riccgrass, and gallcta-

DISTRIBUTION AND E.XTENT: Eastern Utab, northwestNew Menioo and wcstern Colorado. LRR
D, MLRA 28A, 34,35,37. This series is of large extent.

MLRA OITICI RESPONSIBLE: Lekewood, Colorado

SERIES ESTABLISIIED: Emery and Grand Counties, Utah. 1940. Green River Soil Conservation
District.

REMARKS: Diagnostic horizons and features recognized in this pedon are:

http ://ortlro.ftw.nrcs.usda. gov/osd/datlRlRAVolA.hftnl 2/st2006
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Ochric epipedon: The zone from 0 to 9 inches. (Apl and Ap2)

Classified according to Soil Tanonomy Second Edition, lggg

ADDITIONAL DATA: Lab sampled by NSSL in New Mexico. Pedon number SS6NM- 045-014.

National Cooperative Soil Survey
U.S.A.

http ://ortho. ftrry.nrcs. usda. gov/osd/datlRlRAVolA.htul

raga J or J
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Hernandez Famlly
The Hemandez family consists of very deep, well

drained, moderately permeable soils on fan tenaces.
These sclils furmed in allwium derived from sardstone
and shale. Slope is 1 to 8 percent. Elevation ls 5'600 to
7,100 faet Average annual precipitation is 10 to 14
inches, and average annual air temperature ls 45 to 49
degrees F. rylq*aY?_

ftrese soils are fine-loamy, mtxed,Imesic Uttoflis ()sTro-
.  r  . . . r ,  t o  t  t - - - l  "  

- | \

eeniecniOs. Hql'.^hil,s,

-
v

Reference pedon of Hernandez family, 3 t9.8 percent
slopes, about'4.s miles northwest of sunnyside Junction,
about 1,000 feet south and 800 feet east of the
northwest comer of sec. 19, T. 14 S., R. 12 E.

A1-0 to 3 inches; brown 0.5YR 5/4) loam, dark brown
ff.sYR 4/2) moist weak fine granular stucture;
itighUy hard, friable, slightly sticky and sliBhily
ptistii; few very fine, common fine, and feul medium
ioots; many fine and few medium pores; moderately
calcareous; disseminated calcium carbonate;
moderately alkaline (pH 8'2); abrupt srnooth
boundary.

B2-g to 14 inctres; brown (7.5YR 5/4) bam, dark
brown (7.5YR 4/2) moist weak medium subangular
bloclqy btructure; silgtrUy hard, friable, sligldy sticky
and siignfiy plastic few very fine, fine, and medium
rootq common fine and few rnedium pores;
moderately calcareor,s; disseminated calcium
cabonate; moderately atkaline (pH 8.a); clear
smooth boundary.

Clca-l4 to 99 incheq light brown (7.5YR 6/4) loam'
brown (7.5YR 5/4) moist moderate medium
subangutar blocky structurq hard, firm, slightly sticky
and plastic; few very fine and fine roots; common
nne lnd |ew medium poreq strongly calcareous; thin
coatings ol calcium carbonate on faces -of peOs;
strongly alkaline (pH 8.8); g@ual waw bourdary.

C2ca-99-tb 60 Incfres; pink f/.5YR7l4l loam, brown
C/.SYR 5/4) mobt masstue; hard, finn' slightly sticky
and plastic; few very fine and fine root$ common
fine ind forr medium pores; sfiorgty calcareous; thin
coatings of caldum carbonate on face of peds;
strorrgly alkaline (PH 9.0).

Secondary calcium carbonate is at a depth of 9 to 17
inches.

A horfun: Hue ls 7.5YR or 10YH, value is 5 or 6 when
dry, and chroma is 2 to 4. Texture is loam or very flne
sandy loam.

B irortan: Hue is 7.5YR or 10YR, value is 5 or 6 when
dry and 4 or 5 when molst, and chroma is 2 to 4.'M 

horfuon: Hue is 7.5YR or 10YR, value ls 6 to I
when dry and 5 to 7 when moisfi' and c,hroma is 3 or 4'
Calclum-carbonate equfualent is 15 to 35 perc€nt
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APPENDIX E

Photographt of Site and Soil Profiles
Soil Pit Locations
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Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amend["JI

340 RECLAMATION PLAN

See the approved M&RP reclamation plan for additional discussion as specified in this amendment.

341 Revegetation

The short-term goal of this revegetation plan is the immediate stabilizationof the disturbed sites
through erosion control. This objective will be achieved through controlled grading practices, proper

seedbed preparation to encourage rapid plant establishment, inclusion of rapidly establishing
species in the seed mixture to be planted, and mulch application.

The long-term goals are to establish useful, productive range and wildlife habitat. These goals will
be attained through the selection and placement of desirable and productive plant species, and a
commitment to monitor and maintain revegetated areas throughout the bond liability period.

341.100 Schedule and Timetable

The reclamation timetable and monitoring schedule are outlined in the approved M&RP. The
monitoring outlined for the treatment areas is in Section 242.100.

341.200 Descriptions

Species and Amounts of Seed. The areas disturbed at the refuse pile site will be planted with

one of the seed mixes listed befow:

3-8



# pls/acre

79.1 I

The interim seed mix will be used on the substitute topsoil and subsoil stockpiles and any other

areas requiring stabilization prior to final reclamation.

Final Reclamation Seed Mix (Broadcast Quantities)

Canyon Fuel Company, LLC
Dugout Canyon Mine

Interim Seed Mix (Broadcast Quantities)

SPECIES

Indian ricegrass
Blue grama
Sheep fescue
Western wheatgrass

TOTAL

SPECIES

Grasses, Forbs, and Shrubs

Galleta grass

Indian ricegrass

Bottlebrush sq ui rreltail

Blue grama

Sheep fescue

Palmer penstemon

Scarlet Globemallow

Black sagebrush

Wyoming big sagebrush

Shadscale

TOTAL

3
2
2
4

Refuse Pile Amendment
June 2006

# pls/ft2

11 .16
33.24
24.33
10.46

# plslft2

13.77

11 .16

4.40

16.62

12.17

14.00

5.74

22.26

17.21

1.49

119

11

# pls/acre

4.0

3.0

1 .0

1 .0

1 .5

1 .0

0.5

1 .0

0.3

1 .0

14.3
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Bareroot Seedlings (200 each per acre)

Shadscale*

Black Sagebrush"

TOTAL 400 per acre

* lf available, otherwise substitutions or deletions will be made at the time of reclamation as determined jointly

by UDOGM and the permittee.

Pinyon/ Juniper seed/seedlings have not been included in the seed mix or planting plan, butwill be

allowed to invade the area naturally.

BorrowArea - the Final Reclamation Seed Mix listed above will be planted at the borrow area,with

the following exclusions, Palmer Penstemon, Shadscale seeds and no bareroot seedlings.

Method Used for Planting and Seeding. The refuse pile site will be permanently reclaimed

section-by-section. Refer to Chapter 5, Sections 536 and 540 for a discussion of the sequence of

the construction and contemporaneous reclamation of the refuse pile.

The area will be graded to final contours, and then ripped to relieve compaction. Ripping will be

completed to a maximum depth of approximately 2feet. Final ripping depths will be determined by

the materials being ripped, to prevent incorporation of less desirable soil/rock into more productive

materials.

Following ripping, stockpiled soilwill be applied to the ripped surface and left in a extreme roughened

state(pocked and gouged). Priorto seeding, one ton peracre of certified noxiousweed free haywill

be incorporated into the surface soils to assist in the reduction of wind and water erosion and
provide organic matter. Except as noted all areas will be seeded the same.
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Soil samples will be collected and sent to the laboratory for analysis to determine if amendments

are necessary. Soil nutrients are discussed further in Section 243. Nutrients will be applied in a

single application. On slopes greater than 3:1, the rough, disturbed surface will be treated by

traversing a dozer perpendicular to the slope contour to incorporate the nutrients.

All seeds will be broadcast and/or incorporated with a small amount of mulch and applied by

hydroseeding equipment. Hydroseeding will be accomplished in two applications, the first being the

application of the seed to the soil and the second an application of mulch and tackifier on top of the

seed.

Since warm season grasses and cool season grasses are both being planted during the

reclamation of the refuse pile area, seeding forfinal reclamation will be split, warm season grasses

will be applied with hydroseeding equipment as described above. Cool season grasses will be

broadcast in the late Fall without mulch or tackifier (Personal communication Jerriann Ernstsen,

UDOGM, December 20, 2002). Refer to Section 354 for the timing for the seeding.

Mulching Techniques. Following warm season seeding, the seeded areas will be mulched with

an organic mulching material. Organic mulch will be applied at the rate of 2000 pounds per acre

and anchored with a tackifier.

lrrigation, Pest and Disease Control. No irrigation is planned and pesticides will not be used

unless previously approved by the Division.

Measures Proposed for Revegetation Success. Referto Section 356 and the approved M&RP.

341.300 Greenhouse Studies, Field Trials or Other Equivalent Studies

Refer to the approved M&RP. Refer to Section 242 for information pertaining to a study of

contemporaneous reclamation treatments used to provide justification for the reduction of cover

necessary to comply with regulation R645-301-553 .252.
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342 Fish and Wildlife

Refer to the approved M&RP. There are no water sources within the refuse pile permitted area to

support fish.

342.100 Enhancement Measures

No enhancements are planned other than those described in the approved M&RP.

342.200 Plants Used for Wildlife Habitat

Refer to the approved M&RP.

Nutritional Value. The nutritional value will be consistent with that of vegetation in the surrounding

areas.

Cover. The goal is to establish plant species, which will provide sufficient cover for the wildlife of

the area. Refer to the approved M&RP. There are no water sourc€s within the refuse pile permitted

area to support fish.

Ability to Support and Enhance. Refer to the approved M&RP.

342.300 Gropland

Cropland is not a postmining land use.

342.400 Residential, Public Service and Industrial Land Use

No residential, industrial or public service use is planned at the present time.
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350 PERFORMANGE STANDARDS

351 General Requirements

CFC commits to conduct all operations in accordance with the plans submitted in Sections R645-

301-330 through R645-301-3/,0 of the permit application.

352 Gontemporaneous Reclamation

Reclamation activities prior to final reclamation will, to the extent feasible, be performed

contemporaneouslywith refuse storage operations. Two general areas will be contemporaneously

reclaimed. These are the soil stockpile and outslope of the refuse pile, once it reaches final

configuration. The soil storage area will receive interim seeding following the completion of soil

stockpiling. The pile outslope will be covered with soil and seeded with the final vegetation seed mix.

A portion of the refuse pile will receive contemporaneous reclamation, the purpose will be to provide

justification for the reduction of cover necessary to comply with regufation R645-301-553 .252.

353 Revegetation: General Requirements

A vegetative coverwill be established on all reclaimed areas to allow for the designated postmining

landuseofwildlifehabitatandlivestockgrazing. RefertoSection4llandtheapprovedM&RPfor

additional information.

353.{ 00 Vegetative Cover

The seed mix proposed for revegetation is intended to provide vegetative coverthatwill be diverse,

effective, and permanent. The seed mixture was selected with respect to the climate, potential
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CHAPTER 5

ENGINEERING

510 INTRODUCTION

This chapter provides a discussion of general engineering aspects, an operation plan, a reclamation
plan, design criteria, and performance standards related to the refuse pile. The activities associated

with the construction and reclamation of the refuse pile will be designed, located, constructed,

maintained, and reclaimed in accordance with the operation and reclamation plans.

511 General Requirements

This permit application includes descriptions of the proposed refuse pile area construction,

maintenance, and reclamation operations together with the appropriate maps, plans, and cross

sections. Potential environmental impacts as well as methods and calculations utilized to achieve

compliance with the design criteria are also presented.

512 Gertification

Where required by the regulations, cross sections and maps in this permit application have been
prepared by or under the direction of, and certified by, qualified registered professional engineers,
geologist or land surveyors. As appropriate, these persons were assisted by experts in the fields

of hydrology, geology, biology, etc.

512.100 Gross Sections and Maps

The configuration of the refuse pile and cross sections through the pile are provided on RA Plates

5-1 and 5-1A of this submittal. An as-built map of the refuse pile topography (Olympus Aerial

Survey, May 2003) is included in Attachment 5-5.
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512.200 Plans and Engineering Designs

All plans and engineering designs presented in this submittal were prepared by or under the

direction of and certified by a qualified registered professional engineer.

Excess Spoil. No excess spoil will be generated from the refuse pile arca.

Durable Rock Fills. No durable rock fills will exist in the refuse pile area.

Goal Mine Waste. lf coal mine waste is generated by the Dugout Canyon Mine, it will be placed

in the refuse pile site.

lmpoundments. A sedimentation pond impoundmentwas built in the refuse pile area (see Section

732).

Primary Roads. The access road to the refuse pile and the temporary road to construct the

refuse pile are classified as primary roads.

Variance From Approximate Original Contour. CFC does not request a variance from the

approximate original contour requirements of the regulations for this site. The proposed

configuration of the site will complywith the post-mining land use and blend into the surrounding

area.

513 Gompliance with MSHA Regulations and MSHA Approvals

513.100 Coal Processing Waste Dams and Embankments

No coal processing waste dams or embankments will exist within the permit area.
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lmpoundments and Sedimentation Ponds513.200

No impoundments or sedimentation ponds in the permit area meet the size criteria of 30 CFR
77.216(a).

513.300 Underground Development Waste, Goal Processing Waste,
and Excess Spoil

lf underground developmentwaste isgenerated bythe DugoutCanyon Mine, itwillbe stored atthe
refuse pile site. Coal processing waste will be stored at the refuse pile site. No excess spoil will

be generated or stored within this area.

513.400 Refuse Piles

Coal mine waste or underground development waste generated by the Dugout Canyon Mine, will

be stored at the refuse pile site. The design of the pile will meet the requirements of MSHA, 30 CFR

77.124 and 30 CFR 77.215 in accordance with Section 536.900.

513.500 Underground Openings to the Surface

No underground openings will be present in this area.

513.600 Discharges to Underground Mines

No discharges to underground mines will occur in this area.

513.700 Surface Goal Mining and Reclamation Activities

No surface coal mining and reclamation activities will occur in this area.
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513.800 Goal Mine Waste Fires

lf any coal mine waste fires occur within the permit area, these will be reported immediately to

MSHA and the Division. lmmediate remedialaction will be taken as deemed necessary by CFC to
protect public health and safety as well as the environment. Following initial remedial efforts, a long-

term plan will be formulated in discussion with MSHA and the Division to extinguish anyexisting fires

and prevent future fires.

CFC will utilize a program of prevention and suppression to minimize the potential for coal mine

waste fires. An ongoing educational program will emphasize the need for attention to fire prevention.

Suppression will occur by separating smoldering material and mmpacting the adjacent material (to

minimize oxygen content in the adjacent material). The burning materialwill then be extinguished

using appropriate methods (see Section 528.300 of the approved M&RP and Section 536.200 of this
amendment). No burning mine waste will be removed from the refuse pile areawithout a removal
plan approved by the Division.

514 Inspections

514.100 Excess Spoil

Excess spoil will not be stored in this area.

514.200 Refuse Piles

Quarterly inspections wif l be made of the refuse pile area (see RA Plate 5-1 ). These inspections
will be performed by a professional engineer or a specialist experienced in the construction of

similar earth and waste structures. CFC will provide copies of the certified reports to the Division
in the annual report. The report will discuss any appearances of instability, structural weakness,

or other hazardous conditions. A copy of this report will be maintalned at the mine site.
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An MSHA permit was obtained before any refuse was placed in the pile area. All activities performed

at this site will be in accordance with the applicable MSHA permit.

514.300 lmpoundments

Regular inspections were made during construction of the sedimentation pond as well as upon
completion of construction. These inspections were made by or under the direction of a registered
professional engineer experienced in the construction of similar earth and water structures.

Quarterly inspections of the sedimentation pond will continue until removal of the structure or
release of the performance bond. An annual certified report of inspection will be prepared by a
qualified registered professional engineer and submitted to the Division in the annual report. The
report will discuss any appearances of instability, structural weakness or other hazardous
conditions, depth and elevation of any impounded waters, existing storage capacity, and existing or
required monitoring procedures and instrumentation, and any other aspects of the structure
affecting stability. A copy of this report will be maintained at the mine site.

No impoundments are anticipated within the permit area that are subject to 30 CFR 77.216.

515 Reporting and Emergency Procedures

515.100 Slides

lf a slide occurs within the refuse pile area that may have a potential adverse effect on the public,
property, health, safety, or the environment, CFC will notify the Division following discovery of the
slide and will comply with any remedial measures required by the Division.

515.200 lmpoundment Hazards

lf anyexamination or inspection of an impoundment discloses that a potentiat hazard is associated
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with that impoundment that may have an adverse effect on the public, property, health, safety, or
the environment, the person who examined the impoundment will promptly inform the Division of

the finding and of the emergency prooedures formulated for public protection and remedial action.

lf adequate procedures cannot be formulated or implemented, the Division will be notified.

515.300 Temporary Cessation of Operations

Prior to a temporary cessation of operations within the permit area that will last for a period of 30

days or more or as soon as it is known that a temporary cessation will extend beyond 30 days, CFC

will submit to the Division a notice of intention to cease or abandon operations. This notice will

include the following:

A statement of the number of surface acres affected by mining operations in the
permit area prior to cessation of operations,

A discussion of the extent and kind of reclamation activities which will have been

accomplished prior to cessation of operations, and

An identification of the backfifling, regrading, revegetation, environmental monitoring, and
water treatment activities that will continue during the temporary cessation.

During the temporary cessation, CFC will secure surface facilities in areas in which there are no

current operations but where future operations are to be resumed under an approved permit.
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521 General

521.100 Gross Sections and Maps

Existing Surface and $ubsurface Facilities and Features. No buildings are located in and within

1 000 feet of the refuse pile area. No surface or subsurface features are within, passing through or
passing over the refuse pile area. An existing county road bypasses the area. The county road lies

on land either owned by the State of Utah, the United States of America, or Canyon Fuel Company,
LLC (see Plate 1-3 of the approved M&RP).

Landowner, Right-of-Entry, and Public Interest. CFC is the current land owner of the property

where the refuse pile is built. lt is located adjacent to the county road to Dugout Canyon. Public

access will be limited to the site by construction of a suitable fence and gate. The contiguous

surface owners are the United States of America and Canyon Fuel Company, LLC (See Figure RA

1-1 B of this submittal). The contiguous subsurface owner is the United States of America (See

Figure RA 1-18 of this submittal).

Mining Sequence and Planned . This does not apply to this site (see Section 525).

Land Surface Gonfiguration. Surface contours of undisturbed areas within the storage area are

provided on RA Pfate 5-1 of this submittal. The initial segment of the refuse pile was constructed
in a gravel pit. The first four (4)feet of refuse material was used to fill a pit and bring it to grade. The
remainder of the refuse material will be placed above grade and reach a total pile height of sixty (60)

feet above portions of the immediate surrounding area as provided on RA Plate 5-1 of this

submittal. As shown on RA Plate 1-1 , the hills surrounding the site range in elevation from 5887

to 6283, therefore the reclaimed elevation of the refuse pile of 5980 to 6000 will blend with the

surrounding area.

Surface Facilities. The surface facilities associated with the refuse pile site include: the refuse

pile, temporary material/snow storage areas, soil stockpiles, access road, sedimentation pond, and
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drainage control structures. Facilities are shown or mentioned on RA Plate 5-1. Detailed
information on sedimentation pond and drainage facilities is presented in Chapter 7 of this submittal.
Cross sections of the refuse storage pile(s) are provided on RA Plate 5-1.

Transportation Facilities. A permanent road is not anticipated to be constructed, used, or

maintained by CFC in the storage area. During construction of the pile, temporary access roads
will be constructed and maintained. The temporary roads will be reclaimed and seeded with the
permanent reclamation seed mix (Section 341 .2A0 of this amendment). Referto RAAttachment
5-6 for drawings of the paved access road.

521.200 Signs and Markers

Mine and Permit ldentification Signs. A mine and permit identification sign will be displayed at

the refuse pile site. This sign will be a design that can be easily seen and read, will be made of
durable material, will conform to local regulations, and will be maintained until after the release of
all bonds for the permit area. The sign will contain the following information:

Mine name,

Company name,

Cornpany address and telephone number,

MSHA identification number, and

Permanent program permit identification number as obtained from the Division.
Perimeter Markers. The perimeterof all areas affected bysurface operations were clearly marked

before beginning mining activities. The markers will be a design that can be easily seen and will be
made of durable material, will conform to local regulations, and will be maintained until after the
release of all bonds for the permit area.

Buffer Zone Markers. Stream buffer zone markers are not required for this area.

Topsoil Markers. Markers will be placed on all soil stockpiles. These markers will be a design that

can be easilyseen and read, will be made of durable material, will conform to local regulations, and
will be maintained until after the release of all bonds for the permit area.
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522 Goal Recovery

No coal recovery will be performed at this site.

523 Mining Methods

No mining will be performed at this site.

524 Blasting and Explosives

No explosives are to be used at this site.

525 Subsidence

No subsidence will occur in this area, because no underground coal mining will occur beneath the
refuse pile site. Therefore, there will be no effects on the site from coal mining related subsidence.

526 Mine Facilities

526.100 Mine Structures and Facilities

No buildings exist orare proposed at the refuse pile site; therefore, no existing buitdings will be used
in connection with or to facilitate this proposed coal mining and reclamation operation.

526.200 Utility Installation and Support Facilities

No utilities are to be installed at this site.

527 Transportation Facilities

527.100 Road Classification

No permanent roads are to be built in association with the construction of the refuse pile. A
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temporary road will be used to access the site. The access road to the refuse pile and the
temporary road to construct the refuse pile are classified as primary roads. Refer to Section
521 .100 of this amendment for additional detail.

The existing road to access the site from the Dugout Canyon Road will be paved to provide all
weather access to the site. The road will have a guard rail constructed to complywith engineering,
UDOT and MSHA requirements. Refer to RA Attachment 5-6 for drawings of the road.

527.200 Description of Transportation Facilities

The access road to the refuse pile site follows the alignment of an existing road shown on RA Plate
7-1 . The access road is approximately 840 feet long and will have paved surface approximately 20
feetwide. The access road will have a maximum grade of 16% and an average grade of 10%. The
road will gently slope towards UD-1 c which drains to culvert UC-1 (See cross-section RA Figure 5-1
2). The road does not cross any natural drainage. Culvert, UC-1 , was installed at the intersection
of the access road and the county road, to allow free flow of the runoff in the county road borrow
ditch. Specific design information for the culvert is provided in RA Attachment74.

The temporary access road is shown on RA Plate 5-1 . The road is approximately 20 feet wide and
is constructed on compacted subsoil. The road will have an uniform grade of 2% within the site
(See cross-section RA Figu re 5-2). The runoff from the road will flow into drainage ditches and then
into the sediment pond.

During operations, the access road and temporary access road will be maintained using a road
grader and any other equipment which may be necessary to ensure compliance. Drainage ditches
will be maintained to ensure proper functioning.

Accidental spillage of coal mine waste during haulage from the mine site to the refuse pip will be
minimized by not overloading the haulage trucks. Accidentalspilfs, if theyoccur, will be cleaned up
and transported to the refuse site, in a timely manner.

lf a catastrophic events causes damage to access roads, the rapid repair of the road/roads will
begin as soon as practical following the catastrophic damage.
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528 Handling and Disposal of Goal, Excess Spoil, and Goal Mine Waste

Coal mine waste and/or underground development waste materials generated at the Dugout Mine,
will be transported to the refuse site and disposed of in a controlled manner in accordance with

Section 536. Construction of the refuse pile will meet MSHA and DOGM requirements in
accordance with the approved plan.

Non-coal and hazardous wastes will not be disposed of in the refuse pile. They will be handled in
accordance with the approved M&RP.

529 Management of Mine Openings

No mine openings will be buift in the area.

530 OPERATIONAL DESIGN CRITERIA AND PLANS

General531

This section contains the general plans for the construction of the sediment control measures and
general construction and maintenance of the refuse pile area. This site will be used by CFC to
handle coal mine waste or underground development waste that may be generated by the Dugout
Mine. Also, a portion of the site will be used as a temporary storage yard for mine materials and a
place for disposal of excess snow from the Dugout Mine site.

During operations, the runoff from the site area will be treated through the use of sediment controls
such as diversion ditches and berms, a sediment pond, and silt fences and/or straw bales. These
structures will be constructed, to handle the site runoff, before the initial refuse is placed.

532 Sediment Gontrol

Sediment-control measures forthe site area are described in detail in Sections 732 and742of this
submittal. Runoff-control structures at the refuse pile area have been designed to convey runoff in
a non-erosive manner. Sediment yields in the permit areaare minimized by, disturbing the smallest
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practicable area during the construction or modification of surface facilities and contemporaneously
reclaiming areas suitable for such reclamation.

