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CHAPTER 2
SOILS

210 INTRODUCTION

This chapter and associated appendices address the pertinent data required for the-additien-of-a
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 survey 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 for the Management of
Topsoil and Overburden for Underground and Surface Coal Mining" (Leatherwood and Duce,
1988).

220 ENVIRONMENTAL DESCRIPTION
The site is located at an elevation of about 5,900 feet on a well-drained bench (pediment)
composed of gravelly to stony alluvial deposits, which overlie the Mancos Shale formation. Pinyon-
Juniper, sagebrush, and various grasses are the dominant vegetation 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.

2-1
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222  Soil Survey

222.100 Soils Map

A description of the soils within the refuse pile area on an Order Ill soil survey level can be found
in the SCS "Soil Survey of the Carbon County Area" (Jensen, 1988). A copy of the soil descriptions
from the Order lll survey has been included in Appendix S-5 of RA Attachment 2-1. Information
pertaining to the soils associated with the construction of the sediment pond emergency spillway
wittbe is included in RA Attachment 2-1 once the data kas-been 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 | soil survey was 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 other site observations, thirteen soil map units have been identified. The map
units are shown on RA Plate 2-1 and in RA Attachment 2-1. The locations of the soil test pits

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

222,200 Soil Identification

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 Identification

33 Gerst-Badland-Rubbleland complex, 15 to 50 percent slopes,
48 Haverdad loam, 1 to 8 percent slopes,

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

50 Haverdad loam, moist, 1 to 5 percent slopes,
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66 Mivida gravelly fine sandy loam, 3 to 8 percent slopes
113  Strych stony loam, 3 to 15 percent slopes.

The SCS descriptions for the se-three-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, saturation, 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 S3 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, 1988).
The project area is primarily disturbed with little evidence of natural 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 remaining 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 soil testing are provided in Appendix S3 of Attachment 2-1. A table
showing depth and the number of samples taken from each backhoe pit location (Soil Pits DCW1

through DCW10) can be found in Appendix S3.

A summary of the soil testing results and ratings are provided below:
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PH - All samples rated good, with a range of 6.9 to 7.8.

% Saturation - 17 samples rates good (25.1 to 45.3) and 5 samples rated fair (21.6 to 24.9).
Electrical Conductivity - 17 samples rates good (0.038 to 1.93 umhos/cm) and 5 samples
rated fair (2.12 to 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 T/1000 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 7.5 to 7.6; % Saturation - samples rates good (26 to
35.4); 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 loam); Available Water Capacity - samples rated good; Boron - samples rated good (0.21 to
0.31 ppm); Selenium - samples rated good (less than 0.02 ppm) and Acid/Base Potential - All
samples rated good (115 to 150 /1000 tons).
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223  Soil Characterization
Daniel M. Larsen, Professional Soil Scientist, performed the soil survey described in this chapter
and included as Attachment 2-1, in accordance with the standards of the National Cooperative Soil
Survey.

224  Substitute Topsoil
All soil resources to be removed from the refuse pile site qualify as growth media but not as topsaoil.
However, CFC may use selected overburden materials as a substitute or supplement to the

salvaged soil.

At the time of reclamation placement, the soil resources salvaged from the site may be
supplemented with appropriate amendments, if necessary

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 1998
- 1999 some soil was salvaged. These salvaged soils will be included in the soil stockpiles for the
refuse pile. The methods described for soil salvage herein will be followed when removing and
storing soil resources currently in-place.

Soil salvage will take place at the beginning of site use for all 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 area-in—J to be disturbed for the construction of the
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sediment pond emergency spillway. Topsoil and subsoil will be salvaged and stockpiled from the
area n—J* 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 survey was 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 R645-310-232.500 of the October 24, 2002 Technical Analysis two piles have been
created, one stockpile for topsoil and the second for subsoils. Areas D, E, F plus areas K and G
designated on RA Plate 2-1 will be salvaged 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.

231.200 Suitability of Topsoil Substitutes/Supplements

See Section 233.200.

231.300 Testing of Topsoil Handling and Reclamation Procedures
Regarding Revegetation

See Sections 232 through 234 and Section 240.
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231.400 Construction, 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 materials will be removed and
stockpiled, since the soil resource is limited on the site (refer to Section 231.100). RA Plate 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
units within the proposed disturbed area. Supporting calculations are presented in Attachment 2-2.
The estimate is based on an average of the recommendations of Mr. Larsen’s soils report
presented in Attachment 2-1. 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 for the purpose of maximizing soil salvage volumes, quantities and to determine
medium to be left in place (i.e. gravel, boulders). Should a professional soil scientist be
unavailable, a professional with knowledge and experience in soil salvage (i.e. UDOGM Soil
Reclamation Specialist) will be used.

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.
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232.300 Thin Topsoil

Soil that is less than 6 inches thick will 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

not-destroy vegetation or cause erosion.

232.500 Subsoil Segregation

The soil horizons will be removed and stockpiled together during the construction of the site, as
described in Section 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 Conditions

Due to the disturbed nature of the site, soil horizons will be removed together, except where natural
conditions render operations hazardous or detrimental to soils outside the disturbed area.
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Conventional Machines. In localities where steep grades, adverse terrains, severe rockiness,
limited 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.—tmperting-of-stubstitute-topseitHisnot-anticipated: Importing of substitute

topsoil may be required, refer to Section 233 and 242.

233 Topsoil Substitutes and Supplements

233.100 Overburden Materials Supplementing and/or Replacing

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.
Where overburden materials are used, the operator commits to demonstrating to the 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.

233.200 Suitability of Topsoil Substitutes and Supplements

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

233.300 Physical and Chemical Analyses

Topsoil substitutes and supplements may be used for the refuse site area. The rate of sampling

for the overburden beneath the soil will be sampled as discussed in Section 536.200.

Certification of Reclamation Topsoil Suitability. Fopsoit-substitutes—and-suppiements—are
ptanned-fortherefusesite: If substitute topsoil should become necessary, the soil will be certified
by an approved laboratory in accordance with at least one of the following: Soil Conservation
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Service published dataand technical guides, state agricultural agency, Tennessee Valley 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 2=2-5-1 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 reclamation operations when it is impractical to
promptly redistribute the materials on regraded areas. Refer to Plates RA 2=2-5-1 and 7-1 for the
location of the soil storage area. Because the soil salvage quantities 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.

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
slope 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.

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
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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 (propesed 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 necessary to 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” (RA Plate 2-1) will be stockpiled separately from the soils salvaged from the
refuse site. The boulders will either be placed along the perimeter of the substitute topsoil pile,
access road, on top of the subsoil pile or will be transported to the rock stockpile at the
Dugout/Soldier 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 Contaminants 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 234.100). 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. Refer to
Section 242 .100 for additional protection information.

Topsoil Redistribution. A limited quantity of stockpiled soil will 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.

240 RECLAMATION PLAN

241 General Requirements

Reclamation of the site (soil redistribution, amendments, and stabilization) is discussed in Sections
242, 243, and 244, respectively.
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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 exact quantity of the salvageable soil available for use is not known at this time, but
has been estimated to be approximately 44;366 15,511 CY of subsoil currently salvaged (includes
stockpile berms) and 7,298 CY of topsoil salvaged. There is the potential for an additional 5,400
CY of subsoil to be salvaged from beneath the current soil stockpiles. This subsoil will be salvage
and stockpiled when and if the soil piles are relocated. During reclamation the destruction of the
berms and embankments that create the perimeter ditches and sediment pond will generate
approximately 12,900 CY of additional cover material.

Soils will be handled when they are in a loose or friable condition. The moisture content will be
visually monitored and water will be added as needed to enhance the soil’'s condition for handling.

Contemporaneous Reclamation: The applicant is proposing to demonstrate that two feet of
cover material over the refuse pile is sufficient to meet reclamation standards for bond release.
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. The area will
compare reclamation treatments as shown below. Each treatment area will have a West facing
slope, an East facing slope and a level area. All treatments will receive the permanent seed mix

(excluding seedlings) and seeding, mulching and gouging procedure as approved for final

reclamation.
Treatment Depth of Cover 1% Layer 2" Layer Top Layer
A 4 feet 12" subsoil and 30" subsoil 6" topsoil
waste mixed
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B 3 feet 12" subsoil and 18" subsoil 6" topsoil
waste mixed
C 2 feet 12" subsoil and 6" subsaoil 6" topsoil
waste mixed
D 2 feet 18" subsoil 6" topsoil

The treatment areas will be approximately 20 feet by 55 feet with areas delineated by markers such
as roof bolt , etc. approximately every five feet surrounding each treatment area.

Treatment areas will be monitored yearly at the end of the growing season for six years, as shown
on the table below. Following the sixth year, monitoring results will be evaluated by UDOGM and
the permittee to determine if justification has been provided to reduce the cover materials required
for reclamation of the refuse pile. Monitoring will be discontinued following this evaluation. The
sampling methods to be used according to the currently approved UDOGM guidelines are: sample
adequacy, cover (line interception), density (belt transects or plots) and productivity (clipping and/or
NRCS estimation). The Jaccard's Community Coefficient will be used to calculate acceptable plant
similarity and diversity.

TREATMENT AREAS “A THROUGH D” MONITORING SCHEDULE

YEAR

1 2 3 4 5 6

QUALITATIVE SAMPLING X | X | X [X | X [X
QUANTITATIVE SAMPLING

Cover X X X X

Frequency X X X X

Woody Plant Density X X X X

Productivity X X

SOIL SAMPLING X X
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A soil sample will be taken in the 3™ and 6™ years of monitoring. The sample will be taken 6"
above the interface of the waste with the subsoils in accordance with the standards set by the
National Cooperative Soil Survey and analyzed according to Table 1 of the Division's "Guidelines
for the Management of Topsoil and Overburden for Underground and Surface Coal Mining".
Monitoring data for soil and vegetation sampling will be included in the mine's annual reports.

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-36;766 85,163 CY
of soil tedrrent-salvage-estimates-would-attow-3-5-ef subsoi-and-6-5-of substitute-topsoit-to-be
ptaced-overrefuse-pite). The remainder of the site area, 9:92-aeres; not used for refuse storage
will be covered with approximately 6 inches of substitute topsoil. Fhis-witr-require-approximatety
7660-C¥-ofseil: Calculations of the soil cover volumes are presented in Attachment 2-2. Soils
in the area designated as H and J (approximately 11.2 acres) are not currently planned for salvage,

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

The quantity of topsoil and subsoil required to cover the proposed refuse pile configuration are
shown in the table below. The application rates for Treatments A, B, and C would incorporate
waste rock in the bottom foot of growth medium placed over the refuse. The twelve-inch subsoil
and waste layer will be approximately a 50/50 mix. Treatment D, the two-foot application rate would
incorporate a smaller quantity of waste rock. All applications would roughen the refuse pile surface
prior to applying the bottom layer of subsoil or subsoil/waste rock mix. For example, a four foot
cover would include: a bottom foot of growth medium consisting of subsoil mixed with waste rock
material, a middie layer of 2.5 feet of subsoil and a 0.5 foot layer of substitute topsoil as the top

layer.
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Waste Rock Soil Cover Requirements

Surface Area of | Depth Quantity Topsoil/ Quantity of Additional Soils

Pile to be Needed Subsaoil Coal Waste Required

Covered (ft?) Available* to be Mixed

574,850 4 feet 85,163 CY | 38,516 CY | 10,645CY 36,002 CY

574,850 3 feet 63,872 CY | 38,516 CY | 10,645 CY 14,711 CY

574,850 2 feet 42,581 CY | 38,516 CY 4065CY | -mememeee

Topsoil

Quantity Required to Cover Required to Cover Additional

Stockpiled Site with 6" of Topsail, Refuse Pile with Substitute Soils
excluding Refuse Pile 6" of Topsoil Required

7,298 CY 2,593 CY 10,645 CY 5,940 CY

*

Total includes subsoil stockpiled, estimated additional soils to be salvaged and 4,705 CY of the salvaged
topsoil pile. Reference Attachment 2-2 for further explanation of soil materials available to cover the refuse
pile.

Compaction. To prevent compaction of topsoil, soil-moving equipment will refrain from
unnecessary operation over spread soil. Front-end-loaders and other wheel-mounted equipment
may be used to transport and dump soil. However, to minimize compaction, only track-mounted
equipment (e.g. bulldozers, trackhoes) will be used to spread the soil. The soil will be loosened

prior to seeding 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 may 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
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redistribution, the disturbed area will be graded to meet the proposed final reclamation topography
(RA Plate 5-3 and-RAPlate-5-4).

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. After the 1% lift of subsoil is placed, the surface of the refuse pile will be
ripped again to a depth of approximately 12 inches in an effort to promote root penetration and to
mix the 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 2 feet with a
ripper-equipped tractor or other appropriate equipment where 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 2 to 3 feet
above the microbasin onto the soil surface.

242.300 Topsoil Redistribution on Impoundments 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.
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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.

244  Soil Stabilization
244.100 Protection and Stabilization of Surface Areas

Reclaimed areas will be stabilized to control erosion by application of one or combinations of a
mulch, extreme surface roughening, or other appropriate 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. andfer-apptication-e t f

seeding— 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.

244.300 Rills and Gullies
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Postmining Land Use and Revegetation. Rills and gullies that disrupt the postmining land use
or reestablishment of vegetative cover will be regraded 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 quality will be

regraded and be seeded.

250 PERFORMANCE STANDARDS

251 Topsoil, Subsoil, and Topsoil Supplements Management

Topsoil, 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 2-1

SOIL MAP UNIT FEATURES

Map Unit Material Depth to Texture Rock Average
Symbol Shale Fragments (%) pH
A Shale 0-6" Clay loam, silty clay 5-15 7.5
loam
B Gravelly Alluvium over Shale 20 -40" Loam, clay loam 20-60 7.3
C Gravelly to Stony Alluvium 40 - 100" Loam, clay loam, 20-60 7.3
sandy clay loam
D Non-gravelly Alluvium, some 40 - 100" Loam, clay loam, 5-15 7.5
wind blown material sandy clay loam
E Gravelly Alluvium, small 40- 100" Clay loam, loam 15 -45 75
amount of refuse with coal on
surface
F Non-gravelly Alluvium (topsoil 40 - 100" Clay loam, sandy clay 5-15 7.0
storage) loam
G Alluvium and woody materials 40 - 100" Clay loam, sandy clay 15-30 7.3
loam
. H Relatively Non-gravelly 60 - 100" Loam, clay loam, 5-25 74
Alluvium (undisturbed) sandy clay loam
| Cobbly and Gravelly Alluvium 40 - 100" Sandy clay loam, clay 25-65 7.5
loam
J Gravelly to Stony Alluvium over 10 -40"  Silty clay loam, clay 10 - 60 7.5
Shale loam, sandy clay loam
K Boulders - - - -
M Shale with thin layer of Gravelly 4 -20"  Silty clay loam, sandy 5-40 7.5
Alluvium clay loam

* Refer to RA Plate 2-1 for description.
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AREA

H & J (Spillway)

TOTAL

RA TABLE 2-2

SOIL SALVAGE VOLUMES

VOLUME

ANTICIPATED (CY)

4719
14300
5467
2957
4616
3393
2603
2356
206

3700

44317 CY

2-27

Refuse Pile Amendment
February 2005 4326003

VOLUME SALVAGED

APPROXIMATE (CY)

Topsoil

832

1313

2423

2595

135

7298 CY

Subsoil

1787

5323

2778

1066

407

3857

293

16511 CY
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RA ATTACHMENT 2-2

SOIL VOLUME CALCULATIONS




Reclamation Soil Thickness
Dugout Refuse Pile Site

Area covered by the refuse pile = 533,808 ft®

To obtain the surface area to be covered by soil the above area must be adjusted to
account for the 2:1 slopes of the refuse pile. A 2:1 slope increases the surface area by
11.8%.

Surface area of the pile to be covered = 574,850 ft*

The refuse pile will be covered with 3 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 = 63,872 CY
Available Cover Material

There are currently 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 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 12,900 CY of additional cover
material.

Total available cover material =41,109 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 10,645 CY to a total of 51,754 CY.

Volume of cover material to be imported = 12,118 CY
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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 stabilization of 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 below:
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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 for final 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.

Muiching 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.

Irrigation, 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. Refer to 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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350 PERFORMANCE STANDARDS

351 General Requirements

CFC commits to conduct all operations in accordance with the plans submitted in Sections R645-
301-330 through R645-301-340 of the permit application.

352 Contemporaneous Reclamation

Reclamation activities prior to final reclamation will, to the extent feasible, be performed
contemporaneously with 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 regulation R645-301-
553.252.

353 Revegetation: General Requirements
A vegetative cover will be established on all reclaimed areas to allow for the designated postmining
land use of wildlife habitat and livestock grazing. Refer to Section 411 and the approved M&RP
for additional information.

353.100 Vegetative Cover

The seed mix proposed for revegetation is intended to provide vegetative cover that will 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 Certification

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

512.100 Cross Sections and Maps
The configuration of the refuse pile and cross sections through the pile are provided on RA Plates
5-1 and-5-2 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 area.

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

Coal Mine Waste. If coal mine waste is generated by the Dugout Canyon Mine, it will be placed
in the refuse pile site.

