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SUBJECT: ermit 007/004 Revisions t&l) | n}f i
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Castle Gate Coal Mine, Carbon County, Utah. LIS § FEB | 61995 _Ji

Dear Daron: DIV OF OIL, GAS & MINING

Under the direction of Mr. Lonnie Mills of Cyprus Plateau Mining Corporation, | have enclosed

seven copies of an addendum to Chapter 2 of the Castle Gate Mine permit. The addendum

consists of control and ownership information associated with new corporate officers at

Cyprus. The information should be added to Appendix 2-4 of the permit. A notarized
._ " Application for Permit Change is also enclosed.

Please call myself-or-Mr. Mills if you have any questions.

Sincerely,

William S. Hendrickson, P.E.
Civil Engineer

cc: Lonnie Mills (Cyprus)

Enclosures
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AMAYC COAL WEST, INC.

A Subsidiary of AMAX Coal Industries, inc.

@AMA)( January 31, 1994

Daron Haddock ‘ ENK
Permit Supervisor @

Utah Division of Qil, Gas and Mining

355 West North Temple FEB 0 1 1994
3 Triad Center, Suite 350
Salt Lake City, UT DIVISION OF

OIL, GAS & MINING

Dear Daron,

Pursuant to our meeting on January 14, 1994, I have prepared a minor revision package on
Chapter 8 of the Castle Gate Mining and Reclamation Plans. The purpose of this revision is to

eliminate discrepancies in the text of Chapter 8 with approved changes in other areas of the
MRP.

Your prompt approval of this submittal would help expedite the publication notice of the Major
Revisions to the Castle Gate MRP,

Sincerely,

(AN AL A et

Richard H. Allison, Jr., P.E.
Project Supervisor

Enclosures
RHA:mlk

cc:  John Borla/Cyprus Plateau/w/out enclosure
Pat Winmill/Parsons Behle and Latimer/w/out enclosure

165 South Union Boulevard * Suite 1000 « P.O. Box 280219 » Lakewood, Colorado 80228-0219 e Tel. 303-980-2300 « FAX 303-980-2303



Formn DOGM - Ct (Last Revised 6/93) Fik Folder #3

APPLICATION FOR PERMIT CHANGE

Title of Change: Submittal of Castle Gate Mine, Soil Resources Chapter 8 - Revisions. Permit Number: 007/004

ITVIine: Castle Gate Mine

" Permittee; Amax Coal Company, Inc.

v | T—

Description: Changes to Sections 8.4 and 8.5, deletion of Exhibits 8-7, 3-8, 8-9.

O Yes X No 1. Change in the size of the Permit Area? acres [T increase [] decrease.
[ Yes X No 2. Change in the size of the Disturbed Area? acres [ increase [J decrease.
Oves | XNo 3. Will permit change include operations outside the Cumulative Hydrologic Impact Area?

O Yes X No 4. Will permit change include operations in hydrologic basins other than currently approved?

O Yes X No 5. Does permit changs result from canceilation, reduction or increase of insurance or reclamation bond?

0 Yes X No 6. Docs permit chamgs saquire or include public notice publication?

Oves | xNo 7. Permit change as a result of & Violation? Violation #

Oves | xNo 8. Permit change as a result of a Division Order? D.O.#

O Yes X No 9. Permit change as a result of other laws or regulations? Explain:

Oves | xNo 10. Does permit change require or include ownership, control, right-of-eniry, or compliance information?

[ Yes X No 11. Does the permit change affect the surface landowner or change the post mining land use?

O Yes X No 12. Docs permit change require or include collection and reporting of any baseline information?

[J Yes X No 13. Could the permit change have any effect on wildlife or vegetation outside the current disturbed area?

d Yes § X No 14. Does permit change require or include soil removal, storage or placement?

Yes X No 15. Does permit change require or include vegetation monitoring, removal or revegetation activities?
O Yes X No 16. Does permit change require or include construction, modification, or removal of surface facilities?
O Yes X No 17. Does permit change require or include water monitoring, sediment or drainage control measures?
0 ves X No 18. Does permit change require or include certified designs, maps, or calculations?

O Yes X No 19. Does permit change require or inchide underground design or mine sequence and timing?

O Yes X No 20, Does permit change require or include subsidence control or monitoring?

[T Yes X No 21. Have reclamation ¢costs for bonding been provided or revised for any change in the reclamation plan?

O ves X No 22. Is permit change within 100 feet of a public road or perennial stream or 500 feet of an occupied dwelling?

Oves | xNo 23. Is this permit change coal exploration activity [J inside [] outside of the permit area?

XAmch3completecomsofproposedpemhchmeuhwouldbehncorpommdwothel\ﬁmngandReclamauo r El‘\/‘E‘n
{ 1 hercby certify that I am a responsible official of the applicant and that the information contained in this application is trus and ?;;
correct to the best of my information and belief in all respacts with the laws of Utab in reference to commitments, undertakings, and
obligations, herein.

/ﬁv;e.a:.r S50 i
81 Sy 997

igned - Name - Position - Date

awm“uﬁzngl_mu@‘w.ui[

Notary Pubiic

Ay xomn Mv eommission axpimes February 10, 1996,
" WAl - gTaa of T

- L R [ T — )




FomDOGM CZ(LnuRwindﬁm)

the ex

Provxde a detailed hstmg of all changes to the mining and reclamation plan which will be required as a result of this proposed
permit change. Individually list all maps and drawings which are to be added, replaced, or removed from the plan. Include
changes of the table of contents, section of the plan, pages, or other information as needed to specifically locate, identify and revise
iting mining and reclamation plan. Include de page, sectnon and drawmg numbers as part of the dwcnptlon.

Detalled Schedule of Changes to the Permit

Fik Folder # 3
S e |

Appllcatlon for Permlt Change

m
Permit Number: 007/004

Mine: Castle Gate Mine

Permittee; Amax Coal Company, Inc.
== o e S

DESCRIPTION OF MAP, TEXT, OR MATERIALS TO BE CHANGED

e

0 app | O rerLACE | X REMOVE | EXHIBIT 8-7 GRAVEL CANYON AREA MAP OF CENTRALIZED STORAGE SITE

Oapp | OrerLAcE | X REMOVE | EXHIBIT 8-8 GRAVEL CANYON CENTRALIZED STORAGE SITE FOR TOPSOIL
AND REFUSE COVERING MATERTAL

O app | ORrepLACE | X REMOVE | EXHIBIT 8-9 GRAVEL CANYON, CROSS-SECTION OF STORAGE SITE

O abp | X repLacE | [J REMOVE | Section 8.4-2(1) Revised to eliminate conflicts with approved sections in Chapter 3

Oapp | X repLAcE | OO REMOVE | Section 8.4-2(2) Revised to eliminate conflicts with approved sections in Chapter 3

O app | X REPLACE | 00 REMOVE | Section 8.4-2(3) Revised to eliminate conflicts with approved sections in Chapter 3

O app | X repLack | O REMOVE | Section 8.4-2(4) Revised to eliminate conflicts with approved sections in Chapter 3

Oapp | X rerLacE | OO REMOVE | Section 8.5-1 Revised to eliminate conflicts with approved sections in Chapter 3

ADD | X REPLACE | [J REMOVE | Section 8.5-2 Revised to eliminate conflicts with approved sections in Chapter 3
ADD | X REPLACE | OO REMOVE | Appendix A renamed Appendix 8-1

O App | X rRerLACE | [J REMOVE | Appendix B renamed Appendix 8-2

O app | X repLace | O REMOVE | Table 8-2 and 8-3 changed places sequentially

O app | X repLacE | O REMOVE | References to Price River Coal Compény replaced by Castle Gate Coal Mine in Sections
8.2 and 8.3

D app | X REpLACE | [J REMOVE | References to UDOGM Coal Mining Regulations updated to current regulation number
(R645)

O app | X RerLACE | OO REMOVE | Section 8.3 updated to reference present standards and conditions

Oapp | X repLAcE | O REMOVE | Section 8.4 updated to reference present standards and conditions

Oapp | X repLace | O REMOVE | Format was clarified for Chapter 8 in its entirety, text and content were changed only
where noted above

O abp | X RerLACE | OO REMOVE | Table of Contents updated to reflect changes

0 app | Orerrace | O REMOVE

Any other specific or special instructions required for insertion of this pmpoul into the Mmmg and Reclamation Plan? |

FFR N4 1994
LIVISION OF
OlL, GAS & MINING
I ——
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CASTLE GATE COAL COMPANY
MINING AND RECLAMATION PLAN

Permit to continue mining operations as
required by the Surface Mining Control
and Reclamation Act of 1977.

Originally Submitted for Approval: 3/19/81
1st Revision: 5/20/82 to 8/9/82
2nd Revision: 12/13/82 to 5/18/84
Castle Gate Coal Company
Mid Term Permit Review: 4/3/87

Five Year Permit Renewal: 7/1/89

ccb.Introduction

JUN 231989

DIVISION OF
L, GAS & MINING



PREFACE

The Castle Gate Coal Mining and Reclamation Plan was submitted by
the previous operator of this property, Price River Coal Co., to
demonstrate compliance to the Surface Mining Control and Reclamation
Act of 1977 (SMCRA) and regulations promulgated thereunder. This plan
is composed of 11 chapters which attempt to describe all facets of the
mining operation, provide background environmental data and propose
plans for minimization of environmental impacts within the constraints
of the regulations.

The plan has been revised since the initial submission in March of
1981, to update information originally prepared from 1976 through 1979
and to supply additional informational needs suggested through plan
reviews by the various regulatory agencies.

Castle Gate Coal Company is updating this permit to incorporate
the approved changes to date in the Mining and Reclamation Plan.
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Castle Gate Mine February 1994
*Q Amax Coal Company, Inc.

To Whom It May Concern:

The Castle Gate Mine has been permitted and owned by several coal companies throughout
its operational life. The companies of ownership referenced in this Mining and Reclamation
Permit submittal include Price River Coal Company, Blackhawk Coal Company, Castle Gate
Coal Company, and Amax Coal Company. The Castle Gate Mine is currently permitted and
owned by the Amax Coal Company, inc. Committed responsibilities of the above-mentioned
companies shall be construed to be the responsibility of Amax Coal Company, Inc.

. 007/004
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CASTLE GATE MINE
CARBON COUNTY, UTAH

SECTION 3.4 - PREPARATION PLANT AND REFUSE DISPOSAL FACILITY
DATE: August 30, 1996

CURRENT CONDITIONS:

The Castle Gate Mine is currently dormant. No coal is currently being mined, removed or
processed at the mine.

The Preparation Plant Facilities will be used for processing coal produced at the Willow Creek
Mine. The Refuse Disposal Facility will accept refuse generated during the processing of coal
from the Willow Creek Mine.

During the permitting of the Willow Creek Mine, certain activities were permitted for the
Preparation Plant Facility. These activities are authorized under the Castle Gate Plan through this

“reference to the Willow Creek Plan, ACT/007/038, and shown on Map 18B in the Willow Creek

Plan,

In addition to the Preparation Plant Facility's inclusion into the Willow Creek Mine Plan, all of
Gravel Canyon's permitted area, and the majority of Crandall Canyon's permit area, commencing
below pond 015 down to the entrance gate, have been assimilated into the Willow Creek Permit
area.

All permitted activities authorized, and those areas assimilated into the Willow Creek Mine are
presented in the Willow Creek Mine Plan.

There are no adits associated with this permit in the vicinity of the Preparation Plant.

Operation and construction phase monitoring and maintenance are ongoing at the Preparation
Plant and Refuse Disposal Facility.
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3.4 CASTLE GATE PREPARATION PLANT AND REFUSE DISPOSAL FACILITY

3.4-1 General

The Castle Gate area is situated on the east bank of the Price River about 2 miles north
of the city of Helper (see Exhibit 1.1). Approximately 74 acres are affected by coal
preparation and disposal operations. As shown in Exhibit 3.4-1, about 44 acres are allocated
for the preparation and 30 acres for the refuse disposal area.

The coal preparation plant can process 1,250 tons per hour of 4" x O raw coal. The
circuit is composed of heavy media washers, fine coal cleaning, froth flotation, centrifugal
drying, vacuum filtration, thickening and crushing. Adequate environmental controls to
contain dust and effluent have been incorporated and the plant operates with a closed loop
water system. Occasionally the plant needs to purge the thickener by pumping water into the
overflow pond or injection well. (See Section 3.10)

Run of mine coal is reduced to 4" x 0 in the breaker building. Heavy media vessels
operating at 1.40 - 1.60 specific gravity process the +3/8" wet screened plant feed, plus 1-
1/4" clean coal is reduced in size by the clean coal crusher. Run of mine coal minus 3/8" x
28 mesh, after de-slimming, is pumped through heavy media cyclones, dewatered and
delivered to the clean coal conveyor. Minus 28 mesh is beneficiated by froth flotation, filter
dried and joins other clean coal circuits at the clean ¢oal conveyor. Refuse from both heavy
media circuits is combined with the minus 28 mesh filtered refuse on the refuse conveyor
located on the basement floor. The refuse is conveyed to a 300 ton bin from which it is
transferred by truck to the disposal area in School House Canyon.

' INY o
3.4-2 Description of the Facility AN {C(OLM@“K A\T}B Iy

4 -l

'

The affected areas are delineated on Exhibit 3.4-1. The pre;zerati n dl’%Nt has heen

constructed on the site of the former town of Castle Gate. The area is re

007/004 3.4-1 ' B
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gently sloping and is covered to a large extent with fill resulting from the regrading of the
townsite. Two tributaries to the Price River, Barn and School House Canyons intersect the
preparation plant; the refuse disposal area is located in School House Canyon.

The Castle Gate area has been historically related to coal mining operations. Most of
the miners and their families that worked the Utah Fuel No. 1, No. 2, No. 3, and No. 4 Mines
lived in the old town of Castle Gate. Two mines and a coal preparation plant were located
on or near the area of current Castle Gate Coal Company (CGCC) usage. The Ketchum Mine,
located in the draw to the northeast of our guard shack, was operated from near the turn of
the century to the early 1930’s. The Utah Fuel No. 3 Mine, accessing the D Seam, was
located just north of our water settlement pond. It opened in the early 1920’s and then
closed in 1937, due to flooding from the Price River. The old Utah Fuel Coal Plant, situated
at the mouth of School House Canyon, began processing coal in 1938. The North American
Coal Company, the owners of the facility closed the plant in 1972. In 1974, the old plant
was demolished by McCulloch Qil Company.

The design of the current preparation plant was completed before the promulgation of
- “current regulations, and the design of the refuse disposal area was completed about the time
of issuance of the OSM Final Interim Regulations.

The runoff from the Castle Gate preparation plant disturbed area is channelled to one
of four Sediment Ponds 011, 012A, 012B, 013. Three additional pdnds on site relate to
preparation facility operations. The north raw water pond is used for plant makeup and
potable supply (see Exhibit 3.4-5). The two south ponds are used to clarify water used in the
coal preparation process before returning it to the system. The larger settlement pond will
also be used as an emergency holding pond for material from the thickener (see Exhibits 3.4-4
and 3.4-7). These three water processing ponds have little or no surface water runoff flow

. \U} \3 P!
into them. They are non-discharging and do not require emergency spilbwey, w&ﬁé’ dant

that the ponds must be drained for maintenance, the water will beJpumped from thery and
channelled to one of the sediment ponds for processing before\?( isdi ch'a’"rlgeb intd’the Waters
of the State.

T rays
Jray Dvision 00, Gas ANL Mivpyr
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The refuse disposal area is located as shown on Exhibit 3.4-1, and is designed for a
capacity of about 3-1/2 million tons. As described in the Golder Associated report of January,
1978, on the detailed design of the facility, it was intended to meet applicable regulations of
MESA (now MSHA), EPA, Utah Department of Natural Resources, Utah Division of Health,
and with OSM Interim Regulations. The Golder report is included in this application as
Appendix 3.4A.

Surface drainage from the refuse disposal area and associated affected areas is routed
to a sedimentation pond in compliance with current regulations. Similarly, drainage from the
haul road and associated affected area is run through the preparation plant pond system.
Surface drainage from unaffected areas above the disposal area is permanently diverted into
Barn Canyon.

The refuse disposal area in School House Canyon originally had an estimated life of
about 7 years. Actual refuse production figures, since the design phase, lead to slightly
expanded estimate. The present designed storage may be adequate until 1996. The location
was chosen after a study of many possible sites in the Castle Gate area with the feasibility
of 15 sites examined in considerable detail (Golder Associated Report on "Design of a Coal
Refuse Disposal System, Phase |, Site Feasibility Study”, September, 1977; pertinent excerpts
included as Appendix 3.4B). Design of the disposal area and its associated facilities, such as
the sedimentation pond and embankment, was based on accepted engineering practice and,
as noted above, to comply with state and federal regulations in force at the time. The MSHA
review of the facility was complieted on November 17, 1977, and {.D. No. 12-1-UT-9-0027
was assigned. The details of the designs are given in the Golder Associated Report on
"Design of a Coal Refuse Disposal System, Phase {i: Detailed Design, School House Canyon
Refuse Disposal Facility", January, 1978 (Appendix 3.4A). In actuahty _L&N(Ce@se material
is being placed and compacted in lifts of less than 2 feet in thlckness IMA\TE @

The Golder Report recommended that additional stability anajyses pe performed on .
actual refuse materials sometime during the early stages of pile consfructi Such’aﬁalwas ]
Ury DMsroNo
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were performed during March of 1983 by Horrocks Engineers. Their report is included as
Appendix 3.4C.

Access to the area is along ramps constructed on the face. Inter-ramp slopes will be
constructed at angles of 2:1, which means that the overall slope of the face of the dump will
be somewhat flatter than 2:1.

Inspections of the refuse pile will be made quarterly by an Professional Engineer, or
specialist who is qualified to perform inspections on refuse piles. These inspections will
continue until the refuse pile is finally graded and revegetated. These inspections will check
for: signs of instability, proper drainage, combustible material, and check piezometers (2) for
depth of water. Quarterly inspection reports are kept at the mine site.

Permanent survey monuments will be installed as the refuse pile is constructed. These
monuments will be checked annually to detect any movement of the refuse pile.

A report will be submitted to the Division of Qil,.Gas and Mining (DOGM) on an annual
basis and certified by a registered Professional Engineer that the refuse pile is stable, not

‘burning, and is being constructed according to the approved plan.

3.4-3 Environmental Protection: Drainage Controls and Sanitary Facilities

3.4-3(1) Drainage Controls

The existing facilities within the Castle Gate area were constructed in a manner which
minimizes changes to the prevailing hydrologic balance. Effluent limitations set by R645-301-
742.220 and present NPDES Permit limitations will not be exceeded if the discharge is the
result of a precipitation event from the 10-year 24-hour storm or smalleri {Y(_ () B R ATE

Contributions of sediment to the Price River are minimized by diverti rﬁﬁ?ﬁ’é’mﬂw‘ﬂu _
undisturbed areas away from the site. In addition, existing sedimgntati np}wd? collect
disturbed area surface runoff, and a system of berms and ditches grourtd_and witﬁin’%

disturbed areas ensure that disturbed-area flows do not mix with ur}digmbhqgg;lysnfidws.
L— Gas ANp
INING
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Design criteria for sediment control structures, diversions, and culverts comply with
the requirements set forth in R645-301-742. Methods used in hydrologic calculations are
described in Section 7.2.2.

3.4-3(2) Storm Runoff Calculations

Peak discharge rates from the undisturbed and disturbed area drainage of the Castle
Gate area were calculated for use in determining the adequacy of the existing diversion
ditches and culverts. As described in Chapter 7, the storm runoff calculations for the
temporary diversion structures were based on the 10-year 6-hour storm event of 1.4 inches
of precipitation (Miller et. al., 1973).

The disturbed and undisturbed drainage areas for the Castle Gate area are presented
on Exhibit 3.4-2. Those drainage areas too large to fit on Exhibit 3.4-2 can be found on
Exhibit 7-3. Each drainage area is labeled according to the mine area, watershed, and whether
it is disturbed or undisturbed. Any watershed contributing to a sedimentation pond was
labeled as being disturbed.