533 lmpoundments

533.100 Slope Stability

The only impoundment with an embankment that will be constructed, used, or maintained by CFC
will be the sedimentation pond at the refuse pile site. This pond is an incised pond with an
embankment consisting of native materials. A slope-stability analysis was performed on this pond

embankment material and is provided in RA Attachment 5-1, According to this analysis, the
minimum safetyfactorforthe sedimentation pond embankment is 1.,9 understatic moist conditions.
Furthermore, the analysis presented in RA Attachment 5-1 indicates that a minimum safety factor
of 2.2 will exist for the embankment under conditions of rapid drawdown. All analyses were
performed assuming that the pond was full to its maximum design depth. These safety factors
exceed the minimum requirements of R645-301-S39.100.

533.200 Foundation Considerations

Soils investigations have been conducted at the site of the refuse pile area. Results of these
investigations are presented in Chapter 2 and RA Attachment 5-1 of this submittal. During these
investigations, foundation conditions in the area of the proposed sedimentation pond were evaluated.
Based on these investigations, no conditions were encountered which suggested that the materials
in which the pond would be constructed would be unstable. The stope-stabilityanalyses presented

in RA Attachment 5-1 indicate that the pond embankments will also be stable under operating
conditions. Detailed cross sections of the sedimentation pond are presented on RA Plate 7-2 of this
submittal.

533.300 Slope Protection

The inslopes of the sedimentation pond and portions of the outslope disturbed by the spillway
construction were revegetated following construction to minimize surface erosion and protect the
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embankments against sudden drawdown. The interim seed mix was used for this revegetation

effort (see Section 341 .200 of this submittal).

Rapid drawdown in the sedimentation pond would be restricted to pumping the vertical distance

between the spillway and the pond bottom, a distance of 1 1 feet (see RA Plate 7-2). Drawdown of
this magnitude and rate is not considered significant and, therefore, not a stability or erosion

concern. The analysis presented in RA Attachment 5-1 indicates that the slope of the embankment

will be stable under conditions of rapid drawdown (minimum safety factor of 2.2). During pumping

of the sedimentation pond, flow rates (and drawdown) will be controlled. Hence, it is unlikely that

this drawdown will cause surface erosion of the embankment face.

533.400 Embankment Faces

Embankment inslopes and portions of the outslopes were revegetated following construction of the

sedimentation pond, as outlined in Section 533.300. Riprap will also be placed on the upstream

face of the embankment near the emergency spillway structure.

533.500 Highwalls

No highwalls will be located below the discharge lines of the sedimentation pond.

533.600 MSHA Criteria

The sedlmentation pond does not meet the size criteria of 30 CFR 216(a).

533.700 Pond Operation and Maintenance Plans

The sedimentation pond has been designed as a total containment pond to contain the 1OO-year,

24-hour storm event, plus an adequate freeboard. Details of the design and the requirements for

operation and maintenance of the pond are presented in Chapter 7 of this submittal.
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534 Roads

534.100 Location, Design, Construction, Reconstruction,
Use, Maintenance, and Reclamation

No permanent roads will be constructed in the storage area. The refuse will be transported to the

refuse pile area using the existing county road. A temporary access road between the refuse pile

areaand county road will be constructed to allow equipment access to the pile. The temporary road

will be reclaimed. The temporary road will be maintained in accordance with the approved M&RP.

Refer to Section 527.2Q0 for additional description of the transportation facilities.

Control of Damage to Public or Private Property. Roads will be designed in accordance with

applicable county and State standards. By designing according to these standards, damage to
public or private property will be been minimized.

Road Surfacing. The county road surface, which ac@sses the mine site, consists of asphalt. The

temporary access road surface material will be surfaced with asphalt. No acid- or toxic-forming

materials will be used in the road surfaces. The characteristics of the substances used for road
surfaces will be nonacid-and nontoxic-forming. The roads are not established on constructed lands
and road slopes are less than 2:1.

534.200 Environmental Protection and Safety

The design and construction of the temporary road will be in accordance with Section 534.200 of
the approved M&RP.

534.300 Primary Roads

The access road to the refuse pile will be constructed in accordance with the requirements of

Section 534.300 of the M&RP.
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535 Spoil

No spoil will be generated in the refuse pile permit area.

536 Goal Mine Waste

Coal mine and underground development waste resulting from mining activities at the Dugout

Canyon Mine will be disposed of at the refuse pile.

536.100 Design

The designs and theirassociated evaluations were based on the results ofdetailed foundation and

laboratory analyses of soils at the site of the refuse pile. These results are presented in RA

Attachment 5-2 of this submittal.

Based on the materials encountered in the refuse pile site area, the refuse pile can be constructed

to an approximate height of 60 feet with 2H:1V outslopes on the native alluvial soils and have a static

safetyfactorof 1 .S9forfailure surfaces starting in the refuse and terminating in the underlying soils.

lf the weathered Mancos Shale, which is present over the majority of the site, is used in the

evaluation, the static safetyfactor rises to 2.38 forthe 60-foot height pile configuration. Forfailure

surfaces originating and terminating in the refuse materials, the pile has a static safety factor of

2.27. Therefore, the proposed pile configuration meets the minimum regulatory requirements.

Because the effects of bedrock were not included in the analyses, the results are considered to be

conservative. RA Plate 5-1 presents the proposed configuration of the refuse pile. RA Plate 5-2

shows the reclamation topography and treatment for the refuse pile. Reclamation cross sections

are shown on RA Plate 5-2A. The reclaimed refuse pile will have concave slopes with 2:1 slopes

nearthe top of the pile and 3:1 slopes or less at the toe of the reclaimed slope. The top of the

reclaimed pile will be regraded to have an irregular plateau surface that drains towards all pile

outslopes instead of draining onlytowards one side of the pile. The top of the reclaimed refuse pile

will have slopes of 6:1 or less. Where possible the reclaimed slopes will be varied to blend into the

shape of undisturbed areas. Outslopes of the reclaimed pile will be varied as much as possible to
prevent long straight surfaces with uniform slopes.
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Storage capacity of the pile is estimated to be approximately 1 ,01 8,792 tons of refuse. Calculations

are presented in RA Attachment 5-3.

536.200 Waste Emplacement

Construction. Prior to the start of refuse pile construction, the appropriate sediment control facilities

(sediment pond, undisturbed diversion ditch/berm, and disturbed area diversions) described in

Chapter 7 were in place. Since initial waste rock storage will occur in an area4 feet befow natural

grade, it is anticipated that ditches DD-1 and DD-2will be constructed to their fulf extent only after

waste reaches a level equal to the currently existing ground surface. An interim berm will be

constructed to direct surface runoff awayfrom the storage area below grade and toward ditch DD-3

and the sediment pond. RA Plate 5-1 presents the layout of the refuse pile areas.

Vegetative cover will be removed from the refuse site area, prior to placement of any coal mine or

underground development waste. Soil materials shall be removed, stockpiled, and properly

protected forfuture use in reclaiming the site. As the site has previously been disturbed there is no

topsoil present. CFC commits to reasonable mechanized efforts to collect the maximum amount

of soil rnaterials still present on the site. lt is anticipated that all suitable soil materials down to the

Mancos Shale will be stripped. The soil materials salvaged from the strip area will be stored in the

soil stockpile. The details of the soil salvage operations and estimates of the volume of soil to be

stripped are presented in Chapter 2.

Once the soils have been stripped from the area, the refuse materialwif l be placed. Based on prior

experience, the refuse materials anticipated to be generated by the mine will generally consist of

shale with some sandstone, bone coal, and in limited quantities, sandstone from paleochannels.

Sediment pond wastes from either the mine site or refuse area sediment pond will be stored in the

refuse pile.

Coal processing waste to will be stored at the refuse site, should economics justify the washing of

coal. Waste stored at the refuse site will be hauled to a wash facility for processing and the waste

material not shipped to customers will be returned to the Dugout refuse site fordisposal. The waste
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material returned to the Dugout refuse site could be from any of the Canyon Fuel mines. Waste

material from other than Dugout Mine will be approved by the Division prior to placement at the

Dugout refuse site. The returned waste materials will be sampled as described below under the

subheading "Tgg!ing".

Operation. Refuse materials will be hauled to the site using either belly dump trailers or end dump

trucks. At the refuse site, the trucks will deposit the refuse on a fill bench, where it will be spread

and compacted by truck and equipment traffic. Successive lift will be allowed to drain (when

necessary) before it is capped with the next lift in the construction sequence.

The gradation of the refuse material will most likely be coarse and poorly graded with a small

percentage of fine materials. Therefore, it is necessary to rework and level the lifts to assist in

achieving the desired densities and prevent the formation of large voids. Additional compaction of

each lift can be accomplished by routing the loaded haul trucks over the lift surface in such a

manner as to cover the surface uniformly.

Waste rock loads containing non-cemented, soft shale, clay, or fine-grained materials shall be

mixed with coarser graded loads in a controlled manner to limit concentrations of fine materials

within the fill. This will be especially true for sediment pond wastes from either the mine site or

refuse area sediment pond.

All lifts will be emplaced in a controlled manner to ensure the mass stability of the refuse pile and

prevent mass movement during and after construction. Additionally, the lifts shall be graded to

promote drainage off the pile surface. No intentional impoundments will be created by the

placement of the refuse materials.

As the limits of the site area are reached faterally, the outer slope shall conform to the slope

indicated in RA Plate 5-1.

Maintenance. Coal mine and underground development waste may have high moisture content.

Controlled placement and compaction of the refuse materials will minimize the potential for

spontaneous combustion or ignition of these materials. In the unlikelyevent that any burning waste
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is found during the regular inspections of the refuse pile area, it will be separated and extinguished

either by burying the burning materials or by using water sprays. Once extinguished, the material

will be placed, compacted, and buried on the active refuse pile bench.

Testing. Due to the anticipated coarse, open graded nature of the refuse materials, most quality

control work for the fill will have to be on a visual basis. Conventional in-place density tests will not

give reliable results under these circumstances.

Based on analyses of the materials that have been encountered in the Dugout Canyon Mine and

other CFC mines to date, no acid-forming problems are anticipated. When the site is receiving

materials, a representative sample will be collected of the material at a rate of one sample per2,000

cubic yards of material through the fourth quarter of 2005 and one sample per 5,000 cubic yards of

material, thereafter. These samples will be analylzed for the parameters listed in Table 6 of the

Division's topsoiland overburden guidelines (Leatherwood and Duce, 1988). Analyses reports of

the sampled waste rock will be submitted with the annual report.

Should a problem be identified, a mitigation plan will be prepared and submitted to the Division for

approval. All identified potential acid or toxic-forming materials will be buried after the material

handling plan is approved by the Division.

Copies of the toxicity/acid-base results from the samples collected at the Dugout Canyon Mine are
presented in RA Attachment 5-4 and Appendix 5-7 of the approved M&RP.

537 Regraded Slopes

537.100 Division Approval

No mining or reclamation activities will be conducted in the refuse pile permit area that require

approval of the Division for alternative specifications or for steep cut slope.
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Regrading of Settled and Revegetated Fills

Upon completion of the filling of the refuse pile, the site will be reclaimed. The refuse fill will be

constructed in a prudent mannerto ensure that the pile will be stable. Geotechnical analysis of the

proposed configuration is presented in RA Attachment 5-2.

Based on the proposed construction plans, the pile will be constructed to achieve the final

configuration. Following completion of the construction, the pile surface will be prepared for soil

distribution and revegetation according to plans presented in Chapter 2and 3 of this submittal.

540 RECLAMATION PI-AN

541 General

541.100 Gommitment

Upon the permanent cessation of coal mining and reclamation operations at the Dugout Canyon

Mine, CFC will close, backfill, or otherwise permanently reclaim all affected areas in accordance

with the R645 regulations and this reclamation plan.

541.200 Surface Goal Mining and Reclamation Activities

No surface coal mining and reclamation activities will be conducted in the permit area.

541.300 Underground Goal Mining and Reclamation Activities

No underground activities are planned for this site.

541.400 Environmental Protection Performance Standards
Performance Standards

The plan presented herein is designed to meet the requirements of R645-301 and the environmental
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542 Narratives, Maps, and Plans

542.100 Reclamation Timetable

A timetable for the completion of each major step in the reclamation plan is presented in RA Figure

5-1 . The first phase consists of regrading the site, placing soil, surface roughening, and seeding

(vegetating) the site. This phase will take approximately six (6) months to complete based on the

number and anticipated types of construction equipment to be used, the number of operators and

laborers ne@ssary to complete the work, and the number of weather days (when work cannot take

place) anticipated to occur. Work will be completed sooner if bad weather is not encountered. The

second phase will be an approximate 10 month period where the success of the surface

reclamation will be evaluated in relation to the surface roughening and the initial seeding success.

lf the surface roughening and/or initial reseeding (vegetation) does not appearsuccessful, additional

seeding or reworking of portions of the reclaimed surface may be necessary.

542.200 Plan for Backfilling, SoilStabilization, Gompacting, and Grading

Based on the proposed construction plans, the pile will be constructed so that the pile will be atfinal

configuration when the disposal of waste is completed. Therefore, it is anticipated that little

regradingwill needtobeconducted. Theconstructionplansfortherefusepileareaweredesigned

to meet the objectives of maximizing refuse storage quantities and maintaining a geotechnically

stable base. The primary features of this plan are:

Constructing a 2H to 1V outslope for the refuse pile;

Placement of soil;

Revegetation and mufching of the soiled site; and

Breaching and filling of the sedimentation pond with embankment materials.
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Following completion of the construction, the pile surface will be prepared for soil distribution from

the soils in the stage storage area. The quantity of soil cover required for the refuse pile facility is

discussed in Section 242 of this amendment.

Grading activities during operations will develop a pile with a final surface configuration

approxirnating that defined by RA Plates 5-1 . Once this final surface is achieved, the top two feet

ofthesurfacenotbecompactedorthesurfacewillberippedtoprepareitforsoilspreading. Details

regarding soil placement and revegetation following regrading are provided in Chapters 2 and 3,

respectively.

Sedimentation Pond Removal and Interim Sediment Gontrol. The sedimentation pond will be

retained foras long as practical during reclamation. Because the pond is constructed as an incised

structure, the pond reclamation will consist primarily of breaching the pond and pushing the

embankment into the pond to create a gentle slope. The emergency spillwayoutlet channel will be

removed and the rockfrom the spillwaywill be used in the construction of reclaimed channel RD-1c.

During reclamation the berm materials of the diversion ditches around the refuse pile will be pushed

into the ditch and a free draining slope will be constructed to allow runoff from the pile site to enter

the natural drainages. Once the sediment pond and ditch areas are adequately graded, the soil

materials will be redistributed and revegetated in accordance wlth Chapters 2 and 3.

542.300 Final Surface Gonfiguration Maps and Gross Sections

Final surface configuration maps and cross sections for the Dugout Canyon refuse pile site are

provided on RA Plates 5-2 and 5-2A. The topography illustrated on RA Plate 5-2 shows the

proposed pile configuration and the proposed final configuration of the ground surface. RA Plate 5-

2'A presents final configuration cross-sections of the refuse pile site.

542.400 Removal of Temporary Structures

No surface structures are planned to be associated with the refuse pile operation.
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542.500 Removal of Sedimentation Pond

Refer to Section 542.200 of this amendment.

542.600 Roads

Alf temporary access roads constructed during refuse pile construction activities will be reclaimed

when no longer needed for access to the site. Any surfacing material will be removed, the area will

be regraded, ripped, and the final reclamation seed mix will be applied as specified in Chapter 3.

542.700 Final Abandonment of Mine Openings and Disposal Areas

No mine openings or disposal areas will exist in this area.

542.800 Estimated Cost of Reclamation

Refer to the existing M&RP. lt is anticipated that the cost of reclamation of the refuse pile is
adequately covered within the existing Dugout Canyon Mine reclamation bond.

550 REGLAMATION DESIGN CRITERIA AND PLANS

551 Gasing and Sealing of Underground Openings

No underground openings will exist in the area.

552 Permanent Features

552.100 Small Depressions

No small depressions will be created as part of the refuse pile construction and reclamation.

Additionally, the original topographic divide that existed on the site pre-disturbance will be enhanced

as part of the refuse pile construction plan.

5-22



Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
October 2006

552.200 Permanent lmpoundments

No permanent impoundments will be left following reclamation.

553 Backfilling and Grading

553.100 Disturbed Area Backfilling and Grading

Approximate Original Contour. As indicated earlier, the site of the refuse pile is a previously

disturbed site. The proposed configuration of the site willcomplywith the post-mining land use and

blend into the surrounding area.

Based on the proposed plan, a portion of the existing ground surface will Oe raised by the

construction of the refuse pile. Prior to placing refuse, the soils present on the site will be stripped

and temporarily stored on site. At final reclamation, the stored soil will be redistributed and

revegetated as described in Chapters 2 and 3 of this submittal.

The reclaimed slopes of the refuse pile will have a similar shape to the slopes in the surrounding

area, including concave slopes and slope breaks. The top of the reclaimed pile will be regraded to

have an irregular plateau surface that drains towards all pile outslopes instead of draining only

towards one side of the pile (refer to RA Plates 5-2 and 5-2A).

Erosion and Water Pollution. Sediment-control measures will be implemented during and

following reclamation activities.

Prior to seeding, all areas with a slope steepness of 3H:1V or steeperwill be roughened using a

trackhoe. The final surface will consist of mounds and depressions capable of holding runoff. Refer

to Sections 355 and 341 regarding erosion-control and revegetation.

During these activities temporary sediment controls will consist of installation of siltfences, berms,

and/or straw bales, surface roughening, and re-establishment of the vegetative coverforthe limited

areas. As vegetation becomes established on the reclaimed surfaces, erosion potentials will be
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further minimized. By minimizing erosion, water pollution will also be precluded.

Post-Mining Land Use. The disturbed area will be reclaimed in a manner that supports the

approved post-mining land use.

553.200 Spoil and Waste

Spoil. No spoil will be generated within the permit area.

Goal Processing Waste. No coal processing waste will be generated within the permit area.

However, should coal from the CFC mines be processed at a washing facility, there is potential for

the processing waste to be'returned to the refuse pile site for disposal.

553.250 Refuse Piles

The refuse pile site is a previously disturbed area. The site is to be located in a played out gravel

pit. Therefore, little soil materials remain available on the site. The refuse pile surface will be
prepared and the soilwill be distributed and revegetated in accordance with the plans proposed in

Chapters 2 and 3.

553'300 
fflE;,lf"""1r::iililili* 

and roxic'Formins Materiars'

No coal seams are present in the area.

553.400 Gut-and-Fill Terraces

No cut-and-fill terraces will be built at the site.

553.500 Highwalls From Previously Mined Areas

No highwalls exist or will be built at the refuse pile site.
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553.600 Previously Mined Areas

The area has not been previously mined.

553.700 Backfilling and Grading - Thin Overburden

Backfilling and grading will occurduring reclamation, as described in Sections 5U.100 and 542.600.

553.800 Backfilling and Grading - Thick Overburden

Backfilling and grading will occurduring reclamation, as described in Sections 534.1 00 and 542.600.

553.900 Regrading of Settled and Revegetated Fills

No settled or revegetated fills currently or will exist at the storage site.

560 PERFORMANGE STANDARDS

Coal mining and reclamation operations at the Dugout Canyon Mine will be conducted in

accordance with the approved permit and the requirements of R645-301-510 through R645-301-

553.

5-25



x

t!!!!tDfi

z.
o
tr
()
trJ
a
I

a
a
o
E
C)

o
o
E

:11
o_
t--

N
I

ro
lrJ
E.
f
(9
f,

E.

o

o
E
o
UJ

o_
o
]rJ
z.
=
o
E.()

i
o,
:

ro

N

lr)
N

ot;
c.i
I

t )()

El
-i

u)

@
o

f



x

lllilfi
z.
o
tr
O
td
a
I

n
a
o
E.
()

o
o
E.
(n
a
hJ
O
O

:18
F

J

c)
o-
F

t"t
I|r)

IJ
E.
f
(9
tr

E.

lt!N H
co 11/

z. l)

UJ
J

o-
IJ
a
f
b-
lrJ
E

,{l
rf)

:

N

|r)
N

3
1
m

I

tr)

I"
- . o

l,.

5
o

l



Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
February 2005

RA ATTACHMENT 5.2

REFUSE PILE SLOPE STABILITY EVALUATION



November 10, 1 999

Mr. Chris Hansen
Canyon Fuel Company, LLC
Drigout Canyon Mine
HC35 Box 380
Helper, Utah 84526

Subject: Results of a foundation investigation for the proposed
waste-rock pile at the Dugout Canyon Mine

Dear Chris:

==,:- -
t ^ G -7n !
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EarthFax
EcrrthFcrr

Engineering Inc
Engineers.'Scientists
7324fu.UnionPcrk Ave.

Suite 100
Midvole, Utqh 84047

Telephone 80 I-561- 1555
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The purpose of this letter is to present the results of a foundation investigation for the
proposed waste-rock pile at the Dugout Canyon Mine near Wellington, Utah. ine proposed
waste-rock pile is located about 4.5 miles southwest of the mine. The project was conducted
in general accordance with the proposal from EarthFax dated September g, l ggg excepr as
noted below:
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shale samples, rather than the three that were proposed.
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of the native soils.

3. Nine test pits were instatled to investigate the different soil types, rather than
the proposed six test pits.

4 
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presented in this report, but slope stability analyses were not conducted for the
sedimentation pond ernbankment.

SOILS INFORMATION

The site was originally investigated by RB&G Engineering, Inc. (199g; provo, Utah) as
a potential borrow source for granular fill used at the Dugout Canyon Mine. The results of that
investigation indicated that the soits consisted of interbedded layers of gravel and clay
overlying Mancos Shale. Following removal and stockpil ing of the topsoil, the soils were
excavated, crushed, screened, and transported to the Dugout Canyon Mine. The excavation
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typically continued unti l  Mancos Shale was encountered. A,s a result, the remaining soil
consisted primarily of rernnants of granutar alluvium and weathered Manco Shale.

Nine shallow test pits identified as DCW-1 through DCW-9 were excavated using a
rubber tire backhoe within the footprint of the proposed waste-rock pile. One test pit was
excavated near the proposed location of a Sedimentation pond embankment for the waste-
rock pile. The locations of the test pits are presented in Figure 1 (attached). The test pits
were logged by a geotechnical engineer from EarthFax and by a soil scientist from ElS, lnc.
(Salt Lake City, Utah). EarthFax's test pit logs are attached. Nuclear density/moisture tests
were conducted on the surface soils at most of the test pits to provide remolding criteria for
samples subrnitted for direct shear tests. Select samples were submitted to Applied
Geotechnical Engineering Consultants, Inc. (Sandy, Utah) for geotechnical laboratory analyses.

According to the test pit logs, a thin layer (2 to 2.2 feet thick) of weathered Mancos
Shale over Mancos Shale bedrock was encountered at Test Pits DCW-3 and DCW-9.
Remnants (2.7 to 9 feet thick) of gravelly sand alluvium were encountered at Test pits DCW-
1, DCW-2, DCW-4, DCW-5. Mancos Shale was encountered below the alluvial soil at Test
Pits DCW-1 and DCW-4. Test Pit DCW-6 contained tayers of silty sand and sandy silt to a
depth of 6 feet overlying alluvium to a depth of 7.5 feet. At Test pit DCW-7, some coal,
sandstone gravel, and soil extended to a depth of 0.7 feet, silty sand alluvium extended to a
depth of 6 feet, and gravelly sand alluvium elctended to a depth of about 7 feet. Stockpiled
topsoil was encountered to a depth of 5 feet at Test Pit DCW-8, under which a gravely sand
alluvium e)dended to a depth of 6.5 feet. At the location of the proposed sedimentation pond
embankment (Test pit Dcw-1o), the subsurface soils consisted of a silty sand topsoil to a
depth of 1.1 feet over a gravelly sand layer to a depth of g.s feet.

Results of the laboratory analyses are attached and are summarized in Table 1 . Direct
shear tests were conducted on sarnples that were remolded to the same dry density and
moisture contents that were recorded in the field from the nuclear density/rnoisture tests.
From Table  1 :

o Weathered Mancos Shale (Test pits DCW-3 and DCW-9): The material
contained 0 to 49o/o gravel ,  15 to 160/0 sand,25 to 610/o si t t ,  and 1O to 24o/o
clay. According to the Atterberg Limits data, the liquid limit was 26 to 33, the
pf ast ic l imit  was 17 to 18, and the plast ic index was 9 to 15. The angle of
internal friction ranged between 33 and 37 degrees, and the cohesion intercept
values ranged between 132o and 1360 pounds per square foot (,,psf',). The
direct shear tests were conducted under consolidated, undrained, unsaturated
(rnoist) conditions. ?l

' Gravelly Sand Alluvium (Test Pit DCW-I): The material contained 52olo grovel,
30o/o sand, and 18% silt. The angle of internal friction was 43 degrees and the
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soil was noncohesive from direct shear tests conducted under consolidated,
undrained, unsaturated (moist) conditions.

Sandy Silt ffest Pit DCW-6): The material contained 5g% silt and 41o/o sand.
The angle of internal friction was 45 degrees. and the soil was noncohesive
from direct shear tests conducted under consolidated, undrained, unsaturated
{moist) conditions.