Impoundments. A sedimentation pond impoundment wittbe was 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 requests a variance from the approximate
original contour requirements of the regulations for this site. The main reason for the variance is
that placement of refuse will raise the site topography by approximately 48 60 feet. The justification
for the request is that the site was previously disturbed by the removal of in-place topsoil and
gravel. This site functioned as a gravel pit and was used for the construction of the road from
Soldier Canyon Road to the Dugout Canyon Mine. After completion of the refuse pile construction,
the site will be reclaimed. Additional justification is included in the remainder of this submittal.
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513 Compliance 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.

513.200 Impoundments and Sedimentation Ponds

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

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

If underground development waste is generated by the Dugout Canyon Mine, it will be stored at
the refuse pile site. Coal processing waste will be stored at the refuse pile site. No eoatprocessing
waste-or 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.
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513.600 Discharges to Underground Mines

No discharges to underground mines will occur in this area.

513.700 Surface Coal Mining and Reclamation Activities

No surface coal mining and reclamation activities will occur in this area.

513.800 Coal Mine Waste Fires

If any coal mine waste fires occur within the permit area, these will be reported immediately to
MSHA and the Division. Immediate remedial action 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 any

existing 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 compacting the adjacent
material (to minimize oxygen content in the adjacent material). The burning material will 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 area
without 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
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Quarterly inspections will 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 maintained at the mine site.

An MSHA permit witHbe was obtained before any refuse s was placed in the pile area. All activities
performed at this site will be in accordance with the applicable MSHA permit.

514.300 Impoundments

Regular inspections wittbe were made during construction of the sedimentation pond as well as
upon completion of construction. These inspections wittHbe 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

If a slide occurs within the refuse pile area that may have a potential adverse effect on the public,
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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 Impoundment Hazards

If any examination or inspection of an impoundment discloses that a potential hazard is associated
with that impoundment that may have an adverse effect on the public, property, health, safety, or
the environment, the person who examined the impoundment will promptly inform the Division of
the finding and of the emergency procedures formulated for public protection and remedial action.
If 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 backfilling, 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.

520 OPERATION PLAN
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521 General
521.100 Cross Sections and Maps

Existing Surface and Subsurface Facilities and Features. No buildings are located in and
within 1000 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-tobe built. It-wittbe 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 1-1B of this submittal). The contiguous subsurface owner is the United States of
America (See Figure RA 1-1B of this submittal).

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

Land Surface Configuration. Surface contours of undisturbed areas within the storage area are
provided on RA Plate 5-1 of this submittal. The initial segment of the refuse pile isbeing was
constructed in a gravel pit. The first four (4) feet of refuse material wittHbe was used to fill a pit and
bring itto grade. The remainder of the refuse material will be placed above grade and reach a total
pile height ofter{18) 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
drainage control structures. Facilities are shown or mentioned on RA Plate 5-1. Detailed
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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 341.200 of this amendment).

521.200 Signs and Markers

Mine and Permit Identification 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,

Company address and telephone number,

MSHA identification number, and

Permanent program permit identification number as obtained from the Division.

Perimeter Markers. The perimeter of all areas affected by surface operations witHbe 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 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.
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522 Coal 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 or are proposed at the refuse pile site; therefore, no existing buildings 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
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527.100 Road Classification

No permanent roads are to be built in association with the construction of the refuse pile. A
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. The existing road will
be upgraded to provide all weather access to the site. Refer to Section 521.100 of this amendment
for additional detail.

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 530 feet long and will have graveled surface 20 feet wide.
The access road will have a maximum grade of 16% and an average grade of 10%. The road will
gently slope towards UD-1c BB-5-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, wit-be 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 Attachment 7-4.

The site road is shown on RA Plate 5 #-1. The road is approximately +;506-feettong-and wittbe
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 Figure 5-23). The runoff from the road will flow into drainage
ditches and then into the sediment pond.

During operations, the access road and site 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. Additional gravel will be selectively placed as required
to ensure approximately four to six inches of road base gravel on the access road.

Accidental spillage of coal mine waste during haulage from the mine site to the refuse pile will be
minimized by not overloading the haulage trucks. Accidental spills, if they occur, will be cleaned
up and transported to the refuse site within 24 hours after the accidental spill occurs.
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If a catastrophic events causes damage to either the access or site roads, the rapid repair of the
road/roads will begin as soon as practical following the catastrophic damage.

528 Handling and Disposal of Coal, Excess Spoil, and Coal 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 built in the area.

530 OPERATIONAL DESIGN CRITERIA AND PLANS

531 General

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.
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532 Sediment Control

Sediment-control measures for the site area are described in detail in Sections 732 and 742 of 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 area are minimized by, disturbing the
smallest practicable area during the construction or modification of surface facilities and
contemporaneously reclaiming areas suitable for such reclamation.

533 Impoundments

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 wittbe 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 safety factor for the sedimentation pond embankment is 1.9 under static 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 R645-301-533.100.

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 slope-stability
analyses 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
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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 witHoe were revegetated following construction to minimize surface erosion and protect
the embankments against sudden drawdown. The interim seed mix witt-be 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 11 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 wittbe 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 sedimentation pond does not meet the size criteria of 30 CFR 216(a).
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533.700 Pond Operation and Maintenance Plans

The sedimentation pond has been designed as a total containment pond to contain the 100-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.

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 from
the mine to the refuse pile area using the existing county road. A temporary access road between
the refuse pile area and county road will be constructed to allow equipment access to the pile. The
temporary road will be reclaimed. aftertherefusepitle—is—btiltt: The temporary road will be
maintained in accordance with the approved M&RP. Refer to Section 527.200 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 accesses the mine site, consists of asphalt. The
temporary access road surface material will be surfaced with an all weather surface of erushed
rock. No acid- or toxic-forming materials will be used in the road surfaces.

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.
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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.

535 Spoil

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

536 Coal 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 their associated evaluations were based on the results of detailed 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 48 60 feet with 2H:1V outslopes on the native alluvial soils and have
a static safety factor of 462 1.59 for failure surfaces starting in the refuse and terminating in the
underlying soils. If the weathered Mancos Shale, which is present over the majority of the site, is
used in the evaluation, the static safety factor rises to 2.38 3-#3-for the 6046-foot height pile
configuration. For failure surfaces originating and terminating in the refuse materials, the pile has
a static safety factor of 2.27748. 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.
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5-1 presents the proposed configuration of the refuse pile. It will consist of 2H:1V outslopes, with

a mesa type crest. The crest shall consist of a gently sloping (2 4%), crowned surface to aid in

shedding precipitation.

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 wittbe were in place. Since initial waste rock storage will occur in an area
4 feet below natural grade, it is anticipated that ditches DD-1 and DD-2 will be constructed to their
full extent only after waste reaches a level equal to the currently existing ground surface. An
interim berm will be constructed to direct surface runoff away from the storage area below grade
and toward ditch DD-3 and the sediment pond. RA—Plate—7F1-illustrates—the—tocation—of-the
temporary-berms: RA Plate 5-1 presents the layout of the prepesed refuse pilerroad—and

temporary-storage 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 for future use in reclaiming the pite 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 materials still present on the site. Itis 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
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to be stripped are presented in Chapter 2.

Once the soils have been stripped from the area, the refuse material will 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.

There is a potential for coal processing waste to 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 for disposal. The waste material retumed to the Dugout refuse site will potentially be from any
of the Canyon Fuel mines. The returned waste materials will be sampled as described below under
the subheading “Testing".

Operation. Refuse materials from-the-Bugout-Canyoniine 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 in thin lifts using compaction equipment with-a
i ifts. Lifts shall be limited to 2 feet or less in

thickness and each 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
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within the fill. This will be especially true for sediment pond wastes from either the mine site or
refuse area sediment pond.

Al 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.

Each successive lift shall be benched to allow convenient access to the developing pile. As the
limits of the site area are reached laterally, the outer slope shall conform to the 3H4¥ slope
indicated in RA Plate 5-1.

As the ultimate limits, both horizontally and vertically, of the southern end of the refuse area are
reached, a portion of the soils stockpiled in the storage area shall be used to cap the southern
outslope of the refuse pile. The surface of the pile will be prepared and the soils distributed and
revegetated in accordance with the plans presented in Chapter 2 and 3 of this submittal.

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 unlikely event that any burning waste
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 fromrthe-mine-watertraek. 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 per
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2,000 cubic yards of material through the year 2005 and one sample per 5,000 cubic yards of
material, thereafter. These samples will be analyzed for the parameters listed in Table 6 of the
Division’s topsoil and 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. Refer to Section 4.4.5,
and Exhibit 4.4.5 of the Skyline Permit and Skyline Mine’s Annual Report for toxicity/acid-base
results from their samples collected. In Sufco’s mine permit refer to data pertaining to toxicity/acid-
base results in Sections 5.2.8.3, 5.5.3.3 and Chapter 6.

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.

537.200 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 manner to 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
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configuration.

Following
completion of the construction, the pile surface will be prepared for soil distribution and
revegetation according to plans presented in Chapter 2 and 3 of this submittal.

540 RECLAMATION PLAN
541 General
541.100 Commitment
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 Coal Mining and Reclamation Activities
No surface coal mining and reclamation activities will be conducted in the permit area.
541.300 Underground Coal 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 protection performance standards of the State Program.

. 542 Narratives, Maps, and Plans
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542.100 Reclamation Timetable

A timetable for the completion of each major step in the reclamation plan is presented in RA Figure
5-1. ite-is-chivi i
of regrading the site, placing soil, surface roughening, and seeding (vegetating) the site. This

- The first phase consists

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 necessary 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. If the surface roughening

and/or initial reseeding (vegetation) does not appear successful, the-beginning-of- third-phase-may
be-detayed-by-additional seeding or reworking of portions of the reclaimed surface may be

necessary. rmemirapnase-wirbe e etiamaton-ortne-Seaimentpona e hstanatono

542.200 Plan for Backfilling, Soil Stabilization, Compacting, and Grading

Based on the proposed construction plans, the pile will be constructed so that the pile will be at final
configuration when the disposal of waste is completed. Therefore, it is anticipated that little
regrading will need to be conducted. The construction plans for the refuse pile area were designed
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 mulching of the soiled site; and
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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
approximating that defined by RA Plates 5-1 and-5-2: Once this final surface is achieved, the top
two feet of the surface efthe-area-wilt not be compacted or the surface will be ripped to prepare
it for soil spreading. Details regarding soil placement and revegetation following regrading are
provided in Chapters 2 and 3, respectively.

Sedimentation Pond Removal and Interim Sediment Control. The sedimentation pond will be
retained for as long as practical during reclamation. Fhe-sediment-pond-wittremainin-place-tnti

- o EareaTias - Cartd Clact—a

- 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 spillway
and-energy-dissipation outlet channel will be removed and the rock from the spillway will be used

in the construction of reclaimed channels RD-1c and-RB-2 —Runeff-from-the-pend-area-witt-be
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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 with Chapters 2 and 3.

542.300 Final Surface Configuration Maps and Cross Sections
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Final surface configuration maps and cross sections for the Dugout Canyon site are provided on
RA Plates 5-2. and-5-4- 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 presents
final pile conditions and 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.
542.500 Removal of Sedimentation Pond
Refer to Section 542.200 of this amendment.
542.600 Roads
All 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. It is anticipated that the cost of reclamation of the refuse pile is
adequately covered within the existing Dugout Canyon Mine reclamation bond.

550 RECLAMATION DESIGN CRITERIA AND PLANS

. 551 Casing and Sealing of Underground Openings
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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.
552.200 Permanent Impoundments
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. Therefore, CFC request a variance to the approximate original contour
requirements. The proposed configuration of the site will comply with the post-mining land use and
the proposed reclamation of the pile will be better than the un-reclaimed site.
Based on the proposed plan, a portion of the existing ground surface will be 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.

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

following reclamation activities.
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Prior to seeding, all areas with a slope steepness of 3H:1V or steeper will 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 silt fences, berms,

and/or straw bales, surface roughening, and re-establishment of the vegetative cover for the limited
areas. As vegetation becomes established on the reclaimed surfaces, erosion potentials will be
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.
Coal 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
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pit. Therefore, little soil materials remain available on the site. Based-onthe-estimatespresented

- | - » L - - UL \J LT LU - - \J \J

the-pile{see-RA-Attachment 5-3): The refuse pile surface will be prepared and the soil will be

distributed and revegetated in accordance with the plans proposed in Chapters 2 and 3.

553.300 Exposed Coal Seams, Acid- and Toxic-Forming Materials,
and Combustible Materials

No coal seams are present in the area.
553.400 Cut-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.

553.600 Previously Mined Areas
The area has not been previously mined.
553.700 Backfilling and Grading - Thin Overburden

Backfilling and grading will occur during reclamation, as described in Sections 534.100 and
542.600.

553.800 Backfilling and Grading - Thick Overburden
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Backfilling and grading will occur during reclamation, as described in Sections 534.100 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 PERFORMANCE 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.
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November 10, 1999 EarthFax

Engineering Inc
Mr. Chris Hansen Engineers: Scientists
Canyon Fuel Company, LLC 7324 “;?:?&mk Ave. .
Dugout Canyon Mine Midvals, Utah 84047
HC35 Box 380

Telephone 801-561-1555
Helper, Utah 84526 Fax 801-561-1861

Subject: Results of a foundation investigation for the proposed
waste-rock pile at the Dugout Canyon Mine

Dear Chris:

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. The 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 8, 1999 except as
noted below:

1. Only local areas with small quantities of weathered Mancos Shale were
encountered. Therefore, only 2 series of laboratory tests (Atterberg Limits,
gradation, hydrometer, and direct shear) were conducted on weathered Mancos
Shale samples, rather than the three that were proposed.

2. Gradation and direct shear tests were conducted on samples of granular

alluvium and silty sand from the site to provide soil strength parameters for all
of the native soils.

3. Nine test pits were installed to investigate the different soil types, rather than
the proposed six test pits.

4. One additional test pit was excavated near the proposed location of a
sedimentation pond embankment for the waste-rock pile. Gradation and direct
shear tests were conducted on a sample from this test pit. The data are

presented in this report, but slope stability analyses were not conducted for the
sedimentation pond embankment.

SOILS INFORMATION

The site was originally investigated by RB&G Engineering, Inc. (1998; Provo, Utah) as
a potential borrow source for granular fill used at the Dugout Canyon Mine. The resuits of that
investigation indicated that the soils consisted of interbedded layers of gravel and clay
overlying Mancos Shale. Following removal and stockpiling of the topsoil, the soils were
excavated, crushed, screened, and transported to the Dugout Canyon Mine. The excavation
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typically continued until Mancos Shale was encountered. As a result, the remaining soil
consisted primarily of remnants of granular 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 EIS, Inc.
(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 submitted 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 layers 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 extended 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 gravelly sand
alluvium extended to a depth of 6.5 feet. At the location of the proposed sedimentation pond
embankment (Test Pit DCW-10), 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 8.5 feet.

Results of the laboratory analyses are attached and are summarized in Table 1. Direct
shear tests were conducted on samples that were remolded to the same dry density and

moisture contents that were recorded in the field from the nuclear density/moisture tests.
From Table 1:

® - Weathered Mancos Shale (Test Pits DCW-3 and DCW-9): The material
contained O to 49% gravel, 15 to 16% sand, 25 to 61% silt, and 10 to 24%
clay. According to the Atterberg Limits data, the liquid limit was 26 to 33, the
plastic limit was 17 to 18, and the plastic index was 9 to 15. The angle of
internal friction ranged between 33 and 37 degrees, and the cohesion intercept
values ranged between 1320 and 1360 pounds per square foot (*psf”). The

direct shear tests were conducted under consolidated, undrained, unsaturated
{(moist) conditions.

(] Gravelly Sand Alluvium (Test Pit DCW-1): The material contained 52% gravel, .
30% 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 (Test Pit DCW-6): The material contained 59% silt and 41% 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-10): The material
contained 34% gravel, 34% 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 will originate as roof-fall and other rock
materials being cleaned from the Dugout Canyon Mine. Similar waste-rock had been tested
for 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, 1998 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. Results of these analyses are attached (data sheets dated July 15, 1998). According
to these analyses, the waste-rock is coarse-grained, with about 95% retained on the No. 200
sieve (i.e., sand fraction or larger), and about 82% retained on the No. 4 sieve (i.e., gravel
fraction). The material has further been classified as poorly-graded, with a Unified Soil
Classification of GP-GM. The sampie had an angle of internal friction of 35 degrees and a
cohesion strength of 490 pounds per square foot. These strength parameters will be used for
the slope stability analysis of the proposed waste-rock pile.

ASSUMPTIONS
The following assumptions were made for the slope stability analyses:

1. The waste-rock will be placed to a maximum thickness of 60 feet with a
maximum 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. In the interest of conservatism, the weakest
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soils from the direct shear tests were used for the analyses, which were as
follows (see Table 1):

Granular Weathered
Soil Mancos
Shale

Angle of Internal Friction (degrees) 43 33

Cohesive Strength (psf) 0 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
July 27, 1998 from EarthFax Engineering to Canyon Fuel 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 performed using the computer program GEOSLOPE
(Version 5.0). GEOSLOPE utilizes the limit equilibrium 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 determine 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 15 to 20
degrees. Intermediate slope angles and lengths are present in the vicinity of Test Pit DCW-10.
Sections from 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 critical failure surfaces. Table 2 includes a description of the analysis

slope, the number of trial failure surfaces, and the safety factor against sliding. From Table

2, the critical safety factor was 1.59 for failure surfaces originating at the toe of the native
stope (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 Division of Oil, Gas, and Mining (R645-301-536.110). Because the effects of
bedrock were not included in the analyses, the results are considered to be conservative.