Curve numbers were estimated from vegetation data presented on Exhibits 9-1 and by
field observations. The north-facing slopes of the Castle Gate area are primarily vegetated
with conifers and mixed brush. South-facing slopes are primarily vegetated with juniper and
pinion, and mixed brush. Approximate vegetation cover densitiés dre estimated from values
contained in Chapter 9. Based on this information, tables provided by the U.S. Sail
Conservation Service (1972), and professional judgement, curve numbers were estimated to
vary from 75 to 82 for the undisturbed areas. A curve number of 90 was typically assumed
for completely disturbed areas.

A summary of the runoff calculations is presented in Table 3.4:%y _Al}ﬂmf

calculations are contained in Appendix 3.4D. [ RFWWV]I(;A\TED
a' ]

Wiy wys]
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3.4-3(3) Diversion Structures

Diversion structures within the Castle Gate area include drainage ditches and culverts
to convey storm runoff from disturbed and undisturbed drainage areas, and berms to contain
disturbed-area drainage. These diversion structures are located on Exhibit 3.4-2.

The diversion cross sections approximate either a trapezoidal or triangular shape.
Calculations supporting the design of the diversions identified on Exhibit 3.4-2 are contained
in Appendix 3.4E. In addition, a summary of ditch geometry is presented in Table 3.4-2, and
a summary of berm geometry is presented in Table 3.4-3.

The capacity of the diversion ditches was determined by calculating the normal depth
of flow based on a minimum ditch slope. The maximum flow velocity and riprap Dg, was
calculated based on the maximum ditch siope. Ditch slopes were measured in the field or
from a contour map of the Castle Gate area with a scale of 1 inch = 200 feet. A summary
of minimum ditch geometries and riprap Dy, is presented in Table 3.4-2. All ditch calculations
are contained in Appendix 3.4E.

Eleven culverts are installed in the Castle Gate area to divert storm runoff from the
disturbed and undisturbed drainage areas. These culverts were located in the field and are
identified on Exhibit 3.4-2 and Exhibit 3.4-2B.

The adequacy of the culverts to pass the design flow ratg>was-detesmingd using the

J

methods defined in Chapter 7. Table 3.4-4 summarizes the pealffldfw@ﬂﬁt]@ﬁ@ R{'ﬁ&(m}" D

culvert. All culverts will adequately pass the 10-year 6-hour st m. Cul mmms are

e field (&Féﬁu?a{ﬁclﬁé’% e

performed to determine the exit velocities at each culveft and thlémmim UunTripsap
Utan Dy

presented in Appendix 3.4F.

The slope of each existing culvert was measured in

requirements. A summary of the culvert flow velocities and’riprap s&zYﬁ%"ﬁQ&umm)M%,N(,
presented in Table 3.4-5. Culvert flow velocity computations are presented N APPerdin -3 4F e

s

) ECETVE
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School House Canyon - Refuse Site Dfainage Control - The drainage control plan for
the School House Canyon Refuse Area is divided into three phases: current operation, final
operation, and final reclamation. Diversions, culverts and watersheds associated with these
phases are shown on Exhibits 3.4-2, 3.4-2B, 3.4-2C, and 3.4-3, respectively. Peak discharge
values were calculated for each diversion for each phase. The maximum peak discharge value
was then used to design each diversion channel so that each one would be adequately
designed for all three phases of the mine plan. A comparison of psak discharge values, along
with the maximum design discharge value for each diversion is presented in Table 3.4-20.

Peak discharge rates used to determine channel capacities and r_iprép sizing for the
refuse area channels were calculated based on the 100-year, 6-hour precipitation event of 2.1
inches, in accordance with R645-301-746-212. The permanent channels are identified by
both operational and reclamation labels. Diversion geometries are presented in Table 3.4-21.
All necessary hydrologic calculations and design information for the three phases of School
House Canyon are included in Appendix 3.4J.

The drainage areas used to calculate peak discharge values for the current operation
phase are shown on Exhibit 3.4-2. The areas that extend beyond the borders of 3.4-2 are
shown on Exhibit 7-3. Curve numbers for the current operation phase are presented in
Appendix 3.4J. The drainage ditches CGD-6 (upper) and CGD-7 (upper) on top of the refuse
pile have each been designed to handle all the flow from the top of the pile. These drainage
designs will allow for various grading plans on top of the pile while additioﬁal refuse is placed
on the top. However, in no case will water be allowed to form an impoundment on top of the
pile.

As referred to in Appendix 3.4.A, 5.3.4 QOutlet, Diversion CGD-5 has been designed
and constructed to route flow around the Schoolhouse Refuse Fill as required by state and
federal regulations. To minimize adverse impact outside the permit area, the discharge point

has been located to route flow into an existing "gully" in Barn Canyon. Discharge at any other

point within Barn Canyon would require significant amounts of surface™ diSttTf‘bafTCE“”&ﬂd“‘“'"*ﬂ-—--v
increase the likelihood of adverse environmental impacts to Barn Canyéwm R’\ P)(Q)MA l Ir lr)

ERFECTIV
- ‘-gn :

The outlet and flowpath will be visually monitored quarterly and

precipitation events to evaluate the condition of the Diversion CGD-5,;5 the disg argp p?i_gpt]@%

| b

/‘\.A-ﬁ
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flow path in Barn Canyon. A professional engineer will establish points of reference at the
discharge point and along the flow path in Barn Canyon to evaluate the hydrologic impact to
Barn Canyon. Bench marks, cross sections, or other accepted engineering methods will be
used to measure, record, and evaluate channel, discharge point, and flowpath conditions.
Field observations will be recorded and maintained. If excessive erosion (determined on a
case by case basis) occurs, vegetation, riprap, erosion netting or other methods will be
implemented to provide channel protection.

Currently, there are two drainage diversions on the edges of the face of the Refuse Pile
that are performing adequately, although they are not constructed to meet the design
requirements for the final operation and reclamation phases. Since the mine operation is
currently (1994) dormant, it is not reasonable to replace these diversions until the Preparation
Plant starts processing coal again. Calculations verifying that the upper sections of diversions
CGD-7 (lower) and CGD-6 (lower) are adequate to pass the 100-year 6-hour storm given the
current Refuse Pile topography are presented in a supplement to Appendix 3.4J. Both of
these diversions are grouted to hold the riprap in place and prevent erosion. The upper
section of CGD-7 (lower) transitions .into the. permanent diversion CGD-7 (lower)/CGRD-3A
as shown in Figure 3.4-12.

The final operation phase incorporates a drainage plan for School House Canyon when
the refuse pile reaches its design capacity, at the approximate elevation of 6550 feet. The
drainage areas used to calculate the peak discharge values for the final operation phase are
shown on Exhibit 3.4-2C. Those watersheds that extend beyond the borders of Exhibit 3.4-
2C are shown in their entirety on Exhibit 3.4-2D. Curve numbers for the final operation phase
are presented in Appendix 3.4J. Again, drainage ditches CGD-6 (upper) and CGD-7 (upper)
have each been designed to accommodate all of the flow from the top of refuse pile. Ditches

CGD-6 (lower) and CGD-7 (lower) have likewise been designed to handle all of the flow from

‘ 5#56%&‘@7”3 )}

the face of the refuse pile, in addition to the flow from the top of tlpe“g\}@

adjacent watersheds. As the Refuse Pile grows, the drainage diversipns

refuse will be extended after each ten foot vertical increase in pile efevatign

The final reclamation phase is based on the assumption thatjthe r
Mispdnirg d.and seaded:
1 Gas Anp Miving

design capacity, and that the disturbed area has been graded to drai
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The top of the refuse pile will be graded so that approximately 50% of the precipitation runoff
will be conveyed to CGRD-7, and 50% to CGRD-8. The haul road will be removed during this
phase, and CGRD-9 (lower) will be constructed. The drainage areas used to calculate the
peak discharge values for the final reclamation phase are shown on Exhibit 3.4-3. Those
areas that extend beyond the borders of Exhibit 3.4-3 are delineated on Exhibit 3.4-8. Curve
numbers for the final reclamation phase are presented in Appendix 3.4J.

Appendix 3.4J also contains calculations for riprap and filter blanket volumes for
permanent stream channels. The thickness, and thus the volume, of the riprap for each
channel is related to the average proposed riprap stone diameter. For channels with maximum
longitudinal slopes of less than 10%, the method developed by the U.S. Department of
Transportation (1967) was used to determine the average riprap particle size (Dg,). The
proposed thickness of the riprap in these channels is twice the Dy, dimension, as
recommended by Barfield et al. (1981). Riprap for permanent channels with slopes exceeding
10% was sized based on the steep slope channel design methodology presented by Simons,
Li & Associates (OSM/TR-82/2, 1982). In these cases, the riprap volume is based on a
thickness of 1.25 times the calculated Dg,. Filter blanket volumes are based on a thickness
equal to one half the riprap thickness, but not less than six inches (Barfield et al., 1981).

The reclamation channels along the edge of the Refuse Pile will cross numerous
terraces planned for the face of the pile. In these locations, the channel stope will transition
from steep to mild, and then back to steep. To prevent scouring at channel transitions,
Simons, Li & Associates (OSM/TR-82/2, 1982) recommends that steep slope riprap extend
a minimum of 15 feet beyond the transition to a mild slope, and be placed a minimum of 15
feet above the start of a steep slope section of a channel. Since the terraces on the face of
the pile are only about 40 feet wide, the riprap sized for the steep slopes will be used along
the entire length of these channels.

A summary of riprap and filter blanket volumes for permanerit %ﬁ@%&%j@ﬁ]ﬁ 0
channels is presented in Table 3.4-22. The riprap and filter blankpt gr3dation desngns f '
diversion CGRD-3a are presented in Appendix 3.4J. Methodologigs usqd tMNe?egmyqyse

design gradations are explained in Chapter 7.

007/004 3.4.9
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Only one culvert in the School House Canyon refuse area will be used throughout the
current and final operation phases of the mine. As shown on Exhibit 3.4-2 and 3.4-2B,
culvert CGC-4 conveys runoff from diversion CGD-19 under the Refuse Haul Road to Pond
013. Design calculations using the 100-year 6-hour storm event (R645-301-746.212)
indicate that a 24 inch'corrugated metal pipe (CMP) culvert with an improved inlet will pass
the 100-year 6-hour design flow. The improved concrete inlet was constructed in August
1994. To eliminate erosion of the steep slope at the outlet of the 24 inch CMP, an 18 inch
diameter high density polyethylene (HDPE) culvert was attached to the CMP culvert using a
45° CMP elbow and CMP transition section. The culvert extension terminates approximatel'y
at the 60% sediment cleanout level in Pond 013 (elevation 6245.5, as shown on Exhibit 3.4-
13). Several acceptable options for addressing erosion at the base of the HDPE culvert were
evaluated, including the use of a 30 inch diameter half-round CMP culvert, a stilling basin, and
large riprap. Large riprap (2 feet to 4 feet in diameter) has been placed at the base of the
HDPE culvert. If the large riprap does not prevent appreciable erosion, then one of the other
previously evaluated options, or another appropriate solution, will be implemented to minimize
erosion at the outlet of the HDPE culvert. Depending on the water level in the pond, the
water itself will dissipate the energy in the flow exiting the HDPE, thereby preventing erosion.
However, if any scouring of the sediment in the base of the pond does occur, it will not affect
the stability of the embankment or inslopes of the pond. Erosion will also not adversely affect
water quality downstream of the pond, since the pond is not likely to discharge naturally.
Tables 3.4-23, 3.4-24, and 3.4-25 summarize the design parameters associated with culvert
CGC-4.

3.4-3(4) Sedimentation Ponds

Sedimentation Ponds 011, 012A, 012B, and 013 are located in the Castle Gate area
and control the storm runoff from the disturbed drainage areas at the-site:=Busvey-o0f.Rond. ...

013 was conducted in April 1990 by Bruce Ware (Registered Land Sbr%&%%@@@@a{%\ TE - [”\) i
gﬂ A 4,

approximations of actual coordinates and elevations were made. The‘,other th eefgn%sﬂ %;5
i T i L

Horizontal and vertical control bench marks were not avaﬂable for
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012A and 012B were reconstructed in September-October of 1991 and resurveyed by a
Professional Engineer. A description of the construction methods and the certification of the
as-built surveys of Ponds 011, 012A and 012B are contained in Appendix 3.40. Horizontal
and vertical control bench marks were not available, so initial coordinates and elevations were
assumed, relative to an assumed elevation of the dam. The existing topography and cross
sections for Ponds 011, 012 (A and B), and 013 are shown on Exhibits 3.4-11, 3.4-12, and
3.4-13, respectively. Sediment removal from the sedimentation ponds will be performed
when the sediment reaches the 60% cleanout level. Prior to sediment transport, the sediment
will be tested to determine if it contains any acid and/or toxic forming compounds. The

sediment will then be transported to the Refuse Pile and deposited.
3.4-3(4)A Pond 011

The sediment storage volume of 1,193 cubic feet (0.027 acre-feet) was calculated as
indicated in Appendix 3.4G using methods described in Chapter 7. The storm runoff volume
-from the 10-year 24-hour storm event is 42,370 cubic feet (0.973 acre-feet). The
computation of the runoff volume assumed a drainage area of 12.6 acres and a curve number
of 90 for the disturbed area. No undisturbed areas contributed to the pond.

From the stage-capacity curve for the pond structure contained in Appendix 3.4G, the
allowable storage at the primary spillway elevation (97.0 ft) is approximately 43,563 cubic
feet. Therefore the pond will fully contain the runoff from the 10-year, 24-hour storm event,
as required by R645-301-742.221.33 (DOGM, 1992), and allow for sediment storage.

The pond topography and cross sections are presented in Exhibit 3.4-11. A summary
of the stage-area and stage-capacity data for the pond are contained in Table 3.4-6. The
stage-capacity curve for the pond design is presented in Appendix ? }}M(C

iltw %w[b

maximum stage and flow rate. Computations were conducted pssu m?A that the p J

The 25-year 6-hour storm was routed through the primary

feet J0O.81 years) ‘)RQN

T,

contained the maximum allowable sediment volume of 1,193 cubi

further assumed that the pond was full of water up to the spillwa fmxy,lm “Prlor to the st
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of the design runoff event. This results in a conservative estimation of the maximum stage
since, in general, the pond can be assumed to be empty at the beginning of a storm event.

From the analysis of the 25-year 6-hour storm event, the maximum inflow rate to the
pond structure is 8.37 cubic feet per second (cfs) and the maximum outflow rate is 5.25 cfs.
The corresponding high water elevation is 97.8, 1.2 foot below the minimum embankment
elevation of 99.0 feet. Thus, Pond 011 will adequately pass the 25-year 6-hour peak flow.

An emergency spillway has been added to Pond 011 during reconstruction based on
R645-301-742.223 (DOGM, 1990). The crest of the emergency spillway is located one foot
above the primary spillway flowline. The spillway has a 6-foot bottom width and 2H:1V side
slopes. A typical section of the emergency spillway is presented in Exhibit 3.4-11.

The performance of the emergency spillway was evaluated in the event the primary
spillway becomes inoperative. The 25-year 6-hour storm was routed through the emergency
spillway assuming that the pond was initially full of water to the elevation of the emergency
spillway when the storm occurred. A stage-discharge curve was calculated by SEDCAD for
the emergency spillway. The SEDCAD input and output is contained in Appendix 3.4G. From
the final (emergency spillway only) analysis of the 25-year 6-hour storm event, the maximum
discharge out of the emergency spillway is 6.59 cfs with a maximum flow elevation of 98.6
(0.4 foot below the minimum embankment elevation).

The outlet of the primary spillway was evaluated to determine the suitability of the
existing riprap. With a culvert slope of 1.5% and a peak discharge rate of 5.25 ¢fs during the
25-year 6-hour storm, the exit velocity was calculated to be 5.96 feet per second (fps).
Riprap with a median diameter of 6 inches is neceséary to prevent erosion at the outlet of the
CMP spillway. The flow velocity and riprap sizing calculations are presented in Appendix
3.4G.

The emergency spiliway was evaluated to determine the necessitv of riprap on the
outlet slope. With a channel slope of 0.33 ft/ft, a Manning's roughnesﬂ QON@@MW&%TEJ
and a maximum discharge rate of 6.59 cfs during the 25-year 6-hoyr st GRBENY
spillway only outflow), the flow velocity was calculated to be 6.76 fgs. A aYRNag,e ripr Js

diameter of 5 inches is required for this flow velocity.

Urai Division o
VIEION Tr,, C s Anp Mg
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The inlet channels to Pond 011 were evaluated to determine the adequacy of the
existing riprap and capacity of the channels during the 25-year 6-hour storm event. The
calculations for the iniet channels are presented in Appendix 3.4G. Based on the minimum
channel slopes, the two channels have adequate capacity. Based on the maximum channel
slopes, the flow velocity is 7.9 fps in the north inlet channel and 8.8 fps in the south inlet
channel. These velocities require median riprap diameters of 6 inches and 9 inches,
respectively.

According to R645-301-742.221.34 (DOGM, 1992), ponds sedimentation ponds
require a non-clogging dewatering device. Because the pond is incised, the elevation of the
flowline of the dewatering device would be below the adjacent topography and the water
would not drain. Therefore, the pond will be dewatered using a portable pump system. The
inlet structure to the pump will float on the surface of the water. The pump system will
include an oil skimmer to prevent floating matter from being discharged from the pond during
dewatering. The pond will be dewatered to elevation 82.6, the maximum sediment storage
elevation. Prior to dewatering, the impounded water will be sampled and tested to insure that
it meets NPDES discharge requirements.

Sediment removal will be performed when the sediment reaches an elevation of 82.0,

which corresponds to 60% of the maximum design sediment volume.

3.4-3(4)B Ponds 012A and 012B

The sediment storage volume for Pond 012A of 3,812 cubic feet (0.088 acre-feet) was
calculated as indicated in Appendix 3.4H using methods described in Chapter 7. The storm
runoff volume from the 10-year 24-hour storm event is 52,393 cubic feet (1.203 acre-feet).
Thus, the minimum required capacity of the pond at the elevation of the primary spillway must
be 56,205 cubic feet (assuming the spillway does not spill during the 10-year 24-hour storm).

From the stage-capacity curve for Pond 012A contained in Appendix 3.4H, the
allowable storage at the primary spillway elevation (97.3 feet) is 56,205 cubic fest,.

Therefore, the pond will fully contain the 10-year 24-hour storm event.

007/004 3.4-13
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The elevation of the maximum sediment storage level for Pond 012A is 92.6 feet (4.7
feet below the spillway flowline).

The sediment storage volume for Pond 012B of 9,518 cubic feet (0.219 acre-feet) was
calculated as indicated in Appendix 3.4H using methods described in Chapter 7. The storm
runoff volume from the 10-year 24-hour storm event is 43,605 cubic feet (1.001 acre-feet).
Thus, the minimum required capacity of the pond at the elevation of the primary spillway
should be 53,123 cubic feet (assuming the spillway does not spill during the 10-year 24-hour
storm).

From the stage-capacity curve for Pond 012B structure contained in Appendix 3.4H,
the allowable storage at the primary spillway elevation (91.0 feet) is 53,123 cubic feet.
Therefore the pond will fully contain the 10-year 24-hour storm event,

The pond topography and cross sections are presented in Exhibit 3.4-12. A summary
of the stage-area and stage-cépacity data for Ponds 012A and 012B are contained in Table
3.4-7A and 7B, respectively. The stage-capacity curves for the two ponds are presented in
Appendix 3.4H,

Ariprap lined open channel spillway was constructed for Pond 012B. Based on R645-
301-742.223 (DOGM, 1992) only one spillway is required. The spillway has a bottom width
of 7 feet and 2H:1V side slopes. The spillway crest elevation is 91.0 feet. The spillway
location is presented on Exhibit 3.4-12, _

The 25-year 6-hour storm event (1.6 inches of precipitation) was used to determine
the adequacy of the primary spillways of both Ponds 012A and 012B. The calculation
methods used are described in Chapter 7. The calculations for sedimentation Ponds 012A and
012B are contained in Appendix 3.4H.