Sedimentation Pond'Embankment Subgrade (Test Pit DCW-IO): The material
contained 34% gravel, 34o/o sand, and 32% silt. The angle of internal friction
was 43 degrees and the cohesion intercept value was 210 psf from direct
shear tests conducted under consolidated, undrained, unsaturated (moist)
conditions.

WASTE-ROCK

The waste-rock to be placed at the site witl originate as roof-fall and other rock
materials being cleaned from the Dugout Canyon Mine. Similar waste-rock had been tested
f or a slope stability analysis of a temporary waste-rock pile at the Dugout Canyon Mine. The
results of this analysis were presented in a letter dated July 27 , 1 9gB from EarthFax
Engineering to Canyon Fuel Company. As part of that investigation, gradation, Atterberg
Limits, Standard Proctor compaction, and direct shear tests were conducted on the waste-
rock. Resultsof these analyses are attached {data sheets dated July 15,'1ggg}. According
to these analyses, the waste-rock is coarse-grained, with about 95o/o retained bn the No. 200
sieve {i.e. ' sand fraction or larger), and about 82o/o retained on the No. 4 sieve (i.e., gravel
fraction). The material has further been classified as poorty-graded, with a Unified Soil
Classif ication of GP-GM. The sample had an angle of internat fr iction of 3b degrees and a
cohesion strength of 490 pounds per square foot. These strength parameters wilt be used for
the slope stability analysis of the proposed waste-rock pile.

ASSUMPTIONS

The following assumptions were made for the slope stabil i ty analyses:

1 . The waste-rock wil l  be placed to a maximum thickness of 60 feet with a
rnaximum outslope of 2 horizontal to 1 vertical (27 degrees).

2. As a worst-case condition, the native soil is vertically continuous and the failure
surfaces do not intersect the Mancos Shale bedrock. This assumption was
included because the Mancos Shale bedrock surface is variable.

3. The soil property parameters used for the analyses are representative of the
native soils throughout the site. ln the interest of conservatism, the weakest
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soils from the direct shear
fol lows (see Table 1):

Angle of Internal Friction

Cohesive Strength (psf)

tests were used for the analyses, which were as

Granular Weathered
Soil Mancos

Shale

(degrees) 43 33

o 1360

4. The soils do not become saturated, and there is no phreatic surface. The soils
drain rapidly, and excess pore pressures do not develop in response to strains
and stress changes.

5. The results of direct shear tests on the waste-rock presented in the letter dated
Juf y 27 , 1998 from EarthFax Engineering to Canyon Fuet Company are
representative of the proposed waste-rock pile. Therefore, the angle of internal
friction is 35 degrees and the cohesive strength is 490 pounds per square foot.

RESULTS

Slope stability analyses were perforrned using the computer program GEOSLOPE
(Version 5.0). GEOSLOPE utilizes the limit equilibriurn procedure of slices (simplified Bishop's
method) to determine the safety factor of potential failure surfaces for circular shapes.

Prior to conducting the analyses, the topography of the native slope in Figure 1 was
studied to deterrnine the most critical slopes. The steepest native slopes occur along the
southern end of the west edge of the property, where sections of the slope are about 30 to
40 degrees, although the slope lengths are relatively short. The longest native slopes occur
along the' eastern edge- of the property, but the slope angles in this area are only 1 S to 20
degrees. lntermediate slope angles and lengths are present in the vicinity of Test Pit DCW-10.
Sections frorn all three of these areas were analyzed, and the results indicated that the most
critical slopes occurred along the southern end of the west edge of the property. Therefore,
the analysis cross-section for this project is presented as Section A-A' in Figure 1.

Using the assumptions presented above, results of the slope stability analyses are
,attached and are summarized in Table 2 (attached). The results of the stability analyses
include the data files, the output files, and the cross-sections that show the trial failure
surfaces and the ten crit ical failure surfaces. Table 2 includes a description of the analysis
slope, the number of tr ial fai lure surfaces, and the safety factor against sl iding. From Table
2, the crit ical safety factor was 1.59 for failure surfaces originating at the toe of the native
slope (alluvial soil) and terminating in the waste-rock pile. When soil strength parameters for
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weathered Mancos Shale were used for the native soils, the safety factor increased to 2.38.
The critical safety factor was 2.27 for failure surfaces originating and terminating in the
waste-rock pile. These values satisfy the minimum regulatory requirement of 1 .5 promulgated
by the Utah Divis ion of  Oi l ,  Gas, and Mining (n6+b-301-536.110).  Because the ef fects of
bedrock were not included in the analyses, the results are considered to be conservative.

We have appreciated the opportunity to provide this information. lf you have any
questions, please call.

Sincerely,

?rn.-Tgla-o,Fu
Rhett Brooks, P.E.
EarthFax Engineering, Inc.

Richard White, EarthFax
Tom Suchoski, EarthFax

1\dov,/o, /fr?
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TABLE 1

SUMMARY OF LABORATORY TEST RESULTS

Alluvium. Sample for direct shear test remolded to a dry density of 1 15 pcf at a moisture
content of 60A, which were the results of a nuclear density/moisture test conducted on the
ground surface near the test pit. Direct shear test conducted under. consotidated-undrained
(CUl unsaturated conditions with verticat effective pressures of l ZOO;,3600, and 6000 psf.
Weathered Mancos Shale. Direct shear test samples remolded to a dry density of 1 13 pcf at
a moisture content of 6%, which were the results of a nuclear tests conducted on the ground
surface near the test pit. Direct shear test conducted under consolidated-undrained lCUl
unsaturated conditions with vertical effective pressures of 12O0, 3600, and 6000 psf .
Silty sand. Sample for direct shear test remolded to a dry density of 112 pct at a moisture
content of 9o/o, which were the results of a nuclear density/moisture test conducted on the
ground surface near the test pit. Direct shear test conducted under consolidated-undrained
(CUl unsaturated conditions with vertical effective pressures of 1200,3600, and 6000 psf.
Weathered Mancos Shale. Direct shear test samples remolded to a dry density of g8 pcf at a
moisture content of 6%, which were the results of a nuclear test conducted on the ground
surface near the test pit. Direct shear test conducted under consolidated-undrained (CU)
unsaturated conditions with vertical effective pressures of 12O0,3600, and 6000 psf.
Silty Sand at proposed location of a sedimentation pond embankment. Direct shear test
samples remolded to a dry density of 100 pcf at a moisture content of 806, which were the
results of a nuclear test conducted on the ground surface near the test pit. Direct shear test
conducted under consolidated-undrained {CU) unsaturated conditions with venical effective
pressures of 500, 1500, and 2500 psf.

Test Pit
and

Depth
(Ft.)

Gradation {%} Atterberg Limits
Direct Shear Test

Values

Gravel Sand Silt Clay Liquid
Limit

Plastic
Index

Plastic
Limit

Cohesive
Strength

{psf}

Angle of
Internal
Friction

{degrees}

DCW-1
o-3.21.1

52 30 1 8 0 43

DCW-3
o_2.ztbt

49 1 6 25 10 33 1 5 1 8 1 320 37

DCW.6
2.5-61"1

0 4 1 59 0 45

DCW-9
0-1 .2rd)

0 15 6 1 24 26 I 1 7 1 360 33

DCW-I0
1 .1-9 .5r " )

34 34 32 210 43
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TABLE 2

RESULTS OF SLOPE STABILITY ANALYSES

Slope Number of Trial
Failure Surfaces

Safety Factor

Native Soil (Alluvium) and
waste-Rock Pile

6200 1 .59

Native Soil (Mancos Shale)
and Waste-Rock Pile

6200 2.38

Waste-Rock Pile 6000 2.27
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TEST PIT DCW-1

Depth (f t . l

o-3.2

3.2  -  4 .6

(Excavated and logged on September 1 G, 1999)

Deseription

Sandy Gravef w/ Silt and Cobbles. Alluvium. About 42o/o gravel, 3Oo/o sand,
1Oo/o cobbles, and l8% silt. Sand is trJpically f ine to coarse grained. Cobbles
are up to 7 inches in diameter, subround. Gravel is subround to subangular.
Moist. No cernentat:on or cohesion. Good foundation rnaterial or fill rnaterial.
From a 12-inch nuclear density/moisture test: moisture content = 5.7o/o, dry
density = 115.5 pounds per cubic foot, wet density = 122.1 pounds per cubic
foot. Brown l OYR 413. GM.

Mancos Shale Bedrock. Fractured. Gray. Hard to dig.



Depth (ft.)

a  - 7 .7

TEST PIT DCW-z
(Excavated and logged on September 1G, l ggg)

Description

Gravellv Sand w/ Silt. Cobbles, and Boulders. Alluvium. About 45o/o sand,
25a/o gravel, 15o/o cobbles/boulders, and 15% silt. Sand is typically f ine to
coarse grained. Gravel is subround to subangular. Moist. No cementation or
cohesion. Good foundation rnaterial or f i l l  material. From a 8-inch nuclear
densityimoisture test: moisture content = 7.Bo/o, dry density = 1 1s.o pounds
per cubic foot, wet density = 124.0 pounds per cubic foot. Brown 1OYR 4lg.
Boulders at bottorn impeded digging deeper. SM.



Depth (ft.)

o-2.2

2.2  -  3 .2

TEST PIT DCW-3
(Excavated and rogged on september 16, l ggg)

Deseription

Weathered Mancos Shale. 49o/o gravel (fractured Mancos Shale) , 160/o sand,
25o/o silt, and 1Oo/o clay. Loose in top 3 inches, firmer and less weathered with
depth. From a 12-inch nuclear density/moisture 'test: 

moisture content =
5.6%, dry densi ty = 112.6 pounds per cubic foot,  wet densi ty = 11g.g
pounds per cubic foot.

Mancos Shale Bedrock. Fractured and slightly weathered. Gray. Hard to dig.



Depth (ft.)

o-2.7

2,7  -  3 .2

TEST PIT DCW4
(Excavated and logged on September T 6, ,! ggg)

Description

Gravelly Sand w/ Silt. Alluvium. About 55% sand, 2Oo/o gravel , 1Ao/o cobbles,
and 15% silt. Sand is typically f ine to coarse grained. Cobbles are up to 7
inches in diameter, subround. Gravel is subround to subangular. Moist. No
cementation or cohesion. Good foundation material or fill material. From a 12-
inch nuclear density/moisture test: moisture content = 

'8.7 
o/o, dry density =

115.5 pounds per cubie foot, wet density = 122.1 pounds per cubic foot.
Brown l OYR 4/3. SM.

Maneos shale Bedrock. Fractured. Gray. Hard to dig.



Depth (ft.l

0-9

TEST PIT DCW-5
(Excavated and logged on September 16, l ggg)

Descriotion

GravellY Sand w/ Silt. Alluvium. About 55% sand, 2}o/o gravel, 10% cobbles,
and 15% silt. Sand is typically f ine to coarse grained. Cobbles are up to 7
inches in diameter, subround. Gravel is subround to subangular. Moist. No
cementation or cohesion. Good foundation rnaterial or fitt material. From a 12-
inch nuclear density/moisture test: moisture content = 5.7o/o, dry density =
1 15.5 pounds per cubic foot, wet density = 122.1 pounds per cubic foot.
Brown 1OYR 413. SM.



Depth {f t .)

0 - 1 . 5

1 .5  -  2 .5

2 .5 -6

6 -7 .5

TEST PIT DCW-6
(Excavated and logged on September 16, l ggg)

Descriotion

Siltv Sand. About 60% sand and 40% silt. Sand is very f ine to f ine grained.
Nonplastic. Numerous large roots from pine trees. Frorn a 12-inch nuclear
density/moisture test: moisture content = B.8o/o, dry density = 102.9 pounds
per cubic foot, wet density = 1 1 1.9 pounds per cubic foot. Yellowish brown
1oYR 5t4. SM.

Sandy Silt. About 650/o silt and 35% sitt. Sand is very f ine grained. Low
plasticity, somewhat cohesive. Dry and hard. Very friable. ML.

Sandy Silt. A,bout 59% silt and 41% sand. Sand is very f ine grained.
Nonplastic. Probably a blow sand layer. Light yellowish brown 2.5Y 6/3. ML.

Gravelly Sand w/ Silt. Alluviurn. About 55a/o sand, ZOYo gravel, 1Oo/o
cobbles/boulders, and 15% silt. Sand is typically fine to coarse grained. Gravel
is subround to subangular. Moist. No cementation or cohesion. Brown l OYR
4t3.  SM.



Depth (ft.)

o-o.7

0 .7 -6

6 -7

TEST PIT DCW-7
(Excavated and rogged on september 16, lggg)

Descriotion

Mix of Rubbish. Mix of coal, sandstone, and dark brown soil (sitt through
cobbles).  SM.

silty sand w/ Gravel. Alluvium. About 7oo/o sand, 1oo/o gravel/cobbles, 2a%
silt. Sand is typically fine to coarse grained. Gravel is subround to subangular.
Moist. No cementation or cohesion. Brown loyR 4ls. sM.

Gravelly sand w/ silt. Alluviurn. About 55% sand, 2ao/o gravel, 1oo/o cobbles,
and 1 5 % silt. Sand is typically fine to coarse grained. 6rar"i is subiound to
subangular' Moist. No cementation or cohesion. Brown l oyR 4/g. sM.



o TEST PIT DCW-8
Topsoil Stockpile

(Excavated and logged on September I G, l ggg)

Descriotion

Topsoil Stockpile. Topsoil that had been stripped from the site and piled in this
area. Primarily silty sand with gravel and organic matter.

Gravelly Sand w/ Silt. Alluvium. About 55o/o sand, 2Oo/o gravel, 10% cobbles,
and 15% silt. Sand is typically f ine to coarse grained. Gravel is subround to
subangular. Moist. No cementation or cohesion. Brown 1 OYR 4lg. SM.

Depth (ft.)

0 -5

F A F

D - b . c



Depth (ft.)

0 - .2

2-2 .5

TEST PIT DCW-g
(Excavated and logged on September'16, .!ggg)

Descriotion

Weathered Mancos Shale. 61o/o silt,24oA clay, and 1b% sand. Loose in top
14 inches, f irmer and less weathered with depth. From a 1 2-inch nuclear
density/moisture test: rnoisture content = s.z%, dry density = gg.3 pounds
per cubic foot, wet density = 103.8 pounds per cubic foot. CL.

Manpos Shale Bpdrock. Fractured and slightly weathered. Gray. Hard to dig.



Depth (ft. )

o -  1 .1

1 .1  -  8 .5

TEST PIT DCW-IO
' Near Proposed Sedimentation pond Embankment

(Excavated and logged on September 16, 1 gggl

Descrintion

SiltV Sand Tqpsoil. About 75o/o sand and 25% silt. Sand is very f ine to f ine
grained. Nonplastic. Numerous fine roots. From a 12-inch nuclear
density/moisture test: moisture content = g.zo/o, dry density = 9b.9 pounds
per cubic foot, wet density = 103.7 pounds per cubic foot. Brown lOyR 4lg.
SM.

Gravelly Sand w/ Silt. Alluvium. About ?4o/o sand, 34o/o gravel/cobbles, and
32o/o silt. Sand is typicatly fine to coarse grained. Gravet is subround to
subangular. Moist. No cementation or cohesion. Brown l OyR 4lg. SM.
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Ju l y  15 ,  1998

Earthfax Engineering
7324 South 13O0 East,  Sui te 1OO
Midvale, UT 84047

Attention:

Subj'ect:

Gent lernen:

Hichard B. White

Soiis Laboratory Testing
AGEC Project  No.  973301
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Applied Geotechnical Engineering consultants, Inc. was reguested to provide laboratory test ing
on a sample received July  2,  1998.  The fo l lowing tests  have been per formed in  genera l
accordance with the test method l isted,

Par t ic le  Size Analys is

Atterberg Limiti

Di rect  Shear

The resul ts  of  the laboratory test ing are shown graphical ly  in  F igures 1-?.  The d i rect  sheartest 'specimens were remolded to approx imate ly  goo/o of  the standard proctor  maximum drydensity near optimum moisture content. Only material passing the #4 sieve was used in directshear  tes t ing

l f  you have any quest ions,  or  i f  we can be of  fur ther  serv ice,  p lease cal l .

S incere ly ,

APPLIED GEOTECHNICAL ENGINEERING CONSULTA.NTS,  INC.
r > . 4

^W%Stephah ie  F rancom
R e v .  S D A ,  E . l . T .

A.STM D-422

ASTM D-431 B

A.STM D-3080

600 west sandy Parkway " sandy, uiah 84070. (801) 566-639g. FAX (g01 )566-6493
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Normal Stress, ksf

1.75

1.50

0.10 0.20 0.30

Horizontal Displacement, in.

l'est No. (Symbol) 1(tr) 2(r) 3(O)

Sample Type Remolded

-ength, in. u.  /c h t E fJ.75

)iameter, in. 1.93 l . l t ! ) 1 .93

Dry Denslty, ocf 112 112 112

vtoisture Content. % o

lonsolidation Load, kef c.5 1 . 0 ) i

lormalLoad. ltsf 0.5 1 l r 2.0
Shear Stress. ksf 0.80 1.24 1.87

lemarks Sirain Rate 0.05 in/min

Only soil passing the #4 sieve was used

in test.

Sample I ndo* Properties

Dry Denslty, psf N/A

Vloisiure Content. o/o N/A

Liquid Limit, % 30

Plasticity Index, % 6

Percent Gravel 82
Percent Sand 1 3

Percent Passing No,200 Sieve I

Figure 2

*  125
,t)

ni
U'
9'

s? 1.00
(!
o
E
U)

0.7s

0.25

0.00

0.00

Type of Test
Sample Description

Project No. 973301

Consolid ated Undrained/Saturated
Ppqfly Graded Gravel with Sitt fGP-cM) From DCM-1

DIRECT SHEAR TEST R.ESULTS
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October  19 ,  1999

Earthfax Engineering
7324 South 13O0 East,  Sui te 100
Midvale, UT 84047

Attention:

Subject:

Gentlemen:

Applied Geotechnical Engineering Consultants, lnc. was requested to provide laboratorytesting
on five bucket samples delivered to our laboratory September 17,1999. The following tests
were performed in general accordance with the test methods listed

Test Test Method-

'Rhett Brooks

Soil Testing for Waste Rock Pile Foundation lnvestigation
Dugout Canyon, Utah
AGEC Project No. 1990648

Particle Size Analysis

Atterberg Limits

Direct Shear

ASTM D 422

ASTM D 431 8

A.STM D 3O8O

The results of the laboratory testing are summarized in Table I and shown graphically in Figures
1 through 8.

lf you have any questions, or if we can be of further service, please call.

Sincerely,

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

Stephanie Merkley

Reviewed by SDA.,  E. l .T.

600 West Sandy Parkway n Sandy, Utah 84070 " (801) 566-6399 . FAX (801) 566-6499
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TITLE
DUGOUT CANYON MINE
PROPOSED WA.STE-ROCK PILE
SECTION A-A" ALLUVIAL SOIL, NATIVE SLOPE
PROFIL
43
o043302
43 30  163 90  1
16390180901
43 30  180 30  2
SOIL
2
122 122 490 35 0 0 0
122122043000
crRcL2
31 200 0 30 50 180 0 5 25 -35
END

I
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' t l T * * 1 9 l t l T L l { ' * l T * * * * * * * * * * * l t l t * * * l } * * l r * t + * * * * * t t , t f * * * * * * l f * t f * l t f i N F n t a * N 6 f F * * * t $ i f * f r n *

GeoSlope
Version S.00

(c)1992 bV GEOCOMP Corp,  Concord,  MAi t * f r * *  L i censed toEar thFaxEng inee r ing  *n * * *
* * N f * * * * l f * * * * * * l f * l f * * * * * * t + * * * * * l r t T * * * a r t f * i F * t l * * i $ * * * * * * * * * l t N t * * t f t f * * * t f * * * t i *

* * * * t F

* * * * *
* r i * * *

I r + t 6 * *

Problem Title:
Description:
Remarks:

DUGOUT CANYON MINE
PROPOSED WASTE-ROCK PILE
SECTION A-A" ALLUVIAL SOIL, NATTVE SLOPE

l F t t f l r l l $ L * f f * 1 9 * t l f F * * l t l t * l i * l ' * * l f l [ * * * * t t * * t i * t F * * * * * * * * * * * t t * * t t * * * t * * f t * t t * * * * t ( . * * r * *

* * f F l 0 f f INPUT DATA, * * * * *
t t l T * l t l t * l t t t l F l t * t t t 3 * l t * * * l t * * * * l t * * l t * * * f i * t i * * * * * t a * * t t * * * l + * * * t t * * * * l f * * t 9 * * * * * * * t F *

Profile Boundaries

Number of Boundaries: 4
Number of Top Boundaries: 3

Soil Parameters

Number of Soil Types : 2

Soil Total Saturated
Type Unit Wt. Unit Wt.
No. (pcf) (pcf )

1 122.0 122.0
2 1?,2.0 12.2.0

Boundary
No.

1
2
3
4

X-Left
(ft)

0 .00
43.O0

1 63.00
43.O0

Y-Left
(ft)

0.oo
30.00
90.o0
30.o0

Cohesion
lntercept

tpsf)

490 .0
0 .0

X-Right
ttt)

43.00
163 .O0
180 .O0
180 .O0

Friction
A,ngle
(deg)

35 .O
43.0

Y-Right
(ft)

30.o0
90.o0
90.o0
30.o0

Pore
Pressure
Param.

0.00
0.00

Soil Type
Below Bnd

2

1
1
2

Pressure Piez.
Constant Surface

lpsf)  No.

0 .0  0
o.0 0



* * * l + t l t t a * l F * * * * l T * l t l t t l l t * * t 9 l t l t f . l * f $ * * * * t t * * * * * * * * t T * t + t g * * * * * f F * * t t * t t { f t t t t t + * * * t F * * t t l i *

* t l * * t t TRIAL SURFACE GENERA.TION a * * t i * *

* * * l + l * l F l s * * l t * * * * l F a i i a l t l t * r f * * a F , l F * * . * * * * * t g * a 0 t i * * * * i + * * * * * t T l + r F * * l r * * * * t * f t t t t t * * * * * * l r

Data for Generating Circular Surfaces

Number of lnitiation Points:
Number of Surfaces From Each Point:
Left Initiation Point:
Righr lnitiation Point:
Left Termination Point:
Right Terrnination Point:
Minimurn Elevation:
Segment Length:
Positive Angle Limit:
Negative Angle Limit:

31
200
0.00 ft
30.00 ft
50.00 fr
18O.OO f t
0.o0 ft
5.OO ft
25.00 deg
-35.00 deg

t t N F * * * * * * l t * * i * l F a t r & r f r ( . * * * l t * l t l f r F , * n * + * * t f * * * * * * t € a r * i 9 a + * * * * * n * * * * * * * * * * l f t t r F * * t f * *

* * * t i * RESULTS * * N + * t r

l i f t l t * * l F N t l t a l * l i . l f * t F l t l F l l * l { ' * * * * l F * l T * l T l + * * * * t ( * a f * * * * t ( t F t + * * * , t * * * * l t l r l t * t t t t * * l + * * * * f t * *

Critical Surfaces

I Safety
No. Factor

1  1  . 591
2  1 .593
3  1  . 612
4  1  . 613
5  1  . 619
6  1 .622
7  1 .628
I  1 .630
I  1 .633

1  0  1 .633

Center Center Circle
X Y Radius
(ft) (ft) (ft)

-26.84
-1  6 ,84
-1  8 .05
-10 .85
-14 .55
-12 .1  1
-1  4 .19
-14 .40

-8 ,69
-24.87

95 .1  1  98 .83
79 .65  I  1  . 41
83 .1  6  85 .1  0
7 4.OO 73.23
77 .91  79 .26
76 .75  76 .17
8  1  .99  80 .8  2
82.43 81 .29
68  .06  68 .61
90.73 92.21
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TITLE.
DUGOUT CANYON MINE
PROPOSED WASTE-ROCK PILE
SECTION A-A" MA,NCOS SOIL, NA.TIVE SLOPE
PROFIL
43
0043302
43 30  163  90  1
163  90  180  90  1
4330180302
SOtL
2
122 122 490 35 0 0 0
122122136033000
crRcL2
31 200 0  30  50  180 0  5  25  -35
END



L * * * l f * * * * * r F * l f * { + * i l t * * i t * l { ' * * 1 9 * * l t t } t T * * * r F t t * * t 9 t a * a $ * t t t a * * * t T * t t t F t F t t l t * t f * * * * * { t * * * * *

fF lf if fF l*

* l t t t l t *

l F * * * t t

GeoSlope
Version 5.00

DL'GOUT CANYON MINE
PROPOSED WASTE.ROCK PILE
SECTION A-A" MANCOS SOIL, NATIVE SLOPE

t F t i * * l f

{ t l f * # a f

* * i + * ** f t t t *n  ( c )19g2bv  GEocoMp co rp ,  conco rd ,  MA * * * r r *rT it r+ it fT Licensed to EarthFax Engineering * * ,fT * *
* l t * l t l c * t * * * i f * * * l + l * * * l 0 * * t t * * t + t t * * * # * * * * * * * * * * * * * r T r t * * * * t 6 * l * * * * * * * r f * * * i F * r f * n . r +

Problem Title :
Description :
Remarks :

* * l F * * l f * f F l F * t F * * * * * * l f * a 1 8 * f t * * * * * * N + * * * t t * * * * * * * t t * t ? * * * * * * t f 1 3 * * l t t t * * * * * r F * * * t 6 * r *

* * * * *
INPUT DATA * * * * *

* l t * * * * * l t l t * l t * * * * * * 1 9 l g * t i l t * * * * l t * l f * * * * * * * * n * r f * t t * * * t t t F t F * * i F * * r t * * * * r f n * r i * * t f t F n

Profile Boundaries

Number of Boundaries: 4
Number of Top Boundaries: 3

1
2
3
4

Soil Parameters

Number of Soil

Soil Total
Type Unit Wt.
No. (pcf)

1  122.0
2  122 .0

X-Left y-Left X-Righr
(ft) (fr) (ft)

o.00 0.00 43.00
43.00 30.00 163.00

163.00  90 .00  18o.OO
43.00 30.00 18o.OO

Y-Right Soit Type
(ft) Below Bnd

30,00 2
90.00 1
90.00 1
30.00 2

Boundary
No.