We have appreciated the opportunity to provide this information. If you have any
questions, please call.

Sincerely,

/? H—E‘PT%Z e N

Rhett Brooks, P.E.
EarthFax Engineering, Inc.

cc: Richard White, EarthFax
Tom Suchoski, EarthFax

REFERENCES

RB&G Engineering, Inc. 1998. Canyon Fuel Company, Dugout Canyon Surface Coal Handling
Facilities near Wellington, Utah. Project report dated June 1998 prepared for Canyon
Fuel Company. Provo, Utah.

Utah Division of Oil, Gas, and Mining. 1996. Utah Coal Mining Regulations. Salt Lake City,
Utah.
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TABLE 1
SUMMARY OF LABORATORY TEST RESULTS
Direct Shear Test
Gradation (%) Atterberg Limits Values

Test Pit | Gravel Sand | Silt Clay | Liquid | Plastic | Plastic | Cohesive | Angle of

and Limit | index Limit Strength Internal

Depth {psf) Friction

(Ft.) {degrees)
DCW-1 52 30 18 - - - 0 43 I
0-3.2"
DCwW-3 49 16 25 10 33 15 18 1320 37
0-2.2%
DCW-6 0 41 59 - - -- 0 45
2.5-6"
DCW-9 0 15 61 24 26 9 17 1360 33
0-1.2@
DCW-10 34 34 32 - -- -- 210 43
1.1-8.5"

(a)

{b)

(c)

(d}

(e)

Alluvium. Sample for direct shear test remolded to a dry density of 115 pcf at a moisture
content of 6%, 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
(CU) 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 113 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 {CU)
unsaturated conditions with vertical effective pressures of 1200, 3600, and 6000 psf.

Silty sand. Sample for direct shear test remolded to a dry density of 112 pcf at a moisture
content of 9%, 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
{(CU) unsaturated conditions with vertical effective pressures of 1200, 3600, and 6000 psf.
Weathered Mancos Shale. Direct shear test samples remolided to a dry density of 98 pcf at a
moisture content of 6%, which were the resuits 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 1200, 3600, and 6000 psf.

Silty Sand at proposed location of a sedimentation pond embankment. Direct shear test
sampiles remolded to a dry density of 100 pcf at a moisture content of 8%, 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 500, 1500, and 2500 psf.
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TABLE 2

RESULTS OF SLOPE STABILITY ANALYSES

Slope Number of Trial Safety Factor
Failure Surfaces
Native Soil (Alluvium) and 6200 1.59
Waste-Rock Pile
Native Soil (Mancos Shaie) 6200 2.38
and Waste-Rock Pile
Waste-Rock Pile 6000 2.27
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TEST PIT DCW-1
(Excavated and logged on September 16, 1229)

Depth (ft.) _ ription

0-3.2 Sandv Gravel w/ Silt and Cobbles, Alluvium. About 42% gravel, 30% sand,
10% cobbles, and 18% silt. Sand is typically fine 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 = 5.7%, dry

density = 115.5 pounds per cubic foot, wet density = 122.1 pounds per cubic
foot. Brown 10YR 4/3. GM.

3.2-4.6 Mancos Shale Bedrock. Fractured. Gray. Hard to dig.



0-7.7

TEST PIT DCW-2
{Excavated and iogged on September 16, 1899)

Description

Gravelly Sand w/ Siit. Cobbles. and Boulders. Aliuvium. About 45% sand,

25% gravel, 15% cobbles/boulders, and 15% silt. Sand is typically fine to
coarse grained. Gravel is subround to subangular. Moist. No cementation or
cohesion. Good foundation material or fill material. From a &-inch nuciear
density/moisture test: moisture content = 7.8%, dry density = 115.0 pounds
per cubic foot, wet density = 124.0 pounds per cubic foot. Brown 10YR 4/3.
Boulders at bottom impeded digging deeper. SM.




TEST PIT DCW-3
(Excavated and logged on September 16, 1299)

Depth (ft) Description

0-22 Weathered Mancos Shale. 49% gravs! (fractured Mancos Shale), 16% sand,

25% silt, and 10% 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 density = 112.6 pounds per cubic foot, wet density = 118.8
pounds per cubic foot. :

2.2-3.2 Mancos Shale Bedrock. Fractured and slightly weathered. Gray. Hard to dig.




0-27

2.7 -3.2

TEST PIT DCW-4
(Excavated and logged on September 16, 1929)

Description

Gravelly Sand w/ Silt. Alluvium. About 55% sand, 20% gravel, 10% cobbles,
and 15% silt. Sand is typically fine 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 = 5.7%, dry density =

115.5 pounds per cubic foot, wet density = 122.1 pounds per cubic foot.
Brown 10YR 4/3. SM.

Mancos Shale Bedrock. Fractured. Gray. Hard to dig.




0-9

TEST PIT DCW-5
(Excavated and logged on September 16, 1299)

Descripti

Gravelly Sand w/ Silf. Alluvium. About 55% sand, 20% gravel, 10% cobbiles,
and 15% silt. Sand is typically fine 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 = 5.7%, dry density =

115.5 pounds per cubic foot, wet density = 122.1 pounds per cubic foot.
Brown 10YR 4/3. SM.




1.56-2.5

2.5-6

TEST PIT DCW-6
(Excavated and logged on September 16, 1999)

C -

Siltv Sand., About 60% sand and 40% silt. Sand is very fine to fine grained.
Nonplastic. Numerous large roots from pine trees. From a 12-inch nuclear
density/moisture test: moisture content = 8.8%, dry density = 102.9 pounds

per cubic foot, wet density = 111.9 pounds per cubic foot. Yellowish brown
10YR 5/4. SM.

Sandv Silt. About 65% silt and 35% silt. Sand is very fivne grained. Low
plasticity, somewhat cohesive. Dry and hard. Very friable. ML.

Sandy Silt. About 59% silt and 41% sand. Sand is very fine grained.
Nonplastic. Probably a blow sand layer. Light yeliowish brown 2.5Y 6/3. ML.

Gravelly Sand w/ Silt, Alluvium. About 55% sand, 20% gravel, 10%
cobbles/boulders, and 15% silt. Sand is typically fine to coarse grained. Gravel

is subround to subangular. Moist. No cementation or cohesion. Brown 10YR
4/3. SM.




TEST PIT DCW-7
(Excavated and logged on September 16, 1999)

0-0.7 Mix _of Rubbish. Mix of coal, sandstone, and dark brown soil (silt through
cobbles}. SM.
0.7-6 Silty Sand w/ Grave|, Alluvium. About 70% sand, 10% gravel/cobbles, 20%

silt. Sand is typically fine to coarse grained. Gravel is subround to subangular.
Moist. No cementation or cohesion. Brown 10YR 4/3. SM.

6-7 Gravelly Sand w/ Silt. Alluvium. About 55% sand, 20% gravel, 10% cobbles,
and 15% silt. Sand is typically fine to coarse grained. Gravel is subround to
subangular. Moist. No cementation or cohesion. Brown 10YR 4/3. SM.




TEST PIT DCW-8
Topsoil Stockpile
(Excavated and logged on September 16, 1299)

ription

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 55% sand, 20% gravel, 10% cobbles,
and 15% silt. Sand is typically fine to coarse grained. Gravel is subround to
subangular. Moist. No cementation or cohesion. Brown 10YR 4/3. SM.




TEST PIT DCW-8
{Excavated and iogged on September 16, 1999)

Depth (ft.) Description

0-2 Weathered Mancos Shale. 61% silt, 24% clay, and 15% sand. Loose in top
14 inches, firmer and less weathered with depth. From a 12-inch nuciear
density/moisture test: moisture content = 5.7%, dry density = 98.3 pounds

per cubic foot, wet density = 103.8 pounds per cubic foot. CL.

2-25 Mancos Shale Bedrock, Fractured and slightly weathered. Gray. Hard to dig.




0-1.1

1.1-8.5

TEST PIT DCW-10
Near Proposed Sedimentation Pond Embankment
(Excavated and logged on September 16, 1929)

cri

Siity Sand Topsoil. About 75% sand and 25% silt. Sand is very fine to fine
grained. Nonplastic. Numerous fine roots. From a 12-inch nuclear
density/moisture test: moisture content = 8.2%, dry density = 95.9 pounds

per cubic foot, wet density = 103.7 pounds per cubic foot. Brown 10YR 4/3.
SM.

Gravelly Sand w/ Silt. Alluvium. About 34% sand, 34% gravel/cobbles, and
32% silt. Sand is typically fine to coarse grained. Gravel is subround to
subangular. Moist. No cementation or cohesion. Brown 10YR 4/3. SM.
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Applied Geotechnical Engineering Consultants, Inc. was requested to provide laboratory testing

on a sample received July 2, 1998. The following tests have been performed in general
accordance with the test method listed.

Test Test Method

Particle Size Analysis ASTM D-422
Atterberg Limits™ ASTM D-4318
Direct Shear ASTM D-3080
Standard Proctor ASTM D-698

The results of the laboratory testing are shown graphically in Figures 1-2. The direct shear
test.specimens were remolded to approximately 80% of the standard proctor maximum dry

density near optimum moisture content. Only material passing the #4 sieve was used in direct
shear testing.

If you have any questions, or if we can be of further service, please call.

Sincersly,

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

[%;/{\M - W
> < 7 . .
Stephanie Francom

Rev. SDA, E.L.T.

800 West Sandy Parkway ¢ Sandy, Utah 84070 « (801) 566-68339 « FAX (801) 566-6483
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¢ = 490 psf ¢ =35deg

1.5

Shear Stress, ksf
>

0.5
0.0 -
0.0 0.5 1.0 1.5 20 25 3.0
Norma! Stress, ksf
2.00

estNo. (Symbol) 1(0) \ 2m | 3(0)
pdch\m ample Type Remolded
175 '

Length, in. 0.75 0.75 075
Pppcpw Diameter, in. 1.82 1.93 1.83

\Drv Density, pcf 112 112 112
1.50 oisture Content, % 9 9 9
Consolidation Load, ksf 5 1 1.0 20
Normal Load, ksf 0.8 1.0 2.0
hShear Stresg, kst 0.80 1.24 1.87
Remarks }Sirain Rate 0.05 in/min.

Only soil passing the #4 sieve was used

in test.

Shear Stress, ksf

fSample index Properties

fipry Density, pet N/A
- l@Mnisture Conient, % N/A,
l ILiquid Limit, % 30
i hP\asiicity index, % &
0.25 - ‘ IiPen:em Gravel B2
‘ ‘[Percent Sand 12
| hPercem Passing No. 200 Sisve 5
0.00 & -
0.00 0.10 0.20 0.30 0.40
Horizontal Displacement, in.
‘ Type of Test Consolidated Undrained/Saturated
Sample Description Poorly Graded Gravel with Silt (GP-GM} From DCM-1
Project No. 973301 DIRECT SHEAR TEST RESULTS

Figure 2




Roplied Geotechnical €ngineering Coultons, inc.

October 19, 1999

Earthfax Engineering
7324 South 1300 East, Suite 100
Midvale, UT 84047

Attention: - "Rhett Brooks

Subject: Soil Testing for Waste Rock Pile Foundation Investigation
Dugout Canyon, Utah
AGEC Project No. 1990648

Gentlemen:

Applied Geotechnical Engineering Consultants, inc. was requested to provide laboratory testing
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
Pa‘rticle Size Analysis ASTM D 422
Atterberg Limits ASTM D 4318.
Direct Shear ASTM D 3080

The results of the laboratory testing are summarized in Table | and shown graphically in Figures
1 through 8. ‘

If you have any questions, or if we can be of further service, please call.

Sincerely,

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

7 -7 Le
gwfwﬂmxb@v

Stephanie Merkiey

Reviewed by SDA, E.L.T.

800 West Sandy Parkway ¢ Sandy, Utah 84070 e (801) 566-8399 « FAX (801) 566-6483



Earthfax Engineering
October 19, 1999

Page 2
APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.
Table I. Summary of Laboratory Results
Gradation Atterberg Limits

Sample Location Gravel | sand Silt/ Liquid | Plasticity Sample Classification

(%) (%) Clay Limit Index

° " (%) (%) (%)
DCW-1 @ 0"-38" 52 30 18 _ Silty Gravel with Sand (GM)
DCW-3 @ 0"-26" 49 16 35 33 15 Clayey Gravel with Sand (GC)
DCW-6 @ 2.5'—6'_ 0 41 b9 Sandy Silt (ML)
DCW-9 @ 0"-14" 0 15 85 26 9 Lean Clay with Sand (CL)
| DCW-10 @ 13"-102" 34 34 32 Silty Sand with Gravel (SM)
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‘ HYDROMETER ANALYSIS SIEVE ANALYSIS
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Gravel 52 % Sand____30 % Sitand Clay 18 %
Liquid Limit % Plasticity Index %
Sample of_Silty Gravel with Sand (GM) From Test Pit DCW-1 @ Q"-38"
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- DIAMETER OF PARTICLE IN MILLIMETERS ]
. 1 SAND I GRAVEL |
CLAY TO SILT I FINE | MEDIUM ICOARSE| _ FINE | COARSE _| COBBLES
Gravel 49 % Sand 16 % Silt and Clay__ 35 %
tiquid Limit___ 33 % Plasticity Index 15 %

Sample of__Clayey Gravel with Sand (GC) From _Test Pit DCW-3 @ Q"-26"

Project No. 1990648 =~ GRADATION TEST RESULTS Figure 1
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Liquid Limit__ 26 % Plasticity index 9 %

Sample of__Lean Clay with Sand (CL)

Project No. 1990648

From Test Pit DCW-9 @ 0"-14"

GRADATION TEST RESULTS Figure __2
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Applied Geotechnical Engineering Consultants, Inc.

1 | | !
51| ¢ =0 psf ¢ =43 deg /

A

rd

w

Shear Stress, ksf

A

Shear Stress, ksf

0
0 1 2 3 4 5 6 7 8 9 10
Normal Stress, ksf
6.0
[Test No. (Symbol) 10 | 2m) | 30)
Sample Type Remolded
fiLength, in. 1.00 1.00 | 1.00
5.0 {iDiameter, in. 1.93 1.93 1.93
V {iDry Density, pcf 115 115 115
“Moisturs Content, % 6 6 6
“Consolidation Load, ksf 1.2 3.6 6.0 -
40 iNormal Load, kst 1.2 3.6 6.0
|iShear Stress, ksf 212 | 312 5.64
Remarks Strain Rate 0.05 in/min.
20 PET Test performed on material passing the
\_‘__E_H No. 4 sieve.
2.0 oy “Sample Index Properties
ﬁ [lory Density, pet N/A
{Moisture Content, % N/A
f fiLiquid Limit, % N/A
1.0 “Plasﬁcity Index, % N/A
I'Percent Gravel 52
{[Percent Sand 30
0.0 & i lFercent Passing No. 200 Sieve 18
0.00 0.05 0.10 0.15 0.20
Horizontal Displacement, in.
Type of Test Consoiidated Undrained/Unsaturated
Sample Description Silty Gravel with Sand (GM) From Test Pit DCW-1 @ 0"-38"

Project No. 1290648 DIRECT SHEAR TEST RESULTS Figure 4
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’ | | |
6 ¢ = 1320 psf ¢ =37 deg
5 / /
‘G
ry =
8 -
» /
g3 o] >
» /
2 /4
1
0
0 1 2 3 4 5 6 7 8 8 10
Normal Stress, ksf
6.0
[Test No. (Symbol) 1o | 2m | 30)
Sample Type Remolded
llLengtn, in. 1.00 100 | 1.00
5.0 {Diameter, in. 1.83 1.93 1.63
{Dry Density, pcf 113 113 113
[IMoisture Content, % 6 6 3
|IConsoligation Load, kst 12 36 6.0
401 |INormat Load. ksf 12 3.6 6.0
] [lshear Stress, kst 2.89 4.04 5.85
¥ Remarks Strain Rate 0.05 in/min.
% 30 Test performed on material passing the
= No. 4 sieve.
9_)
@
20 ~ ]}Sampie Index Properties
"Dry Density, pcf N/A
{Moisture Content, % N/A
[ILiquid Limit, % 33
1.0 {Plasticity Index, % 15
{{Percent Gravel 48
[[Fercent Sand 16
00 _ [Percent Passing No. 200 Sieve 35
0.00 0.05 0.10 0.15
Horizontal Displacement, in.
Type of Test Consolidated Undrained/Unsaturated
Sample Description Clavey Gravel with Sand (GC) From Test Pit DCW-3 @ 0"-2¢"
Project No. 1990648 DIRECT SHEAR TEST RESULTS Figure 5
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Shear Stress, ksf