The 25-year 6-hour storm was routed through the primary spillways to determine the

maximum stage and flow rate. Computations were conducted asSﬂW@g@pW%?q .
kRE ﬁt rLM |

contained the maximum allowable sediment volume in each pond. l,h addition

software program SEDCAD assumes that the ponds are full of yvater, uaw tfu(es s;BiIvaé
elevation at the beginning of the storm event. This results in a congerva estimation% th

et

maximum stage since, in general, the pond can be assumed to be eHTpt\Dm‘S;gj;),e_Peginning“
- 75 AT Avp Apen
SUNNG

o MM__.

a storm event.
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Using the above assumptions, SEDCAD calculated a maximum inflow rate of 9.85 cfs
and a maximum outflow rate of 5.85 cfs for Pond 012A (see Appendix 3.4H). The
corresponding high water elevation is 97.9 FEET, 0.6 foot above the primary spillway flowline
and 2.1 feet below the minimum embankment elevation of 100.0 feet. Therefore, the pond
and the primary spillway on Pond 012A are adequate to pass the 25-year 6-hour storm event,
The pond is considered adequate to meet the requirements of R645-301-742.220.

An emergency spillway was constructed at the downstream end of Pond 012A in
accordance with R645-301-742.223. The emergency spillway is a riprap lined open channel
with a 6-foot bottom width and 2H:1V side slopes. The spillway crest elevation is 98.3.

The performance of the emergency spillway was evaluated in the event the primary
spillway becomes inoperative. The 25-year 6-hour storm was routed through the emergency
spillway assuming that the pond was initially full of water to the elevation of the emergency
spillway when the storm occurred. A stage-discharge curve was calculated by SEDCAD for
the emergency spillway. The SEDCAD input and output is contained in Appendix 3.4H, From
the final (emergency spillway only) analysis of the 25-year 6-hour storm event, the maximum
discharge out-of the emergency spillway is 5.70 cfs with a maximum flow elevation of 98.8
(1.2 feet below the minimum embankment elevation).

As indicated in Appendix 3.4H, SEDCAD calculated a maximum inflow rate of 14.32
cfs and a maximum outflow rate of 12.30 cfs for the Pond 012B structure. The
corresponding high water elevation is 91.8 feet, 1.0 feet below the minimum embankment
elevation of 92.8 feet. Therefore, the Pond 012B and primary spillwéy are adequate to pass
the 25-year 6-hour storm event (R645-301-742.220). '

Calculations using the 25-year 6-hour storm to determine the minimum size riprap
required for the inlet and outlet channels of Pond 012A are pres.ented in Appendix 3.4H. Pond
012A has two inlets, a one foot diameter CMP culvert and an open trap%@@ vGha n el The

11\\. % ’E\IH” \

with an average diameter of 16 inches. The open channel inlet cdrries ghe majonty of the l

ol dofle!$0s

.......

requires riprap of only one inch average diameter. In fact, if the i gt gpﬂnnel is reasonab
VICION
t that 15068 oo
M% . l

steep slope of the culvert, and the steep slope at the end of the culyert, neccSEREates

water to Pond 012A (9.85 cfs) during a 25-year 6-hour storm, butfthe

vegetated, no riprap is necessary. The pnmary spillway is an 18
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10.0% between Pond 012A and Pond 012B. The peak design discharge rate of 5.85 cfs
results in an exit velocity of 9.1 fps. Riprap with a median diameter of 7 inches is required
to prevent erosion at the end of the spillway culvert.

The emergency spillway on Pond 012A has a bottom width of 6 feet side slopes of
2H:1V, and a channel slope of 7%. The peak discharge rate of 5.70 cfs (as determined by
the "emergency spillway only” SEDCAD run) results in a velocity of 4.2 fps. Based on the
calculations presented in Appendix 3.4H, riprap with a median diameter of 2 inches is
required.

The inlet channel to Pond 012B conveys 14.32 cfs during a 25-year 6-hour storm
event. The slope of the channel is only 3%, resulting in a flow velocity of 5.0 fps. Two inch
diameter riprap is required to prevent erosion along the base of the channel. The open
channel spillway on Pond 012B has a bottom width of 7 feet, side slopes of 2H:1V, and a
channel slope of 50%. The peak discharge rate of 12.30 cfs results in a peak velocity of 8.77
cfs. Based on calculations presented in Appendix 3.4H, a median riprap size of 9 inches is
required for this spillway structure.

In accordance with R645-301-742.221.34 (DOGM, 1992), Ponds 012A and 012B
each have a non-clogging dewatering device. The flowline of the dewatering device in Pond
012A was installed at elevation 93.0, 0.4 feet above the maximum sediment storage
elevation. The remaining 0.4 foot of water in Pond 012A will be dewatered using a pump
system. The inlet structure to the portable pump will float on the surface of the water. An
oil skimmer will be attached to the float to prevent floating matter from being discharged from
the pond during dewatering. The flowline of the dewatering device in Pond 012B was
installed at elevation 86.1, the maximum sediment storage elevation. Refer t\? (f‘xhnbnt 3.4-12
for a typical section of the decant system. AKIPJ Rﬂ?"’u o

Sediment removal will be performed when the sediment level if Ponfl 012A reach’gs e ."
an elevation of 92.4, and at elevation 85.4 in Pond 012B. These el vatuoEﬂNekpqxqg%)]
60% of the maximum design sediment volume.
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3.4-3(4)C Pond 013

The stage-area and stage-capacity data for Pond 013 were determined from the pond
topography contained in Exhibit 3.4-13. A summary of these data is contained in Table 3.4-8.
The stage-area and stage-capacity curves for Pond 013 are presented in Appendix 3.4l.

The required 3-year sediment storage volume of 72,235 cubic feet (1.658 acre-feet)
was calculated as indicated in Appendix 3.4! using methods described in Chapter 7. The
storm runoff volume from the 10-year 24-hour storm event is 138,595 cubic feet (3.182
acre-feet). The computation of the runoff volume assumed a drainage area of 79.4 acres and
a weighted curve number of 81 for the disturbed and undisturbed areas. Thus, the minimum
capacity of the pond at the elevation of the spillway must be 210,830 cubic feet (assuming
the spillway d_oes not spill during the 10-year 24-hour storm).

From the stage-capacity curve contained in Appendix 3.41, the allowable storage at the
~ spillway elevation (6,255.0 ft) is approximately 396,000 cubic feet. Therefore, additional
volume is available for sediment storage. Subtracting the runoff volume from the existing
pond capacity at the spillway results in a maximum sediment storage capacity of 257,405
cubic feet (5.909 acre-feet). The elevation of the maximum sediment storage level at this
capacity is 6,250.2 feet (4.8 feet below the spillway). Based on this storage volume, the
60% clean-out volume for Pond 013 is 154,443 cubic feet (3.546 acre-feet). The 60% clean-
out elevation is 6,245.5 feet (9.5 feet below the spillway).

The 25-year 24-hour storm event (2.3 inches of precipitation (Miller, et. al., 1973))
was used to determine the adequacy of the spillway (a riprap lined trapezoidal channel
spillway). These calculations are presented in Appendix 3.4l. The calculation methods used
are described in Chapter 7. o

The 25-year 24-hour storm was routed through the spillway to ddtérr}n’n@ (ﬂ% 5% n& L
stage and flow rate. Computations were conducted assuming that t “e po %%&TEM
maximum allowable sediment volume of 257,405 cubic feet. In additi nJm? fomputer /

: 8 {493

software program SEDIMOT Il assumes that the pond is full of whater o the spi{?\’zgy /

elevation at the beginning of the storm event. This results in a cons \}é‘iiv@mp-g@m.a;ié!j of th /
fﬁm..,\‘“: YA 4 '-"'7“‘.?‘.':;
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maximum stage since, in general, the pond can be assumed to be empty at the beginning of
a storm event.

From the analysis of the 25-year 24-hour storm event, the maximum inflow rate to the
pond is 49.37 c¢fs and the maximum outflow rate is 31.78 cfs. The corresponding high water
elevation is 6,256.3, 2.7 feet below the minimum embankment elevation of 6,259.0 feet.
Thus, Pond 013 will meet the storage and flow requirements of R645-301-742.200.

Based on R645-301-742.22 (DOGM, 1990), the pond must also pass the 100-year 6-
hour storm event. This storm event of 2.0 inches was routed through the spillway to
determine the maximum stage and flow rate. The pond was assumed full of sediment up to
the maximum sediment level, and full of water up to the spillway flowline. From the analysis
of the 100-year 6-hour storm event, the maximum inflow rate to the pond is 35.95 cfs and
maximum outflow rate is 19.5 cfs. The corresponding high water elevation is 6,256.1, 2.9
feet below the minimum embankment elevation of 6,259.0 feet. Thus, Pond 013 will
adequately pass the 100-year 6-hour precipitation event.

The inlet channels to:Pond 013 were evaluated to determine the adequacy of the
existing riprap and capacity of the channels during the 25-year 24-hour storm event. The
calculations for the inlet channels are presented in Appendix 3.4l. Based on the minimum
channel slopes, the two channels have adequate capacity. Based on the maximum channel
slopes, the flow velocity is 12.9 fps in the west inlet channel and 8.1 fps in the east inlet
channel. These velocities require median riprap diameters of 16.8 inches and 7.2 inches,
respectively. The existing median riprap size of 12 inches is adequate for the east inlet
channel, The 12-inch median riprap diameter in the west inlet channel is undersized based
on the 25-year 24-hour storm. The flow velocity of the west inlet channel was reevaluated,
based on the 25-year 6-hour storm, to be 10 fps. This flow velocity requires a median riprap
diameter of 9.6 inches. Therefore, the existing riprap for the west inlet channel is adequate.

The outlet of the primary spillway was evaluated to determine the suitability of the
existing riprap. With a maximum channel slope of 47% and a peak discharge rate of 31.78
c¢fs during the 25-year 24-hour storm, the exit velocity was calculated to be 11.4 'fps. The
existing median riprap diameter of 18 inches is adequate for this flow velocity. The flow

velocity and riprap sizing calculations are presented in Appendix 3.41.
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Accordingto R645-301-742.221.34 (DOGM, 1990), anon-clogging dewatering device
must be installed in the pond. Because the pond does not require reconstruction, it will be
dewatered using a pump system. The inlet structure to the portable pump will float on the
surface of the water. The system will include an oil skimmer to prevent floating matter form
being discharged from the pond during dewatering. The pond will be dewatered to elevation
6250.2, the maximum sediment storage elevation.

Sediment removal will be performed when the sediment reaches an elevation of

6250.2, which corresponds to 60% of the maximum design sediment volume.
3.4-3(5) Pond Embankment Stability Analyses

3.4-3(5)A General

Both the inslopes and outslopes of the embankments of Ponds 011 and 012 at the
Preparation Plant of the Castle Gate Mine were analyzed for long term stability. These
-analyses was performed to address the requirements of R645-301-733.210 and R645-301-
533.100, which stipulate that all embankments not under the jurisdiction of the Mine Safety
and Health Administration (MSHA) shall have a minimum static factor of safety of 1.3.

A field survey of the pond embankments at the Preparation Plant was conducted to
ascertain the most likely location of possible embankment failure. The field survey consisted
of visually evaluating the embankments and noting speéific slope geometry characteristics.
Soil samples were taken from the embankments for later visual classification.

Since lab testing of soil sampled from the embankments is not included in the scope
of these analyses, soil properties were assumed. The bases for those assumptions were
visual classification of soil samples and typical soil properties presentgd/ HV@W@M g1,9£} and _
NAVFAC DM-7 (1971). Soil parameter assumptions made in thig ana { Mpﬁfj‘/ﬁ‘;)

JAN 1

results f I w;ual

classification of the soil samples, the slope stability computer soft é!’e:pmgxam GEOSLOP

(GEOCOMP, Inc.) was utilized to determine an in-situ factor of sMach “of hevr:;
""»-..MM

conservative because of the absence of lab data.

Based on information gathered during the field survey apd t
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embankments. The resulting computer output is contained in Appendices 3.4P-1, 3.4P-2 and
3.4P-3.

GEQSLOPE is a computer program based on the FORTRAN program STABL3 which
was developed at Purdue University. GEOSLOPE utilizes the limit equilibrium procedure of
slices to determine the safety factor of potential circular failure surfaces by the Modified
Bishop’s Method. Both deep failure surfaces and surfaces that generally pass through the toe
of the embankments were analyzed. Only the analysis that produced the lowest factor of

safety for each embankment is inciuded in Appendix 3.4P-1 through 3.4P-3
3.4-3(5)B Pond 011

Pond 011 is located near the west end of the Preparation Plant site. The pond is
primarily incised, although it does have a small embankment on the side of the pond closest
to diversion CGD-3. The critical sections that were analyzed are shown on Exhibit 3.4-11.

The geometry of the Pond 011 outslope embankment was modeled with a 100 foot

-section consisting of a 15° outslope frqm the centerline of diversion CGD-3, an embankment
19 feet in width at the top, and an inslope of 43° (section C - C' on Exhibit 3.4-11). The
embankment is composed primarily of silty sand. The assumed soil strength parameters are
identified in Table 3.4-19. The phreatic surface was assumed to be at the ground surface at
the toe of the outslope, and at 2.0 feet below the top of the embankment on the inside of the
embankment. This corresponds to the maximum water level in the pond during a 25-year 6-
hour storm event, assuming the pond is full of water up to the level of the spillway flowline
at the beginning of the storm. See Section 3.4-3(4) for a description of the methods used to
determine that water surface elevation.

The existing embankment is stable with a factor of safety tl)f 4;@@ @ ge Appendlx

3.4P-1 for GEQSLOPE computer results. I r:m,%‘f‘\fﬂ‘ L .J’
A 50 foot, 40° section was analyzed for inslope stability, aq depited by section ¢ /
D - D' on Exhibit 3.4-11. The phreatic surface was assumed to be hprizodgta a@‘{hb Mhairdu /
25-year 6-hour storm event level of 97.8. The pore pressure par rpgtersvyxere assumed t /
be equal to zero since it is anticipated that the pore pressures H-rdxs.sma\{e__qu’ickiy during».. = i
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pond dewatering, due to the granular nature of the soil. A summary to the soil strength
parameters are listed in Table 3.4-19, and a sketch of the section geometry is included in
Appendix 3.4P-1.

The calculated factor of safety for section D - D’ is 1.16. This is less than the factor
of safety of 1.30 required by R645-301. There are several constraints, such as an existing
road and channel diversions, in the immediate vicinity of Pond 11 which preclude the
relaxation of the steep interior slopes to achieve a larger factor of safety. In the event of any
sloughing of material on the inside of the pond, the material will be removed so as to maintain

the design volume capacity. See Appendix 3.4P-1 for GEOSLOPE computer output results.
3.4-3(5)C Pond 012A

Pond 012A is located toward the east end of the Preparation Plant site. The pond is
-entirely incised and thus no outslope stability analysis was performed on this pond.

A 65 foot, 49.6° section was:analyzed for inslope stability, as depicted by section cut
G - G’ on Exhibit 3.4-12. The phreatic surface was assumed to be horizontal at the maximum
25-year 6-hour storm event level of 97.9. The pore pressure parameters were assumed to
be equal to zero since it is anticipated that the pore pressures will dissipate quickly during
pond dewatering, due to the granular nature of the soil. A summary to the soil strength
parameters are listed in Table 3.4-19, and a sketch of the section geometry is included in
Appendix 3.4P-2.

The calculated factor of safety for section G - G’ is 1.20. This is less than the factor
of safety of 1.30 required by R645-301. The disturbed area of the Preparation Complex is
quite narrow in the vicinity of Pond 12A, and the road adjacent to the pond will not allow for
a relaxation of the steep interior slope to achieve a larger factor of safety. In the event of any

sloughing of material on the inside of the pond, the material will begeﬁ%%@@ﬁ;a&@ R?qﬁgt[;r.; .
' : BF ‘ L0 f\\r';‘

the design volume capacity. See Appendix 3.4P-2 for GEOSLOPE co pivresalts -~
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3.4-3(5)D Pond 012B

Pond 012B is also located toward the east end of the disturbed area of the Preparation
Plant site. A ten foot high embankment forms the entire south side of Pond 012B. The critical
sections that were analyzed are shown on Exhibit 3.4-12.

The geometry of the Pond 012B outslope embankment was modeled by a 70 foot
section through a 45° outslope on the south side of the pond, an embankment 9 feet in width
at the top, and an inslope of 39°, The embankment is composed primarily of silty sand with
some gravel. The selected soil strength parameters are identified in Table 3.4-19. The
phreatic surface was assumed to be at the ground surface at the toe of the outslope, and at
1.0 feet below the top of the embankment on the inside of the embankment. This
corresponds to the maximum water level in the pond during a 25-year 6-hour storm event,
assuming the pond is full of water at the beginning of the storm. See Section 3.4-3(4) for a
description of the methods used to determine that water surface elevation.

The existing embankment is stable with a factor of safety of 1.68. See Appendix
3.4P-3 for GEOSLOPE computer results.

An 80 foot, 41° section was analyzed for inslope stability, as depicted by section cut
H - H’ on Exhibit 3.4-12. The phreatic surface was assumed to be horizontal at the maximum
25-year 6-hour storm event level of 91.8. The pore pressure parameters were assumed to
be equal to zero since it is anticipated that the pore pressures will dissipate quickly during
pond dewatering, due to the granular nature of the soil. A summary of the soil strength
parameters are listed in Table 3.4-19, and a sketch of the section geometry is included in
Appendix 3.4P-3.

The inslope is stable with a factor of safety of 1.46. See Appendix 3.4P-3 for

GEOSLOPE computer output results. A
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3.4-3(5)E Pond 013

in 1977, Golder Associates of Kirkland, Washington analyzed the embankment of Pond
013 and deemed it "stable under all conditions of operation." MSHA subsequently assigned
the entire refuse disposal facility, including Pond 013, an identification number of 12-1-UT-9-
0027.

3.4-3(6) Sanitary Facilities

Waste water from all site buildings and the bathhouse is connected to the PRWID

sewer line passing through the site.

3.4-3(7) Alternative Sediment Controls

‘Exhibit. 3.4-2, Existing Drainage Pattern and Control Structures, identifies the areas
within the disturbed area boundary which do not report to the sedimentation ponds. By
definition, these areas are referred to as alternative sediment control areas. These areas and
the controls utilized to control erosion are explained below, and are summarized in Table 7-8.

Rainfall runoff across the road and adjacent areas in the vicinity of the truck scale (1.6
acres) flows to a small depression alongside the railroad tracks. The majority of the Unit Train
Loadout Area (0.9 acres) is naturally revegetated with grasses. In addition, rainfall landing
on the structures is diverted to a storm runoff tank, as explained in Section 3.8. The area
immediately adjacent to the Raw Water Pond is also naturally revegetated. Any erosion within
the pond embankments is trapped within those embankments (1.75 acres). Drainage is
properly controlled along the road north of the Raw Water Pond (0.6 acres_\\; ,apcordance

A [y +
with R645-301-742.400. j EPncpu[L [\fm “ f
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3.4-4 Reclamation Plan
3.4-4(1) Reclamation Work

The preparation plant is designed to remain in use until the minable reserve base is
depleted, a minimum of 25 years. Reclamation on the 74 acre site could potentially begin as
early as 2015 depending on the depletion of the reserves. Reclamation of the School House
Canyon refuse site will begin as soon as the canyon is filled to its design capacity, which will
not be during this first renewal period of 1989-1994.

The postmining reclamation topography plan for the Castle Gate area is shown on

Exhibit 3.4-3. The reclamation work consists of the following:

Phase | Reclamation

Demolition - All the existing structures which lie within the disturbed area boundary will
be removed, including the beltline ‘structures, as explained in Adit No. 1 Section 3.5-4(1).
However, utilities within the utility corridor, along with a buried telephone cable parallel with
the utility corridor, will remain. Water supply intakes serving the Preparation Plant outside the
disturbed area boundary (Exhibit 1-1) will remain, while the piping within the disturbed area
boundary and outside the utility corridor will be removed. In addition, the culverts identified
on Exhibit 3.4-3 will remain. Removing these culverts and replacing them with permanent
reclamation streamn channels could possibly leave sections of the underground utilities in the
utility corridor exposed. Since this is not acceptable, these culverts must remain in place
indefinitely,

Portal Sealing - There are no portals to seal at the Castle Gate Plant.