Types: 2

saturated
Unit Wr.

(pcf )

122.O
1ZZ.O

Cohesion Friction pore
lntercept Angle pressure

(psf ) (deg) param.

490 .0  3  5 .0  O .OO
1360.0  33.0  o .oo

Pressure
Constant

(psf)

0.o
0.0

Piez.
Surface

No .

0
0

o



* * * l + * l f l s l l ' l i * * 1 9 * N T * * * * * * l + t i * i t * r i . l f * * * l t * * * * * * t F * t a * t F l + t + l r t T * * . * * * * t 6 * * * a i t + * * * t * t $ * * * *

ti * tt .tf tF TRIAL SURFACE GENERATION * * t i r f t t

I t l f * * l f * * t t * t t * l t * * * * * l f * * * * * * l t * l t * * * f ( . * * * t F * * . * * t i * * * * t f * * a t t t t t * t t * t t * N f * n t i * * * l f * t t * *

Data for Generating Circular Surfaces

Number of lnitiation Points:
Number of Surfaces From Each Point:
Left lnitiation Point:
Right lnitiation Point:
Left Termination Point:
Right Termination Point:
Minimurn Elevation:
Segment Length:
Positive Angle Limit:
Negative Angle Limit:

31
200
0.00 ft
30.00 ft
50.00 ft
180.OO ft
0.00 ft
5.00 ft
25.00 deg
-35.O0 deg

I t l f * l + l F l t * l f l f * * 1 9 * * * * * * * * l F i t l T l r * * t t * * t i . t + t t * * l t * t f * * * * , * t t * . t + l r * * t t * * t F * * * * t t * * t + * t f t ? * * * *

I t t t l F * l t RESULTS * * t t a + t r

t t * t t a l t + r F * * * * * * N t * t l * * t * t t * r e * * r + * * * * t t r 0 * t f * * r t t t * * t r . r i * * r + r t i r * * n r + * * r r * * * * n l ( * r F r F * n r r 1 6 l r *

Critical Surfaces

No.

1
2
3
4
b
o
7
I
I

10

Safety Center
Factor X

(ft)

2.387
2.388
2.389
2 .391
2.392
2.39 3
2 .39  3
2 .39  5
2 .39  5
2.39 5

Center Circle
Y Radius
(ft) (ft)

-4.27 233.50
-6.73 238.39
-5.26 232,61
-8.87 241 .A3
-0.33 21 6.7 0
-0.1 3 227 .OO
-2 .03  219 .90
3.1  8  216.25

11 .14  203.34
2.O4 209.21

233.54
238.49
232.67
241  .19
216.70
226.30
219 .91
215.57
202.90
209.22
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TITLE
DUGOUT CANYON MINE
PROPOSED WASTE-ROCK PILE
SECTTON A-A" WASTE ROCK SLOPE ONLY
PROFIL
43
oo43302
43 30  163 90  1
163  90  180  90  1
43  30  180  302
SOIL
2
122 1,22 490 35 0 0 0
122122043000
crRcL2
6 500 43 48 55 180 0 5 25 -35
END



o l F * * l t t t f F * l t * * * f t * * * * * * * 1 0 * l t l F * * * * * * * * * * * * * * * * r F * * * * r i t t * * * * * * i F * l f n * * * * * * f i { * * * *

I t * * t 9 t f

I t t F * f 9 t a

* * * * l +

t + * * t t l f

t + t * * t + i t

GeoSlope
Version 5.00

(c)1992 bV GEOCOMP Corp, Concord, MA
Licensed to EarthFax Engineering

l + * * L t s * * * t t l i * l t * l t l F * l F i i r F t f * l i i l . * * * l & * t i . * * N r t t t F * * * * * a t * * * * * * * * * * t i * t f * * i t + t T N f t | l t * * l r t f * * *

, t f * * i t t F

l f * r f t i *

* r + * * *

* * * r + *

* * t F * t t

Problern Title:
Description:
Remarks:

Profile Boundaries

Nurnber of Boundaries: 4
Number of Top Boundaries: 3

Boundary X-Left y-Left
No. (ft) (ft)

1  0 .00 0 .00
2 43.00 30.00
3  163 .00  90 .00
4 43.00 3o.oo

DUGOUT CANYON MINE
PROPOSED WASTE-ROCK PILE
SECTION A-A" WASTE ROCK SLOPE ONLY

f F * l F l t l t l F * * l F 1 3 * * * * * l F * t F * + * * l t * * l t * * t 9 * * * t $ * * * * * t t t l t f * t * * t f * * l t t + * * i F t 6 f ( . t + * * t 9 * * * * l F t f * * *

* * * t f t a INPUT DATA * l i * * *

f t f l * i i l f l t l t * a $ t + l t f F l F l f * * l * * l t L l f * 1 3 l t * * * * * r s * t + * * * * * * * t | t F * * * t f t t * * * t 3 n * t 6 * * * * * * * * t i t F l + * t f t r

Soil Parameters

Number of

Soil Total
Type Unit Wt.
No. (pcf)

1  122.0
2 122.0

Soil Types: 2

Saturated
Unit Wt.

(pcf )

122.O
122.O

Cohesion
lntercept

(psf)

490.0
o.o

X-Right
(ft)

43.O0
163.O0
190.00
180 .O0

Friction
Angle
tdeg)

35 .0
43.0

Y-Right
(ft)

30.oo
90.o0
90.o0
30.o0

Pore
Pressure
Param.

o.00
0.00

Soil Type
Below Bnd

2
1
1
2

Pressure Piez.
Constant Surface

lpsf) No.

0 .0  0
0 .0  0



* f t  * lF * * * * * * t tr t  t t  l i  l+ N6 * l f  r+ * *,* * l t  aa * f+ * lF * ** * * * rs* rF ** * f l  t f  * * * t$ lT * * ** * * * t i  * * * t+ t$* * * t  * *

* t F * * * TRIAL SURFACE GENERATION * * t F * *

l l L * * * * * * t f l t * l + l t * i f * l l * , * . l t * l t l t l f t t * l t . * * * * f . t F * * * t t t F * * * f . t f + * * * * * * t t t r . * t t * * t t * * N T t t * * * * * *

Data for Generating Circular Surfaces

Number of lnitiation Points:
Number of Surfaces Frorn Each Point:
Left lnitiation Point:
Right Initiation Point:
Left Termination Point:
Right Termination Point:
Minimurn Elevation:
Segment Length:
Positive Angle Limit:
Negative Angle Limit:

6
500
43.00 fr
48.O0 ft
55.00 ft
1 80.00 ft
0.00 ft
5.00 fr
25.00 deg
-35.O0 deg

* * * l t l t r t L * l T l + * r 3 * L l t * * l 0 l + * * * * * l F t i * * * * * a r * * * * t 3 t r * l r * n , * * r f * * * * * * * * * t t * t F * * * * * * * * * *

I r * * t f l t . RESULTS I r * t t l r { ,

* * * t | l t l t * l F * l t + f i l t l F a F * * * N r * * l t * * * l r * * * * * * t F * t f * * * * t t * t f * * * t t * * t g t t t F a + l r * * * t t * i e | ? * * * * * * *

Critical Surfaces

Safety
No. Factor

1  2 .271
2 2.287
3 2.292
4 2.297
5 2.301
6 2.304
7 2.307
I  2 .31  1
9 2.325
10 2 .329

Center Center Circle
X Y Radius
(f0 (fr) (ft)

56.82 167 .20
57  .37  1  57 .99
63.42 153.66
51  .46  1  96 .36
63 .46  149 .34
63 .45  147  .51
63 .94  159 .04
63 .03  169 .80
47 .82  187 .82
57 .83  1  60 .97

137 .89
128.79
125 ,33
1  66 .58
1  20 .1  0
1 19.27
130 .08
1  40 .5 I
1  57 ,89
1  31  .20



Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
February 2005

RA ATTACHMENT 5.3

REFUSE PILE VOLUME CALCUTATIONS



Determination of Refuse Tonnage for Final Pite Configuration

The existing topography shown on the maps is representative of ttre site when the last
aerial survey was conducted on August 12, 2004. At that time Olympus Aerial Surveys
had estimated that 46,217 CY of coal refuse had already been placed at the site.

At the final pile configuration an additional 639,838 CY of coal waste will have been
added to the refuse pile.

Total coal refirse inthe pile: 46,217 CY + 639,838 CY= 686,055 CY

Unit weight of coal refuse : I 10 lbs/ft3

Tonnage: (686,055 CY * 27 fftcy * 110 lbs/d) I z000lbs/ft3 : 1,0 Lg,79ztons



Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
July 2005

RA ATTACHMENT 54

WASTE ROCK ANALYSIS
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CHAPTER 7

HYDROLOGY

710 INTRODUCTION

711 General Requirements

This chapter presents a description of:

Proposed operations and the potential impacts to the hydrologic balance;

Methods of compliance with design criteria and the calculations utilized to show
compliance; and

Appl i ca ble hyd rologi c performance standard s.

712 Certification

A qualified, registered professional engineer has certified all maps, plans, and cross sections

presented in this chapter.

713 Inspection

Refer to the approved M&RP
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720 ENVIRONMENTAL DESGRIPTION

721 General Requirements

This section presents a description of the pre-mining hydrologic resources within the permit and
adjacent areas that may be affected or impacted by the proposed coal mining and reclamation
operation.

Reference RA Attachment 2-3 for soil information, pictures and drawings and RA Attachment 7-3,
Addendum A for hydrologic information pertaining to the soif borrow area to be used for recfamation
of the refuse pile.

722 Cross Sections and Maps

722.100 Location and Extent of Subsurface Water

No seeps or springs are present in the immediate area of the refuse pile site. Three monitoring
wef ls were installed in the site area (see RA Plate 7-1). The completion details of these wells are
discussed in Chapter 6, RA Attachment 6-1of this submittal.

722.200 Location of Surface Water Bodies

Dugout Creek is located to the east of the refuse pile between an 1/8 and 1t4 of a mile. Due to the
distance to the creek, no impact to this stream is anticipated.

722.300 Locations of Monitoring Stations

Two surface water monitoring stations have been located forthe refuse pife area (see RA Plate 7-1).
These stations are discussed in Section 731 of this submittal.
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722.400 Location and Depth of Water Wells

No water-supply wefls exist in the refuse pile area.

722.500 Surface Topography

Surface topographic features in the permit and adjacent areas are shown on the base map used

for RA Plate 7-1.

723 Sampling and Analysis

Refer to the approved M&RP.

724 Baseline Information

Baseline information for Dugout Creek is presented in the approved M&RP. Baseline data for the

sampling of the groundwater and surface water stations are presented in RA Attachment7-1.

724.100 Groundwater Information

Mancos Shale. The refuse pile area is located on the Mancos Shale. The relatively impermeable

marine shale is not considered to be a regional or local aquifer. Groundwater samples collected

from four monitoring wells (MW-1M, MW-2M, MW-3M and MW-1C) located approximately2 miles

south of SoldierCanyon Mine (see Plate 7-1 , RAAttachment 7-6) have a mean TDS concentration

of approximately 10,000 mg/l and are of the sodium-sulfate-chloride type (Appendix 7-3 of the

approved M&RP). Chemical compositions are @nsistent with the dissolution of halite and gypsum

as well as cation exchange. While it is anticipated that the water quality within the Mancos Shale

in the Soldier Canyon Mine area is similar to the waste rock site, samples will be obtained from DH-
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1 beginning in the first quarter of 2003. Water samples from this drill hole will be analyzed for the

parameters listed in TableT-4 of the existing M&P.

Recharge and Discharge Relations. Recharge to the Mancos Shale within the refuse pile area

would be minimal since the formation is relatively impermeable, the refuse pile area is limited to only

a few acres, and the refuse pile area is not located within a known recharge area.

Depth to Groundwater. Water level measurements from the three monitoring wells located on or

immediately adjacent to the refuse pile site indicate that water is found at a depth ranging from 35

to 90 feet below ground surface. The water is originating either from the Mancos Shale or from the

Alluvium/ Mancos Shale contact. lt took approximately one month for the water levels in the wells

to stabilize, indicating a very low permeability for the formation. The direction of groundwater flow

is to south toward Dugout Creek (see RA Figure 7-11.

724.200 Surface Water Information

The refuse pile area exists entirelywithin the Dugout Creek watershed. Based on field observations,

Dugout Creek is considered to be intermittent in this area. Several smaller tributaries to the creek

in the area are ephemeral. No gauging stations are located within the immediate area of the refuse
pile. The disturbance associated with the construction of the refuse pile is not anticipated to

significantly increase or decrease runoff to Dugout Creek (Appendix 7-9, Addendum A).

Two baseline surface water monitoring stations have been located in the ephemeral drainage to the

southwest of the refuse pile. Data from these stations is presented in MAttachment 7-1 . Noflow

has been identified in the drainage through during the period of monitoring (August 2002).
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724.300 Geologic lnformation

Geologic information related to the refuse pile areaand adjacent areas is presented in Chapter 6

of this submittal and the approved M&RP.

724.400 Climatological Information

ClimatologicaldataaresummarizedinAppendix4-1 oftheapprovedM&RPandinRAAttachment

7-5.

724.500 Supplemental lnformation

All information pertinent to a determination of the probable hydrologic consequences of the

constructing, maintaining, and reclaiming of the proposed refuse pile are presented in both this

submittal and the approved M&RP.

724.600 Survey of Renewable Resource Lands

The existence and recharge of groundwater systems in the refuse pile and adjacent areas is

discussed in Section724.100 of this submittal and the approved M&RP.

724.700 Alluvial Valley Floor Requirements

Information regarding the presen@ or absence of alluvial valley floors in the permit and adjacent

areas is presented in Chapter 9 of the approved M&RP and this submittal.

7-5



Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
June 2006

725 Baseline Gumulative lmpact Area lnformation

The hydrologic and geologic information required for the Division to develop a Cumulative Hydrologic

lmpact Assessment is presented in the approved M&RP and this submittal under Chapters 6 and

7. Required information not available in these chapters is available from the Utah Divisions of Water

Rights and Water Resources and from the U.S. Geological Survey and the U.S. Bureau of Land

Management.

726 Modeling

No numerical groundwater or surface water modeling was conducted in support of this submittal.

727 Afternative Water Source Information

No surface mining will be conducted in this area and adjacent areas. Therefore, this section does

not apply.

728 Probable Hydrotogic Gonsequences

This section addresses the probable hydrologic consequences of construction and reclamation

operations in the refuse pile area. Mitigating measures are discussed generally in this section and

in detail in Section 730 of the approved M&RP.

728.100 Potential lmpacts to Surface and Groundwater

Potential impacts of storing refuse and materials in this areaon the quality and quantity of surface

and groundwater flow may include:

Contamination from acid- or toxic- forming materials;

Increased sediment yield from disturbed areas;
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Increased total dissolved solids concentrations;

lmpacts to groundwater or surface water availability;

Hydrocarbon contamination from the use of hydrocarbons in the refuse pile area; and

Contamination of surface and groundwater from road salting activities

These potential impacts are addressed in the following sections and in the approved M&RP.

728.200 Baseline Hydrologic and Geologic Information

Baseline geologic information is presented in ChapterO of the approved M&RP and this submittal.

Basefine hydrologic information is presented in Sections724.100 and 724.200 of the approved

M&RP.

728.300 PHC Determination

Potential lmpacts to the Hydrologic Balance. Potential impacts of the Dugout Canyon Mine on

the hydrologic balance of the refuse pile and adjacent areas are addressed in the following

subsections of this submittal and the approved M&RP.

Acid- or Toxic- Forming Materials. No acid- or toxic-forming materials have been identified in the

soils or strata of the Dugout Canyon Mine (Chapter 6 of the approved M&RP). Canyon Fuel

commits to sampling any refuse materials generated bythe mine in accordance with the approved

M&RP to aid in identifying any acid- or toxic-forming materials. Thus, no significant potential exists

for the contamination of surface and groundwater in the refuse pife and adjacent areas by acid- or

toxic-forming materials. In the event that acid- ortoxic-forming materials are identified, this material

will be buried with a minimum of 4 feet of non-acid, non-toxic, non-combustible materials.

SedimentYield. The potentialimpactof onstruction, maintenance, and reclamation of the refuse

pile on sediment yield is an increase in sediment in the surface waters downstream from disturbed
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areas. Sediment-control measures (such as diversions, sediment pond, straw bales, etc.)will be

installed to minimize this impact. These facilities will be regularly inspected (see Section 514 of the

M&RP) and maintained to ensure that they remain in proper operating condition.

Various sediment-control measures will be implemented during reclamation as the vegetation

becomes established. As discussed in Section 542.2A0 of this submittal, these measures will

include maintenance of sediment pond, berms, and diversions in appropriate locations to minimize
potential contributions of sediment to Dugout Creek and off-site areas. These measures will redue

the amount of erosion from the reclaimed areas, thereby precluding adverse impacts to the

environment.

Once vegetation is adequately established, the berms will be pushed into the diversion ditches and

revegetated in accordance with Chapter 2and 3 of this submittal. Additionally, the sediment pond

embankment will be breached and the outlet works of the sediment pond will be removed, thereby

ensuring a positive drainage from the site area.

Acidity, Total Suspended Solids, and Total Dissolved Solids. Probable impacts of mining and

reclamation operations on the acidity and total suspended solids concentrations of sufface and
groundwater in the permit and adjacent areas were addressed previously in this section.

Groundwater and Surface Water Availability, Construction, maintenance, and reclamation of

the refuse pile will not affect groundwater and surface wateravailability. As discussed previously,

the refuse pile is of limited areal extent, is located on the Mancos Shafe, and does not significantly

affect surface runoff.

Potential Hydrocarbon Gontamination. Diesel fuel, oils, greases, and other hydrocarbon

products will not be stored at the site. Fuels, greases and other oifs may leak from equipment

during construction operations. These spills will be handled as specified in the approved M&RP.
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Road Salting. No salting of roads will occur within the refuse pile area. Hence, this impact is not

a significant concern.

729 Gumulative Hydrologic lmpact Assessment (CHIA)

A Cumulative Hydrologic lmpact Assessment to include the permit and adjacent areas is to be

prepared by the Division.

730 OPERATION PLAN

731 General Requirements

731 .{ 00 Hydrologic-Balance Protection

Groundwater Protection. The affect on groundwater in this area is expected to be minimal as

discussed in Section724.200. Groundwater will not be encountered or used during construction,

maintenance, and reclamation of the refuse pile. The three wells that have been drilled in this area

are used to aid in monitoring the potential impacts of the refuse pile.

Surface Water Protection. To protect the hydrologic balance, construction, maintenance, and

reclamation operations will be conducted to handle earth materials and runoff in a manner that

prevents, to the extent possible, additional contributions of suspended solids to streamflow outside

the permit area, and otherwise prevents water pollution. Additionally, CFC will maintain adequate

runoff- and sediment-control facilities to protect local surface waters.

During initial construction and prior to instaflation of all runoff- and sediment-control facilities, silt

fences were installed along the down gradient edge of the refuse pile area. These silt fences were

installed in accordance with the approved M&RP. lf required for control of local erosion, straw-bale

dikes may also be installed at the site during initial construction. The silt fences and straw-bale
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dikes will be periodically inspected, and accumulated sediment will be removed as needed to

maintaln functionality. Once the diversion ditches are installed, the siltfences and straw-bale dikes

will be removed.

The initial placement of waste rock will take place in an area lower than the existing surrounding

grade. The operatorwill construct the appropriate ditches adjacent to and upstream of the growing

pile once the surface of the pile meets and exceeds the level of the surrounding existing ground

surface. Priorto construction of the ditches, a temporary interim berm will be constructed upstream

of the below-grade storage area to divert water to the sediment pond (RA PlateT-1)

Once the runoff- and sedimentcontrolfacilities outlined in Section7S2 have been installed, these

structures will prevent additional contributions of suspended solids to streamflow outside the permit

area. A description of sediment control following reclamation is presented in Sections 540 and 760

of this submittal and the approved M&RP.

Reference RA Attachment 7-3, Addendum A for hydrologic information pertaining to the soil borrow

area.

731.200 Water [Ulonitoring

Groundwater Monitoring. Groundwater monitoring associated with the refuse pile will include

quarterfy water level measurements. In accordance with Table 74, Groundwater Monitoring

Program of the approved M&RP, Welfs DH-1 ,D4-zand DH-3 will be monitored using Protocols A,

1. Waterqualitysampleswill be obtained quarterlyfrom DH-1 beginning in thefirstquarterof 2003

and ending the 4m quarter of 2004. Thereafter, a water quality sample from DH-1 will be taken

annually, until bond release. The samples from DH-1 will be analyzed for the parameters listed in

Table T4, "Groundwater Monitoring Program". At least one borehole volume of water will be

removed from the well prior to obtaining the water sample for analysis. Water level data collected

through the first quarter of 2002 are presented in RA Attachment 7-1 .
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Shoufd the subsoil stockpile be moved to the areaof Well DH-2,the casing will be elevated above

the stockpile to allow for continued monitoring (RA Plate 7-1).

Surface Water Monitoring. Two surface water monitoring sites are located in the refuse pile area

(see RA Plate 7-1). These stations are located on the ephemeral drainage to the west and

southwest of the pile. One point is located upstream of the pile, while the second point is located

downstream of the site at the county road crossing. These stations are monitored to evafuate

surface-water conditions upstream and downstream from the pile. The stations will be monitored

in accordance with the schedule and protocols established in the approved M&RP. In accordance

with Table 7-5, Surface Water Monitoring Program of the approved M&RP, Surface Water

Monitoring Sites SS-1 and SS-2are monitored using Protocol 1. Data collected through the third

quarter of 2002 are presented in RA Attachment7-1.

731.300 Acid- and Toxic-Forming Materials

Acid- or toxic forming materials are not expected to be produced from the mine. CFC commits to

monitor all materials produced and analyze them for acid- or toxic-forming materiafs. lf any

materials are identified, theywill be placed in the refuse pile and covered with a minimum of 4 feet

of non-acid, non-toxic, non-combustible materials. Copies of the toxicity/acid-base results from the

samples collected at the Dugout Canyon Mine are presented in RAAttachment 5-4 and Appendix

5-7 of the approved M&RP.

731.400 Transfer of Wells

The three ground water monitoring wells, which exist at the site, will be abandoned following the

reclamation of the site when no longer required for ground water monitoring. Therefore, no well

transfers are required.
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731.500 Discharges

No mines are located in the refuse pile area, thus no discharges to mines is possible.

731.600 Stream Buffer Zones

The refuse pile for the Dugout Canyon Mine will not be constructed within 100 feet of a perennial

stream.

Stream Ghannel Diversions. No stream channel diversions are pfanned for this site.

Buffer Zone Designation. No buffer zone designation is necessary at this site.

731.700 Gross Sections and Maps

RA Plate 7-1 shows the location of each monitoring station and the watershed boundaries for the

area watersheds. RA Pfate 7-1 shows the proposed location of the diversion ditches and culverts

and sediment pond associated with the refuse pib area. RA Plate 7-2 presents the design details

of the sediment pond with appropriate cross sections of the pond and embankment.

73{.800 Water Rights and Replacement

No surface or groundwater sources are located within the refuse pile area.

732 Sediment Gontrol Measures

The sediment control measureswithin the refuse pile area have been designed to prevent additional

contributions of sedlment to stream flow or to runoff outside the permit area. In addition, they have

been designed to meet applicable effluent limitations, and minimize erosion to the extent possible.
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The structures to be used for the runoff-control plan for the permit area include disturbed and

undisturbed area diversion channels, a sedimentation pond, berms, siltfences, and road diversions

and culverts.

Reference RA Attachment 7-3, Addendum A for hydrologic information pertaining to the soil borrow

area.

732.104 Siftation Structures

The siftation structure within the permit area is a sediment pond as described in Section732.20O.