4
1 l i
6 c = 830 psf ¢ = 37 deg /ra/
/ <L NOTE &yl BKD |@ EadrrFay
/ i
° \ P v THS S
2N % / sl T on
N / i THE 2
o oo
g 3 _ a AC»:: S
> o / THE  EA St o ;
2 pald L TTHabs] THE LNE
e Pt o THabUL-H
1 / d THE oRi[~1ad if-%:"! C:“D PS"*
C e S A45P |
- i
0lz
0 1 2 3 4 5 6 7 8 8 10 1
Normal Stress, ksf
" Test No. (Symbol) ERECEES)
Sample Type Remolded
6.0 Length, in. 1.00 1.00 1.00
' N {iDiameter, in. 1.93 183 | 193
[IDrv Density, pof 112 112 112
{Moisture Content, % 9 g 8
50 l[Consolidation Load, ksf 12 36 6.0
/ {INormat Load, ksf 1.2 36 6.0
IIShear Stress, kst 1.74 355 | 605
4.0 : Remarks Strain Rate 0.05 in/min.
Test performed on material passing the
/‘4\1\' No. 4 sieve.
3.0
“Sample index Properties
20 |Ipry Density, pct NIA
. {IMoisture Content, % NiA
m ([Ciquid Limit, % NIA
10 [[Plasticity index, % NIA
“Fercent Gravel 0
li;ermnt Sand 41
lIPercent Passing No. 200 Sieve 50
0.0 & ‘ .
0.00 0.05 0.10 0.15 0.20
Horizontal Displacement, in.
Type of Test Consolidated Undrained/Unsaturated

Sample Description Sandy Silt (ML) From Test Pit DCW-6 @ 2.5-6'

Project No. 1990648 DIRECT SHEAR TEST RESULTS

Figure 6
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i | | |
c = 1360 psf ¢ =33 deg
5 /
4 /
- E
g" /
g
23
w
& e
[
=
w
2 <1
1
0 ;
) 1 2 3 4 5 6 7 8 9 10
Norma! Stress, ksf
6.0
est No. (Symbol) 1@ | 2m | 30)
Sample Type Remolded
JLength, in. 1.00 1.00 1.00
L O—O—0—0—0—0—py - -
5.0 = {Diameter, in. 1.83 183 | 1.83
[Dry Density, pcf 98 88 98
[Maisture Content, % 8 6 6
ficonsolidation Load, ksf 1.2 3.6 6.0
40 lINormal Load, kst 1.2 3.6 6.0
5 lishear Stress, ks 2,02 386 | 5.08
8 Remarks Strain Rate 0.05 in/min.
ug: a0 Test performed on material passing the
= No. 4 sieve.
o
7
20 4 “Sampie index Properties
iDry Density, pef NIA
[IMaisture Content, % N/A
{lLiquid Limit, % 26
1.0 iPiasticity Index, % e
Percent Grave! 0
Percent Sand 15
Percent Passing No. 200 Sieve 85
0.0 & ,
0.00 0.05 0.10 0.15 0.20
Horizontal Displacement, in.
Type of Test Consolidated Undrained/Unsaturated

Sample Description

Project No.

Lean Clay with Sand (CL)

From

1990648

Test Pit DCW-9 @ 0"-14"

DIRECT SHEAR TEST RESULTS

Figure 7
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. ) | [

-¢= 210 psf ¢ =43 deg
3
B
& 2 -
]
2
7]
3 Z
0 o
o - 1 2 3 4 5 6 7
Normal Stress, ksf
3.0
[TestNo. (Symbol) 1(0) J 2(m) [ 3(0)
Sample Type Remolded
liLength, in. 1.00 100 | 1.0
25 - O—0—0— {Diameter, in. 1.83 183 | 1.83
W {Dry Denstty, pef 100 100 100
ﬂMaisture Content, % 8 8 8
M [[Consolidation Load, ksf 0.5 15 25
20 V{ §Normal Load, kst 0.5 15 25
e fiShear Stress, ksf 0.66 1.60 251
o Remarks Strain Rate 0.05 in/min.
%1 s . . Test performed on material passing the
5 No. 4 sieve.
g .
7}
1.0

Sample index Properties

Dry Density, pcf N/A

Moisture Content, % N/A

# F-a’?_e_s‘s\s_n [ILiquid Limit, % NIA

0.5 : {Piasticity Index, % NiA

V "Percent Gravel 34

|Percent Sang 34

0o & . lIPercent Passing No. 200 Sieve 32

0.00 0.05 0.10 0.15 0.20
Horizontal Displacement, in.
Type of Test Consolidated Undrained/Unsaturated

Sampie Description Silty Sand with Gravel (SM) From Test Pit DCW-10 @ 13"-102"

. Project No. 1980648 DIRECT SHEAR TEST RESULTS Figure 8
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Bishop Circular Surfaced Most Critical Surfaces

Canyon Fuel Company, LLC
Dugout Canyon Mine
Waste Rock Pile

Section A-A’

6200 Failure Surfaces

File: WRA-ALV.DAT

Minimum Factor of Safety

1.991

50 75 100 125
ft

'NJ WASTE ROCK PILE
60 FEET HIGH
//, NATIVE SOIL
g o,
g N 10 CRITICAL FAILURE SURFACES
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Bishop Circular Surfaces ——anrch for Critical Surfaces .

Canyon Fuel Company, LLC
Dugout Canyon Mine
Waste Rock Pile

Section A-A’

6200 Failure Surfaces

File: WRA-ALV.DAT

WASTE ROCK PILE
60 FEET HIGH

NATIVE SOIL

: FAILURE SURFACES

PRSI E AL G St e o ‘ - — - l I l
25 50 75 100 125 - 150 175 200

ft




TITLE

DUGOUT CANYON MINE
PROPOSED WASTE-ROCK PILE
SECTION A-A’, ALLUVIAL SOIL, NATIVE SLOPE
PROFIL

43

0043302

43 30 183 90 1

163 90 180 90 1

43 30 180 302

SOIL

2 .

122 12249035000
122122043000

CIRCL2

31 2000 3050 180 0 5 25 -35
END
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GeoSlope R
el Version 5.00 A
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Problem Title: DUGOUT CANYON MINE
Description: PROPOSED WASTE-ROCK PILE
Remarks: SECTION A-A', ALLUVIAL SOIL, NATIVE SLOPE

LR A R E R RN R AR LEAEEEEEEEREEEEEREEEE SRR EREEE SR EEEEE R R ERE N EERE EXRE S XRXXX]

ahb INPUT DATA

LA X E S R E RS ELIEEEEEEEREIEE R EEEEENFEE N EEE RS R RN EEEEEEEX EE RN EEENE RN KRN RN NEX]

* k% ¥ ¥

Profile Boundaries

Number of Boundaries: 4
Number of Top Boundaries: 3

Boundary X-Left
No. (ft)
. 1 0.00
2 43.00
3 183.00
4 43.00

Soil Parameters

Number of Soil Types : 2

Soil Total Saturated

Type Unit Wt. Unit Wt.
No. (pcf) (pcf)
1 122.0 122.0
2 122.0 122.0

Y-Left
(ft)

0.00
30.00
80.00
30.00

Cohesion
intercept
(psf)

490.0
0.0

X-Right
(ft)

43.00
163.00
180.00
180.00

Friction
Angle
(deg)

35.0
43.0

Y-Right
(ft)

30.00
90.00
90.00
30.00

Pore
Pressure
Param.

0.00
0.00

Soil Type
Below Bnd
2
1
1
2
Pressure  Piez.
Constant Surface
{psf) No.
0.0 0
0.0 0
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T TRIAL SURFACE GENERATION wrwws
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Data for Generating Circular Surfaces

Number of Initiation Points: 31

Number of Surfaces From Each Point: 200

Left Initiation Point: 0.00 ft
Right Initiation Point: 30.00 ft
Left Termination Point: 50.00 ft
Right Termination Point: 180.00 ft
Minimum Elevation: 0.00 ft
Segment Length: 5.00 ft
Positive Angle Limit: 25.00 deg
Negative Angle Limit: -35.00 deg

LA A A A RN R RS EE R R R EEEEE SR EREEEEREEREE R R Y Y R A ]
*® * ¥ * ¥ RESULTS LXK R
(AR S AR A SRR EEEEREIERE L EEREEEER ERE R N I I N N R R R R L ]

Critical Surfaces

Safety Center Center Circle

No. Factor X Y Radius
(ft) {ft) (ft)
1 1.591 -26.84 95.11 98.83
2 1.583 -16.84 79.65 81.41
3 1.612 -18.05 83.16 85.10
4 1.613 -10.85 74.00 73.23
5 1.619 -14.85 77.91 78.26
6 1.622 -12.11 76.75 76.17
7 1.628 -14.19 81.99 80.82
8 1.630 -14.40 82.43 81.29
9 1.633 -8.69 68.06 68.61
10  1.633 -20.87 90.73 982.21
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Canyon Fuel Company, LLC
Dugout Canyon Mine
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File: WRA-MS1.DAT

Minimum Factor of Safety : 2.387/
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Canyon Fuel Company, LLC
Dugout Canyon Mine
Waste Rock Pile

Section A-A’

6200 Failure Surfaces

File: WRA-MS1.DAT

WASTE ROCK PILE
60 FEET HIGH

NATIVE SOIL

FAILURE SURFACES

75 ‘ 100

] I 1
150 175 200




TITLE.

DUGOUT CANYON MINE
PROPOSED WASTE-ROCK PILE
SECTION A-A', MANCOS SOIL, NATIVE SLOPE
PROFIL

43

0043302

43 30 163901

163 90 180 90 1
4330180302

SOIL

2

122 12249035000
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Problem Title : DUGOUT CANYON MINE
Description : PROPOSED WASTE-ROCK PILE
Remarks : SECTION A-A', MANCOS SOIL, NATIVE SLOPE
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Profile Boundaries

Number of Boundaries: 4
Number of Top Boundaries: 3

Boundary X-Left Y-Left X-Right Y-Right Soil Type

No. (ft) (ft) (ft) (ft) Beiow Bnd
1 0.00 0.00 43.00 30.00 2
2 43.00 30.00 163.00 90.00 1
3 163.00 90.00 180.00 90.00 1
4 43.00 30.00 180.00 30.00 2

Soil Parameters

Number of Soil Types: 2

Soil Total Saturated Cohesion Friction Pore Pressure  Piez.
Type Unit Wt. Unit Wt. intercept Angle Pressure Constant Surface
No.  (pcf) (pct) (psf) (deg) Param. {pst) No.

1 122.0 122.0 490.0 35.0 0.00 0.0 0

2 122.0 122.0 1360.0 33.0 0.00 0.0 -0
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Data for Generating Circular Surfaces

Number of Initiation Points: 31
Number of Surfaces From Each Point: 200

Left Initiation Point: 0.00 ft
Right Initiation Point: 30.00 ft
Left Termination Point: 50.00 ft
Right Termination Point: -180.00 ft
Minimum Elevation: 0.00 ft
Segment Length: B.00 ft
Positive Angle Limit: 25.00 deg
Negative Angle Limit: -35.00 deg
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Critical Surfaces

Safety Center Center Circle

No. Factor X Y Radius
(ft) (ft) (ft)
1 2.387 -4.27 233.50 233.54
2 2.388 -6.73 238.39 238.49
3 2.389 -5.26 232.61 232.67
4 2.391 -8.87 241.03 241.19
5 2.382 -0.33 216.70 2186.70
5] 2.383 -0.13 227.00 226.30
7 2.383 -2.03 219.90 218.91
8 2.395 3.18 216.25 215.57
9 2.395 11.14 203.34 202.90
10 2.395 2.04 209.21 209.22
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TITLE

DUGOUT CANYON MINE
PROPOSED WASTE-ROCK PILE
SECTION A-A', WASTE ROCK SLOPE ONLY
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163 90 180 90 1

43 30 180 302

SOIL

2
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122122043000

CIRCL2

6 500 43 48 55 180 0 5 25 -35
END




K EFRRRERRXEREREREFAEERFEFREEERRERREERREEEREFRERFEREEERFRERERFXRRERRERER**

* ok * W

GeoSlope bl
e Version 5.00 Tk
* 4 % ¥ * % ¥ ¥ W
EEER (c)1982 by GEOCOMP Corp, Concord, MA *EENE
*® % % * ¥ * X H N

Licensed to EarthFax Engineering

*******************************************************************

Problem Title: DUGOUT CANYON MINE
Description: PROPOSED WASTE-ROCK PILE
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Profiie Boundaries

Number of Boundaries:

4

Number of Top Boundaries: 3

Boundary X-Left
No. (ft)

1 0.00

2 43.00

3 163.00

4 43.00

Soil Parameters

Number of Soil Types: 2

Soil Total Saturated

Type Unit Wt.  Unit Wt.
No. ({(pcf) {pcf)

1 122.0 122.0

2 122.0 122.0

Y-Left
(ft)

0.00
30.00
80.00
30.00

Cohesion
Intercept
{psf)

490.0
0.0

X-Right
(ft)

43.00
163.00
180.00
180.00

Friction
Angle
(deg)

35.0
43.0

Y-Right Soil Type
(ft) Below Bnd
30.00 2
90.00 1
90.00 1
30.00 2
Pore Pressure Piez.
Pressure Constant Surface
Param. (psf) . No.
0.00 0.0 0
0.00 0.0 0
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Data for Generating Circular Surfaces

Number of Initiation Points:
Number of Surfaces From Each Point:

Left Initiation Point:
Right Initiation Point:
Left Termination Point:
Right Termination Point:
Minimum Elevation:

Segment Length:

Positive Angle Limit:
Negative Angie Limit:

6

500

43.00 ft
48.00 ft
55.00 ft
180.00 ft
0.00 ft
5.00 ft
25.00 deg
-35.00 deg
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Critical Surfaces

Safety
No. Factor

2.271
2.287
2.292
2.297
2.301
2.304
2.307
2.311
2.325
2.328

CoONOUUPAWN -

-
o

Center
X
(ft)

56.82
57.37
63.42
51.46
€3.46
63.45
63.94
63.03
47.82
57.83

Center
Y
(ft)

167.20
157.99
153.66
196.36
148.34
147.51
159.04
168.80
187.82
160.87

Circle
Radius
(ft)

137.89
128.79
125.33
166.58
120.10
119.27
130.08
140.59
157.89
131.20

* * ¥ % ¥
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Determination of Refuse Tonnage for Final Pile Configuration
The existing topography shown on the maps is representative of the 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 refuse in the pile = 46,217 CY + 639,838 CY = 686,055 CY
Unit weight of coal refuse = 110 lbs/ft>

Tonnage = (686,055 CY * 27 ft*/CY * 110 Ibs/ft®) / 2000 Ibs/ft® = 1,018,792 tons
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CHAPTER 7

HYDROLOGY
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730 OPERATION PLAN

731  General Requirements

731.100 Hydrologic-Balance Protection

Groundwater Protection. The affect on groundwater in this area is expected to be minimal as
discussed in Section 724.200. 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
wittbe 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 installation of all runoff- and sediment-control facilities, silt
fences wit-be were installed along the down gradient edge of the refuse pile area. These silt
fences wittbe were installed in accordance with the approved M&RP. If 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 dikes will be periodically inspected, and accumulated sediment will be removed as
needed to maintain functionality. Once the diversion ditches are installed, the silt fences 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 operator will 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

79
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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 Plate 7-1)

Once the runoff- and sediment-control facilities outlined in Section 732 have been installed, these
structures will prevent additional contributions of suspended solids to streamflow outside the permit
area. Adescription of sediment control following reclamation is presented in Sections 540 and 760
of this submittal and the approved M&RP.

731.200 Water Monitoring

Groundwater Monitoring. Groundwater monitoring associated with the refuse pile will include
quarterly water level measurements. In accordance with Table 7-4, Groundwater Monitoring
Program of the approved M&RP, Wells DH-1, DH-2 and DH-3 will be monitored using Protocols
A, 1. Water quality samples will be obtained quarterly from DH-1 beginning in the first quarter of
2003 and ending the 4" 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 7-4, “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.

Should the subsoil stockpile be moved to the area of 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 wittbe 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 witHbe are monitored
to evaluate 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
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Water Monitoring Sites SS-1 and SS-2 witHbe are monitored using Protocol 1. Data collected
through the third quarter of 2002 are presented in RA Attachment 7-1.

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 materials. If any
materials are identified, they will 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 fromthe
samples collected at the Dugout Canyon Mine are presented in RA Attachment 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.

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 Channel Diversions. No stream channel diversions are planned for this site.
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Buffer Zone Designation. No buffer zone designation is necessary at this site.

731.700 Cross Sections and Maps

RA Plate 7-1 shows the location of each monitoring station and the watershed boundaries for the
area watersheds. RA Plate 7-1 shows the proposed location of the diversion ditches and culverts
and sediment pond associated with the refuse pile area. RA Plate 7-2 presents the design details
of the sediment pond with appropriate cross sections of the pond and embankment.

731.800 Water Rights and Replacement

No surface or groundwater sources are located within the refuse pile area.

732 Sediment Control Measures

The sediment control measures within the refuse pile area have been designed to prevent
additional contributions of sediment 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.

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, silt fences, and road diversions
and culverts.

732.100 Siltation Structures
The siltation structure within the permit area wittbe is a sediment pond as described in Section

732.200. 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).
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Typical cross sections of the ditches, berm and containment area are located in RA Attachment
7-4.