Grading - Grading work will be done in order to establish overliand fl,oy\@ dralnage and

approximate the original contour. Approximate original contour is achieved by ble’ggprz[%@:ﬁ I3 ’7}";;;?

spoil material into the adjacent area and creating landforms which resen}ble t surroundmg
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topography. The mass balance calculations associated with the grading are presented in Table
3.4-9. Exhibit 3.4-10 indicates the distribution of cuts and fills related to the grading plan.
Although several of the cuts slopes will be backfilled, a few cut slopes will not. The
cut slopes to remain indefinitely are identified on Exhibit 3.4-3A. The cut slopes were
analyzed in their present configuration by a consulting firm, EarthFax Engineering, Inc.
(EarthFax), for stability and retention as approximate original contour. The cross sections
used to analyze the slopes are shown on Exhibit 3.4-2A, The analysis was prepared in
conjunction with the postmining reclamation plan. A copy of the EarthFax report is located
in Appendix 3.4K. Section 4.0 of the EarthFax report documents that the calculated factor
of safety for the retained cut slopes exceeds the minimum static factor of safety of 1.3
stipulated by R645-301-553.130. In addition, Section 3.6. of the EarthFax report documents
the existence of natural cliffs and ledges in the Castle Gate Area. The conclusion presented
in Section 5.0 states that the cut slopes are similar in structural composition and geometry
. -to the naturally existing cliff/ledge formations and thus are compatible with the surrounding
topography.
During the Phase | grading process, the following work will be performed:

1) Elimination of berms and temporary diversions, except where noted.
2) Grading to establish overland flow drainage where possible.

3) Construction of permanent stream channels.

4) Removal of existing culverts, except as noted.

5) Removal of Pond 012A.

6) Enlargement of Ponds 011 and 012B (renamed 012).

7) Installation of silt fences.

8) Soil preparation, seeding, fertilizing and mulching. N Dﬂ\x[qi"][:ﬁ
ARy 64 i L)

During Phase | of reclamation, several berms and ditches which‘direc ﬂﬂi’?’ t;) ;he __
sediment ponds will be retained. However, many of the diversions that ciollec pfc_:ipitatibl‘”b
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runoff from undisturbed areas will be eliminated. This necessitates enlargement of several
existing ponds to function as primary sediment control structures during Phase | of
reclamation. Specifically, Sediment Ponds 011 and 012B will be enlarged, while Pond 013
will remain at its current size for Phase | of reclamation. The enlarged Pond 012B has been
renamed Pond 012 for Phase | of reclamation. Pond 012A will be eliminated. See Exhibit
3.4-3A for the Phase | plan for sediment ponds. Exhibits 3.4-9A and 3.4-9B consist of more
detailed plans to enlarge Ponds 011 and 012B (now Pond 012), along with pertinent design
data. Appendix 3.4M contains the engineering calculations supporting the need to enlarge
Ponds 011 and 012. Ponds 011, 012, and 013 will be retained for two years or until
adequate vegetation is established to control erosion.

The reclamation of the Castle Gate Preparation Plant area will take place over the area
which was the old town site of Castle Gate. Old utilities, foundations and debris may be
uncovered during the grading operation. This may result in the alteration of the contours
shown on map 3.4-3 by as many as two contour intervals in order to keep from uncovering
the old town site. Much of the foundation debris will be used as deep fill layers against the
cut slope just east of the existing Thickener Ponds.

Phase | of reclamation will also include the removal of all roads and culverts, except
as noted, and the establishment of permanent stream relocations. Prior to removal of the
asphalt covered roads, the asphalt will be collected and properly disposed of beyond the
boundaries of the Castle Gate permit.

Several wells exist within the Preparation Plant disturbed area boundary. The slurry
injection wells shown on Exhibit 3.10-1 will be sealed, and the area in the immediate vicinity
of the welis reclaimed in accordance with the slurry injection well reclamation plan contained

in Section 3.10 of this permit. Two piezometer wells below Pond 013 will be monitored

during Phase | of reclamation and then sealed at the beginning of Phiage H p*f(feﬁ\amg}upw No y- _

other unsealed monitoring or exploration wells exist on the propert,y ARET T

The reclamation topography plan for the Unit Train Loadoutjarea}s n Exhibi
pography p WW??.M

3.4-3. A discussion of the reclamation plan is included in section|3.8.
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The backfill and grading topography shown on Exhibit 3.4-3 is compatible with the
postmining land use of wildlife habitat and grazing, and provides adequate drainage and long
term stability as required by R645-301-553.522.

The final configuration for the refuse pile is also suitable for the approved postmining
land use of wildlife habit and grazing. Terraces will be constructed on the outslope of the
refuse pile which increase stability, control erosion, and conserve soil moisture. The grade
on the outslope between the terrace benches will not be steeper than 2H:1V. The terraces
will be approximately 40 feet wide, and slope at approximately 10%. A profile and cross-
section of the face of the Refuse Pile are presented as Figures 3.4-10 and 3.4-11,
respectively.

Resoiling - The 74 acres in Castle Gate which will be reclaimed were disturbed by
mining activities prior to the enactment of SMCRA. No topsoil was salvaged from the site.
The existing soils at the site will be used as resoiling material except at the refuse pile.

The existing soils at the Preparation Plant site have been analyzed for the parameters
listed below. Sampling locations are depicted on Exhibit 8-4. Subsequent to the reclamation
grading, the resoiling materials will be sampled again and retested for the same parameters.
Appropriate soil amendments will be added according to results of these tests. Areas which
are not anticipated to revegetate to support the intended land use once soil amendments have
been added will be covered with 6" of resoiling material from the Gravel Canyon Storage Site.

The refuse pile will be covered with 24" of soil from Gravel Canyon. Approximately
96,000 cubic yards of material will be needed for this purpose. Justification for use of less
than 4’ of cover on the refuse pile is the nontoxic nature of the refuse. Approximately one
year prior to placement of substitute topsoil from Gravel Canyon on the refuse pile, the
following parameters will be evaluated on both refuse and substitute topsoil in order to prove
non-toxicity and assess the necessity to add appropriate soil amendmg&s@m\i\%ﬁi‘gﬁgy f,.m o
REEGIMGn
absorption ratio, selenium, total N, nitrate-N, boron, maximum acid p¢tenti "\TRMU?“&;&&%

conductivity, saturation percentage, particle size analysis, soluble Cg,Mg

potential, organic carbon, exchangeable sodium, available water capacity ang rock fragments.
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The above parameters will also be checked on the existing resoiling materials throughout the
site. The rate of testing will be 1 analysis for every 2.5 acres of disturbance at various
depths, 0-6",6"-12", 1’-2*, 2’-3’, 3’-4’. Results of the tests will be forwarded to DOGM for
review.

Any acid forming or toxic materials exposed during the grading operation, which may
adversely affect water quality or vegetation, will be excavated and transported to the Refuse
Pile, if this is feasible. Where acid and/or toxic soil cannot be readily removed, the toxic soil
will be buried under four feet of topsoil. Any other methods of disposal are subject to DOGM
approval prior to implementation.

Prior to placement of any borrowed material, the area will be dry and scarified to a
depth of 4". After reclamation grading but prior to seeding, the soil on all slopes with grades
less than 20% will be ripped to a depth of 18 to 24 inches parallel to the contours. This
procedure will encourage moisture retention and reduce the surface compaction to allow for
a more favorable germination environment for the vegetation. Soil ripping will not be
performed on the Refuse Pile.

Seeding and Mulching - Castle Gate preparation plant will use two species mixes listed
in Chapter 9. The majority of the site will be seeded with species list #1, as it is a pre-
SMCRA site. The riparian areas shown on the reclamation plan (Exhibit 3.4-3A)} will be
seeded with species list #3. In both cases, the seed will be mixed with a small amount of
wood fiber mulch, used as a tracer, and water to form slurry. The slurry will be applied to the
reclaimed surfaces using a hydroseeder. The balance of the mulch, mixed with a tackifier and
the fertilizer also in a slurry, will then be sprayed over the same area. The total coverage of
the mulch will be a the rate of 2,000 pounds per acre. In areas inaccessible to the
hydroseeder, the seed will be broadcast by mechanical means. Areas inaccessible to the

hydromulch equipment will be mulched with straw and tacked with nylon ero,thﬁ)r §untable

{{ s
netting. The rate of application for straw will be 2,000 pounds per acre. “Ejﬁéq ‘“‘“L i
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Phase li Reclamation
Phase Il reclamation will commence once the vegetation is adequately established

based on the criteria presented in Chapter 9. This phase of reclamation will consist of filling
in the three sediment ponds (011, 012 and 013) and removing silt fences and accumulated
soil in the vicinity of the fences. However, where removal of the silt fence fabric will
substantially disrupt the established vegetation adjacent to the fence, the fabric may be cut
at ground level and the buried fabric abandoned in place. All the temporary diversions and
berms which were left to control runoff during Phase | reclamation will be removed. Grading
will be performed to bring the site within tolerance of the postmining reclamation plan
depicted in Exhibit 3.4-3.

The areas disturbed during Phase 1l reclamation will be seeded and muiched according
to the plan described above and in accordance with Chapter 9 of this permit.

All piezometer wells will be sealed in accordance with R645-301-731.400, R645-301-
631, and R645-301-765.

Phase lll Reclamation
Phase Il reclamation will consist of water and vegetation monitoring until bond release.

3.4-4(2) Reclamation Hydrology

Reclamation Channel Design - The reclamation channels for the Castle Gate Preparation
Plant area were designed to approximate the geometry of the existing natural stream
channels. The natural channel sections were measured in the field and approximated with a
trapezoidal cross section. The reclamation channels were designed with a 3H:1V side slope
to ensure channel stability. However, three existing stream chanﬁélghf;:ﬁastlg)hq?@e{~,‘
Reclamation Ditches CGRD-4, CGRD-5, and CGRD-10 were corlstru wﬁfﬁ"ﬁ”ﬁ'ﬁv, T

1.5H:1V, and 1.2H:1V side slopes, respectfully. These three ditcheg ware prgviw&ly

designed for the operational hydrology of the Castle Gate area and wer ermined to be
E-':-""’,’ | . .
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adequately designed for reclamation hydrology. While CGRD-4 and CGRD-5 are permanent
reclamation channels, CGRD-10 wiil be removed when Pond 013 is removed at the end of
Phase | of reclamation. The hydraulic slope of each channel was measured from a postmining
topographic map (scale: 1" = 100’), presented as Exhibit 3.4-3.

All calculations supporting the designs of the reclamation hydrology structures outside
of School House Canyon and CGRD-4 are presented in Appendix 3.4L. The design
assumptions for the permanent School House Canyon channels are discussed in Section 3.4-
3(3), and those supporting calculations are contained in Appendix 3.4J.

Curve numbers for the undisturbed drainage areas were taken from Appendix 3.4D.
The reclaimed areas (CGRWS-R1, R2, R3, & R4) were assumed to have a curve number of
80. The reclamation channel drainage areas for the Castle Gate Preparation Plant Area are
presented on Exhibits 3.4-3 and 3.4-8.

Peak discharge rates used to determine channel capacities and riprap sizing for the

‘reclamation channeis were calculated based on the 100-year 6-hour precipitation event of 2.0
inches for perennial and intermittent channels. All other channels were designed for the 10-
year 6-hour storm event of 1.4 inches (Miller et.al, 1973). A summary of the runoff
calculations is presented in Table 3.4-10. The peak discharge rates for each diversion are
presented in Table 3.4-11. The reclamation channel geometries and minimum riprap sizes are
presented in Table 3.4-12.

Appendix 3.4L contains calculations for riprap and filter blénket volumes for permanent
stream channels. The thickness, and thus the volume, of the riprap for each channel is related
to the average proposed riprap stone diameter. For channels with maximum longitudinal
slopes of less than 10%, the method developed by the U.S. Department of Transportation
(1967), was used to determine the average riprap particle size (Ds,). The proposed thickness
of the riprap in these channels is twice the D5, dimension, as recommended by Barfield et al.

Fr’“\
(1981). Riprap for permanent channels with slopes exceeding 10"6 wask(hbmpam on the

cnate '§M/TR-“
82/2, 1982). In these cases, the riprap volume is based on a thickneps pfxf ?Eg t,%s t

steep slope channel design methodology presented by Simons,
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calculated D, (Simons, Li & Associates, 1982). Filter blanket volumes are based on a

thickness equal to one half the riprap thickness, but not less than six inches (Barfield ot al.,

1981).

The following general approach was used during design of the reclamation channels:

o]

007/004

The design capacity of the perennial and intermittent reclamation channels was
based on the 100-year 6-hour storm and the minimum channel slope.

The design capacity of the ephemeral reclamation channels was based on the
10-year 6-hour storm and the minimym channel slope.

Riprap was sized based on the 100-year 6-hour storm and the maximum
channel slope for perennial and intermittent channels.

Riprap was sized based on the 10-year 6-hour storm and the maximum c¢hannel
slope for ephemeral drainage channels.

The roughness coefficient (Manning’s "n"} for riprapped channels was
determined according to the equation (Barfield et al., 1981):

n = 0.0395D;,"°
where,

= Manning’s roughness coefficient
o= median riprap diameter (ft)

Designs are based on channel construction on fill. Where the reclamation
channel construction occurs on rock, riprap quantities will be reduced or
eliminated (depending on the competency of the rock).

When transitioning downstream from a steep channel slope to a flat channel
slope, the larger riprap from the steep section will be extended into the channel
section with the flatter slope for at least 15 feet to mlnm&e erqsn,on\(Snmons

Li & Associates, 1982). SN il g gl
BOTIVE & e

The reclamation channels are designed to pass thle pepk discharge with
minimum freeboard of 1 foot. JAN 1§ 19y
1] %

Where channel slopes exceed 20 percent, a
constructed at the grade break to dissipate energ
lined with riprap to provide erosion protection.
Appendix 3.4L for a typical plunge pool design.

unge pool with-Be
ﬁwﬂge‘”iﬁm Wﬂ!‘b@:\s
~3.4L-3 in

3.4-31



Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

A detailed riprap and filter blanket design is not presented in this text since adequate
soil samples were not available. Castle Gate Coal is committed to preparing a detailed design
for the riprap and filter blanket gradations. Samples will be taken once the reclamation
grading has progressed sufficiently to expose the base of the reclamation channels. The
riprap and filter blanket gradations for the mild slope sections of the channels will be
engineered based on methods presented in Barfield et al. (1981). The procedure presented
by Simons, Li & Associates (1982) will be used to design the riprap gradation for steep slope
channels. This design procedure assumes that the riprap is predominately angular in shape.
The filter blanket will consist of a properly graded coarse grained soil; a synthetic fabric will
not be used. The detailed designs will be submitted to DOGM for approval prior to delivery
of filter blanket and riprap materials to the site.

Table 3.4-15 summarizes the required riprap and filter blanket volumes for the
reclamation channels located outside of School House Canyon. Total volumes and tonnage
reported in Table 3.4-15 do not account for the riprap required at the base of the reclamation
cuiverts.

Reclamation Culvert Design - Three culverts will remain for the Castle Gate reclamation
plan. Castle Gate reclamation cuivert (CGRC-1), is an existing 60 inch x 120 inch box culvert
which will remain for Phase | final reclamation. CGRC-1 will subsequently be removed when
Phase | reclamation is completed. The average riprap size required at the CGRC-1 outlet is 1
inch. CGRC-2 is an adequately designed existing 60-inch concrete culvert located under the
D&RGW Raiiroad tracks. CGRC-2 (Operations Hydrology CGC-5) extends to the Price River
and will be shortened for Phase | reclamation as shown on Exhibit 3.4-3A. An average riprap
size of 39 inches will be required at the outlet. Finally CGRC-3 consists of two 84 inch CMP
culverts that require an average riprap size of 30 inches at the outlet. Calculations regardinger,. _,,,;*]\Emu{f[_*
design of the Castle Gate Preparation Plant reclamation culverts are presented in Appendix
3.4L. Summaries of the reclamation culvert discharges and designs are presented in TaBIés’ N1
3.4-13 and 3.4-14, respectively.

" .l” v.- ' ’ mo
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3.4-4(3) Reclamation Sedimentation Ponds

During Phase | of reclamation, sedimentation ponds will be the primary means of
capturing sediment erosion from the reclaimed areas designated on Exhibit 3.4-3A. Since
several of the diversions channelling undisturbed area runoff around the disturbed area will
be removed, some undisturbed area runoff will now contribute to the ponds. Consequently,
Ponds 011 and 012B are currently undersized to accommodate approximately three years of
sediment storage as well as the storm runoff from the 10-year 24-hour storm event. Those
two ponds will be expanded from their current operational hydrology size, while Pond 013
need not be modified. Since Pond 012A will be removed during Phase | of reclamation, Pond
012B is henceforth referred to as Pond 012 once it is enlarged. All pond sizing calculations
are contained in Appendix 3.4M. Alternative sediment controls will be utilized to trap
sediment where grading does not allow the runoff to flow to a sediment pond.

Curve numbers for the undisturbed drainage areas contributing to the ponds were
estimated from vegetation data presented on Exhibit 9-1, and by field observations. Cover
densities for each vegetative group were estimated from information presented in Chapter 9.
Curve numbers varied from 75 to 78 for the undisturbed drainage areas which contribute to
the sedimentation ponds. A summary of curve numbers for those areas is presented in
Appendix 3.4L. A curve number of 80 for the reclaimed areas was chosen from professionai
judgement and tabulated values presented by the U.S. Soil Conservation Service (1972).

The 25-year 6-hour storm event was routed through reclamation Ponds 011 and 012
to determine the adequacy of the existing spillway under reclamation conditions. The
computer software SEDIMOT |l was used for the routing. SEDIMOT |l assumes that the pond
is full of water up to the spillway/overflow elevation at the beginning of the storm event. This
results in a conservative estimation of the maximum stage since, in general, the pond can be

L e i)

assumed to be empty at the beginning of a storm. Overflow from TN@@ +discharges, to,
_ i oh
reclamation ditch CGRD-6, while Pond 012 discharges to the railroa{

south toward Willow Creek.
JAM 1§ 779
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A diversion/berm system was designed to convey the runoff and sediment from the
reclaimed areas to the sedimentation ponds using the 10-year 6-hour storm event. Berms will
be constructed in the locations indicated on Exhibit 3.4-3A. Adjacent to each berm will be
a broad swale diversion which will convey the runoff. The height of the berm will be
approximately 1.0 foot, with a 1.0 foot top width and side slopes of 2H:1V. The bottom
width of the swales will be 8 feet alongside all the berms. Maximum flow velocities do not
exceed 2.5 fps and, therefore, riprap protection will not be required. The last entry in Table
3.4-12 summarizes the geometry of a typical berm/swale, Calculations for the berm/swale
system are provided in Appendix 3.4M.

Once Ponds 011 and 012 are enlarged for Phase | reclamation and all grading and
seeding have been completed, Ponds 011, 012 and 013 will serve to collect sediment for a
minimum of two years. The ponds will not be removed until the removal is authorized by
DOGM, vegetation over the reclaimed area has been properly established in accordance with
R645-301-763.100, and the water quality bond release standards of R645-301-880.320 are
complied with. Sediment will-be:removed from the reclamation sedimentation ponds when
the sediment reaches the 60% cleanout level, as determined by reading the sediment marker
in each pond. The sediment will first be evaluated to determine if it contains acid and/or toxic
forming compounds, and the results forwarded to DOGM. The sediment will then be
transported to a location designated within the Castle Gate Mine permit boundary.

The following summaries are provided for the proposed reclamation sedimentation pond
structures. The proposed topography and cross sections for Ponds 011 and 012 are
presented on Exhibits 3.4-9A and 3.4-9B, respectively.

Reclamation Pond 011 - Pond 011 was modified in 1991 for the purposes of
operational hydrology sediment control. An as-built survey was performed by Dan W. Guy
in October 1991, and the results of the survey are summarized in Exhibit 3.4-11. The
capacity of Pond 011 at the principle overflow is currently 43, Sﬁkm gfeet. . .

(T ‘\’/d\adh i
Using reclamation parameters, an annual sediment volume of 1,6 RFEibiefeet was

K

calculated for Pond 011 using the methods described in Chapter 7. T s;c’c\)\r!rnjrunoff volu e
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from the 10-year 24-hour storm event is 53,600 cubic feet (1.23 acre-feet). The computation
of the runoff volume assumed a reclaimed drainage area of 11.6 acres and a curve number
of 80. A curve number of 75 was used for the undisturbed areas covering 33.4 acres. Thus,
Pond 011, as currently constructed, is insufficient to contain the 10-year 24-hour storm
during Phase | of reclamation.