In addition to the sediment pond, a berm encircles the topsoil/subsoil stockpiles, providing treatment

and total containment of the runoff from the stockpiles (RA Attachment 7-3). Typical cross sections

of the ditches, berm and containment area are located in RA Attachment 74.

732.200 Sedimentation Ponds

There is a single sedimentation pond operating at the refuse pile site. The sedimentation pond

topography and cross sections are presented on RA Plate 7-2of this submittal. Details regarding

sedimentation pond design are presented in Section 742.100 and RA Attachment 7-2. The

sedimentation pond is defined as a Class A pond in accordance with TR-60 (U.S. Soil Conservation

Service, 1976). A clean-out markerwill be installed in the sediment pond.

The sedimentation pond is within the disturbed area boundary and is subject to finaf recfamation.

The area is included in the cafculation of the disturbed area subjectto bonding and in the calculation

of final reclamation costs.

Gompliance Requirements. The sedimentation pond will be maintained until removal in

accordance with the reclamation plan (see Section 540 of this submittal). When the pond is

removed, the land will be revegetated in accordance with the reclamation plan defined in Section

540.
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t
MSHA Requirements. MSHA requirements defined in 30 CFR 77 .216 are not applicable since the

sedimentation pond will not impound wateror sediment to an elevation of 2Ofeetor more above the

upstream toe of the structure. The pond will have a storage volume of less than 20 acre-feet.

732.300 Diversions

The objective of the runoff control plan is to isolate, to the maximum degree possible, runoff from

disturbed areas from that of undisturbed areas. This is accomplished by routing runoff from the

undisturbed sfope above the refuse pile facilities via diversion berm/ditch UD-2 around the upstream

side of the pile (see RA Plate 7-1). Disturbed area runoff will be collected by five diversion ditches

and conveyed to the sediment pond. A brief list of each proposed diversion structure is as follows:

Diversion Ditches:

Undisturbed drainage ditches UD-1a,b and c located on the north side of the pile, will collect

runoff from the undisturbed watershed above of the pile. The runoff will be discharge into UC-1.

Disturbed drainage ditch DD-1 is located along the east side of the pile.

Disturbed drainage ditches DD-2a and b are located on the west side of the pile.

Disturbed drainage ditches DD-3a and b will connect ditches DD-1 and DD-2 to the

sediment pond.

Diversion Gulverts:

Culvert UC-1 will convey runoff from the county road borrow ditch under the pile access road. This

runoff will ultimately discharge to the natural drainage under the county road.

Culvert UC-z will be constructed only if the "topsoil stockpile" is relocated adjacent to the Dugout

Canyon Road. UC-2 will conveywaterfrom the undisturbed drainage above the disturbed area,

underthe stockpile to the undisturbed drainage belowthe site (RATable74 and RAAttachment 7-

4). Detailed diversion design is presented in Section742.

I
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732.4A0 Road Drainage

No permanent roads are to be built within the refuse pile area. Road drainage facilities will include

diversion ditches and culverts. The road drainage diversion ditches and culverts for the refuse pile

area are included in the listof diversions presented in Section732.300 above. Additional road

drainage design information is presented in Sectton742.

Af l road drainage diversions will be maintained and repaired as needed. The culvert to be installed

in the county road borow ditch within the disturbed area is discussed in Section 742.300.

733 lmpoundments

733.'100 General Plans

There is a single sedimentation pond operating at the refuse pile facility as described in Section

732.200. The sedimentation pond is located in the southern portion of the disturbed area. The

sedimentation pond topographyand cross sections are presented on RA Plate 7-2of this submittal.

Detaifed design information is presented in RA Attachment7-2.

Certification. All maps and cross sections of the sedimentation pond have been prepared by or

under the direction of, and certified by a qualified, registered, professional engineer.

Maps and Cross Sections. The topography and cross sections for the sedimentation pond are

provided on RA Plate 7-2of this submittal.

Narrative. A description of the sedimentation pond is presented in Sections 732.2A0 and742 of

this submittal.

Subsidence Survey Results. No underground coal mining will occur beneath the proposed

sedimentation pond. Therefore, there will be no effects on the pond or pond embankment from

subsidence.
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Hydrologic lmpact. The hydrologic and geologic information required to assess the hydrologic

impacts of the proposed sedimentation pond are presented in SectionT24 and Chapter 6 of this

submittal and approved M&RP, respectively.

Design Plans and Gonstruction Schedule. There are no additional structures proposed forthe

refuse pile area at this time. Any structures proposed in the future will not be constructed until the

Division has approved the detailed design plan for the structure.

733.200 Permanent and Temporary lmpoundments

Requirements. The sedimentation pond has been designed using current, prudent engineering

practices. Specific foundation design and construction criteria are presented in Chapter 5 of this

submittal. Specific hydrologic design criteria forthe pond are presented in Section743. The pond

will be inspected regularly based on the schedule contained in Section 514.300.

Permanent lmpoundments. There are no permanent impoundment structures proposed for use

in mining and reclamation operations within the permit and adjacent areas.

Temporary lmpoundments. The Division's authorization is being sought for the construction of

the sedimentation pond as a temporary impoundment at the refuse pile area as part of coal mining

and reclamation operations.

Hazard Notifications. The sedimentation pond will be examined for structural weakness and

erosion in accordance with the schedufe presented in Section 514.300. A report of these findings

will be submitted to the Division as outlined in Section 514.300.

734 Discharge Structures

Discharge structures within the refuse pile area will consist of the emergency spillway on the

sedimentation pond. All discharge structures will be constructed and maintained to comply with

R645-301-744.
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Reference RA Attachment 7-3, Addendum Afor hydrologic information pertaining to the soil bonow

area.

735 Disposal of Excess Spoil

There will be no excess spoil generated in the refuse pile area.

736 Coal Mine Waste

Coal mine waste generated by the Dugout Mine, will be stored and disposed of as described in

Chapter 5 of this submittal.

737 Noncoal Mine Waste

Noncoal mine waste will be stored and disposed of as described in Chapter 5 of the approved

M&RP.

738 Temporary Gasing and Sealing of Wells

Each groundwater monitoring well identified on RA Plate 7-1 will be operated and maintained as

described in Section 748.

740 DESIGN CRITERIA AND PLANS

741 General Requirements

This submittal includes site-specific plans that incorporate minimum design criteria for the control

of drainage from disturbed and undisturbed areas.
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742 Sediment Control Measures

742.100 General Requirements

Design. Sediment-control measures have been designed to provide the following:

area;
Prevent additional contributions of sediment to stream flow or to runoff outside the permit

Meet the effluent limitations defined in SectionTSl of this amendment; and

Minimize erosion to the extent possible.

Measures and Methods. The sediment control measures at the mine will include practices

carried out within and adjacent to the disturbed area. Sediment control methods will include:

Retention of sediment within the disturbed area:

Diversion of upstream runoff away from the disturbed area; and

Provision of siltfences, riprap, contemporaneous revegetation, vegetative sedimentfilters,
a sediment pond, and other measures that reduce overland flow velocities, reduce runoff
volumes or trap sediment.

742.200 Siltation Structures

Generat Requirements. Additional contributions of suspended solids and sediment to stream flow

or runoff outside the permit area will be prevented to the extent possible using a sedimentation pond.

The pond will be constructed before refuse pile construction operations begin. A qualified registered

professional engineer will certify pond construction.
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Sedimentation Ponds. A single sedimentation pond has been designed for the refuse pile

facilities. The sedimentation pond is located in the southern portion of the disturbed area. This pond

will function as a single total containment pond with no planned discharge.

The location of the sedimentation pond is shown on RA Plate 7-1 . The pond will not be located

within a perennial stream channel.

Design. Construction. and Maintenance

The entire area draining to the sedimentation pond has been defined as a singte watershed (DWS-

1). The sedimentation pond has been designed to control sediment from areas which have been

disturbed. The disturbed area contributing runoff to the sedimentation pond contains 15.60 acres.

Refer to RA Plate 7-1 for a delineation of watershed boundaries and RA Attachment 7-2 for

additional pond detail.

The sedimentation pond was designed to fullycontain the sediment generated within the disturbed

area. The sedimentation pond has been designed with a sediment storage capacity of 0.67 feet.

The elevation of the maximum sediment level is 5897.55 feet. The 60% sediment clean-out volume

of 0.40 acre-feet is an elevation of 5896.5 feet.

Sediment Removal. Sediment removal from the sedimentation pond will occur when the

sediment levef reaches the 60% clean-out level. The sediment will be disposed in the refuse pile

as discussed in Section 526.'100 and 732.200 of this M&RP.

Design Event. As this is a total containment structure, the sedimentation pond has been

designed to fully contain runoff resulting from the 1 0O-year, 24-hour precipitation event (2.8 inches),

instead of the 1 O-year, 24-hour event (1 .65inches). This will provide a significant additional storage

volume.

Detention Time. As this structure is planned to be a total containment pond, no decant

structure will be part of the pond design. lf collected water is to be removed from the structure,I
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Division approval will be obtained and an adequate detention time will be provided in the water

collected in the pond to allow the effluent to meet UPDES and 40 CFR Part 434 limitations.

Runoff Volume. The curve numbers used to determine the runoff volumes were based on
professionaljudgment and soil and vegetation information presented in Chapters 2 and 3 of this

submittal. The curve number for the pond area was assumed to be 90.

The storm runoff volume to the sedimentation pond resulting from the 1OO-year, 24-hour storm event

was calculated to be 2.22acre-feet. The combined volume of the runoff from the 100-year,24-hour

storm event and the maximum sediment storage is 2.89 ac-ft. Cafculations for pond sizing are

contained in RA AttachmentT-2.

As the pond is a total containment structure, no principal spillway or dewatering structure is included

in the design. RA Attachment 7-2 presents the stage-capacity table for the pond.

An open-channel emergency spillway has been designed for the pond to allow discharge from the
pond in the event that a series of greater than design events occur within a short period. Details

regarding this emergency spillway are discussed in RA AttachmentT-2.

The emergency spitlway has been designed with a median riprap diameter of 6 inches within the
crest section and 1 2and 9 inches in the outslope sections of the spillway. This riprap was underlain

with a geofabric liner. The expected velocity at the spillway outlet to the ephemeral channef will be

4.47 feet per second, which velocity is not considered erosive. Calculations regarding the

emergency spillway are presented in RA AttachmentT-2.

Dewatering Device. No dewatering device is planned for the pond. Runoff water collected
will seep through the pond bottom, evaporate from the ponded water surface, and be used for dust

suppression on the site area.

Short Gircuiting. Short circuiting will not occur as the pond will be a total containment

structure.
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Excessive Settlement. The sedimentation pond is to be incised in native material.

Therefore, it is not expected that embankment settlement will be a significant concern. Stability

analyses presented in Chapter 5 indicate that the pond embankment will be stable under both

normal and rapid drawdown conditions.

Embankment Material. During construction of the sedimentation pond, the inslope of the
pond was shaped to provide a2H:1V slope. Material to be used on the inslope was inspected to

ensure the material is free of sod, large roots, and frozen soil.

Compaction. The sedimentation pond was incised in native materials. Any materials that

are disturbed during the inslope reshaping will be compacted to a minimum dry density of 90% as

determined by ASTM D1557.

MSHA Sedimentation Ponds. MSHA requirements defined in 30 CFR 77.216 are not

applicable at this site since the proposed sedimentation pond will not impound water or sediment

to an elevation of 20 feet or more above the upstream toe of the structure. The pond will also store

a volume less than 20 acre-feet.

Other Treatment Facilities. There are no other treatment facilities within the mine permit area.

Exemptions. No exemptions are being proposed at this time.

742.300 Diversions

General Requirements. The diversions within the refuse pife areawilf consistof drainage ditches

and culverts. All diversions within the site area have been designed to minimize adverse impacts

to the hydrologic balance, to prevent material damage outside the permit area, and to assure the

safety of the public.
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Alldiversions and diversion structures have been designed and will be constructed, maintained and

used to:

Be stable;

Provide protection against flooding and resultant damage to life and property;

Prevent, to the extent possible, additional contributions of suspended solids to
stream flow outside the permit area; and

Comply with all appficable focal, state, and federal laws and regulations.

Af f diversions within the refuse pile areawill be removed when no longer needed. The diversions

will be reclaimed in accordance with the reclamation plan defined in Chapter 5.

Peak discharge rates from the undisturbed and disturbed area drainages within the site areawere

calculated for use in designing diversion ditches and culverts. The storm runoff calculations for the

temporary diversion structures were based on the 100-year, 6-hour precipitation event of 2.05

inches.

Curve numbers were based on professionaljudgment and information presented in Chapters 2 and

3 of this submittal. The curve numbers for the various watersheds are summarized in RA

AttachmentT4.

The drainage areas within and above the facilities area are presented on RA Plate 7-1 . Asummary

of the characteristics of watersheds contributing to the diversions is presented in RA Attachment

7-4.

The size and location of each proposed diversion ditch and culvert will be verified in the field prior

to initiating refuse pile construction. All proposed diversions are presented on RA Plate 7-1. The

minimum capacity and freeboard of each diversion ditch and culvert was determined based on the

minimum ditch slope. The maximum velocity and need for a channel lining or outlet protection was
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calculated based on the maximum ditch or culvert slope. Slopes were measured from a contour

map with a scale of 1 " = 1 00'. All diversion and culvert calculations are presented in RA Attachment

7-4 and summarized in RA Tables 7-3 and74.

Diversion BerEs* Diversion ditch DD-1 planned for this site will be an asymetrical ditch

which will have a 10H:1V slope from the pile to the ditch bottom and a 2H:1V slope out of the ditch.

The purpose of this ditch shape is to provide vehicle access to the pile outslope once the final

configuration is reached, as well as a means of conveying the runoff from the pile. However, to

meet MSHA requirements for safety concerns adjacent to slopes, a berm will need to be placed

immediatelyadjacentto the ditch along the outslope. Since none of the berms have been designed

specifically to convey runoff, no calculations @n@rning th6 hydraulic characteristics of these berms

are provided.

An temporary interim berm will be constructed to divert water awayfrom the below grade waste rock

storage area. This will remain in place until the waste rock fill reaches the level of the surrounding

ground and the construction of Ditches DD-1 and DD-2 is completed.

742.400 Road Drainage

No permanent roads are to be built in the refuse pile area. Runoff from the temporarily constructed

road within the disturbed area will be treated by collection in the diversion ditches and sediment
pond. The drainage ditches associated with the county road will be maintained during operations

by placing a culvert under the refuse pile access road. Once the refuse pile is completed and

reclaimed so that the road is no longer required for access, the drainage ditch along the county road

will be restored by removing the culvert and reclaiming the road in accordance with Chapter 5 of this

submittaf . None of these roads are located in the channel of an intermittent or perennial stream.

Control structures have been located to minimize downstream sedimentation and flooding.

Diversion ditches and culverts for all roads are described in Section 732.300.
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743 lmpoundments

Af l pertinent information regarding the sedimentation pond is presented in Sections 732.200 and

742.200.

744 Discharge Structures

The discharge structure within the permit area is the emergency spillway on the sedimentation

pond. The spillwayon the sedimentation pond has been designed to pass the 1O0-year,6-hour

stormeventassumingthatthepondwasfull. Therefore,thespillwaywilladequatelypassthepeak

discharge from the 2S-year, 6-hour precipitation event. Detailed information concerning the

sedimentation pond is presented in Section742.200.

745 Disposal of Excess Spoil

There will be no excess spoil generated within the refuse pile area.

746 Coal Mine Waste

746.100 General Requirements

All coal mine waste will be placed in a controlled manner to minimize adverse effects of leachate

and surface water runoff on surface and groundwater quality and quantity. This waste will be placed

in the refuse pile facility as described in Chapter 5 of this submittal.

746.200 Refuse Piles

A detailed description of the refuse pile is presented in Chapter 5 of this submittal.
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746.300 lmpounding Structures

No impounding structures within the refuse pile area will be constructed of coal mine waste or used

to impound coal mine waste.

746.400 Return of Goal Processing Waste to Abandoned
Underground Workings

No coal processing waste will be generated in the permit area.

747 Disposal of Noncoal Mine Waste

Disposal of noncoal mine waste is discussed in Chapter 5 of the approved M&RP.

748 Gasing and Sealing of Wells

Each monitoring well has been cased, sealed, orothennrise managed, as approved bythe 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 site and adjacent area. The drill logs and completion diagrams for the wells

are contained in RA Attachment 6-1.

750 PERFORMANCE STANDARDS

All 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 post-mining land uses.
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751 Water Quality Standards and Effluent Limitations

Discharges of water from disturbed areas will be in compliance with all Utah and federal water

quality laws and regulations and with effluent limitations for coal mining contained in 40 CFR Part

434.

752 Sediment Gontrol Measures

All sediment control measures will be located, maintained, constructed and reclaimed according

to pfans and designs presented in Sections 732,742, and 760 of this submittal and the approved

M&RP.

752.100 Siltation Structures and Diversions

Siltation structures and diversions will be located, maintained, constructed and reclaimed according

to pfans and designs presented in Sections 732,742, and 763 of this submittal and the approved

M&RP.

752.240 Road Drainage

Runoff from temporary roads will be treated through siltation structures which will be located,

maintained, constructed and reclaimed according to plans and designs presented in Sections 732,

742, and 763 of this submittal and the approved M&RP.

753 lmpoundments and Discharge Structures

lmpoundments and discharge structures will be located, maintained, constructed and reclaimed as

described in Sections 733, 734,743,745, and 760 of this M&RP.
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754 Disposal of Excess Spoil, Goal Mine Waste and Noncoal Mine Waste

Disposal areas for coal mine waste and noncoal mine waste will be focated, maintained,

constructed and reclaimed as described in Sections 736, 737 ,746,747 ,760 and Chapter 5 of this

submittal and the approved M&RP.

755 Gasing and Sealing of Wells

Alf wefls will be managed as described in Sections 551, 748 and 765 of this submittaf.

760 RECLAMATION

761 General Requirements

A detailed reclamation plan for the mine is presented in Section 540. In generaf , CFC will ensure

that all temporary structures are removed and reclaimed. Other than for restoration of natural

drainage patterns, no permanent diversions are included in the reclamation plan. Reference RA

Attachment 2-3 for soil information, pictures and drawings and RAAttachment 7-3, Addendum A for

hydrofogic information pertaining to the soil borrow area.

762 Roads

No roads will be retained after reclamation of the site.

762.100 Restoring the Natural Drainage Patterns

Naturaf drainages will be restored during reclamation of the refuse pife area by removing the

sediment pond and diversion ditches. As presented in Chapter 5, the existing topography will be

altered by the construction of the refuse pile. This alteration will not significantly alter the natural
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drainage pattern of the area. This is because the site is located on a topographic divide between

two small ephemeral drainages. RA Plate 7-3 presents the reclaimed drainages.

Two channels will be installed as part of the final reclamation (see RA Plates 5-2 and 7-3). Due to

the proximity of the adjacent refuse, the channels will be designed to safely convey the peak flow

resulting from the 1O0-year, 6-hour precipitation event. Table 7-3 summarizes the reclaimed

channel confi gurations.

Erosive velocity has been determined to be 5 feet per second based on alluvial silts and fine gravels

expected in the area (Chow, V,T., 1959. Open Channel Flow. McGraw-Hill Book Company, New
York, New York. Page 680). For channels RD-1 and RD- 2,riprapwill only be installed in the steeper

channel sections. A typical riprap cross section is provided in RA Attachment 7-4.

The cross-sections for the reclamation channel were designed using the minimum channel slope,
while riprap sizing was designed using the maximum channel slope. Reclamation slopes were

estimated from the topographic contours provided in RA Plate 7-3. Thickness of the riprap layerwill
be a minimum of 12". Sand filter blankets will be installed beneath the riprap at a thickness equaf

to one-half the thickness of the riprap or 6 inches; whichever is greater.

Since the site materials will be reworked during reclamation of the facility, pre-construction samptes
of channel bed materials would not fikely be representative of reclamation conditions. Hence, no
information is presented in this submittaf regarding filter blanket sizing. Following regrading of the
materials at the location of the reclamation channel, and prior to installation of the riprap, samples

of the bed materialwill be collected and analyzedto determine soil gradations. The filter blanketwill
then be sized in accordance with standard practices at the time (e.9., Barfield et al., 1981) to
determine the thickness and gradation of filter blanket materials.
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Canyon Fuel Company, LLC
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Refuse Pile Amendment
lune 2006

762.200 Reshaping Cut and Fill Slopes

Through the use of contemporaneous recfamation, the fill slopes of the pile wif l be reclaimed as they

are constructed. Section 540 describes the regrading process. Afl sfopes wilf be shaped to be
compatibfe with the post-mining fand use and to complement the drainage pattem of the sunounding
terain.

763 Siltation Structures

763.100 Maintenance of Siltation Structures

All siltation structures will be maintained until removed in accordance with the approved reclamation
plan.

763.200 Removal of Siltation Structures

The fand on which the siltation structure were located will be regraded and revegetated in
accordance with the reclamation pfan presented in Section 540 of this amendment.

764 Structure Removal

A timetable for the reclamation of the site is presented in RA Figure 5-1.

765 Permanent Gasing and Sealing of Wells

When no longer required to monitor ground water levels in the areaof the refuse pile or other use
approved by the Division upon a finding of no adverse environmental or health and safety effects,
or unless approved for transfer as a water well, each well will be capped, sealed, backfilled, or
otherwise properly managed, as required by the Division. Permanent closure measures will be
designed to prevent access.
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Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
June 2006

(a)
*

RA TABLE 7.3

DIVERSION DESIGN SUMMARY

Peak discharge resulting from the 1OO-year, 6-hour precipitation event.

6" only on slopes exceeding 4%.

LD. No. Min.

Boftom

width

(ft)

Min,

Chanref

Depth

(ft)

Left Side

Slope

(xH:1V)

Right

Side

Slope

(xH:1V)

Max. Flort

Dapth (ft)

Min.

Sfope

f,6)

Max.

Slope

(Yol

Peak Flow

(cfs)0)

Req.

RiP:aP De

(n)

Minirrum

Freeboard

(ff)

OPERATIONAL DIVERSIONS

DD.1 4.0 1 . 5 2.0 2.0 0.96 0.6 '12.9 12.82 0.5* 0.54
DD-2a 15.0 1 .0 2.0 2.0 0.22 1 .9 10.0 8.02 None 0.78
DD.2b 4.0 1 . 0 2.0 2.0 0.41 5.0 13.5 8.02 0.5 0.59
DD-3a 15.0 1 .0 2.4 2.O 0.37 1 . 3 3.5 16.03 None 0.63
DD-3b 2.0 1 . 5 2.0 2.0 1.03 1 . 3 9.0 16.03 0.5 0.47
UD-1a 1 . 0 1 .0 2.0 2.0 0.27 2.0 15.0 0.71 None 0.73
UD-1b 2.0 1 .5 2.0 2.0 0.87 0.3 2.8 4.74 None 0.63
UD-1c 2.0 1 .0 2.0 2.0 0.5 4.4 23.3 4.74 0.5 0.5

RECLAMATION CHANNELS

RD-1a 1 . 0 1 .0 2.0 2.O 0.35 2.0 15.0 5.41 None 0.65
RD-1b 3.0 1 . 5 2.0 2.0 0.83 0.3 4.6 5.41 None 0.67
RD-lc 2.A 1 . 0 2.4 2.0 0.59 4.4 23.3 6.36 0.5 0.41
RD.2 1 . 0 1 . 0 2.0 2.0 0.37 1 .0 14.3 0.71 None 0.63
RD.3 2.0 1 . 0 2.0 2.O 0.14 8.0 30.5 0.9 None 0.86
RD.4 1 . 0 1 . 0 2.0 2.0 0 . 1 9 2.8 6.1 o.41 None 0.81
RD.5 3.0 1 .0 2.0 2.0 0.s6 1 . 7 2.4 6.87 None 0.44
Swale

1

3.0 1.0 4.0 4.0 0.44 NA NA 6.36 None 0.56



Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendlb"#

RA TABLETA

CULVERT DESIGN SUMMARY

(a) Peak discharge resulting from the 100-year, 6-hour precipitation event.
* Culvert UQ-2 will be constructed only if the Topsoil Stockpile is relocated adjacent to the Dugout Canyon Road.