732.200 Sedimentation Ponds

There wittbe is a single sedimentation pond operating at the refuse pile site. The sedimentation
pond topography and cross sections are presented on RA Plate 7-2 of 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. Sail
Conservation Service, 1976). A clean-out marker will be installed in the sediment pond.

The sedimentation pond is within the disturbed area boundary and is subject to final reclamation.
The area is included in the calculation of the disturbed area subject to bonding and in the
calculation of final reclamation costs.

Compliance 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.

MSHA Requirements. MSHA requirements defined in 30 CFR 77.216 are not applicable since
the sedimentation pond will notimpound water or sediment to an elevation of 20 feet or 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 slope 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 fetr five
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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 YB~2; 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
diteh-BB=5— UC-1.

Disturbed drainage ditch DD-1 wittbe is located along the east side of the pile.

Disturbed drainage ditches DD-3a and b 4 will connect ditches DD-1 and DD-2 to the
sediment pond.

Diversion Culverts:

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-2 will be constructed only if the “topsoil stockpile” is relocated adjacent to the Dugout
Canyon Road. UC-2 will convey water from the undisturbed drainage above the disturbed area,
under the stockpile to the undisturbed drainage below the site (RA Table 7-4 and RA Attachment

7-4). Detailed diversion design is presented in Section 742.

732.400 Road Drainage
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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 list of diversions presented in Section 732.300 above. Additional road
drainage design information is presented in Section 742.

All road drainage diversions will be maintained and repaired as needed. The culvert to be installed
in the county road borrow ditch within the disturbed area is discussed in Section 742.300.

733 Impoundments

733.100 General Plans

There witt-be is a single sedimentation pond operating at the refuse pile facility as described in
Section 732.200. The sedimentation pond witHbe is located in the southern portion of the disturbed
area. The sedimentation pond topography and cross sections are presented on RA Plate 7-2 of
this submittal. Detailed design information is presented in RA Attachment 7-2.

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 7-2 of this submittal.

Narrative. A description of the sedimentation pond is presented in Sections 732.200 and 742 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 Impact. The hydrologic and geologic information required to assess the hydrologic
impacts of the proposed sedimentation pond are presented in Section 724 and Chapter 6 of this
submittal and approved M&RP, respectively.

Design Plans and Construction Schedule. There are no additional structures proposed for the
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 Impoundments

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 for the pond are presented in Section 743. The pond
will be inspected regularly based on the schedule contained in Section 514.300.

Permanent Impoundments. There are no permanent impoundment structures proposed for use

in mining and reclamation operations within the permit and adjacent areas.

Temporary Impoundments. 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 schedule 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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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 Casing 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.

742 Sediment Control Measures

742.100 General Requirements

Design. Sediment-control measures have been designed to provide the following:
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Prevent additional contributions of sediment to stream flow or to runoff outside the permit
area;

Meet the effluent limitations defined in Section 751 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 silt fences, riprap, contemporaneous revegetation, vegetative sediment filters,
a sediment pond, and other measures that reduce overland flow velocities, reduce runoff
volumes or trap sediment.

742.200 Siltation Structures

General 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.

Sedimentation Ponds. A single sedimentation pond has been designed for the refuse pile
facilities. The sedimentation pond wittbe 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.
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Design, Construction, and Maintenance

through-4-and-the-pond-area-tself: The entire area draining to the sedimentation pond has been
defined as a single watershed (DWS-1). SedimentStorage-Yotume—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. from-watersheds-t+through4

S P P S PSS P d o e e e e o S P -
e J I ) L L] VIV i U i) re e 7 - - \J

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 fully contain the sediment generated within the disturbed
i i isttrbed; The sedimentation

pond has been designed with a sediment storage capacity of 678 0.67 feet. The elevation of the
maximum sediment level wittbe is 5897 .55 58959 feet. The 60% sediment clean-out volume of
0.40 64+ acre-feet wiltbe is an elevation of 5896.5 58997 feet.

Sediment Removal. Sediment removal from the sedimentation pond will occur when the

sediment level 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 100-year, 24-hour precipitation event (2.8 inches),
instead of the 10-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. If collected water is to be removed from the structure,
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.
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Runoff Volume. The curve numbers used to determine the runoff volumes were based on
professional judgment 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 9490 . Referto-RATFable7+

The storm runoff volume to the sedimentation pond resulting from the 100-year, 24-hour storm
event was calculated to be 2.22 245 acre-feet. The combined volume of the runoff from the 100-
year, 24-hour storm event and the maximum sediment storage is 2.89 3:23 ac-ft. Based-onthe

Wi W L i U PTOvVTIO - = (WL wIEr- Oy Voo - -

- st: Calculations for
pond sizing are contained in RA Attachment 7-2. and-stmmarized-in-RATFabte71:

As the pond wittbe is a total containment structure, no principal spillway or dewatering structure
is included in the design. RA Fabte-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 Attachment 7-2 7#3. Asnoted-in-that

The emergency spillway has been designed with a median riprap diameter of 6 inches within the

crest section and 12 and 9 inches in the outslope sections of the spillway. This riprap wittbe was

underlain with a geofabric liner.
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ir—The expected velocity

at the spillway basin-outlet to the ephemeral channel will be 4.47 2-2 feet per second, which velocity
is not considered erosive. Calculations regarding the energy-dissipater emergency spillway are
presented in RA Attachment #3- 7-2.

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 Circuiting. Short circuiting will not occur as the pond will be a total containment

structure.

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 wittHbe was shaped to provide a 2H:1V slope. Material to be used on the inslope wittbe was
inspected to ensure the material is free of sod, large roots, and frozen soil.

Compaction. The sedimentation pond wittbe 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.
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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 pile area will consist of 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.

All diversions 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 applicable local, state, and federal laws and regulations.

All diversions within the refuse pile area will be removed when no longer needed. The diversions
will be reclaimed in accordance with the reclamation plan defined in Chapter 5.

Peak discharge rates from the undisturbed and disturbed area drainages within the site area were
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.
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Curve numbers were based on professional judgment and information presented in Chapters 2 and
3 of this submittal. The curve numbers for the various watersheds are summarized in RA
Attachment 7-4. Fable7/+-

The drainage areas within and above the facilities area are presented on RA Plate 7-1. A summary
of the characteristics of watersheds contributing to the diversions is presented in RA Attachment
7-4, Fabte++:

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
calculated based on the maximum ditch or culvert slope. Slopes were measured from a contour
map with a scale of 1" = 100". All diversion and culvert calculations are presented in RA
Attachment 7-4 and summarized in RA Tables 7-3 and 7-4.

Diversion Berms. 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
immediately adjacent to the ditch along the outslope. Since none of the berms have been designed
specifically to convey runoff, no calculations concerning the hydraulic characteristics of these
berms are provided.

An temporary interim berm will be constructed to divert water away from 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.
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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 submittal. 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.

743 Impoundments

All 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 wittbe is the emergency spillway on the
sedimentation pond. The spillway on the sedimentation pond witt has been designed to pass the
100-year, 6-hour storm event assuming that the pond was full. Therefore, the spillway will
adequately pass the peak discharge from the 25-year, 6-hour precipitation event. Detailed
information concerning the sedimentation pond is presented in Section 742.200.

745 Disposal of Excess Spoil

There will be no excess spoil generated within the refuse pile area.
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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.

746.300 Impounding 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 Coal 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 Casing and Sealing of Wells

Each monitoring well has been cased, sealed, or otherwise managed, as approved by the Division,

to prevent acid or other toxic drainage from entering ground or surface water, to minimize
disturbance to the hydrologic balance, and to ensure the safety of people, livestock, fish and
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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.

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 Control Measures
All sediment control measures will be located, maintained, constructed and reclaimed according
to plans 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 plans and designs presented in Sections 732, 742, and 763 of this submittal and the approved
M&RP.
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752.200 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 Impoundments and Discharge Structures

Impoundments and discharge structures will be located, maintained, constructed and reclaimed
as described in Sections 733, 734, 743, 745, and 760 of this M&RP.

754 Disposal of Excess Spoil, Coal Mine Waste and Noncoal Mine Waste
Disposal areas for coal mine waste and noncoal mine waste will be located, maintained,
constructed and reclaimed as described in Sections 736, 737, 746, 747, 760 and Chapter 5 of this
submittal and the approved M&RP.

755 Casing and Sealing of Wells
All wells will be managed as described in Sections 551, 748 and 765 of this submittal.

760 RECLAMATION

761 General Requirements

A detailed reclamation plan for the mine is presented in Section 540. In general, 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.
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762 Roads

No roads will be retained after reclamation of the site.

762.100 Restoring the Natural Drainage Patterns

Natural drainages will be restored during reclamation of the refuse pile 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
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 5-3 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 100-year, 6-hour precipitation event. Fabtes7+and Table 7-3 summarizes the
watershed-characteristics-and-reclaimed channel configurations;-respectivety.

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, riprap will 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 layer
will be a minimum of 12". Sand filter blankets will be installed beneath the riprap at a thickness

equal to one-half the thickness of the riprap or 6 inches; whichever is greater.

7-28



Canyon Fuel Company, LLC Refuse Pile Amendment

I Dugout Canyon Mine February 2005 26,2003
RATABLE 71
SUMMARY-OF-WATERSHED-BATA
I
Watershed Eurve-No- Aree{ac) Fime-of PeakHlow-{efs)
Concentration
tht)
OPERAHONAL-WATERSHEDS
Disturbed-Watersheds
PWS-4 S 395 O-t4+ 458
DWS-2 94 365 437 424
PDWS-3 o4 -+68 0120 899
DWS-4 St -+46 0-6+5 545
SedimentPond
1+00-¥r6Hr S+ 4560 0254 18
25¥r6Hr S 4560 0254 4236
Undisturbed-Watersheds
UWS-t % 2986 63062 29
; RECEAMATHON-WATERSHEDS

. RWS-+ 86 1878 6358 36
RWS-2 86 436 62148 265
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ELEVATION AREA AVERAGE CUMBLATIVE  CUMULATIVE
# #2) AREA VOLUME VOLUME

£ft*) ) tae-ft)

5892 6534
8742 17424 0-40

5894 40890
42632 42689 5:98

5896 44375
48078 78844 184

5898 24780
24830 428503 295

5906 27879
30928 496359 437

5902 33977
40947 272956 625

5904 47946
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RA TABLE 7-3
DIVERSION DESIGN SUMMARY

L.D. No. Min. Min. LeftSide [ Right Max. Min. Max. Peak Flow Req. Minirmum
Bottom Channel | Slope Side Flow Slope Slope (cfs)™ Riprap Dy, | Freeboard
Width Depth xH:1V) | Slope Depth (ft) | (%) (%) L ®
(ft) (it (xH:1V)
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 2.0 2.0 0.37 1.3 35 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 20 15.0 0.71 None 0.73
ubD-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 2.0 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-1¢c 2.0 1.0 2.0 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 2.0 0.14 8.0 30.5 0.9 None 0.86
RD-4 1.0 1.0 2.0 2.0 0.19 2.8 6.1 0.41 None 0.81
RD-5 3.0 1.0 2.0 2.0 0.56 1.7 2.4 6.87 None 0.44
Swale 3.0 1.0 4.0 4.0 0.44 NA NA 6.36 None 0.56
1
(a) Peak discharge resulting from the 100-year, 6-hour precipitation event.

*

6" only on slopes exceeding 4%.
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RA TABLE 7-4
CULVERT DESIGN SUMMARY
Diversion | Minimum Culvert Inlet Type Culvert Peak Flow Outlet Outlet
Culvert Diameter Material Slope (cfs) @ Velocity | Riprap Dy,
(in) (%) (fps) (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

(a) Peak discharge resulting from the 100-year, 6-hour precipitation event.

*

Road.
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RA ATTACHMENT 7-2

SEDIMENT POND DESIGN CALCULATIONS
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Elevation

(ft)
5894
5895
5896
5897
5898
5899
5900
5901
5902

5902.5
5903
5904

5905

Dugout Canyon Mine Refuse Pile Sediment Pond

Area*
(ft"2)

114

5370

10024

12807
14778
16730
19469
21823
24313
26041
27887
32147

42307

Stage-C.apacity Table

Average
Area
(ft"2)

2742
7697
11415.5

- 13792.5

16754

18099.5

20646

23068
25177
26964
30017

37227

Contour
Interval

)

0.5

0.5

1

1

Incremental
Volume
(ft"3)
2742
7697
11415.5
13792.5
15754
18099.5
20646
23068
12588.5
13482
30017

37227

Cummulative
Volume
(ftr3) (ac-ft)
2742 0.06
10439 0.4
21854.5 0.50
35647 0.82
51401 1.18
69500.5 1.60
90146.5 2.07
113214.5 2.60
125803 2.89
139285 3éo
169302 3.89
206529 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.
File Name: G:\UCB801\08\POND

Date: 01-31-2005



Civil Software Design -- SEDCAD+ Version 3.1
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved.

Company Name: EarthFax Engineering INC.
Filename: G:\UC801\08\POND User: LDJ
Date: 01-31-2005 Time: 16:24:15
DUGOUT REFUSE PILE SEDIMENT POND
Storm: 2.05 inches, 100 year- 6 hour, SCS 6 Hour
Hydrograph Convolution Interval: 0.1 hr

SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE

-Hydrology-
Base- Runoff Peak

JBS SWS Area CN UHS Tc K X Flow Volume Discharge

{ac) (hrs) (hrs) (cfs) (ac=ft) (cfs)
111 1 14.80 90 F 0.055 0.000 0.000 0.0 1.40 15.98

Type: Pond Label: POND

111 Structure 14.80 1.40
111 Total IN 14.80 1.40 15.98
111 Total OUT 1.40 9.73
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Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved.

Company Name: EarthFax Engineering INC.
Filename: G:\UCB801\08\POND User: LDJ
Date: 01-31-2005 Time: 16:24:15
DUGOUT REFUSE PILE SEDIMENT POND
Storm: 2.05 inches, 100 year- 6 hour, SCS 6 Hour
Hydrograph Convolution Interval: 0.1 hr

POND INPUT/OUTPUT TABLE
|
\
|

Jl, Bl, sl
POND
Drainage Area from J1, Bl, S1, SWS(s)1: 14.8 acres
Total Contributing Drainage Area: 14.8 acres
DISCHARGE OPTIONS:
Emergency
Spillway

Riser Diameter (in) —_——
Riser Height (ft) —_——
Barrel Diameter (in) -———
Barrel Length (ft) —_——
Barrel Slope (%) ———
Manning's n of Pipe —_—
Spillway Elevation ———

Lowest Elevation of Holes ————
# of Holes/Elevation ————

Entrance Loss Coefficient ————
Tailwater Depth (ft) _—

Notch Angle (degrees) ———
Weir Width (ft) ——_———

Siphon Crest Elevation -——
Siphon Tube Diameter (in) —-——
Siphon Tube Length (ft) ———
Manning's n of Siphon -———
Siphon Inlet Elevation -——
Siphon Outlet Elevation ——

Emergency Spillway Elevation 5902.5
Crest Length (ft) 10.0
Z:1 (Left and Right) 4 3
Bottom Width (ft) 10.0
POND RESULTS:
Permanent
Pool
(ac-ft)




Runoff Peak
Volume Discharge

(ac-ft) (cfs)
IN 1.40 15.98
ouT 1.40 9.73
Peak Hydrograph
Elevation Detention Time
{hrs)
5903.0 0.00
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Civil Software Design —-- SEDCAD+ Version 3.1
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved.

Company Name: EarthFax Engineering INC.
Filename: G:\UC801\08\POND User: LDJ
Date: 01-31-2005 Time: 16:24:15
DUGOUT REFUSE PILE SEDIMENT POND
Storm: 2.05 inches, 100 year- 6 hour, SCS 6 Hour
Hydrograph Convolution Interval: 0.1 hr

ELEVATION-DISCHARGE TABLE

Jl, Bl, s1
POND
Drainage Area from J1, Bl, S1, SWS(s)l: 14.8 acres
Total Contributing Drainage Area: 14.8 acres
Emergency Total
Spillway Discharge
Elevation (ctfs) (cfs)
5894.00 0.0 0.0
5894.50 0.0 0.0
5895.00 0.0 0.0
5895.50 0.0 0.0
5896.00 0.0 0.0
5896.50 0.0 0.0
5897.00 0.0 0.0
58987.50 0.0 0.0
5898.00 0.0 0.0
5898.50 0.0 0.0
5899.00 0.0 0.0
5899.50 0.0 0.0
59800.00 0.0 0.0
5900.50 0.0 0.0
5901.00 0.0 * 0.0
5901.50 0.0 0.0
5902.00 0.0 0.0
5902.50 0.0 0.0
5903.00 9.9 9.9
5903.10 11.8 11.8
5903.20 16.0 16.0
5903.30 20.6 20.6
5903.40 25.8 25.8
5903.50 30.9 30.9
5904.00 68.5 68.5
5904.50 118.4 118.4
5905.00 182.6 182.6
* %
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’ Civil Software Design -- SEDCAD+ Version 3.1
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved.