The design size of the pond has been increased by expanding it to the southeast so
that the existing overflows and spillways can be utilized during reclamation. Exhibit 3.4-9A
contains a plan view and two section views of the modified pond. From the stage/storage
capacity curve for the pond structure contained in Appendix 3.4M, the allowable storage at
the principle overflow elevation (97.0 feet) is approximately 58,200 cubic feet (1.34 acre-
feet). (Elevation is relative to the elevation of the top of the embankment next to the
emergency spillway of 100.00 feet.) Therefore, the modified pond will contain the runoff
from the 10-year 24-hour storm event and 2.7 years of sediment storage. Table 3.4-16
summarizes the stage-capacity data for Pond 011, once it is enlarged for reclamation.

The 25-year 6-hour storm event (1.6 inches of precipitation (Miller, et. al., 1973)) was
used to assess the capacity of the existing principle overflow for Phase | of reclamation. The
methods used to calculate the capacity of the overflow pipe are described in Chapter 7.
Computations assumed that the pond contained the maximum allowable sediment volume of
4,600 cubic feet (2.7 years), and that the pond was full of water up to the overflow flowline
prior to the start of the design runoff event.

From the analysis of the 25-year 6-hour storm event, the maximum combined inflow
rate to the pond structure is 3.5 cfs and the maximum outflow rate is 2.82 cfs. The
corresponding high water elevation is 97.48 feet, 1.52 feet below the minimum embankment
elevation of 99.0 feet. Thus, Pond 011 will adequately pass the 25-year 6-hour peak flow,

and the freeboard will be adequate. Since the emergency spillway is at elevation 98.0 feet,

it will not pass water during the 25-year 6-hour storm event. ’I;he.‘cdlcul,awtionalj,:fuiy‘_‘\;’*,‘*f ;
]
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sedimentation Pond 011 are contained in Appendix 3.4M. i Ve
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The maximum outflow rate was used to size the riprap at the end of the principle
overflow culvert. Based on a culvert slope of 1.5%, a Manning’'s ‘n’ of 0.022, a culvert size
of 18 inches, and a discharge of 2.82 cfs, the flow velocity against the riprap at the end of
the culvert will be 4.0 fps. Riprap with an average diameter of 2 inches is required. Thus,
the existing riprap of 18" average diameter is satisfactory for reclamation.

SEDCAD was used to route a 25-year 6-hour storm through the pond assuming that
the pond is full of water at the beginning of the storm and that the principle overflow was
plugged. The resulting maximum water level is 98.3 feet, with a depth of flow through the
spillway of only 0.3 feet. Using the maximum discharge rate of 2.96 cfs, the emergency
spillway outslope was evaluated to determine riprap requirements. The spillway has a 6 foot
bottom width and 2H:1V side slopes. With a channel slope of 0.33 feet per foot, a bottom
width of 6 feet, and a Manning’s roughness coefficient of 0.035, the flow velocity was
calculated to be 5.0 fps. An average riprap diameter of 3 inches is required for this flow
velocity. The existing riprap, with a D;, size equal to 6 inches, is satisfactory. The spillway
need not be modified for reclamation. A cross section of the emergency spillway is presented
in Exhibit 3.4-11 and 3.4-9A.

The peak inflows into the north and south inlets weré calculated to be 1.8 and 1.7 cfs,
respectively. Flow velocities of 5.1 an 6.4 fps were calculated, aé shown in Appendix 3.4M.
These inlet channels require an average riprap size of 3 inches and 4 inches, respectively.
Calculated channel flow depths will provide for over 1.5 feet of freeboard.

According to R645-301 -742.221.34 (DOGM, 1990) anon-clogging dewatering device
must be installed in the pond. Because the pond is incised, the elevation of the flowline of
the dewatering device is below the adjacent topography, a decant is not feasible. Therefore,
the pond will be dewatered using a pump system. The pond will be dewatered to elevation
84.5, the maximum sediment storage elevation. The inlet structure to the pump will float on
the surface of the water. The pump system will include an oil skimmer to prevent floating

matter from being discharged from the pond during dewatering. | Priibr&_t,@ dawatering, the
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impounded water will be sampled and tested to insure that it meets NPDES discharge

requirements.

Sediment removal will be performed when the sediment reaches an elevation of 83.0,
which corresponds to 60% of the maximum design sediment volume.

Reclamation Pond 012 - Since the main access road traversing the Prep Plant site will
be removed during Phase | of reclamation, it cannot serve as a berm to transmit disturbed area
runoff to Pond 012A. Thus, Pond 012A will be removed under Phase | reclamation, as
mentioned above. Pond 012B was evaluated to determine its capacity to contain the 10-year
24-hour storm event and sufficient sediment erosion from the watersheds identified on Exhibit
3.4-3A.

Pond 012B was modified in 1991 for the purposes of operational hydrology sediment
control. An as-built survey was performed by Dan W. Guy in September 1991, and the
results of the survey are summarized in Exhibit 3.4-12. The capacity of Pond 012B at the
primary spillway is currently 53,123 cubic feet (1.22 acre feet). "

The three year sediment storage volume for Pond 012B of 9573 cubic feet (0.22 acre-
feet) was calculated using methods described in Chapter 7. The calculations are contained
in Appendix 3.4M. The storm runoff volume from the 10-year 24-hour storm event is 60,025
cubic feet (1.38 acre-feet). These results are based on a curve number of 75 for the 9.91
acres of undisturbed area, and a curve number of 80 for the 28.94 acres of reclaimed area.
The minimum necessary capacity of the pond at the elevation of the spillway must be 69,600
cubic feet (1.60 acre feet). Thus, the pond is undersized for its use during Phase |
reclamation.

The design of Pond 012B was modified to increase its capacity without affecting the
existing spillway structure. A plan view and two section views of the modified pond (referred
to as Pond 012) are shown in Exhibit 3.4-9B. From the stage-capacity curve contained in
Appendix 3.4M, the allowable storage at the spiliway elevation (6097.5 feet) is 80,500 cubic

feet. Therefore the pond will fully contain the 10-year 24-hour storm event and more than
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three years of sediment once it is enlarged. Table 3.4-17 summarizes the stage-capacity data
for Pond 012.

The 25-year 6-hour storm event (1.6 inches of precipitation (Miller, et. al., 1973)) was
used to assess the capacity of the existing Pond 012B spillway for use during Phase | of
reclamation. The calculation methods used are described in Chapter 7, while the calculations
are contained in Appendix 3.4M. Computations were conducted assuming that the pond
contained the maximum allowable sediment volume of 20,500 cubic feet at elevation 6093.0.
In addition, the computer software program SEDIMOT Il assumes that the ponds are full of
water up to the spillway elevation at the beginning of the storm event.

Using the above assumptions, SEDIMOT Il calculated a maximum inflow rate of 5.94
cfs and a maximum outflow rate of 3.26 cfs for Pond 012. The corresponding high water
elevation is 6097.88 feet, 0.38 feet above the primary spillway flowline and 1.12 feet below
the minimum embankment elevation of 6099.0 feet. Therefore, Pond 012 as modified under
this design and the existing spillway are adequate to pass the 25-year 6-hour storm event
during Phase | reclamation. The pond.is considered adequate to meet the requirements of
R645-301-742.220.

Appendix 3.4M includes the calculations for the inlet channel design. A trapezoidal
inlet three feet wide and 1.4 feet deep with 3H:1V side siopes will be sufficient to transmit
the maximum design flow of 5.94 cfs. This cross section will allow for one foot of freebhoard.
The peak flow velocity of 4.1 fps requires protection by riprap with and average diameter of
2 inches.

The spillway outlet channel of Pond 012 was evaluated to determine its suitability to
transmit the maximum design discharge (Appendix 3.4M). The existing open channel spillway
on Pond 012B has a bottom width of 6 feet, side slopes of 2H:1V, and a channel slope of
50%. The design flow depth with the design discharge of 3.26 cf§ is: 0 ¥ feet Since the

existing channel is one foot deep, 0.9 feet of freeboard will be av,anlabl uﬁﬁﬁ"é:é'!sfvear 6

hour storm event during Phase | of reclamation. The maxnmurr’ flo lﬁﬁlty of 5.9 f
N iYYd
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requires an average riprap diameter of 4 inches. The existing outlet channel on Pond 0128
has 9 inch riprap, and thus the outlet channel need not be modified for reclamation.

Pond 012 will be dewatered using the existing decant pipe system. The approximate
flowline elevation of the dewatering device is 6093.5, which is above the maximum sediment
storage elevation. Refer to Exhibit 3.4-9B for a typical section of the existing decant system.
Prior to dewatering, the impounded water will be sampled and tested to insure that it meets
NPDES discharge requirements.

Sediment removal will be performed when the sediment reaches an elevation of
6092.1, which corresponds to 60% of the maximum design sediment volume.

Pond 013 - As indicated in the calculations contained in Appendix 3.4l, the storm
runoff volume for the 10-year 24-hour event is 101,200 cubic feet. This assumes a curve
number of 75 for the 59.6 acres of undisturbed area contributing Pond 013. A curve number
of 80 was used for the 24.1 acres of reclaimed area. The stage-area and stage-capacity data
for Pond 013 were previously determined from the pond topography contained in Exhibit 3.4-
13 (See Appendix 3.41). From the stage-capacity curve, the allowable storage at the spillway
elevation (6,255.0 ft) is approximately 396,000 cubic feet. Therefore, thereis 294,000 cubic
feet available for sediment storage, far more volume than is necessary.

Appendix 3.41 includes an evaluation of the spillway and the inlet and outlet channels
for the 25-year 24-hour storm event (2.3 inches of precipitation (Miller, et. al., 1973)).
These existing structures were deemed adequate for operational hydrology design flows. With
a reduction of storm runoff design flows during reclamation, the existing structures are
suitable for use during Phase | of reclamation without modifications.

According toR645-301-742.221.34 (DOGM, 1990), anon-clogging dewatering device
must be installed in the pond. Because the pond does not require reconstruction, it will be
dewatered using a pump system. The pond will be dewatered to elevation 6250.2, the
maximum sediment storage elevation. The pump system will include an oil skimmer to

[ A

prevent floating matter from being discharged from the pond during de teﬁﬁﬁf"’"ﬁﬂ&? to "
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dewatering, the impounded water will be sampled and tested to insure that it meets NPDES
discharge requirements.

Sediment removal will be performed when the sediment reaches an elevation of
6245.5, which corresponds to 60% of the maximum design sediment volume. A sediment

marker installed in the pond will be used to monitor sediment levels.

3.4-4(4) Reclamation Alternative Sediment Controls

Castle Gate Mine proposes to employ the following alternative methods in varying
degrees to limit and control sediment erosion in those reclaimed areas whose storm runoff

does not flow to sedimentation Ponds 011 or 012:

Filter fabric (silt) fences

Surface ripping

Muich

Chemical (tackifier) added to muich

Straw bales

Seeding

Reseeding areas that do not exhibit successful germination

Nogkwh =

Based on Simons, Li & Associates (1983, Table 8.1), these methods constitute some
of the best available control technology for the purpose of mining reclamation.

The proposed alternative sediment control measures can be classified into three
categories: filtering structures, mechanical treatment, and surface protection measures.
Filtering structures inhibit runoff and sediment transport capacity by reducing flow velocity.
They also physically trap sediment in the filter openings while allowing water to pass through.
Mechanical treatment increases surface roughness thereby reducing overland flow velocity,
which minimizes the sediment transport capacity. Detaining some of the would-be runoff also
improves soil moisture for plant germination. Surface protection me t}@y&@q\l{yﬂeﬂmulching‘,
mulch binders, netting, and seeding. These measures are the mostjeffe

they minimize the amount of soil detached by raindrop impact, and thus | mi} ‘sﬁqilfloss at the
TS iyyy
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source. Surfacé protection measures also increase the surface roughness and increase water
infiltration into the ground.

Simons, Li & Associates (1983, Figure 7.3) indicates that synthetic filter fabric is more
efficient than straw bales at trapping silt and, therefore, synthetic fabric fences and not straw
bales will be utilized wherever possible. The sections of the reclamation stream channels
protected by silt fences are indicated on Exhibit 3.4-3A. The fences will be installed parallel
to the contours with the ends of the fences turned up perpendicular to the contours to contain
the sediment. Siit fences will be installed in accordance with Figures 3.4-1 and 3.4-2. The
filter fabric will be composed of a UV-resistant, perforated synthetic fabric with an integral
supportive netting. A separate supportive backing could be used in lieu of the integral netting.
To prevent sediment runoff from passing under the fence, the fabric will be secured by
burying the bottom edge of it in a small trench along the length of the fence.

Calculations have been performed that verify that a single tier system of 36" high silt
fences will be adequate to capture sediment during a 10-year 6-hour storm event without
failing, assuming they are properly maintained. Length, spacing, and angle of the fence
segments are contingent on the slope of the channel, the slope of the reclaimed surface
immediately adjacent to the channel, and the relative expected sediment load along each
specific reach of the canyon. For example, fence segments along the east side of CGRD-5
along the upper reach should be 50 feet in length and spaced approximately 55 feet on center,
angled at about 45° from a line perpendicular to the channel. This general configuration will
allow the fence segments to be parallel to the contours adjacent to the channel, and to
provide a 10 foot projecfed overlap. See Figures 3.4-1 and 3.4-2 for a typical silt fence
installation, and Appendix 3.4N for supporting calculations,

Mechanical treatment of slopes of less than 20% will be perf:oﬂrméd;_byxrippin&m,eu} soulm,:
to a depth of 18" to 24". Ripper shanks should be spaced about s!even et%%%ﬁggxg create
parallel slots four to ten inches wide. Ripping will loosen the soiléand lloyw£oqt pepptyation
and increase moisture storage. This will allow for quicker veget?tion stablishment, whigh

will reduce erosion. UL Ve O O A i
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In regard to surface protection measures, a chemical additive will be used in
combination with wood fiber mulch to help prevent the removal of the mulch by wind. The
mulch itself can significantly reduce the amount of sediment yield from an area (Simons, Li
& Associates, 1983, p. 4.30) The mulch also helps retain moisture to allow for seed
germination. Based on a rainfall intensity factor of 0.61 inches per hour, the minimum muich
application rate is 0.9 tons per acre to prevent mulch removal by rainfall (Simon et al., 1983,
Figure 4.14). The referenced figure assumes that no chemical binder will be used. The
intensity factor corresponds to a 10-year 6-hour storm event. Mulch, with a tackifier, will be
applied at the rate of 2,000 pounds per acre.

Permanent plant growth is the best method of controlling erosion from slopes,
according to Simons, Li & Associates (1983, p. 4.44). Upon completion of the grading in
accordance with the plan depicted in Exhibit 3.4-3, and ripping of the soil, the reclaimed area
will be seeded with grasses and legumes. The species seed mix is addressed in Chapter 9.
Seeding will be performed at the appropriate time of the year in consideration of available

.moisture for germination. Areas in which the seed does not germinate will be reseeded.

Appendix 3.4N presents calculations that quantify the sediment yield that could be
expected annually and during a 10-year 6-hour storm event with and without various sediment
control measures in place. These calculations were performed to compare the improvement
of the sediment control measures listed above against background Iev;als. The cumulative
implementation of each sediment control measure substantially reduces the amount of
sediment eroded from the reclaimed areas, to the poiht that the muich theoretically inhibits
soil loss more effectively than the undisturbed ground cover. Since the undisturbed areas

contributing sediment to the stream channels through silt fences are often larger than the

I WA TR NRTE Nran vt W ,a-\ " LT

reclaimed areas, most of the sediment erosion will occur from the ungistl.‘kbedwzama'sw'Morei s

EFFETIVE

than 90% of the sediment loss trapped by the silt fence along CGRD-5 waf talculated to be -

from the undisturbed areas. Thus, the background sediment loss overshadqwg Ak $edimedt

loss from the reclaimed areas once the wood fiber mulch is in place. addition, the

combination of the surface sediment controls on the reclaimed areas ahd theBift-fencesalong :
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the channels reduces the silt load from the reclaimed areas to the streams by approximately
80% from what it would be if the same reclaimed areas were undisturbed and in their natural
state.

Whenever possible, a minimum of one method of sediment control will be in place
during reclamation construction. Filter fabric (silt) fences will be installed to collect sediment
runoff from areas which will not report to sedimentation Ponds 011 and 012 as soon as it is
feasible to do so. Upon completion of the grading and soil ripping, the reclaimed area will be
seeded and mulched using either hydromulching or straw tacked by a suitable netting.

The possibility exists that a 10-year 6-hour storm (or larger) will occur during the
grading and removal of the sedimentation ponds. Although every reasonable effort will be
made to have at least one sediment control measure in place, there may be a period of time
when that is not feasible. However, the probability that a 10-year event will occur during the
construction period of approximately six months is only 5.1% (Linsley and Frazini, 1979, Eq.
5-3). This probability is relatively small, and thus no special measures will be taken to address
the possibility.

The alternative sediment controls constructed during Phase | reclamation will be
ingpected quarterly or after every major storm event. Observations made during these
inspections, as well as corrective actions taken, will be recorded. Corrections to any
weaknesses in the implementation of the sediment control plan will be remedied immediately
to prevent future silt runoff into the Price River. Corrective action will be taken when trapped
sediment builds up along a siit fence to half its height, when the sediment fence is listing more
than 20 degrees from the vertical, when the straw bales become 50% saturated with silt,
when a gully greater than six inches in depth is created due to lack of vegetation
establishment, or when the muich and seed have been transported by wind or overland flow.
Corrective action will consist of repairing/replacing or adding filter fabric fencgs‘_\asgquggﬁf‘y‘;

\v -
replacing straw bales, regrading of the ground surface only as necessary to filFm six inch

gullies caused by erosion, and reseeding and mulching to reestablish vegetatioy. §qil mateﬁﬂa

e
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trapped by sediment control structures that is not used in repairing erosion damage on the site
will be removed and disposed of within the boundaries of the Castle Gate Mine permit area.

All alternative sediment control structures will remain in place for a minimum of two
years after the last seeding, until the removal is authorized by DOGM, until vegetation over
the reclaimed area is properly established in accordance with R645-301-763.100, and the
water quality bond release standards of R645-301-880.320 are complied with.

3.4-5 Reclamation Timetable

No permanent reclamation is proposed during the renewal period of 1989 -1994,

However, the following time frames can be used to estimate the length of time for

reclamation.
1. Demolition Week 1 - 36
. 2. Grading Week 36 - 60
3. Installation of Alternative
Control Measures (ASCM's) Week 36 - 40
4, Resoiling Week 60-72
5. Seed bed preparation Week 73
6. Seeding & mulching Week 74 After Oct. 1
7. Pond and ASCM maintenance 0 - 2 years after seeding
8. Removal of Ponds 011, All alternative sediment control structures
012, 013, and removal will remain in place for a minimum of two,
of ASC structures years after the last seedmg, untiL tHe'
removal is authonzgd‘ubv D N, untll -
vegetation ovesy t’@é) ed are

properly estaplished i accordan |th
R645-301-763.10 and ua Yy

bond release \stan R6453 B
880.320 are conplie W|t M’“‘“""
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9. Vegetation and water 2 - 10 years after seeding
monitoring
10. Reclamation Monitoring Until Bond Release

3.4-6 Stream Buffer Zones

Castle Gate Mine has Valid Existing rights to perform underground mining and
reclamation activities within the Stream Buffer Zone, defined as the area within 100’ of the
Price River. Located within this Stream Buffer Zone is the ancillary road A-2 which was
constructed prior to SMCRA. The location of the Stream Buffer Zone is shown on Exhibit 3.4-

2. The Stream Buffer Zone will be marked with signs which state "Stream Buffer Zone".

3.4-7 Transportation Facilities

Beltlines - The coal is transported out of the underground mining complex on a 48"
beltline. The beltline crosses US Highway 50 through a tunnel. The beltline continues across
the Price River and the Denver and Rio Grande Railroad through a steel tube which prevents
any spillage from falling into the river or onto the railroad. The beltline proceeds to a transfer
house, breaker and finally to the raw coal storage stacker tube. After processing, the coal is
again belted to the clean coal stacker tube where the coal is stored for shipment. The coal
is loaded onto unit trains from the clean coal storage pile by a 72" beltline to the unit train
loadout. A description of the unit train loadout is located in Section 3.8. The location of
beltline facilities are shown on Exhibit 3.4-1.