Diversion

Culvert

Minimum

Diameter

(in)

Culvert

Material

Inlet Type Culvert

Slope

(o/ol

Peak Flow

(cfs; tat

Outlet

Velocity

(fps)

Outlet

Riprap Duo

(in)

uc-1 24 CMP Projecting 4.5 4.74 6.31 6

uc-2* 24 CMP Projecting 1.5 6.78 4.66 None
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Dugout Canyon Mine

Refuse Pile Amendment
February 2005

RA ATTACHMENT 7.2

SEDIMENT POND DESIGN CALCULATIONS
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Dugout Canyon Mine Refuse Pile Sediment Pond

Stage-Capacity Table

Elevation
(ft)

5894

5895

5896

5897

5898

5899

5900

5901

5902

5902.5

5903

5904

5905

Area*
(ft2)

114

5370

14024

12807

14778

1 6730

1 9469

21823

24313

26041

27887

32147

42307

Average
Area
(ftn2)

2742

7697

11415.5

13792.5

15754

18099.5

20646,

23068

25177

26964

3001 7

37227

Contour Incremental
Interval Volume

(ft) (ftn3)

Cummulative
Volume

(ftn3) (ac-ft)

1 2742 2742

1 7697 10439

1 11415.5 21854.5

1 13792.5 35647

1 15754 51401

1 18099.5 69500.5

1 20646 90146.5

1 23068 113214.5

0.5 12588.s 125803

0.5 13/.82 139285

1 30017 169302

1 37227 206529

0.06

0.24

0.50

0.82

1 .18

1.60

2.07

2.60

2.89

3.20

3.89

4.74

* Determined from the topography of the existing pond (See RA Plate 7-2).
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CIVIL SOFTWARE DESIGN

SEDCAD+ Version 3

DUGOUT REFUSE PILE SEDIMENT POND

by

Name: LDJ

Company Name : EarthFax Engineering INC.
F i le  Narne:  G:  \UC80 l - \08 \POND

D a t e :  0 1 - 3 1 - 2 0 0 5
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Civi l  Software Design SEDCAD+ Version 3.  l_
Copyr ight  (C) 7987-L992. Pamela J.  Schwab. Al l  r ights reserved.

Company Name: EarthFax Engineering INC.
F i l e n a m e :  G :  \ U C 8 0 1 \ 0 8 \ P O N D  U s e r :  L D J

D a t e :  0 1 - 3 1 - 2 0 0 5  T i m e :  l _ 6 t 2 4 : t 5
DUGOUT REFUSE PILE SEDIMENT POND

Stormt  2 .05  inches ,  100 year -  6  hour ,  SCS 6  Hour
Hydrograph Convolut  j_on Interval :  0.  t  hr

:::=:::=::::::::::=::=:==:=:=:::::==:::-:::=:
SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE

=::::::=::::=:::=::::::==::

JBS SWS Area
( a c 1

1 1 1  L

1l-1 Structure

-Hydrology-

C N U H S  T c  K  X
(hrs  1  (h rs  )

Runoff Peak
Volume Discharge
( a c - f t )  ( c f s )

B a s e -
FIow
( c f s )

1 4  .  8 0  9 0  F  0 .  0 5 5  0 .  0 0 0  0 .  0 0 0
Type: Pond Label: pOND

1 4 . 8 0

0 . 0 1 . 4 0

1 . 4 0

1 5 .  9 8

1 1 1  T o t a l  I N
111 Tota l  OUT

1 4 . 8 0 1 . 4 0  1 5 . 9 8
r _ . 4 0  9 . 7 3



Civi l  Software Design SEDCAD+ Vers j -on 3.1
Copyr igh t  (C)  t987- t992.  Pamela  J .  Schwab.  A11 r igh ts  reserved. .

Company Name: EarthFax Engineer ing INC.
F i I C N A M E :  G :  \ U C 8 O 1 \ 0 8 \ P O N D  U S E r :  L D J

D a t e  :  0 1 - 3 1 - 2 0 0 5  T i r n e  :  l -  6 : 2 4 : L 5
DUGOUT REFUSE PILE SEDIMENT POND

Storm:  2 .05  inches ,  L00 year -  6  hour ,  SCS 6  Hour
Hydrograph Convo lu t ion  In te rva l :  0 .1  h r

::::====:==::=:===:===:::::
POND INPUT/OUTPUT TABLE

J l ,  8 1 ,  S 1
POND

D r a i n a g e  A r e a  f r o m  J 1 ,  B 1 ,  5 1 ,  S W S ( s ) 1 :
Total  Contr ibut ing Drai_nage Area:

DISCHARGE OPTIONS: 
. .

Emergency

=:::::::::3::11:::
Riser  D iameter  ( in )

Rj-ser Height ( f t  1
Barrel  Diameter ( in)

Barrel Length ( ft )
B a r r e l  S l o p e  ( t )

Manningrs n of  Pj-pe
Spi l lway Elevat ion

Lowest  E leva t ion  o f  Ho les
#  o f  Ho les /E l -eva t ion

Entrance Loss Coeff ic ient
Ta i lwater  Depth  ( f t )

Notch Angle (  degrees )
Weir v{idth (ft )

S iphon Cres t  E leva t ion
Siphon Tube Diameter ( in)
Siphon lube Length ( f t )
Manning's n of  Sj-phon
Siphon fnlet  El-evat j -on
Siphon Out let  Elevat ion

Emergency Spi l lway Elevat ion
C r e s t  L e n g t h  ( f t 1
Z z l  ( L e f t  a n d  R i g h t )
Bottom Width (  f t  )

POND RESULTS:

1 4 . 8  a c r e s
l - 4  . 8  a c r e s

5 9 0 2 . 5
1 n  n
. L \ J .  L . ,

4 3
L o .  0

Permanent
Poo l

(  ac- f t  )

2 . 9



7

Runoff  Peak
Volume Discharge
( a c - f t )  ( c f s )

IN
OUT

Peak
Elevat ion

1 . 4 0
1 . 4 0

1 5 .  9 8
9 . 7 3

Hydrograph
Detent ion Time

(hrs  )

5 9 0 3 . 0 0 .  0 0

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * t r * * * * * * * * * * * * * * * * * * *



v

D a t e :  0 1 - 3 1 - 2 0 0 5  T i m e :  L 6 : 2 4 : 1 5
DUGOUT REFUSE PILE SEDIMENT POND

Storm:  2 .05  inches ,  L00 year -  6  hbur ,  SCS G Hour
Hydrograph Convo lu t ion  In te rva l :  0 .1  h r

ELEVATION- DI SCHARGE TABLE

J 7 ,  8 1 ,  5 1
POND

D r a i n a g e  A r e a  f r o m  J L ,  8 1 ,  5 1 ,  S W S ( s ) 1 :
Total  Contr ibut ing Drainage Area:

Emergency
Spi l lway

( c f s )
=::::::::::::::::::::::==::=::::=:::::::::::=:::::::::::

Civi l  Software Design --
Copyr igh t  (C)  1987-L992.  pameta  J .

Company Name: EarthFax
F i lename :  G :  \UC801\08\POND

SEDCAD+ Vers ion  3 .1
Schwab. Al l  r ights reserved.

Engineer ing fNC.
U s e r :  L D J

1 4 . 8  a c r e s
1 4 . 8  a c r e s

Tota l
Discharge

( c f s )E leva t ion

5 8 9 4 . 0 0
5 8 9 4 . s 0
5 8 9 5 . 0 0
5 8 9 5 .  s 0
5 8 9 6 . 0 0
5 8 9 6 . 5 0
5 8 9 7 . 0 0
5 8 9 7 . 5 0
5 8 9 8 . 0 0
5 8 9 8 . 5 0
5 8 9 9 . 0 0
5 8 9 9 . 5 0
5 9 0 0 . 0 0
5 9 0 0 . 5 0
5 9 0 1 . 0 0
5 9 0 1 . 5 0
5 9 0 2 . 0 0
5 9 0 2 . 5 0
5 9 0 3 . 0 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
9 . 9

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
9 . 9

1 1 .  I
1 6 . 0
2 0  . 6
2 5  . 8
3 0 .  9
6 8 . 5

1 _ 1 8 . 4
] -82 .6

5 9 0 3 . 1 0  1 1 . 8
5 9 0 3 . 2 0  1 6 .  0
5 9 0 3 . 3 0  2 0 . 6
5 9 0 3 . 4 0  2 5 . 8
s 9 0 3 . 5 0  3 0 . 9
5 9 0 4  . 0 0  6 8 . 5
5 9 0 4  . 5 0  1 1 8 . 4
5  9 0 5  .  0 0  1 . 8 2  . 6

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *



q

D a t e :  0 1 - 3 1 - 2 0 0 5  T i m e :  1 6 2 2 4 : t 5
DUGOUT REFUSE PILE SEDIMENT POND

Stormz 2 .05  inches ,  l -00  year -  6  hour ,  SCS 6  Hour
Hydrograph Convolut ion fnterval :  0.1 hr

ELEVAT I ON-AREA-CAPACITY-DI SCHARGE TABLE
:::::::::=:=:::==:=::::::::::-:::::::::::::

J 1 ,  8 1 ,  S L
POND

D r a i n a g e  A r e a  f r o m  J 1 ,  8 1 ,  5 1 ,  S W S ( s ) 1 :
Total  Contr ibut ing Drainage Area:

Civi l  Software Design
C o p y r i g h t  ( C )  1 9 8 7 - 1 9 9 2 .  P a m e l a  J .

Company Name: EarthFax
F i l e n a m e  :  G :  \ U C 8 0 1 \ 0 8 \ P O N D

SW#1: Emergency Spi l lway

SEDCAD+ Vers ion  3 .1
Schwab. Al l  r ights reserved.

Engineer ing INC.
U s e r :  L D J

1 4 . 8  a c r e s
l - 4 . 8  a c r e s

Elev Stage Area
( f t )  ( a c )

Capaci ty
( a c - f t  )

Discharge
( c f s )

5 8 9 4 . 0 0  0 . 0 0  0 . 0 0
5 8 9 4 . 5 0  0 . 5 0  0 . 0 4
5 8 9 5 . 0 0  r _ . 0 0  0 . 1 2
5 8 9 5 . 5 0  1 . 5 0  0 . 1 7
5 8 9 6 . 0 0  2 . 0 0  0 . 2 3
s 8 9 6 . 5 0  2 . 5 0  0 . 2 6
s 8 9 7 . 0 0  3 . 0 0  0 . 2 9
5 8 9 7 . 5 0  3 . 5 0  0 . 3 2
5 8 9 8 .  0 0  4 . 0 0  0 . 3 4
5 8 9 8 . 5 0  4 . 5 0  0 . 3 6
5 8 9 9 . 0 0  5 . 0 0  0 . 3 8
5 8 9 9 . 5 0  5 . 5 0  0 . 4 1
5 9 0 0 . 0 0  6 . 0 0  0 . 4 5
5 9 0 0 . 5 0  6 . 5 0  0 . 4 7
5 9 0 r _ . 0 0  7 . 0 0  0 . 5 0
5 9 0 L . 5 0  7 . 5 0  0 . 5 3
5 9 0 2 . 0 0  8 . 0 0  0 . 5 6
5 9 0 2 . 5 0  8 . 5 0  0 .  6 0
s 9 0 2 . 9 9  8 . 9 9  0 .  6 0
5 9 0 3 . 0 0  9 . 0 0  0 . 6 4
s 9 0 3 . 1 0  9 . 1 0  0 .  6 5
5 9 0 3 . 2 0  9 . 2 0  0 . 6 6
5 9 0 3 . 3 0  9 . 3 0  0 . 6 7
s 9 0 3 . 4 0  9 . 4 0  0 . 6 8
5 9 0 3 .  s 0  9 .  5 0  0 .  6 9
5 9 0 4  . 0 0  1 0 . 0 0  0 . 7  4
5 9 0 4  . 5 0  1 0 . 5 0  0 .  8 5
5 9 0 5 . 0 0  1 1 . 0 0  0 . 9 7

0 .  0 0
0 .  0 1
0 .  0 5
0 . t 2
o  . 2 2
0 .  3 4
0 . 4 8
0 . 6 4
0 .  8 0
0  . 9 7
1 .  1 5
t  . 3 6
l - .  5 8
1 . 8 1
2  . 0 5
2  . 3 t
2  . 5 8
2  . 8 7
3 . L 7
3 .  r _ 8
3 . 2 4
3 .  3 1
3 .  3 7
3 .  4 4
3 .  5 1
3 .  8 7
4  . 2 6
4 . 7 2

0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 . 0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0
9 . 7 3
9 .  8 5

1 1 .  8 3
1 5 . 9 6
2 0  . 5 2
2 5 . 7 8
3 0 .  8 7
6 8 . 5 1

1 1 8 . 4 1
1 8 2 .  5 5

Stage o f  SW#L
Peak Stage

* * : k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * J c * * * * * * * * * * * * * * * * * * * * * * * * * : k
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Project Description

Emergency Spilluay Max. Slope
Worksheet for Trapezoidal Ghannel

ap=6 / / S /opv = 7o, / %

Worksheet
Flow Element
Method
Solve For

REFUSE PILE PONE

Trapezoidal Channel
Manning's Formula

Channel Depth

Input Data

Mannings Coeffic 0.050
Slope 304000
Left Side Slope 1.75
Right Side Slope 1.75
Bottom Wdth 9.00
Discharge 15.95

ftift
V :  H
V :  H
ft
cfs

Results

Depth O.27 ft
Flow Area 2.4 tr

. Wetted Perim 9.61 ft
Top \Mdth 9.30 ft
Critical Depth 0.46 ft
CriticalSlope 0.051755 ft/ft
Velocity 6.54 fl/s
Veloclty Head 0.66 ft
Specific Energ 0.93 ft
Froude Numb, 2.25
Flow Type iupercritical

untitled.frn2
O2lOllOS O9:52:rl4 AM

1 7,0 fns , ' .  olL

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineen Rlchard White
FlowMaster v6.O [614b]

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



lnput Data

Mannings Coefiic 0.038 0a = 6 
,,

Sfope O5OO0O frlfr. 
'-

Left Side Slope 1.75 V: H
Right Side Slope 1.75 V: H
Bottom Wdth 9.00 ft
Discharge 15.95 cfs

Depth 0.39 ft t- c-

Flow Area 3.6 ftr
Wetted Perimr 9.89 ft
Top \Mdth 9.44 ft
CriticalDepth 0.46 ft
Critical Slope 0.029189 Wft
Velocity 4.47 frJs
Velocity Head 0.31 ft
Specffic Energ 0.70 ft
Froude Numb, 1.28
Flow Type iupercritical

f,\.p, : T %

l ,V ft-  t+/n, {^r- 'boopL= l . / l  { f

Emergency Spillway Min. Slope
Worksheet for Trapezoidal Channel

EarthFax Englneerlng Inc
37 Brookslde Road Waterbury, CT O6ZOB USA

IU

ProJect Description

Worksheet
Flow Element
Method

Solve For

REFUSE PILE PONE
Trapezoidal Channel
Manning's Formula
ChannelDepth

untitled.fm2,
O2/OI|OS O9:55:05 AM

Projec* Engineer: Richard \Mrite
FlowMasterv6.0 [614b]

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1
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Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
June 2006

RA ATTACHMENT 7.3, ADDENDUM A

TOPSOIL/SUBSOIL BORROW AREA



Borrow Area Hydrologr

When the refuse pile is reclaimed some of tle cover material will come from the soil borrow area. The
soil bonow area will only be impacted during the short period during which the refuse pile is being
reclaimed. Reclamation of the site will occur immediately after the required volume of soil has been
removed. The soil borrow area is a little under a mile from the refuse pile. The site has a gentle 3 to
4% slope to the south towards an incised ephermeral channel flowing to the southeast. The site is rlry
with limited vegetation tlpical of the are4 namely, sage brush and grasses. Climatological information
for the area can be seen in Appendix 4-1 of the approved M&RP and in RA Attachment 7-5.

Soil in the area is easily erodible as demonsbated by the gullies running through the site with depths
ranging between 6 md 20 feet. Gullies in the area are tlpically 8 to l0 feet deep. The 20 foot deep
gully through the site indicates tlat soil has a deptl of at least 20 feet. The following sections discuss
how degradation ofgroundwater and surface water will be avoided during soil rernoval activities and
reclamation.

Groundwater

The effect on groundwater from soil removal activities is expected to be minimal. No springs are
evident at the soil borrow area or in areas upgradient of the soil borrow area- The deep gullies at the
site are dry. Thus, it can be concluded that groundwater is at least below the deepest gully, which is
approximately 20 feet deep. Thus, groundwater at the site is well below the 3 to 4 foot depth of soil to
be removed from the site and therefore will not be encountered during soil rernoval activities. Based on
the monitoring wells around the refuse pile the depth to groundwater in this area can be expected to be
30 to 40 feet below ground surface. Since the only activity at tle site will be soil removal, there is very
little potential for groundwater impact. Therefore groundwater quality will not be monitored.

Surface Water

All of the drainages in the vicinity ofthe soil bonow area are ephemeral in nature and only flow in
response to large storm wents and snow melt. Runofffrom areas upgradient of the soil borrow area
are collected into gullies before reaching the soil borrow area. These gullies convey runofftlrough the
site with some runoff flowing into the gullies from the soil borrow area. The watershed upgradient of
the site is less than 60 acres in size. Thus, the gullies at the site represent ephemeral drainages
according to the definition of an ephemeral drainage in the regulations.

To protect the hydrologic balance, soil removal activities and reclarnation activities will be conducted in
a manner that prevents, to the extent possible, additional conhibutions of suspended solids to
steamllow outside the permit area, and otherwise prevent wat€r pollution. During soil renoval activities
and reclamation CFC will maintain adequate runoff- and sediment-contol facilities to protect local
surface waters.

Access to the soil borrow area will require the crossing of a channel. This channel flows only in



response to storm events or snow melt. A broad swale will be constructed to cross the drainage. Soil
removal activities will only occur if the channel is dry. To facilitate removal of the soil and to reduce
sediment from tle swale, the swale may be covered with clean gravel. Soil removed to create the
swale will be replaced to the extent possible during reclamation. However, the drainage has vertical
sides in most places but the soil can only be replaced to a maximum slope of 2: 1. The swale crossing
will be reclaimed such that there are no sharp changes in slope or direction. The reclaimed slopes of
the swale will be deep gouged and seeded following regrading. The reclaimed channel will have tle
same bottom width as the undisturbed channel and will be composed of the same material as the rest of
the channel. The undisturbed channel is composed of the same soil as that being removed with an
occasional rock. The reclaimed swale will be more stable than the undisturbed channel due to the side
slopes being laid back rather than being vertical.

During soil removal and reclamation activities a combination of sediment contol methods will be used.
Before commencing any soil removal activities silt fences will be installe.d down gradient of any areas to
be disturbed. Affer installation of the silt fences the top twelve inches of soil will be pushed into berms
around the site. These berms will contain runoffthat falls within ttre borrow area and will divert
upgradient runoffaround the borrow area. The removal of 3 to 4 feet of soil from the site will, by the
nature of the activity, create a depression that will contain the runoff from inside the soil borrow area.
The silt fences will be maintained during soil removal activities to provide sediment heatment in addition
to the berms and depression.

To minimize the impact to the site the soil will be removed from between the gullies running through the
site. Thus, the cunent drainage pattem will not be impacted by soil removal activities. The gullies on
either side of the soil borrow area are much deeper than the expected soil excavation depth.
Therefore, after 3 to 4 feet ofsoil is removed, the site will be regraded to drain towards the one of
the existing gullies. By rernoving soil in this manaer no reclamation drainages will need to be
constructed.

During reclamation the silt fences will be removed during final gading, Once the silt fences are
removed the site will be deep gouged, mulched and seeded as soon as possible. The silt fences will not
be removed if a storm is o(pected in the time between when the silt fences are removed and when the
site can be deep gouged. Deep gouging has been demonshated to be very effective at conholling
sediment from reclaimed sites, especially from relatively flat sites such as this. The deep gouges will
also promote revegetation ofthe site.
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Dugout Canyon Mine Refuse Pile
Hydrolory Calculations

Rainfall Deoths

Since this site is a refuse pile the 1O0-year storm event will be used for alt calculations

100-year 6-hour 2.05 inches

100-year 24-hour 2.80 inches

Curve Number

This areawas a gravel pit prior to being used as a refuse pile. Thus, *re vast majority of the
distt[bed areas have no vegetation and littte if any soil remaining. The entire site whelher
covered with waste rock or bare soil will behave like a dirt road. The tSpical curve nurnber for
dirt roads is 90.

The undisturbed portions of any watersheds are typically Pinyor/Juniper or Sagebrush/Grass
vegetation type. The majority being Pinyor/Juniper. Undisturbed soils in the rurdisturbed
watersheds have a hydrologtc soil of B. Combining the vegetation type and hydrologic soil type
the estimated curve nurrber is 75.

Soil from the site and a borrow area will be used to reclaim the site. Although the native soils
justiff a lower curye number the uncertainty regarding the soil borrow ro*.r justifies a
conservative choice of 80 for the reclaimed areas.

A summary of watershed characteristics can be found on the following pages.



Drainage Ditch Design

Assumptions

t .

2.

J .

4.

5 .

6.

All ditches designed for the 100-yr 6-hr storm event,

When riprap is required the method presented by Searcy, (1967) will be used,

Riprap thickness is twice the Dro,

A Mannings n of 0.03 will be assumed for bare earth,

A Mannings n of 0.035 will be assumed for rocky earth,

A Mannings n for riprap channels will be determined using the method presented by Abt,
S.R., et. al. (1987)

n : 0.0456(Djo x Slope)o'r5e

Where: D50 - median riprap size (inches)
Slope : (ft\ft)

A geotextile will be used beneath riprap for operational ditches,

A filter blanket will be used beneath the riprap for all reclamation channels. The filter
thickness will be half of the riprap thickness.

7.

8 .



Operational Ditches and Culvert

tID-1a

contributing watershed is Approximately rs%of uws-l

Peak Flow :4.74 x 0.15 :0.71 cfs

Minimum Slope :2.0o/o
Morimum Slope = 15.0o/o

Trapizoidal Ditch
Side slopes = 2:l
Depth = I ft
Bottom Width: I ft
Riprap = none

Marimum Velocity: 4.59 frs
Macimum Depth :0.27 ft
Freeboard :0.73 ft

See pages22 and23 for calculation sheets and page 56 for a typical cross-section of the ditch

UD-1b

Contributing Watershed is UWS-I

Peak Flow :4.74 cfs

Minimum Slope : A3o/o
Maximum Slope :2.8Yo

Trapizoidal Ditch
Side slopes :2:l
Depth = 1.5 ft
BottomWidth=2ft
Riprap = none

Ma>rimum Velocity = 3.92 fos
Marimum Depth: 0.87 ft
Freeboard:0.63 ft

See pages24 and25 for calculation sheets and page 57 for atypical cross-section of the ditch



UD-lc

Contributing Watershed is UWS-l

Peak Flow : 4.74 cfs
Minimum Slope = 4.4Yo
Maximum Slope = 23.3o/o

Trapizoidal Ditch
Side slopes :2:l
Depth : 1.0 ft
Bottom Width = 2.0 ft
Riprap: 6 inch

Mocimum Velocity = 6.26 fps
Marimurn Depth:0.5 ft
Freeboard: 0.5 ft

Seepages 26 and 27 forcalculation sheets andpage 58 for atypical cross-section of the ditch

A single watershed has been defined for the areadraining to the sediment pond. Since the refuse
pile may slope in different dir-ecJions during construction ditches DD-l *a Op- 2 may receive
most of the ruroff. Thus, both ditches will be designed to handle the majority of the nrnofffrom
the upper part of the watershed.

DD-1

contributing watershed is Approximately g}%of DWS-I

Peak Flow: 16.03 x 0.8 : 12.82 cfs
Minimum Slope :0.6Yo
Marimum Slope = 12.9o/o

Trapizoidal Ditch
Side slopes :2:L
Depth : 1.5 ft
BottomWidth=4ft
Riprap : 6 inch on slopes exceeding a slope of 4Yo. A few places have short areas with slopes
exceeding 4yo, these areas will need to be riprapped.

Maximum Velocity : 6.22 fps
Maximtrm Depth: 0.96 ft
Freeboard:0.54 ft

See pages 28, 29, and30 for calc sheets and page 59 and 60 for a typ. cross-section of the ditch



DD-2a

Contributing Watershed is Approximately 50% of DWS-I

Peak Flow = 16.03 x 0.5 : 8.02 cfs

Minimum Slope : l.9Yo
Maximum Slope : l0.0Yo

Trapizoidal Ditch
Side slopes :2:l
Depth: I ft
Bottom Width: 15 ft
Riprap: none

Maximum Velocity : 4.03 fos
Maximurn Depth : 0.22 ft
Freeboard : 0.78 ft

See pages 3l and 32for calculation sheets andpage 61 for atypical cross-section of the ditch

DD.2b

Contributing Watershed is Approximatd SA% of DWS-I

Peak Flow: 16.03 x 0.5 : 8.02 cfs

Minimum Slope :5.0o/o
Marimum Slope :13.5o/o

Trapizoidal Ditch
Side slopes :2:l
Depth: I ft
Bottom Width :4 ft
Riprap:6 inch

Maximum Velocity: 5.57 fts
Madmum Depth:0.41 ft
Freeboard: 0.59 ft

See pages 33 and 34 for calculation sheets and page 62 for a typical cross-section of the ditch



DD-3a

Contributing Watershed is DWS-I

Peak Flow: 16.03 x 1.0 : 16.03 cfs

Minfunum Slope : t.3%o
Mrucimum Slope :3.5o/o

Trapizoidal Ditch
Side slopes = 2:l
Depth : 1.0 ft
Bottom Width: 15.0 ft
Riprap : none

Marirnum Velocity : 3.84 Ss
Maximum Depth :0.37 ft.
Freeboard : 0.63 ft

See pages 35 and 36 for calculation sheets and page 63 for a typicat cross-section of the ditch

DD-3b

Contributing Watershed is DWS-I

Peak Flow: 16.03 x 1.0: 16.03 cfs

Minimum Slope : l.3o/o
Marimum Slope :9.AYo

Trapizoidal Ditch
Side slopes :2:l
Depth = 1.5 ft
Bottom Width = 2.0 ft
Riprap:6 inch

Maximum Velocity: 7.28 Ss
Morimum Depth: 1.03 ft
Freeboard: 0.47 ft.