Company Name: EarthFax Engineering INC.
Filename: G:\UC801\08\POND User: LDJ
Date: 01-31-2005 Time: 16:24:15
DUGOUT REFUSE PILE SEDIMENT POND
Storm: 2.05 inches, 100 year- 6 hour, SCS 6 Hour
Hydrograph Convolution Interval: 0.1 hr

ELEVATION-AREA-CAPACITY-DISCHARGE TABLE

Jl, Bl1l, s1
POND
Drainage Area from J1, Bl, S1, SWS(s)l: 14.8 acres
Total Contributing Drainage Area: 14.8 acres

SW#l: Emergency Spillway

Elev Stage Area Capacity Discharge
(ft) (ac) (ac-ft) (cfs)
5894.00 0.00 0.00 0.00 0.00
5894.50 0.50 0.04 0.01 0.00
5895.00 1.00 0.12 0.05 0.00
5895.50 1.50 0.17 0.12 0.00
. 5896.00 2.00  0.23 0.22 0.00
5896.50 2.50 0.26 0.34 0.00
5897.00 3.00 0.29 0.48 0.00
5897.50 3.50 0.32 0.64 0.00
5898.00 4.00 0.34 0.80 0.00
5898.50 4.50 0.36 0.97 0.00
5899.00 5.00 0.38 1.16 0.00
5899.50 5.50 0.41 1.36 0.00
5900.00 6.00 0.45 1.58 0.00
5900.50 6.50 0.47 1.81 0.00
5901.00 7.00 0.50 2.05 0.00
5901.50 7.50 0.53 2.31 0.00
5902.00 8.00 0.56 2.58 0.00
5902.50 8.50 0.60 2.87 0.00 Stage of SW#l
5902.99 18.99 0.60 3.17 9.73 Peak Stage
5903.00 9.00 0.64 3.18 9.85
5903.10 9.10 0.65 3.24 11.83
5903.20 9.20 0.66 3.31 15.96
5903.30 9.30 0.67 3.37 20.62
5903.40 9.40 0.68 3.44 25.78
5903.50 9.50 0.69 3.51 30.87
5904.00 10.00 0.74 3.87 68.51
5904.50 10.50 0.85 4.26 118.41
5905.00 11.00 0.97 4.72 182.55
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Emergency Spiliway Max. Slope
Worksheet for Trapezoidal Channel

. Project Description
Worksheet REFUSE PILE PONC

Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel! Depth
Input Data

- )
Mannings Coeffic 0.050 Agp=4 " Slope = 304 75
Siope 304000 ft/ft

Left Side Slope 175 V:H
Right Side Slope 175 V:H

Bottom Width 9.00 ft
Discharge 15.95 cfs
Results

Depth 0.27 ft
Fiow Area 2.4 f2
Wetted Perim: 9.61 ft
Top Width 9.30 ft
Critical Depth 0.46 ft
Critical Slope  0.051755 ft/ft
Velocity 654 s < 7,0 Y5 .. Ol
Velocity Head 0.66 ft
Specific Ener¢ 0.93 ft
Froude Numb: 2.25

. Flow Type  3upercritical

Project Engineer: Richard White

untitled.fm2 EarthFax Engineering Inc FlowMaster v6.0 [614b]
02/01/05 09:52:44 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1




Emergency Spillway Min. Slope It

Worksheet for Trapezoidal Channel

. Project Description
Worksheet REFUSE PILE PONL

Flow Element Trapezoidal Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coeffic 0.038 051-) =4 Slepe = 9'%
Slope 050000

fuit

Left Side Slope 1.75 V:H

Right Side Slope 1.75 V:H
ft
cfs

Bottom Width 9.00
Discharge 15.95
Results

Depth 039 ft << /.5 ft  min, freboarl = |11 £F
Flow Area 3.6 fi2
Wetted Perimu 9.89 ft
Top Width 9.44 ft
Critical Depth 0.46 ft
Critical Slope  0.029189 fuft
Velocity 4.47 fis
Velocity Head 0.31 ft
Specific Energ 0.70 ft
Froude Numb: 1.28

. Flow Type supercritical

Project Engineer: Richard White
untitled.fm2. EarthFax Engineering Inc FlowMaster v6.0 [614b]
02/01/05 09:55:056 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1
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Dugout Canyon Mine Refuse Pile
Hydrology Calculations

Rainfall Depths

Since this site is a refuse pile the 100-year storm event will be used for all calculations
100-year 6-hour 2.05 inches
100-year 24-hour 2.80 inches

Curve Number

This area was a gravel pit prior to being used as a refuse pile. Thus, the vast majority of the
disturbed areas have no vegetation and little if any soil remaining. The entire site whether
covered with waste rock or bare soil will behave like a dirt road. The typical curve number for
dirt roads is 90.

The undisturbed portions of any watersheds are typically Pinyon/Juniper or Sagebrush/Grass
vegetation type. The majority being Pinyon/Juniper. Undisturbed soils in the undisturbed
watersheds have a hydrologic soil of B. Combining the vegetation type and hydrologic soil type
the estimated curve number is 75.

Soil from the site and a borrow area will be used to reclaim the site. Although the native soils
Justify a lower curve number the uncertainty regarding the soil borrow source 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

1.

2.

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 Dy,

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(D;, x Slope)*'**

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.




Operational Ditches and Culvert

UD-1a

Contributing Watershed is Approximately 15% of UWS-1
Peak Flow =4.74 x 0.15 = 0.71 cfs

Minimum Slope =2.0%
Maximum Slope = 15.0%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1 ft
Bottom Width =1 ft
Riprap = none

Maximum Velocity = 4.59 fps
Maximum Depth = 0.27 ft
Freeboard = 0.73 ft

See pages 22 and 23 for calculation sheets and page 56 for a typical cross-section of the ditch

UD-1b

Contributing Watershed is UWS-1
Peak Flow = 4.74 cfs

Minimum Slope = 0.3%
Maximum Slope = 2.8%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1.5ft
Bottom Width =2 ft
Riprap = none

Maximum Velocity = 3.92 fps

Maximum Depth = 0.87 ft

Freeboard = 0.63 ft

See pages 24 and 25 for calculation sheets and page 57 for a typical cross-section of the ditch
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UD-1c

Contributing Watershed is UWS-1

Peak Flow = 4.74 cfs
Minimum Slope = 4.4%
Maximum Slope = 23.3%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1.0 ft
Bottom Width=2.0 ft
Riprap = 6 inch

Maximum Velocity = 6.26 fps
Maximum Depth = 0.5 ft
Freeboard = 0.5 ft

See pages 26 and 27 for calculation sheets and page 58 for a typical cross-section of the ditch

A single watershed has been defined for the area draining to the sediment pond. Since the refuse
pile may slope in different directions during construction ditches DD-1 and DD-2 may receive
most of the runoff. Thus, both ditches will be designed to handle the majority of the runoff from
the upper part of the watershed.

DD-1
Contributing Watershed is Approximately 80% of DWS-1

Peak Flow = 16.03 x 0.8 = 12.82 cfs
Minimum Slope = 0.6%
Maximum Slope = 12.9%

Trapizoidal Ditch

Side slopes = 2:1

Depth=1.5 ft

Bottom Width =4 ft

Riprap = 6 inch on slopes exceeding a slope of 4%. A few places have short areas with slopes
exceeding 4%, these areas will need to be riprapped.

Maximum Velocity = 6.22 fps
Maximum Depth = 0.96 ft
Freeboard = 0.54 ft

See pages 28, 29, and 30 for calc sheets and page 59 and 60 for a typ. cross-section of the ditch
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DD-2a
Contributing Watershed is Approximately 50% of DWS-1
Peak Flow =16.03 x 0.5 = 8.02 cfs

Minimum Slope = 1.9%
Maximum Slope = 10.0%

Trapizoidal Ditch
Side slopes = 2:1
Depth =1 ft

Bottom Width =15 ft
Riprap = none

Maximum Velocity = 4.03 fps
Maximum Depth = 0.22 ft
Freeboard = 0.78 ft

See pages 31 and 32 for calculation sheets and page 61 for a typical- cross-section of the ditch
DD-2b |

Contributing Watershed is Approximately 50% of DWS-1

Peak Flow =16.03 x 0.5 = 8.02 cfs

Minimum Slope = 5.0%
Maximum Slope = 13.5%

Trapizoidal Ditch

Side slopes = 2:1

Depth=1 ft

Bottom Width =4 ft

Riprap = 6 inch

Maximum Velocity = 5.57 fps
Maximum 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-1
Peak Flow=16.03 x 1.0 = 16.03 cfs

Minimum Slope = 1.3%
Maximum Slope = 3.5%

Trapizoidal Ditch

Side slopes = 2:1
Depth=1.0 ft

Bottom Width=15.0 ft
Riprap = none

Maximum Velocity = 3.84 fps

Maximum Depth = 0.37 ft
Freeboard = 0.63 ft

See pages 35 and 36 for calculation sheets and page 63 for a typical cross-section of the ditch

DD-3b
Contributing Watershed is DWS-1
Peak Flow=16.03 x 1.0 =16.03 cfs

Minimum Slope = 1.3%
Maximum Slope = 9.0%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1.5ft
Bottom Width=2.0 ft
Riprap = 6 inch

Maximum Velocity = 7.28 fps
Maximum 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

®

Culvert Diameter = 24 inches

Contributing Watershed = UWS-1

Peak Flow =4.74 cfs

Culvert Slope =4.5 %

Culvert inlet capacity =119 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 fps thus outlet protecﬁon is needed (pg 39)

Place Dy, = 6 inch riprap at the outlet for outlet protection

uc-2

Culvert Diameter = 24 inches

Contributing Watershed = UWS-2

Peak Flow = 6.78 cfs

Culvert Slope = 1.5 %

Culvert inlet capacity = 11.9 cfs (projecting inlet)
Culvert capacity based on culvert slope = 15.01 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 = 4.66 fps thus outlet protection is not needed (pg 40)




RECLAMATION CHANNELS

RD-1a

Contributing Watershed is Approximately 15% of RWS-1
Peak Flow = 6.36 x 0.15 = 5.41 cfs

Minimum Slope =2.0%
Maximum Slope = 15.0%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1 ft
Bottom Width=1 ft
Riprap = none

Maximum Velocity = 4.56 fps
Maximum Depth = 0.35 ft
Freeboard = 0.65 ft

See pages 41 and 42 for calculation sheets and page 65 for a typical cross-section of the ditch

RD-1b

Contributing Watershed is 85% of RWS-1
Peak Flow = 6.36 x 0.85 =5.41 cfs

Minimum Slope = 0.3%
Maximum Slope = 4.6%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1.5ft
Bottom Width =3 ft
Riprap = none

Maximum Velocity = 4.75 fps

Maximum Depth = 0.83 ft
Freeboard = 0.67 ft

See pages 43 and 44 for calculation sheets and page 66 for a typical cross-section of the ditch




RD-1c¢

Contributing Watershed is RWS-1

Peak Flow = 6.36 cfs
Minimum Slope = 4.4%
Maximum Slope =23.3%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1.0 ft
Bottom Width =2.0 ft
Riprap = 6 inch

Maximum Velocity = 6.90 fps
Maximum Depth = 0.59 ft
Freeboard = 0.41 ft

See pages 45 and 46 for calculation sheets and page 67 for a typical cross-section of the ditch

RD-2
Contributing Watershed is RWS-2

Peak Flow = 0.71 cfs
Minimum Slope = 1.0%
Maximum Slope = 14.3%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1.0 ft
Bottom Width =1 ft
Riprap = none

Maximum Velocity = 4.08 fps

Maximum Depth = 0.37 ft
Freeboard = 0.63 ft

See pages 47 and 48 for calculation sheets and page 68 for a typical cross-section of the ditch




RD-3
Contributing Watershed is RWS-3

Peak Flow = 0.9 cfs
Minimum Slope = 8.0%
Maximum Slope = 30.5%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1.0 ft
Bottom Width =2.0 ft
Riprap = none

Maximum Velocity = 4.63 fps
Maximum Depth=0.14 ft
Freeboard = 0.86 ft

See pages 49 and 50 for calculation sheets and page 69 for a typical cross-section of the ditch

RD-4
Contributing Watershed is RWS-4

Peak Flow = 0.41 cfs
Minimum Slope = 2.8%
Maximum Slope = 6.1%

Trapizoidal Ditch
Side slopes = 2:1
Depth=1.0 ft
Bottom Width=1.0 ft
Riprap = none

Maximum Velocity = 2.56 fps
Maximum Depth = 0.19 ft
Freeboard = 0.81 ft

See pages 51 and 52 for calculation sheets and page 70 for a typical cross-section of the ditch




RD-5
Contributing Watershed is RWS-5

Peak Flow = 6.87 cfs
Minimum Slope = 1.7 %
Maximum Slope =2.4 %

Trapizoidal Ditch
Side slopes = 2:1
Depth=1.0 ft
Bottom Width = 3.0 ft
Riprap = none

Maximum Velocity = 4.16 fps

Maximum Depth = 0.56 ft
Freeboard = 0.44 ft

See pages 53 and 54 for calculation sheets and page 71 for a typical cross-section of the ditch

Swale 1
Contributing Watershed is RWS-1

Peak Flow = 6.36 cfs
Slope = 3.6%

Trapizoidal Ditch-
Side slopes = 4:1
Depth=1.0 ft

Bottom Width=3.0 ft
Riprap = none

Maximum Velocity = 4.66 fps
Maximum Depth = 0.44 ft
Freeboard = 0.56 ft

See page 55 for calculation sheets and page 72 for a typical cross-section of the ditch
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Summary of Watershed Data

Watershed| Drainage Curve S Y | L Time of | Peak Flow
Area Area (ac) | Number (in) (%) (ft) (hr) Conc. (hr) (cfs)
Operational Watersheds
DWS-1 14.8 90 1.111 25.5 700 0.033 - 0.055 16.03
UWS-1 18 75 3.333 11 1500 0.154 0.257 4.74
UWS-2 25.5 75 3.333 184 1975 0.148 0.248 6.78
Reclamation Watersheds
RWS-1 20.6 76 3.158 13.2 1500 0.136 0.228 6.36
RWS-2 1.2 80 2.500 27.2 250 0.020 0.034 0.71
RWS-3 1.6 80 2.500 22 570 0.043 0.072 0.9
RWS-4 0.7 80 2.500 17.1 200 0.021 0.035 0.41
RWS-5 26.1 75 3.333 18.4 2060 0.153 0.256 6.87
Notes

Watershed locations can be found on Plétes RA7-1 and RA7-3

S =1000/CN - 10
Y = average watershed slope = (length of contour lines)(contour interval)/(watershed area)

| = hydraulic length

L = watershed lag =( 1*0.8(S+1)10.7) / (1900(Y)"0.5)

Time of Concentration + 1.67L

Peak Flow is based on a 100-yr 6-hr storm event

ZI



Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed 1.D.:
DWS-1 100-yr 6-hr

INPUT SUMMARY
STORM : WATERSHED :
Dist.= SCS Type 'b' Area = 14.80 acres
Depth = 2.05 inches CN =90.00
Duration = 6.0 hrs Time conc.= 0.06 hrs
OUTPUT SUMMARY

Runoff depth:  1.137 inches

Initial 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 1.D.:
UWS-1 100-yr 6-hr
INPUT SUMMARY
STORM : WATERSHED :
Dist.= SCS Type b’ Area = 18.00 acres
Depth = 2.05 inches CN =75.00
Duration = 6.0 hrs 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 1.D.:

UWS-2
INPUT SUMMARY
STORM : WATERSHED :
Dist.= SCS Type 'b' Area = 25.50 acres
Depth = 2.05 inches CN=75.00
Duration = 6.0 hrs 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)
attime: 2.612 hrs

3




Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed 1.D.:
RWS-1 100-yr 6-hr

INPUT SUMMARY
STORM:: WATERSHED :
Dist.= SCS Type b’ Area = 20.60 acres
Depth = 2.05 inches CN=176.00
Duration = 6.0 hrs Time conc.= 0.23 hrs
OUTPUT SUMMARY

Runoff depth: 0.440 inches

Initial abstr: 0.632 inches

Peak flow: 6.36 cfs (0.306 iph)
attime: 2.614 hrs

le




Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed I.D.:
RWS-2 100-yr 6-hr

INPUT SUMMARY
STORM:: WATERSHED :
Dist.= SCS Type 'b' Area = 1.20 acres
Depth = 2.05 inches CN =80.00
Duration = 6.0 hrs Time conc.= 0.03 hrs
OUTPUT SUMMARY

Runoff depth: 0.593 inches

Initial abstr: 0.500 inches

Peak flow: 0.71 cfs (0.585 iph)
at time: 2.502 hrs

7




Triangular Hydrograph Calculations using

SCSHYDRO Program

Wétershed I.D.:
RWS-3 100-yr 6-hr

INPUT SUMMARY
STORM : WATERSHED :
Dist.= SCS Type °b' Area = 1.60 acres
Depth = 2.05 inches CN =80.00
Duration = 6.0 hrs Time conc.= 0.07 hrs
OUTPUT SUMMARY

Runoff depth: 0.593 inches

Initial abstr: 0.500 inches

Peak flow. 0.90 cfs ( 0.558 iph )
attime: 2.515 hrs




Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed 1.D.:
RWS-4 100-yr 6-hr

INPUT SUMMARY
STORM: WATERSHED :
Dist.= SCS Type b’ Area = 0.70 acres
Depth = 2.05 inches CN =80.00
Duration = 6.0 hrs Time conc.= 0.04 hrs
OUTPUT SUMMARY

Runoff depth: 0.593 inches

Initial abstr: 0.500 inches

Peak flow: 0.41 cfs ( 0.584 iph)
at time: 2.506 hrs

19
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed |.D.:

RWS-5
INPUT SUMMARY
STORM : WATERSHED :
Dist.= SCS Type “b' Area = 26.10 acres
Depth = 2.05 inches CN =75.00
Duration = 6.0 hrs 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

Worksheet
Flow Element

Dugout Refuse f
Trapezoidal Cha

Method Manning's Formu

Solve For

Channel Depth

01/12/05 03:49:38 PM

© Haestad Methods, Inc.