Roads - Table 3.4-18 is a list of primary and ancillary roads used to facilitate access
to areas of the Castle Gate Preparation Plant. The roads are shown on Exhibits 3.4-2A and
typical cross sections are found on Figures 3.4-3 through 3.4-9.

The roads were constructed prior to SMCRA and were reconstructed to meet the
design standards of R645-301.
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In the event of a catastrophic event such as flood or earthquake, the primary roads will
be repaired as soon as practical after damage has occurred if the road is necessary to support
mining and reclamation activities.

The primary and ancillary roads shown on Exhibit 3.4-2A were constructed using non
toxic and non-acid bearing materials in their surface. No embankments were constructed to
support the road. The refuse haul road and truck dump roads (P-2 and P-3) were constructed
on cut and fill slopes. Both the refuse haul road and truck dump roads are constructed on
substantial rock. These rock road cuts exceed the 1.3 static factor of safety required in
R645-301-534.130.

The side slopes of the roads are revegetated. The runoff from the roads is channelled
in ditches or overland flows which controls or prevents erosion.

The culverts used in the road construction were designed to sustain the vertical soil

pressure,:passive resistance of the foundation:and the weight of the vehicles using the road.
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TABLE 3.4-1

PREPARATION PLANT
OPERATIONAL HYDROLOGY WATERSHED CHARACTERISTICS

TIME OF DRAINAGE | PEAK

WATERSHED | CURVE | CONCENTRATION | AREA FLOW
(CGWS- ) NUMBER (HR) (Acres) (CFS)*®
U1 78 106 7.05 0.95
u2 78 066 2.38 0.36
U3A 75 710 1027.1 42.5
U3B 75 386 172.9 7.44%
U4 78 .085 6.78 0.96
us 82 098 7.03 1.78
@ U6 78 181 §52.11 5.83
U7 82 108 5.96 1.48
us 78 137 20.59 2.57
D1(A&B) 90 162 12.60 6.83
D2A 78 144 41.10 5.02
D2B 82 .099 7.60 1.92
D2C 82 098 14.83 3.75
D2D 85 052 4.66 1.76
D2E 85 213 6.49 2.00
D2F 85 046 3.38 1.29

D2G 82 081 2.26 059 | '\,‘.)»‘
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Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

TABLE 3.4-1 (Continued)

PREPARATION PLANT
OPERATIONAL HYDROLOGY WATERSHED CHARACTERISTICS

TIME OF DRAINAGE PEAK

WATERSHED CURVE CONCENTRATION AREA FLOW

(CGWS-) NUMBER (HR) {Acres) (CFS)

D3(A&B) a0 142 14.48 7.98

D4(A&B) 90 217 14.73 7.59

D5 85 .038 1.56 0.60

is} Peak flows are based on a 10-year 6-hour storm event.

bl See Table 3.4-20 for 100-year 6-hour storm event peak flows associated with

Schoolhouse Canyon watersheds.

007/004 3.4-50 5 s /

. —
e e
L .
L " . ’_":,-;'W-“



luejd uojesedald
BUIAl 918D 3|I1sBD

'€ uonoes ‘g seideyd

O
(o]
~
~
g TABLE 3.4-2
Y
PREPARATION PLANT
OPERATIONAL HYDROLOGY SUMMARY OF
DIVERSION DITCH GEOMETRIES
MINIMUM MINIMUM MINIMUM MAXIMUM MAXIMUM MAXIMUM MINIMUM
BOTTOM SIDE MINIMUM CHANNEL CHANNEL FLOW MINIMUM FLOW RIPRAP
DIVERSION WIDTH SLOPES DEPTH SLOPE SLOPE DEPTH FREEBOARD VELOCITY D50
DITCH ID IFT) {H:v) {FT) (%) {%) IFT) {FT} IFPS) (IN)
CcGD-1 2.0 1:1 0.8 2 10 0.22 0.38 3.29 1.0
CGD-2 1.0 1.5:1 0.5 7 10 0.12 0.38 2.78 NOMNE
?: CGD-3 10.0 8:1 1.0 6 10 0.71 0.29 7.88 10.0
’2 CGD-4 1.0 1:1 0.7 2 6.5 0.33 0.37 3.36 10
CGD-8 2.0 11 2.4 1 10 2.04 0.36 9.06 14.0
CGD-2 1.5 1:1 0.6 1 9.2 0.22 0.38 3.26 1.0
CGD-10 2.0 1.5:1 0.8 3 5 0.56 0.34 5.63 3.0
CGD-11 3.0 1:t 0.5 125 12.5 0.18 .32 4.48 2.0
1.5:1 1.6 1.3 2.6 1.29 0.31 4.15 NONE
1.65:1 1.6 1.4 3.0 1.2% 0.35 4.32 NONE
1.5:1 1.0 1.0 1.0 0.65 0.35 2.63 MONE
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TABLE 3.4-2 {Continued)

PREPARATION PLANT

OPERATIONAL HYDROLOGY SUMMARY OF
DIVERSION DITCH GEOMETRIES

MINIMUM MINIMUM MINIMUM MAXIMUM MAXIMUM MAXIMUM
BOTTOM SIDE MINIMUM CHANNEL CHANNEL FLOW MINIMUM FLOW MINIMUM
DIVERSION WIDTH™ SLOPES DEPTH SLOPE SLOPE DEPTH FREEBOARD VELOCITY RIPRAP
DITCH 1D FT) H:V) FT} %} %) FM {FT) IFPS) DSO™ (IN)
CGD-15 1.0 1.6:1 1.0 1.0 3.0 0.66 0.34 3.94 NONE
CGD-16 0 1.6:1 0.9 7.0 10 0.54 0.36 4.72 1.5
CGD-17 0 1.6:1 1.0 6.7 10 0.68 0.32 6.41 2.0
GENERIC DITCH 0 31 1.0 6 11 0.31 0.69 4.28 1.5

{a}

Note:

Minimum bottom width measured at minimum depth from top of channel.
Minimum riprap requirements for ditches constructed in soil. If ditches are constructed on bedrock, riprap is not required. If ditch is well vegetated,
riprap is not required for velocities < 4 ft/sec. Refer to Appendix 3.4D.

Ses Table 3.4-21 for information on divarsion ditches 5, 6, 7, 18 and 19.

Jue|d uonieiedald
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Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-3

PREPARATION PLANT

January 1995

OPERATIONAL HYDROLOGY SUMMARY OF DIVERSION BERM GEOMETRIES

MINIMUM TOP WIDTH
BERM (CGB-) (FT) MINIMUM HEIGHT (FT)
1 0.5 2.0
2 1.0 2.0
3 2.0 3.0
4 1.0 2.0
5 1.0 3.0
6 3.0 4.0
7 0.5 1.0
. .ml}
s u’“'» \
A Da R ;‘v‘\ﬂ: i
3 «\v:‘i-::duw !
\ < R
o WHI
\ AN A
3 e
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Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

TABLE 3.44

PREPARATION PLANT
OPERATIONAL HYDROLOGY CULVERT DISCHARGE SUMMARY

AVAILABLE INLET

MINIMUM HEADWATER CONTROL PEAK

CULVERT SIZE AND INLET OVER TOP CAPACITY DRAINAGE FLOW
{CGC-) TYPE TYPE {FT) {CFS)™ BASINS (CFS)

1 18" CMP PROJECT >1 5.7 u1 0.95

2 (2) 84" CMP MITERED >1 590 POND 011, U2, 56.5

U3A, U3B, U4

3 24" CMP DROP 2 12.5 u4 0.96

5 60" CMP DROP 8 128 Us, POND 013 33.68

6 12" CMP PROJECT >1 2.1 D7 0.60

7 18" CMP CONNECTS POND 012A TO POND 012B (SEE POND CALCULATIONS)
. 8 60" X 120" HEADWALL 7 280 ue6, Uz, Us 9.88
BOX
tal Capacity based on HW/D =1.0.
Note: See Table 3.4-24 for information on Culvert CGC-4.
Rt W»»
o g
) &
\ 3&\ e
x\\\\\ . )
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OPERATIONAL HYDROLOGY CULVERT SUMMARY

TABLE 3.4-5

PREPARATION PLANT

OUTLET PEAK PEAK REQUIRED
CULVERT SIZE AND SLOPE™ FLOW®™ VELOCITY™ pso™
{(CGC-) TYPE (%) {CFS) {FPS} (IN)
1 18" CMP 1 0.95 2.4 NONE
2 (2) 84" CMP 5 56.5 9.5 7
3 24" CMP 4 0.96 3.8 1
5 60" CMP 10 33.58 13.4 15
6 12" CMP 4 0.60 3.6 1
7 18" CMP CONNECTS POND 012A TO POND 012B (SEE POND CALCULATIONS)
8 60" X 120" 1 9.88 2.9 NONE
BOX

(a)
(b}

Note

Field measurement.

See Appendix 3.4F for details.

-~ See Table

A _
"f§4-25 for information on Culvert CGC-4.
&\

ue|d uoneledald
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$°¢ uonoes ‘s Jaideyn

G661 Aenuer



Chapter 3, Section 3.4 January 19956
Castle Gate Mine

. Preparation Plant

TABLE 3.4-6

PREPARATION PLANT
POND 011 (Existing) STAGE-CAPACITY DATA

ELEVATION INCREMENTAL CUMULATIVE
STAGE {FT) AREA (FT?) VOLUME (FT?) VOLUME (FT?)
Bottom 81.5 708 0
413
82.0 944 413
2,244
84.0 1,300 2,657
2,900
86.0 1,600 5,557
3,904
) 88.0 2,304 9,461
. ) 5,228
90.0 2,924 14,689
6,504
92.0 3,580 ‘ 21,193
7,652
94.0 3,972 28,745
9,216
96.0 5,244 37,961
5,602
Principle 97.0 5,960 43,563
Qverflow
Emergency 98.0 6,940
Spillway
Top of 99.0 7,968
Embankment
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Chapter 3, Section 3.4 January 1995

Q Castle Gate Mine
> Preparation Plant

TABLE 3.4-7A

PREPARATION PLANT
POND 012A (Existing) STAGE-CAPACITY DATA

INCREMENTAL CUMULATIVE
ELEVATION AREA VOLUME VOLUME
STAGE (FT) (FT?) (FT?) (FT?)
Bottom 92.0 5,997 0
15,244
94.0 9,247 15,244
22,351
96.0 13,104 37,595
18,610
. Primary 97.3 15,527 56,205
Spiliway
\ 11,325
198.0 16,831 67,530
5,132
Emergency 98.3 17,381 72,662
Spillway '
12,616
99.0 18,664 85,278
19,581
Top of 100 20,497 104,859
Embankment
. 007/004 3.4-57




Chapter 3, Section 3.4

. Castle Gate Mine
: Preparation Plant

TABLE 3.4-7B

PREPARATION PLANT
POND 012B (Existing) STAGE-CAPACITY DATA

January 1995

INCREMENTAL CUMULATIVE
ELEVATION AREA VOLUME VOLUME
STAGE (FT) (FT?) (FT%) (FT%)
Bottom 84.0 3.325 0
3,929.5
85.0 4,534 3,929.5
5,170
86.0 5,806 9,099.5
_ 6,473
. ‘ 87.0 7,140 16,572.5
‘ 7,828.5
88.0 8,517 23,401
18,893
90.0 10,376 42,294
10,829
Primary 91.0 11,282 53,123
Spillway
6,932
91.6 11,826 60,055
4,803
92.0 12,188 64,858
Top of 92.8 12,913
Embankment
. 007/004 3.4-58




Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

TABLE 3.4-8

PREPARATION PLANT
POND 013 (Existing) STAGE-CAPACITY DATA

ELEVATION INGREMENTAL CUMULATIVE
(FT) AREA (FT?) VOLUME (FT°) VOLUME (FT?)
6232 3275.0 0
8,859.8
6234 5584.8 8859.8
13,278.0
6236 7693.2 22.137.8
17,642.6
6238 9949.4 39,780.4
22,529.4
6240 12,580.5 62,309.8
. 27,960.9
6242 15,380.4 90.270.7
33,339.9
6244 17.959.5 123.610.6
38,217.8
6246 20,258.3 161,828.4
42,879 .4
6248 22.621.1 204,707.8
47,699.8
6250 25,078.7 252,407.6
' §2,768.3
6252 27.689.6 305.175.9
58,825.2 ,
6254 31,135.6 b e 801 T |
65.731.9 P §
6256 34,596.3 ‘1\ Y SEURY: "L LER ‘1
70,833.7 E
6258 36,237.4 {1 s00866.7, .
P R S
. 6259 37,068.0 1 537,214.4
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Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

TABLE 3.4-9

PREPARATION PLANT
RECLAMATION MASS BALANCE SUMMARY

Project: CASTLE GATE MINE
CARBON COUNTY, UTAH

Site description: PREPARATION PLANT

Subsite: PERMIT
Description: Volume calculation within disturbed area boundary

Volume Information
Method: Grid
First surface: EG Second surface: FG

Cut: 127745.2007 cu yds Fill: 115839.9721 cu yds
Neat Volume: 11905.2286 cu yds (Cut)

Maximum cut; 21.295846 feet

Location: 2178745.028204 - 511506.279713
Maximum fill: 23.553025 feet

Location: 2177960.461057 - 511515.189874

Tue Sep 01 14:26:55 1992
Volume calculation by GRID method with a node spacing of 25 feet.
SOURCE: Softdesk, Inc. (formerly DCA Software, Inc.}
Earthworks Grading module
Registration #ERHE 15426
Registered to EarthFax Engineering, Inc.

VOLUME OF TOPSOIL REQUIRED FOR REFUSE PILE

AREA: 30 ACRES
THICKNESS: 2.0 FEET

30 ACRES x 43,560 SF/ACRE x 2.0 FEET x 1 CY / 27 CF = 96,800 CY .~ %

.

JAT T uy)
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PREPARATION PLANT AREA

TABLE 3.4-10

RECLAMATION WATERSHED CHARACTERISTICS

jue|d uonesedsid
auly 91eH 9se)

TIME OF DISCHARGE
WATERSHED CURVE NUMBER AREA {Acres) CONCENTRATION {HR) (CFS)
CGRWS-UT 78 20.48 0.114 2.70%
CGRWS-U2 78 5.96 0.099 2.92 |
CGRWS-U3 78 50.68 0.186 5.62%
CGRWS-U4 78 9.18 0.072 1.35®
CGRWS-US 80 83.32 0.243 40,20
CGRWS-UG 75 174.58 0.346 36.55',7.56
CGRWS-U7 75 1054.58 0.694 179.78%
CGRWS-US 75 4.04 0.083 1.540
CGRWS-U3 75 29.38 0.102 1.92%
CORWS:U10~ = - 75 3.95 0.048 1.60
CGRWS-R1 80 7.05 0.060 4.24%

| caRwh-R_ X 80 21.89 0.100 12,59

*I céhw}s-néifi E: 80 11.58 0.301 5.18
'CGRWSR¢- 1| 80 1.56 0.031 0.35"

]
(b}

= = =
Baged on thé&100-Y@§r 6-Hour storm event.
Based on thé”1 0-Year 6-Hour storm event.

S SN |
i

—————

]
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Chapter 3, Section 3.4

Castle Gate Mine
Preparation Plant

TABLE 3.4-11

PREPARATION PLANT AREA
RECLAMATION CHANNEL DISCHARGE SUMMARY

January 1995

DIVERSION CONTRIBUTORY TOTAL DRAINAGE DESIGN DISCHARGE
DITCH WATERSHED AREA (Acres) (CFS)
CGRD-1 CGRWS-U1 20.48 2.70
CGRD-2 CGRWS-U3 50.68 5.62
CGRD-3B CGRWS-U4,Ub 92.5 41.55
CGRD-3C CGRWS-U4,U5,R4 94.06 41.90
CGRD-5 CGRWS-U8,U7 1229.16 222.90
CGRD-6 CGRWS-U6,U7 1229.16 222,90
CGRD-10 CGRWS-U9.R3 40.96 3.43

Note: See Table 3.4-20 for information on diversion ditches 3a, 4, 7, 8 and 9.
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TABLE 3.4-12

PREPARATION PLANT AREA
RECLAMATION CHANNEL SUMMARY

juejd uonesedaid
Ui e1en) afised

$'€ uonoeg ‘g Jeideyn

Minimum Minimum Maximum

Bottom Channel Bottom Minimum Maximum Flow Maximum Minimum

Reclamation Width Side Slopes Depth Slope Bottom Slope Depth Freeboard Velocity Riprap D,
Channel (FT)™ {H:w) {FT) (%) {%) {FT) {FT) {FT/S) {tN)
CGRD-1 3 3:1 1.2 27 11 0.2 1.0 5.52 3
CGRD-2 3 3:1 1.4 30 4 0.4 1.0 7.32 gl
CGRD-38(MS}™ 3 3:1 2.0 10 5 1.0 1.0 9.06 7
CGRD-3B{SS}™ 3 3:1 2.0 16 10 <1.0 >1.0 - 1214
CGRD-3C 3 3:1 2.0 24 14 0.8 1.2 - 18
CGRD-5{MS} 18 1.58:1 2.7 10 2 1.7 1.0 11.13 148
CGRD-5(SS) 18 1.5:1 2.7 14 10 < 1.7 > 1.0 - 189
CGRD-6 18 3:1 25 6 2 1.5 1.0 9.81 4t
CGRD-10" 3 1.2:1 1.2 10 1 0.2 1.0 3.08 3w
- TYPcAL | 8 2:1,5:1 1.00 3 1 0.3 0.7 2.5 none

- BERM/SWALE | -

lope. SS = stesp slope.

I Ribrap D I;quulated by using the Searcy method developed for the U.S. D.O.T..
g Riptap D fialculated by using the Simons et al./OSM steep slope design methodology.
) Taoapora clamation channel (Phase | only}.
@ Barm top Bidth = 1.0 feet

L ¥ T
. S
Mote: S%€ Table 3¢4-21 for information on reclamation diversions 3a, 4, 7, 8 and 9.

s

j ' I f ‘. ;
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Chapter 3, Section 3.4

Castle Gate Mine
Preparation Plant

TABLE 3.4-13

PREPARATION PLANT AREA
RECLAMATION CULVERT DISCHARGE SUMMARY

January 1995

i

CONTRIBUTORY | TOTAL DRAINAGE DESIGN DISCHARGE
CULVERT WATERSHED AREA (Acres) (CFS)
— = e ==
CGRC-1 CGRWS-U2,U3 56.64 8.64
CGRC-2 CGRWS- 94.06 41.90
U4,U5,R4
CGRC-3 CGRWS-U6,U7 1229.16 222.90
e d \La - i LY M.u_u_\_‘ﬂj )
EFFECTIVE
1 JAT T iYYY
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Chapter 3, Section 3.4

Castle Gate Mine
Preparation Plant

PREPARATION PLANT AREA

TABLE 3.4-14

RECLAMATION CULVERT SUMMARY

January 1995

PEAK ACTUAL
CULVERT SIZE & SLOPE PEAK FLOW VELOCITY D,o“"
(CGRC-) TYPE (%) (CFS) (FPS) (IN)
1t 60" X 120" Box 1 8.64 3.45 1
20 60" Concrete 10 41.90 20.86 39
3 2-84" CMP 5 222.90 17.38 30
) This is an existing culvert previously labeled CGC-8.
b This is an existing culvert previously labeled CGC-5.
tol This is an existing culvert previously labeled CGC-2.
o Actual riprap size exceeds minimum requirements under reclamation conditions.
e «"'.v;x\'.au
: FER g
I '
| "oa
,‘ \lA"I .1’ i I?V:)
k{ i
f o
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TABLE 3.4-15 S
t,
o]
PREPARATION PLANT AREA RECLAMATION CHANNELS 3
RIPRAP AND FILTER BLANKET VOLUMES =
2
RIPRAP FILTER
RIPRAP Dy, PERIMETER THICKNESS | RIPRAP VOLUME { THICKNESS FILTER
CHANNEL (IN) LENGTH {FT) (FT) {iN) (FTY HN) VOLUME (FT9)
CGRD-1 3 275 10.6 6 1,458 6 1,458
CGRD-2 5 200 11.9 10 1,983 6 1,190 zl
CGRD-3B{SS} 7 200 15.6 14 3,640 7 1,820
CGRD-3B{MS} 12 250 15.6 15 4,875 7 2,275
CGRD-3C 18 300 15.6 23 8,970 11 4,290
CGRD-5(MS) 14 250 27.7 28 8,079 14 4,040"
CGRD-5(SS} 18 1,050 27.7 23 27,873" 1 13,331%
CGRD-6 4 300 33.8 8 6,760 6 5,070 f
CGRD-10 Riprap in place "
TOTALS 64,638 33,474%

{4,525 tons)

{2,176 tons)

J

{al
b}
{c}
id}
{e}

Notes:

Assumes that 50% of the riprap currently lining the existing channel can be reused.
Assumes that new filter material will be required along only 50% of the existing channel.
Assumes a riprap in-place density of 140 pcf.
Assumes a filter in-place density of 130 pcf.