See pages 37 and 38 for calculation sheets and page 64 for a typical cross-section of the ditch



Culvert

UC-1

Culvert Diameter : 24 inches

Contributing Watershed : UWS-I

Peak Flow : 4.74 cfs

Culvert Slope = 4.5 Yo

Culvert inlet capacity= 11.9 cfs (projecting inlet)

Culvert capacity based on culvert slope :26.11 cfs

Culvert capacity is controlled by the inlet. However, the inlet capacity is still over twice the peak
flow from the 100-year 6-hour.

outlet velocity : 6.31 fus thus outlet protection is needed (pg 39)

Place Dso : 6 inch riprap at the outlet for outlet protection

UC-2

Culvert Diarneter : 24 inches

Contributing Watershed : UWS-2

Peak Flow = 6.78 cfs

Culvert Slope = 1.5 Yo

Culvert inlet capacity = I 1.9 cfs (projecting inle|

Culvert capacity based on culvert slope : 15.01 cfs

Culvert capacity is contolled by the inlet. However, the inlet capacrty is still over twice the peak
flow from the 100-year 6-hour.

Outlet velocity = 4.66 fps thus outlet protection is not needed (pg 40)
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-' RD-la

RECLAMATION CHANNELS

Contributing Watershed is Approximately 15% of RWS-I

Peak Flow: 6.55 x 0.15 = 0.98 cfs

Minimum Slope :4.860/o
Marimum Slope :13.59Yo

Trapizoidal Ditch
Side slopes = 2:l
Depth: I ft
Bottom Width: I ft
Riprap = none

Mocimum Velocity : 4.46 fps
Mrucimum Depth :0.27 ft
Freeboard : 0.73 ft

See pages 41 and 42 for calculation sheets and page 65 for a typical cross-section of the ditch

RD-Ib

Contributing Watershed is 85% of RWS-1

Peak Flow : 6.55 x 0.85 : 5.57 cfs

Minimum Slope :0.680/o
Maximum Slope :3.24o/o

Trapizoidal Ditch
Side slopes - 2:l
Depth: I.25 ft
Bottom Width: 3 ft
Riprap: none

Macimum Velocity : 4.28 fps
Marimum Depth: 0.66 ft
Freeboard = 0.59 ft

See pages 43 and 44 for calculation sheets and page 66 for a typical cross-section of the ditch
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O, RD-1c

Contributing Watershed is RWS-I

Peak Flow: 6.55 cfs
Minimum Slope :4.4o/o
Marimum Slope = 23.30/o

Trapizoidal Ditch
Side slopes :2:l
Depth : 1.25 ft
Bottom Width :2.0 ft
Riprap: 6 inch

Marimum Velocity : 6.97 fus
Marimum Depth:0.61 ft
Freeboard : 0.64 ft

See pages 45 and 46 for calculation sheets and page 67 for atypical cross-section of the ditch

RD-2

Contributing Watershed is RWS-2

Peak Flow: 0.59 cfs
Minimum Slope : l.77Vo
Ma>rimum Slope : 17.24Yo

Trapizoidal Ditch
Side slopes :2:1.
Depth : 1.0 ft
Bottorn Width: I ft
Riprap: none

Marimum Velocity : 4.07 fps
Murimum Depth = 0.27 ft
Freeboard: 0.73 ft

See pages 47 and 48 for calculation sheets and page 68 for a typical cross-section of the ditch

o
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RD-3

Contributing Watershed is RWS-3

Peak Flow : 1.47 cfs
Minimum Slope : l5.38oh
Ma><imum Slope : 3l .80%

Trapizoidal Ditch
Side slopes :2:l
Depth: 1.0 ft
Bottom Width :2.0 ft
Riprap : 3"

Marimum Velocity :4.79 fps
Mocimum Depth:0.17 ft
Freeboard : 0.83 ft

See pages 49 and 50 for calculation sheets and page 69 for atypical cross-section of the ditch

RD.4

Contributing Watershed is RWS-4

Peak Flow: 0.50 cfs
Minimum Slope :3.25Yo
Maximum Slope: 11 .44%

Trapizoidal Ditch
Side slopes :2:L
Depth : 1.0 ft
Bottom V/idth : 1.0 ft
Riprap : none

Manimum Velocrty: 3.36 fos
Mucimum Depth: 0.21 ft
Freeboard = 0.79 ft

See pages 51 and 52for calculation sheets and page 70 for atypical cross-section of the ditch

I
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RD-5

Contributing Watershed is RWS-5

Peak Flow: 6.87 cfs
Minimum Slope : t.7 Yo
Marimum Slope :2.4 o/o

Trapizoidal Ditch
Side slopes :2:l
Depth : 1.0 ft
Bottom Width = 3.0 ft
Riprap: none

Mrurimum Velocity :4.16 fus
Marimum Depth:0.56 ft
Freeboard : 0.44 ft

See pages 53 and 54 for calculation sheets and page 71 for a tlpical cross-section of the ditch

Swale I

Contributing Watershed is RWS-I

Peak Flow: 6.36 cfs
Slope = 3.6Yo

Trapizoidal Ditch
Side slopes : 4:1
Depth : 1.0 ft
Bottom Width: 3.0 ft
Riprap: none

Muimum Velocity : 4;66 fos
Maximum Depth :0.44 ft
Freeboard: 0.56 ft

See page 55 for calculation sheets andpageT2 for atypical cross-section of the ditch

11
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t7

Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
DWS-1 100-yr 6-hr

INPUT SUMMARY

STORM :
Dist.= SCS Type'b'
Depth = 2.05 inches
Duration = 6.0 hrs

WATERSHED:
Area = 14.80 acres
CN = 90.00

Time conc.= 0.06 hrs

OUTPUT SUMMARY

Runoff depth: 1.137 inches
f nitiaf abstr: 0.222 inches
Peak flow: 16.03 cfs ( 1.074 iph )

at time: 2.508 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
UWS-1 100-yr 6-hr

INPUT SUMMARY

STORM:
Dist.= SCS Type 'b'

Depth = 2.05 inches
Duration = 6.0 hrs

WATERSHED:
Area = 18.00 acres
CN = 75.00

Time conc.= 0.26 hrs

OUTPUT SUMMARY

Runoff depth: 0.406 inches
Initial abstr: 0.667 inches
Peak flow: 4.74 cfs ( 0.261 iph )

at time: 2.639 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
UWS-2

INPUT SUMMARY

STORM:
Dist.= SCS Type 'b'

Depth = 2.05 inches
Duration = 6.0 hrs

WATERSHED :
Area = 25.50 acres
CN = 75.00

Time conc.= 0.25 hrs

OUTPUT SUMMARY

Runoff depth: 0.406 inches
Initial abstr: 0.667 inches
Peak flow: 6.78 cfs ( 0.264 iph )

at time: 2.612 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
RWS-1 l OO.YEAR 6-HOUR

INPUT SUMMARY

STORM:
Dist.= SCS Type 'b'

Depth = 2.05 inches
Duration = 6.0 hrs

WATERSHED :
Area = 21.20 acres
CN = 76.00

Time conc.= 0.23 hrs

OUTPUT SUMMARY

Runoff depth: 0.440 inches
Initial abstr: 0.632 inches
Peak flow: 6.55 cfs ( 0.306 iph )

at time: 2.614 hrs

l
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
RWS-2 1OO-YEAR 6-HOUR

INPUT SUMMARY

STORM :
Dist.= SCS Type'b'
Depth = 2.05 inches
Duration = 6.0 hrs

WATERSHED :
Area = 1.00 acres
CN = 80.00

Time conc.= 0.04 hrs

OUTPUT SUMMARY

Runoff depth: 0.593 inches
lnitial abstr: 0.500 inches
Peak flow: 0.59 cfs ( 0.581 iph )

at time: 2.507 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
RWS-3 1OO-YEAR 6-HOUR

INPUT SUMMARY

STORM:
Dist.= SCS Type 'b'

Depth = 2.05 inches
Duration = 6.0 hrs

WATERSHED :
Area = 2.60 acres
CN = 80.00

Time conc.= 0.07 hrs

OUTPUT SUMMARY

,.ri.
- l
- t
-

Runoff depth: 0.593 inches
lnitial abstr: 0.500 inches
Peak flow: 1.47 cfs ( 0.562 iph )

at t ime: 2.511 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
RWS-4 1OO-YEAR 6-HOUR

INPUT SUMMARY

STORM :
Dist.= SCS Type'b'
Depth = 2.05 inches
Duration = 6.0 hrs

WATERSHED:
Area = 0.87 acres
CN = 80.00

Time conc.= 0.05 hrs

OUTPUT SUMMARY

^ L i
- t
U'

Runoff depth: 0.593 inches
Initial abstr: 0.500 inches
Peak flow: 0.50 cfs ( 0.574 iph )

at time: 2.509 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
RWS-5

INPUT SUMMARY

STORM:
Dist.= SCS Type'b'
Depth = 2.05 inches
Duration = 6.0 hrs

WATERSHED:
Area = 26.10 acres
CN = 75.00

Time conc.= 0.26 hrs

OUTPUT SUMMARY

Runoff depth: 0.406 inches
Initial abstr: 0.667 inches
Peak flow: 6.87 cfs ( 0.261 iph )

at time: 2.628 hrs



Project Description

Input Data

Mannings Coeffic 0.030 $o.g.
Slope ,020000 fi/ft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Width 1.00 ft
Discharge 0.71 cfs

Resuhs

.-#.

ZI ' otL fft.b aar-rJ o '73

UD-la Minimum Slope
Worksheet for Trapezoidal Ghannel

EarthFax Engineerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

ZL

Project Engineer: Richard \Mrite
FlowMaster v6.o [614b]

Worksheet
Flow Element
Method

Solve For

Dugout Refuse I
TrapezoidalCha
Manning's Formr
ChannelDepth

Depth
Flow Area
Wetted Perimr
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energ
Froude Numb,
Flow Type

o.27 ft-
0.3 ft2

1.60 ft
1.27 tt
0.24 ft

0.029060 ft/ft
232 ftts
0.08 ft
0.35 ft
0.83

Subcritical

untitled.fm2
01l12lOS 03:49:38 PM @ Haestad Methods, Inc. (2O3) 755-1666 Page 1 of 1



Project Description

UD-la Maxirnum Slope
Worksheet for Trapezoidat Channel

. #pt . ' ,  f to  f ;Pt :of

EarthFax Englneerlng Inc
37 Brookside Road Watedrury, CT 06708 USA

23

Project Engineer: Richard White
FlowMaster v6.O [614b]

Worksheet
Flow Element
Method
Solve For

Dugout Refuse f
TrapezoidalCha
Manning's Formr
ChannelDepth

Input Data

Mannings Coeffic 0.030
Slope 0.150000
Left Side Slope 2.OO
Right Side Slope 2.00

barc e.c.*A
fl/ft
V : H
V : H
ft
cfs

Bottom Width
Discharge

1.00
0.71

Results

Depth 0.14 ft
Ffow Area 0.2 ff
Wetted Perim 1.32 ft
Top Width 1.14 ft
Criticaf Depth O.24 ft
CriticalSlope 0.029060 fl/ft
Velocfty 4.59 Ys
Velocity Head 0.33 ft
Specific Energ 0.47 ft
Froude Numb, 2.2O
Flow Type iupercritical

untitled.fm2
O1l12lOS O3:48:15 PM @ Haestad Methods, Inc. (203) 75s-1666 Page 1 of 1



Project Description

UD-lb Minimum Slope
Worksheet for Trapezoidal Ghannel

zr

Project Engineer: Richard Whlte
FlowMaster v6.O [614b]

Worksheet
Flow Element
Method
Solve For

Dugout Refuse I
TrapezoidalGha
Manning's Formr
ChannelDepth

fnput Data

Mannings Coeffic 0.030 Jrn-
slope o, oogooo fln
Lefi  Side Slope 2.00 V: H
Right Side Slope 2.00 V : H
Bottom Wdth 2.00 ft
Discharge 3.79 cfs

Results

ga.{*

l , f  ' o /t- fr., 6ooJ : O , G,3 S{

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT O6ZOB USA

Depth
Flow Area
Wetted Perimr
Top Width
CriticalDepth
CriticalSlope
Veloclty
Velocity Head
Specific Energ
Froude Numb,
Flow Type

0.87 ft
2.1 tr

3.94 fr
2.87 ft
0.46 ft

0.023150 fuft
1.79 fl/s
0.0s ft
0.92 ft
0.37

Subcritical

untitled.fm2
O1l12lOS O3:52:4S pM @ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

UD-lb Maximum Slope
Worksheet for Trapezoidal Ghannel

' , nO f.r p'l^a7o

EarthFax Englneerlng lnc
37 Brookside Road Waterbury, CT 06708 USA

71

Project Engineer: Richartl \Nhite
FlowMaster v6.O [614b]

Worksheet
Flow Element
Method

Solve For

Dugout Refuse I
TrapezoidalCha
Manning's Formr
Channel Depth

Input Data

Mannings Coeffic 0.030
Stope O.ozaooo fitft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Width 2.00 ft
Discharge 3.79 cfs

Results

Depth 0.44 ft
Flow Area 1.0 ft'z
Wetted Perinu 2.98 ft
Top Wdth 2.44 ft
Critical Depth 0.46 ft
Critical Slope 0.023150 fr/ft
Velocity 3.92 flAl
Velocity Head O.24 ft
Specific Energ 0.67 ft
Froude Numb' 1.10
Flow Type iupercritical

un$iled.fm2
01l12l05 O3:53:22 PM @ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1
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Project Description

Input Data

Mannings Coeffic 0.037 Qfr=
Slope 044000 ft/ft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Boftom Width 2.00 ft
Discharge 4.74 6s

Results

Depth _9.59_fr e l,O
Flow Area 1.1 ftz
Wetted Perim 3.11 ft
Top Width 2.50 ft
CriticalDepth 0.53 ft
CriticalSlope 0.034748 fl/ft
Velocity 4.25 fl/s
Velocity Head 0.28 ft
Specific Energ 0.78 ft
Froude Numb, 1.12
Flow Type iupercritical

untitled.fm2
01126105 O3:54:24 PM

UD-lc Minimum Slope
Worksheet for Trapezoidal Channel

S/op* = ' l ,V %

-Ft- 6fa

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard White
FlowMaster v6.O [614b]

Worksheet
Flow Element
Method
Solve For

Dugout Refuse I
TrapezoidalCha
Manning's Formr

Ghanne! Depth

6"

@ Haestad Methods. Inc. (203) 755-1666 Page 1 of 1



Project Description

UD-1c Maximum Slope
Worksheet for Trapezoidal Ghannel

SloVo = 27,7 %

1 7,f f f  t  . ' ,  l lL

EarthFax Englneerlng lnc
37 Brookside Road Waterbury, CT 06708 USA

77

Project Engineen Richard White
FlowMaster v6.0 [614b]

Worksheet
Flow Element
Method

Solve For

Dugout Refuse t
TrapezoidalCha

Manning's Formr

ChannelDepth

lnput Data

Mannings Coeffic 0.048 2Uo

Slope 233000 ft/fr
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Wdth 2.00 fr
Discharge 4.74 ds

Results

Depth 0.35 ft
Flow Area 0.8 ft'z
Wetted Perimr 2.78 ft
Top Width 2.35 ft
GriticalDepth 0.53 fi
CriticalSlope 0.058969 fr/fr
Velocity 6.26 ft/s
Velocity Head ;ffi'-
Specific Energ 0.96 fr
Froude Numb, 1.94
Flow Type iupercritical

untitled.fm2
01126105 O3:57:OB PM

=  6 "

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DD-l Min Slope
Worksheet for Trapezoidal Channel

zf

Project Engineer: Richard White
FlowMaster v6.O [614b]

Worksheet
Flow Element
Method
Solve For

Dugout Refuse I
TrapezoidalCha
Manning's Formr

GhannelDepth

Input Data

Mannings Goeffic 0.035
Slope 006000
Left Side Slope 2.00
Right Side Slope 2.00
Bottom Wdth 4.00
Discharge 11.22

fotkv

fi/ft
V : H
V : H
ft
cfs

e-ar&\

Depth
Flow Area
Wefted Perimr
Top \Mdth
CriticalDepth
CriticalSlope
Velocity
Velocity Head

Specific Energ
Froude Numb,
Flow Type

0.96 ft z
4.3 ff

6.16 ft
4.96 ft
0.61 ft

0.026358 ft/ft
2.60 ft/s
0.10 ft
1.07 ft
0.49

Subcritical

ofu {ro-bo,.--.L = O.rI I

EarthFax Englneering Inc
37 Brookside Road Waterbury, CT 06708 USA

l , f  
'

untitled.frn2
O1l12lO5 04:21:39 PM @ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DD-l Max Slope
Worksheet for Trapezoidal Channel

17, ,  f7n . ' .  oK

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA

71

Project Engineer: Richard \A|hile
FlowMasterv6.O [614b]

Worksheet
Flow Element
Method
Solve For

Dugout Refuse I
TrapezoidalCha
Manning's Formr
ChannelDepth

Input Data

Mannings Coeffic 0.044
Slope 129000
Left Side Slope 2.00
Right Side Slope 2.00
Bottom Width 4.00
Discharge 11.22

Results

Depth 0.43 fl
Flow Area 1.8 ft2
Wetted Perimr 4.96 ft
Top Wdth 4.43 tt
CriticalDepth 0.61 ft
Crttical Slope 0.041091 ftltt
Velocity 0.22 fl/s
Velocity Head 0.60 ft
Specific Energ 1.03 ft
Froude Numb' 1.72
Flow Type iupercritical

Qqp =

ft/fi

V : H
V : H

fi
cfs

r r l
o

untitled.fm2
O1l12lOS 04:20:38 PM @ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



DD-l Max Slope Not Requireing Riprap
Worksheet for Trapezoidal Ghannel

3o

Projeot Description

Worksheet
Flow Element
Method
Solve For

Dugout Refuse I

TrapezoidalCha
Manning's Formr

ChannelDepth

Input Data

Mannings Coeffic 0.035
Slope 040000
Left Side Slope 2.00
Right Side Slope 2.00
Bottom Wdth 4.00
Discharge 11.22

TooKy -rot (

f t / f t -
V : H
V : H
ft
cfs

at l  cLa*no"(  * f r -od/ ' rn .s  Ft lA a t /o , ,ec-

? n-c,{-r fl" "4 "l % P ; ll ncc.4- Vro * 6 
d i

f : f fol4

Depth 0.54 ft
Flow Area 2.3 tr
Wetted Perimr 5.20 fr
Top Width 4.54 ft
Gritical Depth 0.61 fr
CriticalSlope 0.026358 fl/ft
Velocity 4.91 ll/s
Velocity Head T'Ft
Specific Energ 0.91 ft
Froude Numb, 1.22
Flow Type iupercritical

<U{v t

untitled.fm2
O1l12lOS O4:15:49 PM

EarthFax Englneerlng lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard tA/hite
FlowMasterv6.O [614b]

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



DD-2a Minimum Slope
Worksheet for Trapezoidal Ghannel

ao-(h 1 cool reFusQ

3l

Project Description

Worksheet
Flow Element
Method

Solve For

Dugout Refuse I
TrapezoidalCha
Manning's Formr
ChannelDepth

Input Data

Mannings Coeffic 0.030 bap.
Slope 019000 fl/fi
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Width 15.00 fr
Discharge 8.02 cfs

Depth
Flow Area
Wetted Perimr
Top Wdth
CriticalDepth
CriticalStope
Velocity
Veloci$ Head
Specific Energ
Froude Numb,
Flow Type

3.3 fi3
15.49 ft
15.22 ft
o.21 ft

0.022733 frtft
2.43 ftls
0.09 fr
0.31 ft
0.92

3ubcritical

o.zz  x  <  7 / OL

untitled.fm2
O1/13/O5 O9:19:52 AM

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard White
FlowMaster v6.O [614b1

@ Haestad Methods. Inc. (2O3) 75s-1666 Page 1 of 1



Project Description

DD-2a Maximum Slope
Worksheet for Trapezoidal Ghannel

pond .

4 f .O{p" r n a  f t f o f a f i

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

3Z

f h* ,,5 oellmon /-

Projec{ Engineer: Richard White
FlowMaster v6.O [614b]

Worksheet

Flow Element
Method
Solve For

Dugout Refuse I
TrapezoidalCha
Manning's Formr
ChannelDepth

Input Data

Mannings Coeffic O.O3O bo-.- e.o.lV I c"d.l re{nsc

Th* d;fu\ i.r also t*s qcccrl toao(* fi r

Slope 100000 ft/ft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Wdth
Discharge

15.00 ft€
8.02 cfs

Depth 0.13 ft
Ffow Area 2.0 tr
Wetted Perimr 15.30 ft
Top \Mdth 15.13 ft
CriticalDepth 0.21 ft
Criticaf Sfope O.O22733 fi,lft
Velocity 4.03 l1/s
Velocity Head o-Fft-
Specific Energ 0.38 ft
Froude Numb, 1.96
Flow Type iupercritical

untitled.fm2
01/13/05 O9:19:16 AM @ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



DD-zb Minimum Slope
Worksheet for Trapezoidal Ghannel

33

Project Description

Worksheet
Flow Element

Method
Solve For

Dugout Refuse I
TrapezoidalCha
Manning's Formr
ChannelDepth

Input Data

Mannings Coeffic 0.038
Slope 050000
Left Side Slope 2.00
Right Side Slope 2.00
Bottom Width 4.00
Discharge 8.02

Orr=6 ' l ! l e  f c  e  f  7 "
ft/ft
V : H
V : H

fr
cfs

Depth 0.43 ft < l.o F*
Flow Area T6-i'
Wetted Perimr 4.95 ft
Top \Mdth 4.43 ft
Critical Depth 0.49 ft
Critical Slope 0.031690 fl/ft
Velocity 4.48 fl/s
Velocity Head 0.31 ft
Specific Energ A.74 ft
Froude Numb' 1.24
Flow Type iupercritical

untitled.fm2
01126105 04:34:36 PM

EarthFax Englneerlng Inc
37 Brookslde Road Waterbury, CT 06708 USA

Project Engineer: Richard White
FlowMaster v6.0 [614b]

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DD-2b Maximum Slope
Worksheet for Trapezoidal Ghannel

-elope = t7, Z

< 7,f {pt ,', ok

EartfiFax Englneerlng Inc
37 Brookside Road Waterbury, CT O67Oe USA

Worksheet
Flow Element
Method
Solve For

Dugout Refuse I
TrapezoidalCha
Manning's Fonnr
ChannelDepth

Input Data

Mannings Coeffic 0.044
Slope 135000
Left Side Slope 2.00
Right Side Slope 2.00
Bottom Wdth 4.00
Discharge 8.02

O 7 o =  6 r t
ftift
V : H
V : H
fr
cfs

Results

Depth 0.35 ft
FfowArea 1.4 tr
Wetted Perimr 4.77 ft
Top \Mdth 4.35 ft
CriticalDepth 0.49 ft
CriticalSlope 0.043363 ft/ft
Velocity !.ffs
Velocity Head 0.48 ft
Specific Energ 0.83 ft
Froude Numb, 1.71
Flow Type iupercritical

untitled.fm2
01126105 04:35:15 PM

Project Engineer: Richard White
FlowMaster v6.0 [614b1

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Input Data

Mannings Coeffic 0.030 ba,r'u 6-a-*(\
Slope 013000 ft/ft
Lefl Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Wdth 15.00 ft
Discharge 16.03 cfs

Results

Depth _9,91J-  L / ,O , ' .  oh
Flow Area 5.6 fi:
Wetted Perimr 15.83 ft
Top Wdth 15.37 ft
CriticalDepth 0.33 ft
Critical Sfope O.O'19771 fr|ft
Velocity 2.84 ftls
Velocity Head 0.13 fi
Specific Energ 0.50 ft
Froude Numb, 0.83
Flow Type Subcritical

DD€a Minimum Slope
Worksheet for Trapezoidal Ghannel

EarthFax Englneerlng Inc
37 Brookslde Road Waterbury, CT 06708 USA

3f

Project Description

Worksheet
Flow Element
Method

Solve For

Dugout Refuse l
TrapezoidalCha
Manning's Formr
ChannelDepth

untitled.frn2
01126105 O4:33:41

Project Engineer: Richard White
FlowMaster v6.O [614b]

PM @ Haestad Methods. Inc. (2O3) 755-1666 Page 1 of 1



DD€a Maximum Slope
Worksheet for Trapezoidal Ghannet

f,o {ro :, afu

EarthFax Englneering Inc
37 Brookside Road Waterbury, CT 06708 USA

7s

Project Description

Worksheet
Flow Element
Method

Solve For

Dugout Refuse l
TrapezoidalCha
Manning's Formr

ChannelDepth

Input Data

Mannings Coeffic 0.030 ha'ra
Slope 035000 fr/ft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Wdth 15.00 fi
Discharge 16.03 cfs

ea^ [L'