UD-1a Minimum Slope
Worksheet for Trapezoidal Channel

input Data

Mannings Coeffic 0.030 }arp carth

Slope .020000 ft/ft

Left Side Slope 2.00 V:H

Right Side Slope  2.00 V:H

Bottom Width 1.00 ft

Discharge 0.71 cfs

Resuits ’
Depth _ 027t </’ . oh  frecboorsh 0.7
Flow Area 0.3 ft?

Wetted Perimu 1.60 ft

Top Width 1.27 ft

Critical Depth 0.24 ft

Critical Slope 0.029060 ft/ft

Velocity 2.32 fi/s

Velocity Head 0.08 ft

Specific Ener¢ 0.35 ft

Froude Numb: 0.83

Flow Type  Subcritical
untitled.fm2 EarthFax Engineering inc

37 Brookside Road Waterbury, CT 06708 USA

2z

Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614b]
Page 1 of 1




Worksheet for Trapezoidal Channel

Project Description
Worksheet Dugout Refuse
Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
Input Data
Mannings Coeffic 0.030 bare eerth
Slope 0.150000 fi/ft
Left Side Slope 200 V:H
Right Side Slope  2.00 V:H
Bottom Width 1.00 ft
Discharge 0.71 cfs
Resuits
Depth 0.14 ft
Flow Area 0.2 ft2
Wetted Perim: 1.32 ft
Top Width 1.14 ft
Critical Depth 0.24 ft
Critical Slope  0.029060 ft/ft
. R #
Velocity 459 tis < 54op .
Velocity Head 0.33 ft
Specific Energ¢ 047 ft
Froude Numb: 2.20
Flow Type Supercritical
untitied.fm2

01/12/05 03:48:156 PM

© Haestad Methods, Inc.

UD-1a Maximum Slope

no r.prep

EarthFax Engineering Inc

37 Brookside Road Waterbury, CT 06708 USA

23

Project Engineer: Richard White
FlowMaster v6.0 [614b]

(203) 755-1666 Page 1 of 1




UD-1b Minimum Slope al
Worksheet for Trapezoidal Channel

Project Description

Worksheet Dugout Refuse |

Flow Element Trapezoidal Cha
Method Manning's Form:
Solve For Channel Depth

Input Data

Mannings Coeffic 0.030 jore garth
Slope 0.003000 ft/ft

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 087 ft < [,§' . el frecboarcdd = 0.67 ¢
Fiow Area 2.1 ft2

Wetted Perim: 3.94 ft

Top Width 2.87 ft

Critical Depth 0.46 ft

Critical Slope 0.023150 ft/ft

Velocity 1.79 fi/s

Velocity Head 0.05 ft
Specific Energ 0.92 ft
Froude Numb: 0.37
Flow Type  Subcritical

Project Engineer: Richard White
untitled.fm2 EarthFax Engineering Inc FlowMaster v6.0 [614b]
01/12/05 03:52:45 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1




UD-1b Maximum Slope

Worksheet for Trapezoidal Channel

‘Project Description

Worksheet Dugout Refuse f
Flow Element Trapezoidal Cha
Method Manning's Form:
Solve For Channel Depth
Input Data
Mannings Coeffic 0.030
Slope ©.028000 ft/ft
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 10 fi2
Wetted Perim 2.98 ft
Top Width 2.44 ft
Critical Depth 0.46 ft
Critical Slope  0.023150 ft/ft
Velocity 392 s < Sy .
Velocity Head 0.24 ft
Specific Ener¢ 0.67 ft
Froude Numb: 1.10
Fiow Type  Supercritical

untitied.fm2

01/12/05 03:53:22 PM © Haestad Methods, Inc.

o m,ovw,v

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA

27

Project Engineer: Richard White
FlowMaster v6.0 [614b]

(203) 755-1666 Page 1 of 1




UD-1¢ Minimum Slope

Worksheet for Trapezoidal Channel

Project Description

Worksheet Dugout Refuse |
Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel! Depth
Input Data

Mannings Coeffic 0.037 Oz 6 NS lo@e
Siope 044000 ft/ft
Left Side Slope 200 V:H
Right Side Siope  2.00 V:H
ft
cfs

Bottom Width 2.00
Discharge 4.74
Results

Depth 050 ft « f.o f+- . .
Flow Area 1.1 f#2
Wetted Perim¢ 311 #
Top Width 2.50 ft
Critical Depth 0.53 ft
Critical Slope  0.034748 ft/ft
Velocity 4.25 fi/s
Velocity Head 0.28 ft
Specific Ener 0.78 ft
Froude Numb: 1.12

Flow Type  supercritical

untitled.fm2
01/26/05 03:54:24 PM © Haestad Methods, Inc.

6/

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA

A

Project Engineer: Richard White
FlowMaster v6.0 [614Db]
(203) 755-1666 Page 1 of 1




UD-1c Maximum Slope | 27
Worksheet for Trapezoidal Channel

. Project Description
Worksheet

Dugout Refuse f
Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
Input Data

7/ —_ o,

Mannings Coeffic 0.048 X5, = 6 " Slope = 25,7 76
Slope 233000 ft/ft

Left Side Slope 200 V:H
Right Side Slope  2.00 V:H

Bottom Width 2.00 ft
Discharge 474 cfs
Results

Depth 0.35 ft
Flow Area 0.8 fi*
Wetted Perim: 2.78 ft
Top Width 2.35 ft
Critical Depth 0.53 ft
Critical Slope  0.058969 ft/ft
Velocity 626 fis £ 7,5 feosr . OR
Velocity Head 0.61 ft
Specific Ener¢ 0.96 ft
Froude Numb: 1.94

. Flow Type  supercritical

Project Engineer: Richard White

untitled.fm2 EarthFax Engineering Inc FlowMaster v6.0 [614b}
01/26/05 03:57:08 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



DD-1 Min Slope 2¢
Worksheet for Trapezoidal Channel

Project Description
Worksheet Dugout Refuse f

Flow Element Trapezoidal Cha

Method Manning's Formi

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035 recky eardh
Slope 006000 fi/ft

Left Side Slope 2.00 V:H
Right Side Slope  2.00 V: H

Bottom Width 4.00 ft

Discharge 11.22 cfs

Results /
Depth oot 2 1.5 .0 ol fecboard = 0.54
Flow Area 4.3 fi?

Wetted Perim 6.16 ft

Top Width 496 ft

Critical Depth 0.61 ft

Critical Slope 0.026358 fu/ft

Velocity 2.60 ft/s

Velocity Head 0.10 ft
Specific Energ 1.07 ft
Froude Numb: 0.49

. Flow Type  Subcritical

Project Engineer: Richard White
untitled.fm2 EarthFax Engineering inc FlowMaster v6.0 [614b]
01/12/05 04:21:39 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1




DD-1 Max Slope | 29
Worksheet for Trapezoidal Channel

. Project Description

Worksheet Dugout Refuse |
Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
Input Data

’
Mannings Coeffic 0.044 Bgp = 6 /
Slope 129000 ft/ft

Left Side Slope 200 V:H
Right Side Slope  2.00 V:H

Bottom Width 4.00 ft

Discharge 11.22 cfs

Results

Depth 0.43 ft

Flow Area 1.8 f2

Wetted Perimi 4.96 ft

Top Width 4.43 ft

Critical Depth 0.61 ft

Critical Slope  0.041091 f/ft \ R

Velocity 622 ws < 7.5 foe . 0K
—

Velocity Head 0.60 ft

Specific Energ 1.03 ft

Froude Numb: 1.72

. Flow Type Supercriticai

Project Engineer: Richard White
untitled.fm2 EarthFax Engineering inc FlowMaster v6.0 [614b)
01/12/05 04:20:38 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1




DD-1 Max Slope Not Requireing Riprap

Worksheet for Trapezoidal Channel

Project Description

Worksheet Dugout Refuse f
Flow Element Trapezoidal Cha
Method Manning's Formt
Soive For Channel Depth
Input Data
Mannings Coeffic 0.035 rocfCy o/l
Slope 040000 fi/ft ;
Left Side Slope 200 V:H
Right Side Slope  2.00 V:H
Bottom Width 4.00 ft
Discharge 11.22 cfs
Results
Depth 0.54 ft
Flow Area 23 fi?
Wetted Perim 5.20 ft
Top Width 4.54 ft
Critical Depth 0.61 ft
Critical Slope  0.026358 ft/t
Velocity 491 s < 5 o
Velocity Head 037 ft
Specific Energ 0.91 ft
Froude Numb: 1.22
Flow Type  supercritical
untitied.fm2

01/12/05 04:15:48 PM

© Haestad Methods, Inc.

all clionnel fecdions \,.\/#-\

a I/o,oc,

tho\’l“f/‘ Fhoun Y47 will neet Woi'-é”

f‘.‘/){‘a/o

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA

s

Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614Db}
Page 1 of 1



DD-2a Minimum Slope
Worksheet for Trapezoidal Channel

Project Description

Worksheet Dugout Refuse |

Flow Element Trapezoidal Cha

Method Manning's Formi

Solve For Channel Depth

Input Data

Mannings Coeffic 0.030 barec 6@_(‘"‘1/ coal
Siope 019000 ft/ft

Left Side Slope 200 V:H
Right Side Slope 200 V:H
Bottom Width 15.00 ft

Discharge 8.02 cfs

Results

Depth o2t 2/ .. ol
Flow Area 33

Wetted Perim: 16.49 ft

Top Width 1522 ft

Critical Depth 0.21 f

Critical Slope 0.022733 fi/ft

Velocity 243 fuUs

Velocity Head 0.09 ft
Specific Energ 0.31 ft
Froude Numb: 0.92
Flow Type  Subcritical

untitied.fm2

refuse

EarthFax Engineering inc

01/13/05 09:19:52 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

I

Project Engineer: Richard White
FlowMaster v6.0 [614b]
(203) 755-1666 Page 1 of 1




DD-2a Maximum Slope S2
Worksheet for Trapezoidal Channel

. Project Description

Worksheet Dugout Refuse |

Flow Element Trapezoidal Cha

Method Manning's Formi

Solve For Channel Depth

Input Data

Mannings Coeffic 0.030 bare eor tu / toal refuce
Slope 100000 ft/ft

Left Side Slope 2.00 V:H
Right Side Slope  2.00 V:H

Bottom Width 15.00 ft  The ditch v el the aGccess roadd Hfor the JSeelimen

Discharge 8.02 cfs ,aay‘_@(!

Results

Depth 0.13 ft

Flow Area 2.0 ft

Wetted Perim: 15.30 ft

Top Width 15.13 ft

Critical Depth 0.21 ft

Critical Slope  0.022733 fu/ft )
Velocity 403 fis ¢« § O f,ax .. no e
Velocity Head 0.25 ft

Specific Ener¢ 0.38 ft

Froude Numb: 1.96

. Flow Type Supercritical

Project Engineer: Richard White

untitled.fm2 EarthFax Engineering Inc FlowMaster v6.0 [614b]
01/13/05 09:19:16 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1




DD-2b Minimum Slope

Worksheet for Trapezoidal Channel

Project Description

o

Worksheet Dugout Refuse f
Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
input Data
o,
Mannings Coeffic 0.038 Kgo =6/ Slorfe = A
Slope 050000 ft/ft
Left Side Slope 2.00 V:H
Right Side Slope  2.00 V:H
Bottom Width 4.00 ft
Discharge 8.02 cfs
Results
Depth 043 ft <tnafd - O
Flow Area 1.8 ft2
Wetted Perim 495 ft
Top Width 443 ft
Critical Depth 0.49 ft
Critical Slope  0.031690 ft/ft
Velocity 4.48 ft/s
Velocity Head 0.31 ft
Specific Ener¢ 0.74 ft
Froude Numb: 1.24

Flow Type  supercritical

untitted.fm2
01/26/05 04:34:36 PM

© Haestad Methods, Inc.

EarthFax Engineering inc
37 Brookside Road Waterbury, CT 06708 USA

53

Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614b]
Page 1 of 1




DD-2b Maximum Slope ¥t
Worksheet for Trapezoidal Channel

. Project Description
Worksheet Dugout Refuse |

Flow Element Trapezoidal Cha

Method Manning's Formi

Solve For Channel Depth

Input Data °.
Mannings Coeffic 0.044 Us5,=¢ 7 slope = 5.5 r6
Slope 135000 ft/ft

Left Side Slope 2.00 V:H
Right Side Slope  2.00 V:H

Bottom Width 4.00 ft
Discharge 8.02 cfs
Results

Depth 0.35 ft
Flow Area 1.4 ft?
Wetted Perimi 4.77 ft
Top Width 4.35 ft
Critical Depth 0.49 ft
Critical Slope  0.043363 ft/ft
Velocity 557 s < 7.5 Yo . ok
Velocity Head 0.48 ft
Specific Energ 0.83 ft
Froude Numb: 1.71

. Flow Type 3upercritical

Project Engineer: Richard White
untitied.fm2 EarthFax Engineering inc FlowMaster v6.0 [614b]
01/26/05 04:35:15 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1




Project Description
Worksheet Dugout Refuse |
Flow Element Trapezoidal Cha
Method Manning's Formi
Soive For Channel Depth
Input Data
Mannings Coeffic 0.030 borv
Slope 013000 fuft
Left Side Slope 200 V:H
Right Side Slope  2.00 V: H
Bottom Width 156.00 ft
Discharge 16.03 cfs
Results
Depth 037 8. 2 /,0
Flow Area 5.6 f2
Wetted Perimi 15.83 ft
Top Width 16.37 #
Critical Depth 0.33 ft
Critical Slope 0.019771 fifft
Velocity 2.84 fts
Velocity Head 0.13 f
Specific Energ 0.50 ft
Froude Numb: 0.83
Flow Type Subcritical

untitied.fm2

01/26/05 04:33:41 PM

€ @Pﬂqﬂ

.

o

© Haestad Methods, Inc.

DD-3a Minimum Slope
Worksheet for Trapezoidal Channel

EarthFax Engineering Inc

37 Brookside Road Waterbury, CT 06708 USA

3

Project Engineer: Richard White
FlowMaster v6.0 [614b]

(203) 755-1666 Page 1 of 1




DD-3a Maximum Slope
Worksheet for Trapezoidal Channel

Project Description

Worksheet Dugout Refuse |
Fiow Element Trapezoidal Cha
Method Manning's Formi
Solve For Channel Depth
Input Data

Mannings Coeffic 0.030 kere corth
Slope 035000 ft/ft

Left Side Slope 2.00 V:H

Right Side Slope  2.00 V:H

Bottom Width 15.00 ft

Discharge 16.03 cfs
Results

Depth 0.28 ft
Flow Area 4.2 fi2
Wetted Perimi 15.62 ft
Top Width 15.28 ft
Critical Depth 0.33 ft
Critical Slope  0.019771 fi/ft
Velocity 384 fs < 5.0 frr i ool
Velocity Head 0.23 ft
Specific Ener¢ 0.51 ft
Froude Numb: 1.30

Flow Type Supercritical

untitled.fm2 EarthFax Engineering Inc
01/26/05 04:32:07 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

I3

Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614b]
Page 1 of 1



DD-3b Minimum Slope ?7
Worksheet for Trapezoidal Channel

Project Description

Worksheet Dugout Refuse |
Flow Element Trapezoidal Cha
Method Manning's Form:
Solve For Channel Depth
input Data

Mannings Coeffic 0.037 Os = 6 “ Slewe = 4,6 A
Slope 046000 ft/ft

Left Side Slope 200 V:H

Right Side Slope  2.00 V:H
Bottom Width 2.00 ft
Discharge 16.03 cfs

Results

Depth wen =75 o ok
Flow Area 2.6 ft*

Wetted Perim 431 ft

Top Width 3.03 ft

Critical Depth 1.14 ft

Critical Slope  0.033467 ft/ft
Velocity 6.15 fi/s
Velocity Head 0.59 ft

Specific Energ 1.62 ft

Froude Numb: 1.17

Flow Type Supercritical

untitled.fm2
01/26/05 04:58:26 PM

EarthFax Engineering Inc

Project Engineer: Richard White
FlowMaster v6.0 [614b]

© Haestad Methods, Inc. 37 Brookside Road Waterbury, CY 06708 USA  (203) 755-1666 Page 1 of 1




DD-3b Maximum Slope

Worksheet for Trapezoidal Channel

Project Description

Worksheet Dugout Refuse |
Flow Element Trapezoidal Cha
Method Manning's Formi
Soive For Channel Depth
Input Data

Mannings Coeffic 0.041 Kgp = “
Slope 091000 ft/ft

Left Side Slope 200 V:H

Right Side Slope  2.00 V:H
Bottom Width 2.00 ft
Discharge 16.03 cfs

Results

Depth 0.90 ft

Flow Area 22 ft?