Total volume changed once diversion CGRD-4 was considered a School House Canyon diversion.

1. See Table 3.4-22 for School House Canyon riprap and filter blanket volumes.

2. Riprap at the base of culverts is neglected for the volume calculations.

BuUIl\ aled) BjIse)

'€ uonoes ‘g Jaideyd
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Chapter 3, Section 3.4 January 1995

Castle Gate Mine
Preparation Plant

TABLE 3.4-16

PREPARATION PLANT
POND 011 (RECLAMATION) STAGE-CAPACITY DATA

STAGE ELEVATION (FT) AVERAGE INCREMENTAL CUMULATIVE
[ AREA (FT%) VOLUME (FT% VOLUME (FT%
Bottom 81.0 684 (o]
894
82.0 1100 894
2,700
84.0 1,600 3,594
3,920
86.0 2,320 7.514
5,332
88.0 3,012 12,864
6,872
90.0 3,860 19,718
8,432
92.0 4,572 28,150
10,252
94,0 5,680 38,402
12,512
96.0 6,832 50,914
7,292
Principle 97.0 7,752 58,206
Overflow
8,284
“Totten PRV O NNGIE
8,408 j [ o " '
Top of 99.0 10,000 Fdgag Wi‘s‘J
Embankment
7 =
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Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

TABLE 3.4-17

PREPARATION PLANT
POND 012 (RECLAMATION) STAGE-CAPACITY DATA

INCREMENTAL CUMULATIVE
AREA VOoLUME VOLUME
STAGE ELEVATION (FT) (FT?) (FT9) (FT9)
Bottom 6090.0 3,696 0

11,069

6092.0 7,373 11,069
18,855

6094.0 11,482 29,924
| 26,711

6096.0 16,229 56,635
16,382

6097.0 17,534 73,017
9,055

Primary 6097.5 18,687 82,072

Spillway

9,632

6098.0 19,840 91,704
20,993

Top of 6089.0 22,145 112,697

Embankment : .
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Chapter 3, Section 3.4 January 1995
. Castle Gate Mine
Preparation Plant

TABLE 3.4-18
PREPARATION PLANT AREA ROAD DESCRIPTIONS

ROAD "TYPE SURFACE DESCRIPTION

P-1 Primary Asphalt Road P-1 is the main entrance road to Castle Gate
Preparation Plant. The road begins at the south permit
boundary line and runs north to the Preparation Plant.
The road has a minimum width of 20 feet and an
average grade of 4%. The road is used by mine
personnel, coal trucks and delivery vehicles. Figure
3.4-3 is a typical section of the road. The road will be
maintained by filling potholes with asphalt and
washing with a water truck as needed.

P-2 Primary Rock Road P-2 is the refuse haul road which begins near the
southeast corner of the office/warehouse building and
runs south to the refuse pile. The road has a minimum
width of 20 feet. The grade varies from 4% to 10%
depending on the location along the route. The
. primary purpose of the road is to haul refuse from the
Preparation Plant to the refuse pile. Maintenance will
be grading the road as necessary to maintain drainage.
Figure 3.4-4 is a typical section of the haul road.

P-3 Primary Rock Road P-3 is the haulage road used by coal trucks to
access the truck dump. This road begins about 300
feet north of the truck scale and runs north to the
truck dump area. The minimum width on this road is
15 feet with a grade that varies from 2% to 6%. The
road will be maintained by grading as necessary to
establish drainage and provide a driveable surface.
Figure 3.4-5 is a typical section of the haul road.

A-1 Ancillary Rock Road A-1 is an ancillary road which is used to access
the parking area for the bathhouse at the Preparation
Plant. The road is located just south of the thickener.
The road is a minimum of 15 feet wide and the grade
varies from 2% to 6%. The road will be maintained by
grading when necessary to provide drainage and a
driveable road surface. Figure 3.4-6 is a typical
section of the haul road.
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Chapter 3, Section 3.4

. Castle Gate Mine
Preparation Plant

January 1995

TABLE 3.4-18 (Continued)

PREPARATION PLANT AREA ROAD DESCRIPTIONS

ROAD

TYPE

SURFACE

DESCRIPTION

|

A-2

Ancillary

Rock

Road A-2 begins just west of the water treatment
plant and runs north parallel to the Price River along
the western disturbed area boundary line. The road
continues as a public road past the northern disturbed
area boundary line. The road is used for access to
the raw water pond, clean coal pile, and unit train
loadout. The road has a minimum width of 18 feet
and a gradient of 2% to 4%. The road will be
maintained by grading when necessary to establish
drainage and provide driveable road surface. Figure
3.4-7 is a typical section of the road.

A-3

Ancillary

Rock

Road A-3 begins near the southeast corner of the
office/warehouse building and continues east past
the substation to an area which is used for
Preparation Plant parts storage. The minimum width
of the road is 12 feet. The gradient varies from 2%
to 6%. The road will be maintained by grading when
necessary to establish drainage and provide a
driveable road surface. See Figure 3.4-8 for typical
Cross section,

Ancillary

Rock

Road A-4 joins road A-2 just east of the thickener.
The road is used to access the area which contains
the thickener overflow pond and the raw coal pile.
The minimum road width is 12 feet and the gradient
varies from 2% to 6%. The road will be maintained
by grading in order to establish drainage and provide
a driveable surface. See Figure 3.4-9 for a typical

section of the road. ]
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Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-19

PREPARATION PLANT
SLOPE PARAMETERS

January 1995

MOIST SATURATED ANGLE OF
UNIT UNIT COHESION | INTERNAL PORE PORE
WEIGHT WEIGHT (PSF) FRICTION PRESSURE PRESSURE
SECTION SOIL TYPE {PCF)» (PCF)= bhie) (°)ertel PARAMETER | CONSTANT
Pond 011 Silty Sand 115 135 100 34 0 0
C-C’ {SM)
Pond 011 Silty Sand 115 135 25 200" 34 0 0
D-D (SM)
Pond Silty Sand 115 135 259 200" 34 0 0
012A (SM) '
G-G
Pond Silty Sand 116 135 100 34 0 0
012B {SM)
F-F
Pond Silty Sand 115 135 284,200° 34 0 0
0128 (SM)
H-H

(a)
{b)
{c)
()
fal

See Appendix 3.4K for unit weight calculations based on NAVFAC DM-7, 1971, and Hoek, 1981.

Hoek, 1981. Table 1 - Typical Soil and Rock Properties. pg 23,

NAVFAC DM-7. 1971. Table 9-1. Typical Properties of Compacted Materials.
Saturated soil layer.

Moist, unsaturated soil layer.

007/004 3.4-71
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Chapter 3, Section 3.4

Castle Gate Mine
Preparation Plant

TABLE 3.4-20

January 1995

SCHOOL HOUSE CANYON REFUSE AREA

DIVERSION DISCHARGE SUMMARY

TOTAL
REFERENCE CONTRIBUTORY DRAINAGE DESIGN
LETTER MINING PHASE WATERSHED AREA (AC) DISCHARGE™
Current Current
Current Operation | Exhibit 3.4-2 Operation Operation
A CGD-5 CGWS-U3B 172.9 33.9
B CGD-6 (Upper) CGWS-D2A, D2B, D2E 55.4 30.4°
C CGD-6 (Lower) CGWS-D2A, D2B, D2E 55.4 30.4
D CGD-7 (Upper) CGWS-D2C, D2E 21.0 18.6
E CGD-7 (Lower) CGWS-D2C, D2D, D2E 25.7 22.6
F NA NA NA NA
G CGD-19 CGWS-D2A, D2B, D2E 55.4 30.4
H NA NA NA NA
_ Final Operation Exhibit 3.4-2C Final Operation Final Operation
. A CGD-5 CGWS-U3B 172.9 33.9
B CGD-6 (Upper) CGWS-D2B,D2C 24.1 . 16.7
C CGD-6 (Lower) CGWS-D2B, D2C, D2D, D2E 41.7 34.2¢
D CGD-7 (Upper) CGWS-D2A, D2C 35.9 22.8"
E CGD-7 (Lower) CGWS-D2A, D2C, D2E, D2F 58.3 44.9%
F CGD-18 CGWS-D2B 14.7 6.9
G CGD-19 CGWS-D2B, D2C, D2D, D2E 41.7 34,2
H NA NA NA NA
Final Final
Final Reclamation | Exhibit 3.4-3 Reclamation Reclamation
A CGRD-4 CGRWS-U6 174.6 36.6¢
B CGRD-8 CGRWS-UBA 28.6 15.9
C CGRD-9 (Upper) CGRWS-UBA, USC 40.9 23.0
D CGRD-7 CGRWS-USB 26.6 15.5
E CGRD-3A CGRWS-U5B, UbD 42.4 25.0
F NA NA NA NA
G NA NA NA NA
H CGRD-9 (Lower) | CGRWS-U5A, U5C 40.9 23.0¢
tel Drainage diversion/channels with the same reference letter are identically located.
(bl All design flows are based on the 100-year 6-hour storm event.
tel Refers to maximum design peak flow throughout all mine phases. (Ditch designed for this

discharge value).
NA = Not applicable
Note: See Table 3.4-2 for generic ditch values.
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TABLE 3.4-21

SCHOOL HOUSE CANYON REFUSE AREA
DIVERSION SUMMARY BASED ON MAXIMUM PEAK FLOW DESIGN

Min. Max. Max.

Bottom Side Channel | Channal Flow Max. Min.
Width Slopes Depth Slope Slope Depth | Freeboard Flow D50

Refuse Area Channel {FT) (H:V) (FT) (%) (%) {FT) IFT) Velocity™ (IN}

(FPS)

CGD-5/CGRD-4 5.0 11 2.21 2 20 1.21 1.00 10.62 o
CGD-6 {Upperi/CGRD-8 3.0 3:1 2.17 1 1 1.17 1.00 4.02 1%
CGD-6 {Lower)/CGRD-2 (Upper} 3.0 3:1 1.85 8 40 0.85 1.00 - 18
CGD-7 {Uppert/CGRD-7 3.0 3:1 2.01 1 1 1.01 1.00 3.72 1
CGD-7 (Lower)/CGRD-3A 5.0 3:1 1.71 13 40 0.71 1.00 - 21
CGRD-9 {Lower) 3.0 KH| 1.65 20 50 0.55 1.00 - 18

CGD-18 3.0 3:1 1.26 17 17 0.26 1.00 7.17 5

CGD-19 4.0 1.75:1 1.75 10 10 0.73 1.02 8.83 7

(b}
il

No riprap required. Diversion is excavated into bedrock.

No riprap requ

R ———
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]

EALLAATT

Rl Bl TN
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ired during operation phase. See Appendix 3.4J.

--Maximum flow velocity calculated only for Searcy/U.S. D.0.T. design procedure.
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Chapter 3, Section 3.4 January 1995

. Castle Gate Mine
Preparation Plant

TABLE 3.4-22

SCHOOL HOUSE CANYON REFUSE AREA
CHANNEL RIPRAP AND FILTER BLANKET VOLUMES

RIPRAP RIPRAP RIPRAP FILTER FILTER
Dg, LENGTH | THICKNESS | VOLUME | THICKNESS | VOLUME
CHANNEL {IN) (FT) {(IN) (FT) (IN) (FT?)
CGD-5/CGRD-4 None Diversion is excavated into bedrock
CGD-6 (Upper)/ 1 1000 6 8350 6 8350
CGRD-8

CGD-6 (Lower)/ 18 1000 23 28224 11 13524

CGD-8 (Upper)

CGD-7 (Upper)/ 1 1150 6 9028 6 9028

CGRD-7
CGD-7 (Lower)/ 21 1300 26 44572 13 22594
CGRD-3A
. CGRD-9 (Lower) 18 450 23 110569 11 5300
CGD-18 5 Riprap in-place."
CGD-19 10 Riprap in-place."

TOTALS 101,233 58,796
{7,087 (3,822
tons)™ tons)*

fal CGD-18 and CGD-19 are operational diversions and will be removed at the beginning of the
reclamation phase.

(o} Assumes a bulk density of 140 pcf.

tel Assumes a bulk density of 130 pcf.
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Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

January 1995

TABLE 3.4-23

SCHOOL HOUSE CANYON REFUSE AREA
CULVERT DISCHARGE SUMMARY

TOTAL
REFERENCE CONTRIBUTORY | DRAINAGE DESIGN
LETTER ™ MINING PHASE WATERS_I'!ED AREA (Acres) | DISCHARGE™"
Current Current Current
Operation Exhibit 3.4-2 Operation Operation
A CGC-4 CGWS - D2A, 55.4 30.40
D2B, D2E
Final Final
Final Operation | Exhibit 3.4-2C Operations Operations
A CGC-4 CGWS - D2B, 41.7 34.20%9
D2C, D2D, D2E
e Culverts with the same reference letter are identically located.
e} All design flows are based on the 100-year 6-hour storm event.
(el Refers to maximum design peak flow throughout all mine phases. Culvert designed

for this discharge value.
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Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

TABLE 3.4-24

SCHOOL HOUSE CANYON REFUSE AREA
SUMMARY OF CULVERT CAPACITY

REQUIRED
HEADWATER PEAK
CULVERT SIZE AND INLET OVER TOP™ DRAINAGE BASINS | FLOW
TYPE TYPE (FT) (EXHIBIT 3.4-2C) (CFS)
CGC-4 24" CMP Improved 1.2 CGWS-D2B, D2C, 34.20
with 18" D2D, D2E
HDPE
Extension ___J
o) Measured from the top of the rectangular inlet opening
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Castle Gate Mine
Preparation Plant

TABLE 3.4-25

SCHOOL HOUSE CANYON REFUSE AREA
CULVERT SUMMARY

PEAK PEAK REQUIRED
SIZE AND OUTLET FLOW™ | VELOCITY™ D,
CULVERT TYPE SLOPE (%) (CFS) (FPS) (IN)
CGC-4 24" CMP 60 34.20 53.4 24"
with 18"
HDPE
Extension'®
tel See Appendix 3.4J for details.
(bl Several boulders ranging in size from 2 feet to 4 feet in diameter.
’ EFRKCTIVE
f JAN 15 W9
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FIGURE 3.4-1 TYPICAL SILT FENCE

SOURCE: BARFIELD ET AL, 198
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CASTLE GATE MINE
PREPARATION PLANT
RECLAMATION—PHASE |

55°

45 45°

ADJUST SILT FENCE SPACING
AND ORIENTATION SO THAT
FENCE SEGMENTS ARE INSTALLED
PARALLEL TO CONTOURS WITH A
10" PROJECTED OVERLAP

NOT TO SCALE

FIGURE 3.4—2 TYPICAL SILT FENCE LAYQUT

3.4-79




Z661 AeN L $00/L00

08-v'E

—

FIGURE 3.4-3

PRIMARY ROAD P-|
TYPICAL SECTION

SURFACE TREATMENT - ASPHALT

. CERTIFY THAT THESE DRAWINGS WERE PREPARED
UNDER MY SUPERVISION AND ARE TRUE- AND CORRECT
TO THEZBEST:OF MY -KNOWLEDGE —

RICHARDL . :ALLISONSIR

SEE EXHIBIT 3.4-2 FOR DITCH MINIMUM SLOPE I/t

AND BERM TREATMENT ‘/ SEE EXHIBIT 3.4-2 FOR DITCH
—| Reensier

FOR DITCH GEOMETRIES

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

N\ |
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FIGURE 3.4-4

PRIMARY ROAD P-2
TYPICAL SECTION

SURFACE TREATMENT - ROCK

cmarw THESE DRAMINGS m; PREPARED
mmmmoummmmamm
_ YO THE_BEST OF MY KNOWLEDGE .
RICHARD H. ALLISON, JR.

£ EXHBIT 34-2 FORDITCH MINMUM SLOPE I fio

aE 4 SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT P —n | AND BEMM TREATMENT
LOCATIONS AND TABLE 3.4-2 LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES -— MINIMUM WIDTH 20° — |  FOR DITCH GEOMETRIES

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD
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FIGURE 3.4-5

PRIMARY ROAD P-3
TYPICAL SECTION

SURFACE TREATMENT - ROCK

SEE EXHIBIT 3.4-2. FOR DITCH . MINIMUM SLOPE I"/10°
AND BERM TREATMENT - ; -
LOCATIONS AND TABLE 3.4-2

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES
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FIGURE 3.4-6

ANCILLARY ROAD A-|
TYPICAL SECTION

SURFACE TREATMENT - ROCK

SEE EXHIBIT 3.4-2 FOR DITCH MINIMUM SLOPE I 10

AND BERM TREATMENT - T
LOCATIONS AND TABLE 3.4-2

FOR DITCH GEOMETRIES o— MINIMUM WIDTH 15" —_—

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GECMETRIES
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FIGURE 3.4-7

ANCILLARY ROAD A-2
TYPICAL SECTION

SURFACE TREATMENT - ROCK

2" V] I_JE \Ph"l\ d

UNDER MY SUPERVISIOH AND ARE TRUE AND. CGRRECT

- T0-THE BEST OF MY KNOWAEDGE |,

SEE EXHIBIT 3.4-2. FOR DITCH MINIMUM SLOPE I /10

AND BERM TREATMENT a“ =
LOCATIONS AND TABLE 3.4-2

FOR DITCH GEOMETRIES -+ MINIMUM WIDTH 18’ —_—

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

RISHARD H, AIIISDN.!R

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES

72
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FIGURE 3.4-8

ANCILLARY ROAD A-3
TYPICAL SECTION

SURFACE TREATMENT - ROCK

s CERTIFY THAT THESE DRAWINGS WERE. PREPARED
UNDER MY SUPERVISION AND ARE TRUE AND CORRECT
T0 THE BEST OF MY KNOWLEDGE

) RICHARE:4. ALLISOM, ‘iR

MINIMUM SLOPE 1" /IO
SEE EXHIBIT 3.4-2 FOR DITCH

AND BERM TREATMENT - = iﬁ% %égﬁn:rr?éi"rzmst DITCH
LOCATIONS AND TABLE 3.4-2 LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES -+ MINIMUM WIDTH |2’ —_— '

FOR DITCH GEOMETRIES

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

F

Aty
EarthFax




661 Ae L $00/£00

98-¥'¢

FIGURE 3.4-9

ANCILLARY ROAD A-4
TYPICAL SECTION

SURFACE TREATMENT - ROCK

SEE EXHIBIT 3.4-2. FOR DITCH MINIMUM SLOPE I"/10°
AND BERM TREATMENT P T
LOCATIONS AND TABLE 3.4-2

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES
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REFUSE PILE PROFILE
FINAL RECLAMATION PHASE
CASTLE GATE COAL MINE
CARBON COUNTY, UTAH
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6150 T g T - T |‘ : T : T T T T T T T . L
O 100 200 300 400 500 600 700 800 200 1000 1100 1200 1300 1400
NOTE: SEE EXHIBIT 3.4-3 FOR
HORIJZONTAL DISTANCE ( FEET ) PROFILE LOCATION.
]
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APRIL 1993
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REFUSE PILE CROSS-SECTION

B FINAL RECLAMATION PHASE B'
CASTLE GATE COAL MINE
CARBON COUNTY, UTAH
6550 4 B-8' 1+ 6550
6500 4 - 6500
UNDISTURBED
o GROUND -
Ll Lt
r Lt
Z =
2 6450 te450 8
< <
> S
L G
o CGRD-3A—, o
6400 + 1 6400
REFUSE
6350 } — ; : y } 6350
0 100 200 300 400 500 600 700
NOTE: . SEE EXHIBIT 3.4-3 HORIZONTAL DISTANCE (FEET)
FOR CROSS-SECTION
LOCATION e
]
& "
APRIL 1993 Ar
FIGURE 3.4- I EarthFax
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APPENDIX 3.4A
GOLDER ASSOCIATES REPORT, "DESIGN OF A COAL REFUSE DISPOSAL

SYSTEM, PHASE II; DETAILED DESIGN, SCHOOL HOUSE CANYON
REFUSE DISPOSAL FACILITY", JANUARY 1978
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Golder Associates

CONSULTING MINING AND GEOTECH-\‘!CAL ENGINEERS

January 18, 1978

E/78/47
American Electric Power
Service Corporation
P.O. Box 629
Helper, Utah 84526
ATTN: MR. LEE MC CLOSKEY

SUBJECT: DESIGN OF COAL REFUSE DISPOSAL SYSTEN
PHASE 1I: DETAILED DESIGN
SCHOOLHOUSE CANYOXN REFUSE DUNP FACILITY

Gentlemen:

Please find enclosed Golder Associates final Phase II
design report for the proposed Schoolhouse Canyon Refuse
Dump Facility. As previously agreed, we are forwarding an
original version plus.a completed bound copy of the report
herein. A further copy has been forwarded, as requested, to
Lancaster, Ohnio. '

We trust that this report (along with the Specifications
previously forwarded) is sufficiently compréhensive to adequately
describe the proposed scheme, and to permit extraction of the
required information for submission to Governmental Agencies,
as appropriate. We would appreciate receiving copies of any
such submissions for our files. For your reference, the agencies
which are considered to have some regulatory involvement are
summarized in the attached table. Specific approval To com-
mence construction however is not believed necessary so long
as the MESA District Manager has already been advisgsed of the
AEPSC intent to use Schoolhouse Canyon as a disposal facility.