Depth
Flow Area
Wetted Perimr
Top Width
Critical Depth
CriticalSlope
Velocity
Velocity Head
Specific Energ
Froude Numb,
Flow Type

9.28
4.2

15.62
15.28

0.33
0.019771

3.84

fi
tr
ft
ft
ft
ftift
fr/s

0.23
0,51
1.30

iupercritical

fr
fl

untttled.fm2
01126105 04:32:07 PM

Projec{ Engineer: Richard Write
FlowMaster \16.0 [614b1

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DD€b Minimum Slope
Worksheet for Trapezoidal Ghannel

Ogo  =  ( t l Sl 'Fe  =  q ,67

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT O6ZOB USA

37

Project Engineen Richard White
FlowMasterv6.O [614b]

Worksheet

Flow Element
Method

Solve For

Dugout Refuse f
TrapezoidalCha
Manning's Formt

Channel Depth

lnput Data

Mannings Coeffic 0.037
Slope 046000
Lefi Side Slope 2.00
Right Side Slope 2.00
Bottom Width 2.00
Discharge 16.03

ftift
V : H
V : H
ft
cfs

Depth W. ^ t,F ok
Ffow Area 2.6 tP
Wetted Perimr 4;31 ft
Top Width 3.03 fr
Crit icalDepth 1.14 ft
CriticalSlope 0.033467 ftft
Velocity 6.15 fl/s
Veloclty Head 0.59 fr
Specific Energ 1.62 fr
Froude Numb, 1.17
Flow Type iupercritical

untitled.fm2
01/26/05 O4:58:26 PM @ Haestad Methods. Inc. (203) 7s5-1666 Page 1 of 1



DD-3b Maximum Slope
Worksheet for Trapezoidal Channel

t t tS b S losoe- =1,1%

6L

EarthFax En gineerlng Inc
37 Brookside Road Waterlcury, CT 0670S USA

3f

Project Description

Worksheet
Flow Element
Method

Solve For

Dugout Refuse f
TrapezoidalCha
Manning's Formr
ChannelDepth

Input Data

Mannings Coeffic 0.041
Slope 091000
Lefi Side Slope 2.00
Right Side Slope 2.OO
Bottom Wdth 2.00
Discharge 16.03

9ro
ft/ft
V : H
V :  H
fi
cfs

Results

Depth 0.90 ft
Ffow Area 2.2 ftz
Wetted Perimr 4.01 ft
Top Wdth 2.90 fr
Criticaf Depth 1.14 ft
Critical Slope 0.041698 ft/ft
Vefocity 7.28 fiJs
Velocity Head 0.82 ft
Specific Energ 1.72 ft
Froude Numb, 1.47
Flow Type iupercritical

untitled.fm2
01126lo,5 O4:57:39 PM

Project Engineer: Richard White
FlowMasterv6.O [614b]

@ Haestad Methods, Inc. (2O3) 755-1666 Page 1 of 1



Project Description

uc-1
Worksheet for Circular Ghannel

i. oLu

f Fe" f t Pr'o4
,'J n"e*-( "A

37

Project Engineer: Richard \Afhite
FlowMasterv6.O [614b1

Worksheet

Flow Element
Method

Solve For

Dugout Refuse

Circular Channt
Manning's Fom
GhannelDepth

Input Data

Mannings Coeffic 0.024
Slope 045400
Diameter 24
Discharge 4.74

fUft
in
cfs

Results

Depth
Flow Area
Wetted Perime
Top Width
Critical Depth
Percent Full
CriticalSlope
Velocity
Velocity Head
Specific Energ'
Froude Numbe
Maximum Disc
Discharge Full
Slope Full
Flow Type

? , o  
I

0.58 ft
0.8 fr

2.27 ft
1.81 fr
o.77 ft
28.9 o/o

0.015456 fi/ft
6.31 ft/s )-
0.62 ft
1 .20 f t
1 .73

28.08 cfs
26.11 cfs

0.001496 ft/ft
iupercritical

untitled.fin2
O1l27lOS O8:54:55 AM

EarthFax Englneering Inc
37 Brookside Road Waterlrury, CT 06708 USA@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

4.66 fl/s < ,O {,o"-
0.34 fr
1.28 fr
0.96

16.14 cfs
15.01 cfs

0.003062 ft/ft
Subcritical

UG-2
Worksheet for Gircular Ghannel

ha f ,fC ̂ aP

Ear$Fax Englneerlng lnc
37 Brookslde Road Waterlrury, CT 06708 USA

lo

Projec* Engineer: Richard \A/hite
FlowMaster v6.O [61ab]

Worksheet
Flow Element
Method

Solve For

Dugout Refuse
Circular Channr
Manning's Fom

GhannelDepth

Input Data

Mannings Coeffic 0.024
Slope 015000
Diameter 24
Discharge 6.78

ftn
in
cfs

Results

Depth
Flow Area
Wetted Perime
Top \Mdth
CriticalDepth
Percent Full
CriticalSlope
Velocity
Velocity Head
Specific Energ'
Froude Numbe
Maximum Disc
Discharge Full
Slope Full
Flow Type

o . 9 4 f t < >-
1.5 fl3

3.03 ft
2.00 fr
0.92 ft
47.1 o/o

0.016113 fl/fr

,'. ofL

untitled.fm2
01l27lOS 0'2:21:49 PM @ Haestad Methods, Inc. (2O3) 755-1666 Page 1 of 1



Project Description

RD-ia Minirnum Slope
Worksheet for Trapezoidal Ghannel

,ll
r"..ou| l-Ob

Project Engineer: Richard White
FlowMaster v6.O [614b]

Worksheet

Flow Element
Method

Solve For

Refuse Pile Rec
TrapezoidalCha

Manning's Formr
GhannelDepth

Input Data

Mannings Coeffic 0.035 Ro'ky
Slope 048600 fl/ft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Width 1.00 ft
Discharge 0.98 cfs

Eo*h

Results

D e p t h  9 . 2 7  f t  1 l , O ' -  o L
Flow Area 0.3 ft2
Wetted Perimr 1.61 ft
Top Width 1.27 ft
Critical Depth 0.29 ft
CriticalSlope 0.038867 fUft
Velocity 3.13 fUs
Velocity Head 0.15 fi
Specific Energ 0.43 ft
Froude Numb, '1.12

Flow Type iupercriticalIJ
-

- lrt

untitled.fm2
O't/16/0O O8:48:30 AM

EarthFax Englneerlng Inc
37 Brookside Road Waterlrury, CT 06708 USA@ Haeslad Methods, Inc. (203) 75s-1666 Page 1 of 1



f; Project Description

RD-ia Maximum Slope
Worksheet for Trapezoidal Channel

OL

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

4z
ruw,t t - 06

Projec{ Engineer: Richard White
FlowMaster v6.0 [61ab]

Worksheet
Flow Element
Method

Solve For

Refuse Pile Rec
TrapezoidalCha
Manning's Formr
Channel Depth

l,

Input Data

Mannings Coeffic 0.035 Qoo(y Ear*h
Slope 135900 fl/ft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Width 1.00 ft
Discharge 0.98 cfs

Results

Depth 0.20 ft
Ffow Area 0.2 ftz
Wetted Perimr 1.45 ft
Top Width 1.2O ft
CriticalDepth 0.29 ft
CriticalSlope 0.038866 fl/ft
Velocity 1.49_gs
Velocity Head 0.31 ft
Specific Energ 0.51 ft
Froude Numb, 1.84
Flow Type iupercritical

untitled.fm2
O1/16/06 O8:47:15 AM @ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



f, Project Description

RD-lb Minimum Slope
Worksheet for Trapezoidal Channel

q3
lawl 1-O6

Project Engineer: Richard White
FlowMaster v6.O [614b]

Worksheet
Flow Element
Method

Solve For

Refuse Pile Rec
TrapezoidalCha
Manning's Formr
Channel Depth

Input Data

Mannings Coeffic 0.030 bare

Slope 006800 fl/ft

Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Width 3.00 ft
Discharge 5.57 cfs

Results

gfo,anr'(

! ,zu '  o  kDepth
FlowArea
Wetted Perimr

Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energ
Froude Numb,
Flow Type

g<
2.2 ft2

4.47 f t
3.66 ft
0.46 fr

o.02127s frtft
2.54 fl/s
0 .10  f t
0.76 ft
0 .58

Subcritical

fi

untitled.fm2
01/16/06 O9:2O:22 AM

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, lnc. (203) 755-1666 Page 1 of 1



f, Project Description

RD-lb Maximum Slope
Worksheet for Trapezoidal Channel

Ll't

hod l -o6

Project Engineer: Richard White
FlowMaster v6.O [614b1

Worksheet

Flow Element
Method

Solve For

Refuse Pile Rec
TrapezoidalCha
Manning's Formr

ChannelDepth

Input Data

Mannings Coeffic 0.030 bano
Slope 032400 ft/ft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Width 3.00 ft
Discharge 5.57 cfs

Depth 0.41 ft
Flow Area 1.3 ft2
Wetted Perimr 3.91 fi
Top Wdth 3.41 t
Critical Depth 0.46 ft
CriticalSlope 0.021275 ft/fi.
Vefocity 4.28 ftls
Velocity Head d'I6-fr-
Specific Energ 0.69 ft
Froude Numb, 1.22
Flow Type iupercritical

untitled.fm2
O1/16/06 09:21:25 AM

EarthFax Engineerlng I nc
37 Brookside Road Waterbury, CT 06708 USA

gt e^r^-{

o

I
@ Haestad Methods. Inc. (203) 7s5-1666 Page 1 of 1



Depth 0.61 fr
Flow Area 1.4 tr
Wetted Perimr 3.35 ft
Top Width 2.61 fi
Critical Depth 0.65 ft
Critical Slope 0.034226 ftm
Velocity 4.69 fUs
Velocity Head 0.34 fr
Speclfic Energ 0.95 ft
Froude Numb, 1.13
Flow Type iupercritical

untitled.fm2
01/16/OG O9:25:O0 AM

RD-lc Minimum Slope
Worksheet for Trapezoidal Ghannel

SloPe'  -  t / ,1%

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

ProJect Engineen Richard White
FlowMaster v6.0 [614bJ

Ll7

pal l-%

, t .- ' ,
- t

Project Description

Worksheet
Flow Element
Method
Solve For

Refuse Pile Rec
TrapezoidalGha
Manning's Formr
Channel Depth

Input Data

Mannings Coeffic 0.037
Slope 044000
Left Side Slope 2.00
Right Side Slope 2.00
Bottom Wdth 2.00
Discharge 6.55

0ro= 6 "
fl/ft
V : H
V : H
ft
cfs

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



RD-lc Maximum Slope
Worksheet for Trapezoidal Ghannel

O5" .6  " t l1., , .  = Zt,3 %

,16
fwrl, t- 06

f; ProJect Description

Worksheet
Flow Element

Method

Solve For

Refuse Pile Rec
TrapezoidalCha

Manning's Formr
Channel Depth

Input Data

Mannings Coeffic 0.048
Sfope 0,233000

Lefr Side Slope 2.00
Right Side Slope 2.O0
Bottom Wdth 2.00
Discharge 6.55

fUft
V :  H
V : H
ft
cfs

l'

Depth O.42 ft
Flow Area 0.9 ft'
Wetted Perimr 2.95 ft
Top Width 2.42 fr.

_ " Critical D-epth . 0.65- ft
CriticalSlope 0.057602 fVft
Velocity 6.97 fl/g
Velocity Head 0.75 ft
Specific Energ 1.18 ft
Froude Numb, 1.97
Flow Type iupercritical

untitled.frn2
O1l16/06 O9:29:54 AM

oh-

EarthFax Englneering I nc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard \Nhite
FlowMaster v6.O [614b1

l'
@ Haestad Methods, Inc. (2O3) 755-1666 Page 1 of 1



o,Project Description

RD-2 Minimum Slope
Worksheet for Trapezoidal Ghannel

groun&

l.o / ok-

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

i7
r-J l-06

Project Engineer: Richard \A/hite
FlowMaster v6.0 [614b]

Worksheet

Flow Element
Method
Solve For

Refuse Pile Rec
TrapezoidalCha
Manning's Formr
Channel Depth

Input Data

Mannings Coeffic 0.035
Slope 017700
Left Side Slope 2.00
Right Side Slope 2.00
Bottom Wdth 1.00
Discharge 0.59

(Z..ky
fttft
V : H
V : H
ft
cfs

Depth
Flow Area
Wetted Perimr
Top \Mdth
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energ
Froude Numb,
Flow Type

0.27 ft
0.3 ft2

1.61 f t
1.27 ft
0.21 ft

0.040045 fl/ft
1.89 fl/s
0.06 ft
0.33 ft
0.67

Subcritical- l
-.1

-

untitled.fm2
O1/16/06 O9:33:18 AM @ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



r' Project Description

RD-2 Maximum Slope
Worksheet for Trapezoidal Ghannel

\8
mal t-06

Project Engineer: Richard \ruhite
FlowMaster v6.O [614b1

Worksheet
Flow Element
Method

Solve For

Refuse Pile Rec
TrapezoidalCha
Manning's Formr
GhannelDepth

Input Data

Mannings Coeffic 0.035
Sfope 172400
Left Side Slope 2.00
Right Side Slope 2.O0
Bottom Wdth 1.00
Discharge 0.59

g.ou.af

f,O If " :. olL

((otl"y
fi/ft
V : H
V : H
ft
cfs

^ t - r
- )v

Depth
Flow Area
Wetted Perimr
Top \Mdth
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energ
Froude Numb,
Flow Type

0.14
0.1

1 .30
1 . 1 4
0.21

o.040044
4.07

ft
ft2

fi
ft
ft
fl/fi
fUs

0.26 ft
0.39 ft
2.01

iupercritical

untitled.fm2
01/16/0O 09:32:30 AM

EarthFax Englneering Inc
37 Brookside Road Waterbury, CT 06708 USA

fi

@ Haestad Methods. lnc. (203) 755-1666 Page t of 1



Ou Project Description

RD-3 Minimum Slope
Worksheet for Trapezoidal Ghannel

-  3 "  S ! ' r<a*  15 ,38

ofu

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Lll

mal t-ob

Project Engineer: Richard White
FlowMaster v6.0 [614b]

Worksheet

Flow Element
Method
Solve For

Refuse Pile Rec
TrapezoidalCha
Manning's Formr
GhannelDepth

Input Data

Mannings Coeffic 0.040
Slope 153800
Left Side Slope 2.00
Right Side Slope 2.00
Bottom Width 2.OO
Discharge 1.47

Results

Depth 0 .17 f t  <  ( ,  O

Flow Area 
-o.4-ff

Wefted Perimr 2.38 ft
Top Wdth 2.17 ft
Criticaf Depth 0.25 ft
CriticalSlope 0.A45437 ftm
Velocity 4.09 fl/s
Velocity Head 0.26 ft
Specific Energ 0.43 fi
Froude Numb, 1.77
Flow Type iupercritical

untitled.fm2
01/16/06 09:59:44 AM

Dro
fUft
V : H
V : H
ft
cfu

-r* --
,L

- l
-.1-

I
@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

RD-3 Maximum Slope
Worksheet for Trapezoidal Channel

3" l t o f o :  3 ( , t %

< q.O f7t
' olL

EarthFax Englneering Inc
37 Brookside Road Waterlcury, CT 06708 USA

7o
m.il t-o6

Worksheet
Flow Element
Method

Solve For

Refuse Pile Rec
TrapezoidalGha
Manning's Formr
ChannelDepth

Input Data

Mannings Coeffic 0.045
Slope 318000
Left Slde Slope 2.00
Right Side Slope 2.00
Bottom Width 2.O0
Discharge 1.47

Depth 0.15 ft
Flow Area 0.3 ftz
Wefted Perimr 2.33 ft
Top ll/idth 2.15 ft
CriticalDepth 0.25 ft
CriticalSlope 0.057411 ftn
Velocity 4.79 fUs
Velocity Head nFT'-
Specific Energ 0.50 ft
Froude Numb, 2.23
Flow Type iupercritical

untitled.fm2
01/16/OG 09:58:31 AM

Ofo *

fl/fr
V :  H
V : H
ft
cfs

Project Engineen Richard White
FlowMaster v6.0 [614b]

@ Haestad Methods. lnc. (203) 755-1666 Page 1 of 1



RD4 Minimum Slope
Worksheet for Trapezoidal Channel fvrql

7l
l -d4

Project Description

Worksheet

Flow Element
Method

Solve For

Refuse Pile Rec
TrapezoidalCha
Manning's Formr

Channel Depth

Input Data

Mannings Coeffic 0.035 (4"r-ky

Slope 032500 fUft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Width 1.00 ft
Discharge 0.50 cfs

6r rvno{.

g]J-g. < l,o I , ' .  oLDepth
Flow Area
Wetted Perimr
Top \Mdth

Critical Depth
CriticalSlope
Velocity
Velocity Head
Specific Energ
Froude Numb,
Flow Type

0.2 tr
1.46 ft
1.21 f t
0.19 fr

0.040547 ft/ft
2.21 fl/s
0.08 ft
0.28 ft
0.90

Subcritical

untitled.fm2
O1/16/00 1O:Ol :32 AM

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard \A/hite
FlowMasterv6.o [614b]

l'

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

RD-4 Maximum Slope
Worksheet for Trapezoidal Ghannel

5L
naA l-&

Project Engineer: Richard White
FlowMaster v6.O [614bJ

Worksheet
Flow Element

Method

Solve For

Refuse Pile Rec
TrapezoidalCha
Manning's Formr

Channel Depth

Input Data

Mannings Coeffic 0.035 (LnkV

Sfope 114400 fr/ft

Left Side Slope 2.00 V: H

Right Side Slope 2.00 V: H
Bottom Wdth 1.00 ft
Discharge 0.50 efs

Results

Depth 0.14 ft
Flow Area 0.1 ff
Wetted Perimr 1.31 ft
Top \Mdth 1.14 ft
Crit icalDepth 0.19 ft
GriticalSlope 0.040546 fl/ft
Velocity 3.36 ft/s

Velocity Head 0.18 fr
Specific Energ 0.31 ft
Froude Numb' 1.64

Flow Type iupercritical

untitled.fm2
01116/0O 10:02:20 AM

< U,0 fft ,'. oE

6ra"^.(

fr

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

fr

@ Haestad Methods. Inc. (203) 755-1666 Page 1 of 1



Project Description

RD€ Minimum Slope
Worksheet for Trapezoidal Ghannel

,3

Project Engineer: Richard White
FlowMaster v6.O [614b]

Worksheet
Flow'Element
Method

Solve For

Refuse Pile Reclam
Trapezoidal Channr
Manning's Formula
ChannelDepth

Input Data

Mannings Coeffic 0.030 b o.o S o ,

Slope 017000 fi/ft
Lefr Side Slope 2.00 V : H
Right Side Slope 2.00 V: H
Bottom Wdth 3.00 ft
Discharge 6.87 cfs

Results

Depth
Flow Area
Wetted Perimr
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energ
Froude Numb'
Flow Type

0.56 ft
1.9 f i3

4.26 ft
3.56 ft
0.53 ft

o.o20872 frm
3.71 fus
o.21 ft
0.78 ft
0.91

Subcritical

L o t  : ' o /1-

untitled.fm2
O1l27lOS O3:30:33 PM

EarthFax Englneering lnc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 7s5-1666 Page 1 of 1



t Project Description

Input Data

Mannings Goeffic 0.030 Lat1- t o i (

Slope 024000 fi/ft
Left Side Slope 2.00 V: H
Right Side Slope 2.00 V: H
Bottom Wdth 3.00 ft
Discharge 6.87 cfs

Results

Depth 0.51 fi
Ffow Area 1.7 ttz
Wetted Perimr 4.13 ft
Top Width 3.51 fi
CriticalDepth 0.53 ft
GriticalSlope 0.O2O871 fr/ft
V e l o c i t y  1 . 1 6 f l / s , L T , O  . ' ,  O f L
Vefocity Head 0.27 ft
Specific Energ 0.78 ft
Froude Numb, 1.O7
Flow Type iupercritical

RD-s Maximum Slope
Worksheet for Trapezoidal Ghannel

EarthFax Englneerlng lnc
37 Brookside Road Waterbury, CT 06708 USA

Tr{

Project Engineer: Richard White
FlorMaster v6.O [614bJ

Worksheet
Flow Element
Method

Solve For

Refuse Pile Reclam
Trapezoidal Channr
Manning's Formula

ChannelDepth

untitled.frn2
O1l27lO5 03:28:59 PM @ Haestad Methods, lnc. (2O3) 755-1666 Page I of 1



Project Description

Input Data

Mannings Coeffic 0.030 ba r-v
Slope 036000 ft/ft
Left Side Slope 4.00 V: H
Right Side Slope 4.00 V: H
Boftom Wdth 3.00 ft
Discharge 6.36 cfs

Swale 1
Worksheet for Trapezoidal Channel

ab

fn" .^, ok

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

€f

Project Engineer: Richard \A/hite
FlowMaster v6.O [614b1

Worksheet
Flow Element
Method

Solve For

Refuse Plle Reclam
Trapezoidal Channt
Manning's Formula
ChannelDepth

$) l

Results

Depth jJj-lt < /,o 
( 

..
Flow Area 1.4 tr
Wetted Perimr 3.90 ft
Top Width 3.22 ft
Critical Depth 0.51 fr
Critical Sfope 0.022267 ft|ft.
Velocity 4.66 fl/s
Velocity Head 0.34 ft
Speciftc Energ 0.78 ft
Froude Numb, 1.26
Flow Type iupercritical

untltled.fn2
O1l27lOS O3:52:48 PM @ Haestad Methods, Inc. (203) 7ss-1666 Page 1 of 1
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CHAPTER 8

BONDING AND INSURANCE
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Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
January 2006

TABLE OF CONTENTS

Section page

CHAPTER 8 . 8-1

810 BONDING DEFINITIONS AND DIVISION RESPONSIBILITIES . 8.1

820 REQUIREMENT TO FILE A BOND 8.1

830 DETERMINATION OF BOND AMOUNT 8-1

840 GENERAL TERMS AND CONDITIONS OF THE BOND 8.2

850 BONDING REQUIREMENTS FOR UNDERGROUND COAL MINING AND
RECLAMATION ACTIVITIES . 8-2

860 FORMS OF BONDS . 8-2

870 REPLACEMENT OF BONDS . 8.2

880 REQUIREMENTS TO RELEASE PERFORMANCE BONDS 8.2

890 TERMS AND CONDITIONS FOR LIABILIW INSURANCE 8.2

8-ii



Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
January 2006

CHAPTER 8

BONDING AND INSURANCE

810 BONDING DEFINITIONS AND DIVISION RESPONSIBILITIES

This chapter provides information regarding the bonding forcoal mining and reclamation operations
atthe Dugout Canyon Mine Refuse Pile. CFCwill have on file with the Division a bond or bonds made
payable to the Division for performance of all the requirements of the State Program.

820 REQUIREMENT TO FILE A BOND

The disturbed area (1 5.60 acres) covered bythe bond is outlined on RA Plate 5-1 of this amendment.
The disturbed areaand specificacres to be redaimed are discussed in Section 340. The performan@
bond period is forthe duration of the coal mining and reclamation operations including the extended
period designated by the Division. The bond is in the form of a surety bond and is described in
Section 860 of the M&RP.

830 DETERMINATION OF BOND AMOUNT

The reclamation bond (direct and indirect costs) for the Dugout Canyon Mine refuse pi6 site is found
in Appendix 5-6 of the M&RP. The most cunent formulas from the Office of Surface Mining, Handbook
for Calculation of Reclamation Bond Amounts, were used to determine the coverage necessary for
reclamation (Means, 2006). Additional details concerning the estimate can be found in Sections 540,
and 550 of this amendment. The bond coverage will be adjusted per the Division's determination of
required bond coverage.

840 GENERAL TERMS AND CONDITIONS OF THE BOND

Refer to Chapter I of the approved M&RP.

8-1



Canyon Fuel Company, LLC
Dugout Canyon Mine

Refuse Pile Amendment
January 2006

850 BONDING REQUIREMENTS FOR UNDERGROUND COAL MININGAND RECLAMATION
ACTIVITIES

Refer to Chapter I of the approved M&RP.

860 FORMS OF BONDS

Refer to Chapter 8 of the approved M&RP.

870 REPLACEMENT OF BONDS

Refer to Chapter 8 of the approved M&RP.

880 REQUIREMENTS TO RELEASE PERFORMANCE BONDS

The applicant will complywith the requirements described in Section R645-301-880 of the Division
regulations when appllng for the release of performance bonds.

890 TERMS AND CONDITIONS FOR LIABILITY INSURANCE

Certificates of fnsurance issued for the Dugout Mine are included as Appendix 1-2 of the M&RP. For
additional information refer to Chapter I of the approved M&Rp.

8-2