Wetted Perim« 4.01 ft

Top Width 2.90 ft

Critical Depth 1.14 ft

Critical Slope  0.041698 ft/ft

Velocity

Velocity Head
Specific Energ
Froude Numb:

728 fils < 7.5 fr
0.82 ft

1.72 ft

1.47

Flow Type  supercritical

untitled.fm2
01/26/05 04:57:39 PM

© Haestad Methods, Inc.
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Y&

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA

Sy

Project Engineer: Richard White
FlowMaster v6.0 [614b)
(203) 755-1666 Page 1 of 1




uc-1

Worksheet for Circular Channel

Project Description

Worksheet Dugout Refuse
Flow Element Circular Channe¢
Method Manning's Form
Solve For Channel Depth
input Data
Mannings Coeffic 0.024
Slope 045400 fift
Diameter 24 in
Discharge 4.74 cfs
Resulits
Depth 058 ft =« 2.0°
Fiow Area 0.8 ft?
Wetted Perime 227 ft
Top Width 1.81 ft
Critical Depth 0.77 ft
Percent Full 28.9 %
Critical Slope  0.015456 ft/ft
Velocity 631 fis > 5 frov
Velocity Head 0.62 ft .
Specific Energ: 1.20 ft
Froude Numbe 1.73
Maximum Disc 28.08 cfs
Discharge Full 26.11 cfs
Slope Full 0.001496 f/ft
Flow Type supercritical
untitied.fm2

01/27/05 08:54:55 AM

® Haestad Methods, Inc.

S ripEtee

PIY o
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EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA

57

Project Engineer: Richard White
FlowMaster v6.0 [614b]

(203) 755-1666 Page 1 of 1



Worksheet for Circular Channel

Project Description

Worksheet Dugout Refuse
Flow Eilement Circular Channg
Method Manning's Forr
Solve For Channel Depth
Input Data

Mannings Coeffic 0.024

Slope 015000 ft/Aft

Diameter 24 in

Discharge 6.78 cfs

Results

Depth 094 <2’ . S
Flow Area 15 fiz b
Wetted Perime 3.03 ft

Top Width 2.00 ft

Critical Depth 0.92 ft

Percent Full 471 %

Critical Slope 0.016113 f/ft

Velocity
Velocity Head
Specific Energ
Froude Numbe
Maximum Disc 1
Discharge Full 1
Slope Full
Flow Type

0.34
1.28
0.96
6.14
5.01

0.003062
Subcritical

466 s < 50 {pv

ft
ft

cfs
cfs
fi/ft

untitled.fm2
01/27/05 02:21:49 PM

© Haestad Methods, Inc.

uc-2

he o 1A e

EarthFax Engineering Iinc

37 Brookside Road Waterbury, CT 06708 USA

Yo

Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614b)
Page 1 of 1




RD-1a Minimum Slope 9
Worksheet for Trapezoidal Channel

. Project Description
Worksheet

Refuse Pile Reclam

Flow Element Trapezoidal Channe
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035 f‘%’/ty o/ /
Slope 020000 fi/ft

Left Side Slope 2.00 V:H

Right Side Slope 200 V:H

Bottom Width 1.00 ft

Discharge 0.95 cfs

Results

Depth 03 Rt ¢ fo' of-
Flow Area 0.4 f*

Wetted Perim 1.79 ft

Top Width 1.35 ft

Critical Depth 0.29 ft

Critical Slope 0.038924 ft/ft

Velocity 2,27 ftis

Velocity Head 0.08 ft
Specific Energ 0.44 ft
Froude Numb: 0.72

. Flow Type  Subcritical

Project Engineer: Richard White
untitled.fm2 EarthFax Engineering inc FlowMaster v6.0 [614b]
01/27/05 03:54:45 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1




RD-1a Maximum Slope

Worksheet for Trapezoidal Channel

. Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channe¢
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035 rocky Sol
Slope 150000 ft/ft

Left Side Slope 200 V:H

Right Side Slope  2.00 V:H

Bottom Width 1.00 ft

Discharge 0.95 cfs

Results

Depth 0.19 ft

Flow Area 0.2 fi?

Wetted Perimt 1.43 ft

Top Width 1.19 ft

Critical Depth 0.29 ft

Critical Slope  0.038924 ft/ft

Velocity 456 fiIs < 5.2 ‘Fﬂi
Velocity Head 0.32 ft

Specific Energ 0.51 ft

Froude Numb: 1.92

. Flow Type  3upercritical

untitled.fm2
01/27/05 03:54:02 PM © Haestad Methods, Inc.

ok

Hy

Project Engineer: Richard White

EarthFax Engineering inc
37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666

FlowMaster v6.0 [614b)
Page 1 of 1



Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channe
Method Manning's Formula
Solve For Channel Depth
input Data

Mannings Coeffic 0.030 bare (o
Slope 003000 ft/ft

Left Side Slope 200 V:H

Right Side Slope  2.00 V:H

Bottom Width 3.00 ft

Discharge 5.41 cfs

Results

Depth 083 ft < |5 ..ok
Flow Area 2.8 ft

Wetted Perim: 4.86 ft

Top Width 3.83 ft

Critical Depth 0.45 ft

Critical Slope 0.021335 ft/ft

Velocity 1.90 fi/s

Velocity Head 0.06 ft

Specific Energ 0.89 ft

Froude Numb: 0.39
Flow Type  Subcritical

untitied.fm2
01/27/05 03:56:00 PM

© Haestad Methods, Inc.

RD-1b Minimum Slope
Worksheet for Trapezoidal Channel

EarthFax Engineering Inc

37 Brookside Road Waterbury, CT 06708 USA

43

Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614b]
Page 1 of 1




Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channe
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic 0.030 bafe JSo! (
Slope 046000 ft/ft

Left Side Slope 2.00 V:H

Right Side Slope 2.00 V: H

Bottom Width 3.00 ft

Discharge 541 cfs

Results

Depth 0.36 ft

Flow Area 1.1 2

Wetted Perimy 3.80 ft

Top Width ] 3.36 ft

Critical Depth 0.45 ft

Critical Slope  0.021336 ft/ft

Velocity 475 s < 5.2 fr¢
Velocity Head 0.35 ft
Specific Energ 0.71 ft
Froude Numb: 1.44
Flow Type  3upercritical
untitied.fm2

01/27/05 03:56:50 PM

© Haestad Methods, Inc.

RD-1b Maximum Slope
Worksheet for Trapezoidal Channel

oK

EarthFax Engineering Inc

37 Brookside Road Waterbury, CT 06708 USA

e

Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614b]
Page 1 of 1




RD-1¢ Minimum Slope Y5
Worksheet for Trapezoidal Channel

. Project Description
Worksheet Refuse Pile Reclam

Flow Element Trapezoidal Channe¢

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coeffic 0.037 Ogp = ¢ " tlope= 449 %
Slope 044000 ft/ft

Left Side Slope 2.00 V:H
Right Side Slope  2.00 V:H

Bottom Width 2.00 ft

Discharge 6.36 cfs

Results

Depth 059 ft « b0’ . o
Flow Area 14 fi2 -
Wetted Perim 3.33 ft

Top Width 2.59 ft

Critical Depth 0.64 ft

Critical Slope  0.034267 ft/ft

Velocity 4.65 fis

Velocity Head 0.34 ft

Specific Ener¢ 0.93 ft

Froude Numb: 1.13

. Flow Type  supercritical

Project Engineer: Richard White

untitied.fm2 EarthFax Engineering inc FiowMaster v6.0 [614b]
01/27/05 03:59:45 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1




RD-1c Maximum Slope
Worksheet for Trapezoidal Channel

Project Description

Worksheet Refuse Pile Reclam

Flow Element Trapezoidal Channe¢

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coeffic 0048 (. = 67/ Slope= 23.37
Slope 233000 fiAt

Left Side Siope 2.00.V:H
Right Side Slope  2.00 V:H

Bottom Width 2.00 ft
Discharge 6.36 cfs
Results

Depth 042 ft
Flow Area 09 ft?
Wetted Perimu 2.93 ft
Top Width 242 ft
Critical Depth 0.64 ft
Critical Slope  0.057671 ft/ft
Velocity 690 fs < Z5fpr 2. ok
Velocity Head 074 &
Specific Ener¢ 1.16 ft
Froude Numb: 1.97

Flow Type Supercritical

untitled.fm2 EarthFax Engineering Inc
01/27/05 03:58:03 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

He

Project Engineer: Richard White
FlowMaster v6.0 [614b]
(203) 755-1666 Page 1 of 1




RD-2 Minimum Slope 97
Worksheet for Trapezoidal Channel

. Project Description
Worksheet Refuse Pile Reclam

Flow Element Trapezoidal Chann¢
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035 f‘ock,y .foc'(
Slope 010000 fuft

Left Side Slope 200 V:H
Right Side Slope  2.00 V:H
Bottom Width 1.00 ft
Discharge 0.71 cfs
Results

Depth 037 ft /o ..ol
Flow Area 0.4 ft?
Wetted Perimi 1.82 f
Top Width 1.37 ft
Critical Depth 0.24 ft
Critical Slope 0.039552 ft/ft
Velocity 1.63 ft/s

Velocity Head 0.04 ft
Specific Ener¢ 0.41 ft
Froude Numb: 0.51

. Flow Type  Subcritical

Project Engineer: Richard White

untitied.fm2 EarthFax Engineering Inc FlowMaster v6.0 [614b}
01/27/05 03:19:51 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1




Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channe
Method Manning's Formula
Solve For Channel Depth
Input Data
Mannings Coeffic 0.035 rocky £a//
Slope 143000 fi/ft
Left Side Slope 200 V:H
Right Side Slope  2.00 V:H
Bottom Width 1.00 ft
Discharge 0.71 cfs
Results
Depth 0.16 ft
Flow Area 0.2 ft2
Wetted Perimi 1.36 ft
Top Width 1.16 ft
Critical Depth 0.24 ft
Critical Slope  0.039553 ft/ft
Velocity 4.08 fls <5, O Ffpos
Velocity Head 0.26 ft
Specific Energ 0.42 it
Froude Numbx 1.86
Flow Type Supercritical
untitled.fm2

01/27/05 03:19:18 PM

© Haestad Methods, Inc.

RD-2 Maximum Slope
Worksheet for Trapezoidal Channel

S ok

EarthFax Engineering Inc

37 Brookside Road Waterbury, CT 06708 USA

s

Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614b]
Page 1 of 1




RD-3 Minimum Slope

Worksheet for Trapezoidal Channel

Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channe
Method Manning's Formula
Soive For Channel Depth
Input Data

Mannings Coeffic 0.035 rod"(), soif
Slope 080000 ft/ft

Left Side Slope 2.00 V:H

Right Side Slope  2.00 V: H

Bottom Width 2.00 ft

Discharge 0.90 cfs

Results

Depth 014t < Lo’ . ok
Flow Area 0.3 fi?

Wetted Perim: 2.32 ft

Top Width 2.14 ft

Critical Depth 0.18 ft

Critical Slope  0.036423 ft/ft

Velocity 3.04 ft/s

Velocity Head 0.14 ft

Specific Energ 0.29 ft

Froude Numb: 1.44

Flow Type  3upercritical

untitied.fm2
01/27/05 03:22:13 PM

© Haestad Methods, Inc.

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA
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Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614b]
Page 1 of 1




RD-3 Maximum Slope

Worksheet for Trapezoidal Channel

Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channe
Method Manning's Formula
Solve For Channel Depth

Input Data

Mannings Coeffic 0.035 r“ooky (ol/
Slope 305000 fuft

Left Side Slope 2.00 V:H

Right Side Siope  2.00 V:H

Bottom Width 2.00 ft

Discharge 0.90 cfs

Results

Depth 0.09 ft

Flow Area 0.2 ft2

Wetted Perim 221 ft

Top Width 2.09 ft

Critical Depth 0.18 ft

Critical Slope  0.036423 ft/it

Velocity 463 fils £ 5, o Frovs o
Velocity Head 0.33 ft

Specific Energ
Froude Numb:

0.43 ft
2.68

Flow Type  3upercritical

untitled.fm2
01/27/05 03:35:46 PM

© Haestad Methods, Inc.

ol

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard White
FlowMaster v6.0 [614b]
(203) 755-1666 Page 1 of 1




Worksheet for Trapezoidal Channel

Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channe
Method Manning's Formula
Solve For Channel Depth
Input Data
Mannings Coeffic 0.035 roufty fo.(
Slope 028000 ft/ft
Left Side Slope 2.00 V:H
Right Side Slope  2.00 V:H
Bottom Width 1.00 ft
Discharge 0.41 cfs
Results
Depth 019 ft «/pn' - OA
Flow Area 0.2 fi*
Wetted Perim« 1.42 ft
Top Width 1.19 ft
Critical Depth 0.17 ft
Critical Slope 0.041233 ft/ft
Velocity 1.97 ft/s
Velocity Head 0.06 ft
Specific Energ 0.25 ft
Froude Numb: 0.83
Flow Type  Subcritical
untitied.fm2

01/27/05 03:24:04 PM

© Haestad Methods, Inc.

RD-4 Minimum Slope

EarthFax Engineering Inc

37 Brookside Road Waterbury, CT 06708 USA
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Project Engineer: Richard White
FlowMaster v6.0 [614b]
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Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channt
Method Manning's Formula
Solve For Channel Depth
Input Data
Mannings Coeffic 0.035 (ociy €2/ /
Slope 061000 fift
Left Side Slope 200 V:H
Right Side Slope  2.00 V:H
Bottom Width 1.00 ft
Discharge 0.41 cfs
Results
Depth 0.15 ft
Flow Area 0.2 f*
Wetted Perim: 1.33 ft
Top Width 115 f
Critical Depth 0.17 ft
Critical Slope  0.041233 fi/ft
Velocity 256 s < 5 5 for
Velocity Head 0.10 it
Specific Ener¢ 0.25 ft
Froude Numb: 1.21
Filow Type  3upercritical
untitled.fm2

01/27/05 03:25:12 PM

© Haestad Methods, Inc.

RD-4 Maximum Slope
Worksheet for Trapezoidal Channel
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EarthFax Engineering Inc
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A

Project Engineer: Richard White

(203) 755-1666

FlowMaster v6.0 [614b}
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Worksheet for Trapezoidal Channel

Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoida! Chann
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefic 0.030 bare Jo -/ (
Slope 017000 fuft

Left Side Slope 2.00 V:H

Right Side Slope  2.00 V:H

Bottom Width 3.00 ft

Discharge 6.87 cfs

Results

Depth 056 ft « /.0
Flow Area 1.9 ft2

Wetted Perim« 4.26 ft

Top Width 3.56 ft

Critical Depth 0.53 ft

Critical Slope 0.020872 ft/ft

Velocity 3.71 ft/s

Velocity Head 0.21 ft
Specific Energ 0.78 ft

Froude Numb: 0.91
Flow Type Subcritical
untitied.fm2

01/27/05 03:30:33 PM
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Project Engineer: Richard White
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Project Description

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channe
Method Manning's Formula
Solve For Channel Depth
Input Data
Mannings Coeffic 0.030 bare JSo/f
Slope 024000 fi/ft
Left Side Slope 200 V:H
Right Side Slope  2.00 V:H
Bottom Width 3.00 ft
Discharge 6.87 cfs
Results
Depth 0.51 ft
Flow Area 1.7 2
Wetted Perim: 413 ft
Top Width 3.51 ft
Critical Depth 0.53 ft
Critical Slope  0.020871 fuft
Velocity 416 fls & G,0
Velocity Head 0.27 ft
Specific Energ 0.78 ft
Froude Numb: 1.07
Flow Type Supercritical
untitled.fm2

01/27/05 03:28:59 PM

© Haestad Methods, Inc.

RD-5 Maximum Slope
Worksheet for Trapezoidal Channel

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA
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Project Engineer: Richard White
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FiowMaster v6.0 [614b]
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Project Description

01/27/05 03:52:48 PM

Worksheet Refuse Pile Reclam
Flow Element Trapezoidal Channe
Method Manning's Formula
Solve For Channel Depth
Input Data
Mannings Coeffic 0.030 basrec Jo/ /
Slope 036000 fi/ft
Left Side Slope 400 V:H
Right Side Siope  4.00 V:H
Bottom Width 3.00 ft
Discharge 6.36 cfs
Results
Depth 0.44 ft d
Flow Area 1.4 fi2 «/o
Wetted Perim 3.90 ft
Top Width 3.22 ft
Critical Depth 0.51 #
Critical Slope  0.022267 ft/ft
Velocity 466 s < 5 o
Velocity Head 0.34 ft
Specific Energ 0.78 f
Froude Numb: 1.26
Flow Type  Supercritical

untitled.fm2

© Haestad Methods, Inc.

Worksheet for Trapezoidal Channel

RAReY. 3

[

’

Swale 1

ofx

EarthFax Engineering Inc

37 Brookside Road Waterbury, CT 06708 USA

5%

Project Engineer: Richard White
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