Please feel) free to contaét either myself or Allen Gass

should you have any questions or require any furtker informa--
tion or assistance. .

In conclusion, I should like to adé that we have ap-
preciated the opportunity afiorcded us, in being invoived in .

GOLDER ASSOCIATES, INC_, 10678 NE J8th Place, Kirkland {Seattie), Washington 98033, U.S.A. = Phone 1255 270777, Tetex 321014

ATLAVTA - CEMVER « VANCIUVER . CALSARY . TRASNTO - OTTana . LOSDIEN AL D - WELET L awl . Ev g
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American Electric Power
Service Corporation
January 18, 1978

Page Two

the planning of your coal refuse dispos:l scheme. Ve wish
you every success in commissioning the new mine, plant and
disposal facilities as expeditiously as possmble.

GAM:mm
77212

-‘Attachment:

Sincerely yours,

GOLDER AS OCIATES INC.

Graham A. Mathieson
Project Engxnee:

Table of Governmental Regulating Authorities




TABLE OF CONTENTS

1.0 Introduction
~ 2.0 Summary
3.0 Legal Considerations
3.1 MESA/EPA/Other Regulations
3.2 Comments on the New OSM Requlations
3.3 Applicable OSM Regqulations (Dec. 13, 1977)
3.4 Land
4.0 Refuse Disposal Considerations
4.1 General
4.2 Refuse Dump Design
4.2.1 Dump Face Ramp'System
4.2.2 Dump Capacity
4.3 Dump Developmenf Strateqgy
4.3.1 Yearly Dumping ?lans_
4.3.2 Operational Factors
4.4 Refuse Disposal Equipment
4.4.1 Comparison of Hauling Units
4.4.2 Truck Requirements
4.4.3 Support Equipment
4.4.3.1 Crawler Trailer
4.4.3.2 Motor Patrol
4.4.3.3 Other Support Equipment
4.5 Manpower and Operating Cost Budget

ced.chapter3/4



5.0 Hydrologic Considerations
5.1 Watershed Areas
5.2 Precipitation Data
5.3 Diversion Channel
5.3.1 Design flow Rate
5.3.2 Channel Dimensions h
5.3.3 Outlet:
5.4 Settling Pond
5.4.1 Design Volume
5.4.2 Spillway
5.4.3 Pond Maintenance and Dewatering
5.4.4 Alternate Sediment Control Schemes
6.0 Geotechnical Considerations
6.1 General |
6.2 Investigations
6.2.1 Diversion to Barn Canyon’
6.2.2 Refuse Dﬁmp Foundations
6.2.3 Haul Road
6.2.4 Settling Pond Foundations
6.2.5 Settling Pond Embankment Materials
6.3 Refuse Dump
6.3.1 General
6.3.2 Engineering Properties of the Refuse
6.3.3 Experience at Other Mines

6.3.4 Refuse Pile Design - General

ccd.chapter3/4



6.3.5 Removal of Unsuitable Foundation Material
6.3.6 Dump Stability
6.3.7 Control of Drainage
6.3.8 Construction Considerations
6.3.9 Slope Monitoring
6.3.10 Final Comment

6.4 Settling Pond Embankment
6.4.1 Locations and Configuration
6.4.2 Control of Seepage
6.4.3 Spillway
6.4.4 Embankment Fill Materials
6.4.5 Embankment Stability

6.5 Haul Road and Diversion Ditch

ced. chapte r3/4_



SECTION 4

4-2(a)
4~2(b)
4-2(c)
4-2(d)
4-3(a)
4-3(b)
4-3(c)
4-3(d)

SECTION 5

5-1(a)
5-1(b)
5-3

5-4(a)

5-4(b)

SECTION 6

6-1(a)
6-1(b)
6-1(c)
6-3(a)
6-3(b)
6~3(c)
6-3(d)

LIST OF FIGURES

Typical Dump Face Ramp Switch Back Design
Typical Haul Ramp Cross-Section

Schoolhouse Canyon Refuse Dump - Volume Overlay
Schoolhouse Canyon Refuse Dump - Tonnage Curve
Dump Development Plan - End of Year 1 (1978)
Dump Development Plan - End of Year 3 (1980)
Dump Development Plan - End of Year 5 (1982)
Dump Development Plan - End of Year 7 (1984)

Areal Hydrologlc Plan

Increase in Refuse Pile Area with Time

Typical Channel Cross-Sections

SCS Curve Number Method for Estimating Direct

Runoff from Rainfall

Required Pond Volumes (Runoff & Sediment) for 24-hr. Storms
of Various Return Periods :

General Site Layout Plan

Settling Pond Design I

Settling Pond Design II

Laboratory Compaction Test Results

Longitudinal Section Through Proposed Refuse Dump
Effective Strength Parameters for Dump Stability Analysis
Proposed Dump Slope Monitoring Scheme

ced.chapter3/4



LIST OF TABLES

SECTION 4

4-2 Overall Refuse Production Schedule

4-4(a) Comparison of Hauling Units

4-4(b) Daily and Hourly Refuse Production Schedule

4-4(c) Yearly Truck Productivity Susmary

4-4(d) Estimated Average Truck Requirements

4-5(a) Estimated Hourly Owning and Operating Cost -~
35~Ton Trucks

4-5(b) Estimated Hourly Owning and Operating Cost -
200 HP Dozer - : :

4-5(c) Estimated Hourly Owning and Operating Cost -
135 HP Grader

4-5(d) Annual Truck Operating Cost Estimate

4-5(e)  Annual Dozer Operating Cost Estimate

4-5(f) Annual Grader Operating Cost Estimate

4-5(q) Manpower Summary and Overall Operating Cost Budget

 SECTION 5
5-2(a) Estimated return Periods for short Duration Precipitation -
' Price, Utah ' '

5-2(b) Precipitation for Castle Gate Area
5-~4 Settling Pond Capacity

ced.chapter3/4



LIST OF APPENDICES

Appendix A: HAULING PRODUCTIVITY ANALYSIS

TABLES
A-0 35-Ton Truck Gradeability Chart
A-1 Truck Productivity - 1978 Breaker Refuse
A-2 Truck Productivity - 1979 Breaker Refuse
A-3 Truck Productivity - 1980 Breaker Refuse
A-4 Truck Productivity - 1981 Breaker Refuse
A-5 Truck Productivity - 1982 Breaker Refuse
A-6 Truck Productivity - 1978 Plant Refuse
A-7 Truck Productivity -~ 1979 Plant Refuse/0 A-8
Truck Productivity -~ 1980 Plant Refuse
A-9 Truck Productivity - 1981 Plant Refuse
A-10 Truck Productivity - 1982 Plant Refuse -

APPENDIX B: LABORATORY TEST RESULTS

FIGURES

B-1 General Coal Borrow Pit Gradation and Compaction
B-2 Mixed Test Pit Gradation and Compaction

B-3 Road Base fill Gradation And Compaction

B-4 Triaxial Test — General Coal Borrow Pit

B-5 . Triaxial Test - Mixed Test Pit

APPENDIX C: LOGS OF TEST PITS

APPENDIX D: RECORDS OF BOREHOLES

- ¢ed. chapter3/4
- 10 -



1.0 INTRODUCTION

1.1

1.2

1.3

1.4

On completion of the Phase I Siting Feasibility Study, Golder
Associates (GAl) was requested by American Electric Power
Service Corporation (AEPSC) to proceed with Phase II: the
detailed design of a coal refuse disposal facility to be
located in Schoolhouse Canyon, Castle Gate, Utah. During
this phase several visits were made to the site by GAI
engineers involved in the project: Messrs. Gass, Mathieson,
Bowen, Cross and Coddington. A presentation of preliminary
plans was also made by Mr. Mathieson at the ofices of the
State of Utah, Department of Natural Resources, Division of

0il, Gas and Mining (DOGM) in Salt Lake City.

During the course éf Phase II work Technical Specifications
were prepared and forwarded t§ AEPSC on the recommended
refuse disposal equipment and on the proposed Refuse Haul
Road System, Diversion Ditch and Settling Pond. Additional
recommendations were made on improvements considered

necessary on the existing Barn Canyon Drainage Channel.

This report has been prepared in fulfillment of Golder

Associates’ Phase II work commitment. The purpose here is to

present plans of the proposed refuse pile devélopment, and to

provide additional design support for the drawings and

specifications which have been previously forwarded.

The report is structured to firstly discuss in Section 3 the

ccd.chapter3/4
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impact of the recently published (December 1977) Surface .
Mining Control and Reclamation (OSM) regulations.

Considerations relating to refuse disposal operations,

including dump design, equipment and costs, are then ~
presented in Section 4. Section 5 develops the necessary

hydrologic analysis in support of the Diversion Ditch and

Settling Pond Designs. Finally, a discussion is given in

Section 6 on the geotechnical considerations which have been
incorporated into the design, énd which will influence refuse

disposal operations.

ccd. chapter3/4
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2.0 SUMMARY

2.1

2.2

Design of the Schoolhouse Canyon refuse dump and its
associated structures has been based on accepted engineering
practices and complies with applicable State and Federal-
Regulations cited. Some uncertainty presently exists,
however, about the legality of refuse disposal within a
canyon site in the light of recent (December, 1977) Surface
Mining Control and Reclamation Regulations. Despite this
uncertainty, the design was completed at the direction of
AEPSC to form a comprehensive design package on which to seek
government approval. The Division of 0il, Gas and Mining and

other State of Utah regulating authorities have given

conditional approval of the design concept, pending review of

the final plans and specifications.

The equipment selection and dump design along with the
construction and monitoring recommendations presented in this
report are predicated to a great extent on an assumption that
the combined plant refuse will be free-draining, and will

generally permit normal placement and compaction operations

-leading to a stable refuse pile. This assumption was based

~on a study of samples fabricated from the existing

' preparation plant refuse and the expectation that the refuse

will continue to be generally free of clayey materials. It
is recommended that further laboratory testing and

geotechnical analysis be undertaken on a representative
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refuse sample once the new preparation plant is operating. .
The results of this work, together with the operating

experience accumulated to date, will be used as the basis for

any required modification of placement procedures or dump

slope configurations.

2.3 Detailed design should be initiated on the thickener
underflow (plant filter cake under current plant design),
underground injection scheme which was conceptually
introduced in the GAI Phase I report. Successful
implementation of such a scheme would reduce refuse moisture
control problems in the dump, improve stability and lower

overall disposal costs.

2.4 The dump and settling pond construction should be inspected .
by a qualifiéd AEPSC geotechnical engineer or outside
consultant. Full-time supervision is recommended during the
Settling Pond Embankment Constructi.on phase. After the
operation commences, the refuse pile should also be inspected
periodically to review all monitoring daté and to recommend
changes, if necessary, to placement procedures. Between
inspections, any unusual conditions which ‘develop should be
commmnicated to the inspecting engineer by the refuse system

operators.

2.5 The refuse pile as designed has an estimated capacity of 3

1/2 million tons, which corresponds to about 7 1/2 years'’
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life at currently projected production rates. Depending on
dump stability considerations, and on the comparative
economic merit of switching disposal operations to alternate
sites (Barn or Royal Canyons), this life could be extended by
raising the elevation of the diversion ditch or by continued

dumping adjacent to it.

2.6 Estimated Capital Costs for the Refuse Disposal Facility are

summarized below:

Haul Road Construction ‘ $ 93,000
Diversion Ditch Construction _ $ 28,500
Settling Pond Construction $140,000
Barn Canyon Channel Improvements - allow $ 10,000
$271,500
Add 20% Contingency 54,500
Sub-Total Construction : $326,000
Other Costs
Disposal Equipment (Incl. sales tax) - $552,000
Golder Associates Fees $ 97,000
Total Estimate - Pre-operating
Expense for Refuse Disposal $975,000

2.7 Estimated unit operating costs range between $0.51 and $0.61
per ton of refuse disposed between the years 1978 and 1982
respectively. If the total pte-operating expense was to be
amortized over the 3.5 million ton dump capacity, the total
unit cost including depreciation is expected to range between
$0.79 and $0.90 per ton of refuse. This estimate ignores the
effect of taxes on capital invested, an additional truck
purchase in 1979, and the remaining equipmenﬁ life available

at the end of 7 1/2 years.
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3.0 LEGAL CONSIDERATIONS

3.1 MESA/EPA/Other Regqulations
During Phase I all applicable State and Federal regulations which

might affect the design and construction of the refuse pile were studied
and sumsarized in the Phase I report. The requlations reviewed at that
time included those published by EPA, MESA, the State of Utah Department
of Natural Resources and the Utah State Division of Héalth. This review
was supplemented by telephone discussions with MESA and EPA
representatives. The design of the Schoolhouse Canyon Refuse Disposal
Facility (including the -associated Diversion Channel and Settling Pond)
was undertaken in conformance to these regulations.

3.2 Comments on the New OSM Requlations

The Surface Mining Control and Reclamation Act of 1977,

Pub. L.95-87, led to the creation of a new Office of Surface Mining
Control and Reclamation (OSM) within the Department of Interior, with
the responsibility of publishing proposed rules in relation to the
provisions of the act. These were promulgated on September 7, 1977, in
the Féderal Register. The proposed rules covered both surface mines and
the surface impacts of underground mines.

In general the rules reflected and strengthened all of the
existing EPA standards with respect to "protection of the hydrologic
system", and also contained many additional requirements, including
those for reclamation. The most important of these was in section
715.15 wherein it was stated that: “"waste material must not be disposed

of in valley or head-of-hollow fills". Clarification on this was sought
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by telephone on September 21, 1977, from one of the authors of the
requlations, Mr. George Davis. He said that a scheme of the type
planned for AEPSC would be unacceptable under the regulations unless the
disposal area:

a. could be classified as other than a "valley"

or "head-of-hollow" fill;

b. was of a minor nature; or

c. did not involve preparation plant refuse.
The Schoolhouse Canyon Refuse Disposal Scheme meets none of these
conditions. The new rules were also discussed by telephone with EPA in
Denver, and with the Division of 0il, Gas and Mining, Department of
Natural Resouices, State of Utah (DOGH).

ARPSC wi's advised of Golder Associates’ concern as to the possible
prohibition of the Schoolhouse Canyon Dump Facility. GAI was directed
by AEPSC to complete the design as soon as possible so as tévprovi'de a
basis for govemment‘approval_. It was also agreed that preliminary
comments should be sought from the [OGM wﬂo had issued the Braztah
mining permiﬁ, and who would probably be responsible to administer the
- final SMCR requlations. _

Accordingly,. GAI proceeded with the design and on November 21,
1977, GAT and AEPSC presented preliminary plans to representatives of
the State of uUtah Divisions of 0il, Gas and Mining; Health; Solid waste
Management and Water Rights. In view of the favorable reaction
expressed by those in attendance at the meeting, the design contiﬁued,
assuming that the canyon disposal approach would be approved. It was
considered desirable that the final design should incorporate, where
possible, the proposed 0SM final rules, as if they would become
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mandatory. Subsequent written communications received from the above .
listed Government Divisions have been forwarded with comments to AEPSC,
as attachments to the Technical Specifications.

On December 13, 1977, final OSM rules were published in a revised
format which segregated Surface from Underground Mining. Valley and
head-of-hollow waste fills remain prohibited in the rules relating to
surface mining, to which cross-reference is made in the rules dealing
with underground mines. ‘

A lengthy preamble, to the new final rules in the Federal
Register, dealt with comments received from the public on the proposed
rules. It is understood from this discussion that "wastes" were
generally deleted from the final regulations because it was recognized

that the disposal of waste materials (such as preparation plant refuse)

is controlled separately under the MESA regulatory program. The initial
SMCR regulatory program a.s it now stands regulates only such refuse
wastes, where they are used: in backfilling or grading of mined areas;
in impoundments; or in dam construction. The preamble states that
"Complete control over placement of . . . coal processing wastes
(etc). . . will not be addressed until the permanent requlatory program
with the exception that they are not allowed in valley or head-of-hollow
fills. . . This prohibition is necessary to keep such materials out of
dx_'ainage channels. . . "

In a telephone conversation with Mr. Paul Reeves of OSM on January
9, 1978, GAI learned that in the initial regulatory program the

prohibition of wastes in valley or head-of-hollow fills was intended
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only to preclude the mixing of such wastes with spoil and overburden,
from surface mines, and to requlate dams constructed of, or impounding,
waste materials, He said that the disposal of waste materials will
continue to be controlled under current State or Federal (eg, MESA)
programs until the promulgation of a final OSM requlatory progranm.
Finally, with respect to a canyon refuse disposal scheme, he said that
disposal operations could commence if a State permit had been issued.
The operation would, however, be subject to 0SM inspection for
compliance with the initial regulatory program. The company, if found
to be in "non-imminent hazard" violation of these standards, would be
‘given "a reasonable time of abatement" up to a maximm of 90 days.
bespite the above comments, strict adherence to the published OsM
rules leaves some uncertainty as to the legality of the Schoolhouse
Scheme. It is probable, however, that, as long as one can demonstrate
adequate protection of the hydrologic system, then OSM should not be
concerned, 1eaviﬁg the approval of the dump design to MESA. Since |
existing MESA design requirements have been met, hopefully there should

not be any problems.

3.3 Applicable OSM Requlations (Dec. 13, 1977)

This section aims at briefly summarizing only those new OSM rules
which have been interpreted as affecting the design, construction and
operation of the refuse pile and its associated structures. The designs
previously forwarded and presented herein are believed to be in general
conformance with these OSM standards, to which all mining operations

must comply by May 3,1978.
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The following points, in the order in which they appear in the .

regulations, are considered to be the most important:

a. During reclamation operations, waste (i.e. refuse) materials
mist be covered by a minimm ;f four feet of "non-toxic"
material,

b. Valley or head-of-hollow fills must be placed on adequately
prepared sites, must utilize underdrains, must have slopes not
exceeding 2:1, and must be constructed in lifts of four feet
thickness or less. (Since "waste" materials are supposedly
prohibited in such fills, the applicability of these rules is
uncertain.)

c. Ef.’fluent discharge limitations Qill be‘ determined on a
case-by-case basis but, for ptecipit_:adm events up to the ' .
10-year, 24-hour storm, the effluent .must not exceed 45 mg/1
Total Suspended Solids, 7 mg/1 Iron, 4 my/1 Manganese, and
mist have a pH between 6.0 and 9.0.

d. Surface water must be comprehensively monitored in accordance
with an approved program.

e. Diversion structures may be required by the requlatory
authority and, if these are of a permanent nature, they must
be designed to safely pass the peak runoff from the 100-year
recurrence interval recipitation event.

f. Sediment control measures are mandatory and must be designed

to provide:
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- at least a 24-hour detention time;

- at least 1 sq. ft. of surface area/50 gallons/day inflow
from the 10-year, 24-hour precipitation event;

- additional sediment storage volume equal to 0.2 acre-feet
for each acre of disturbed 1and within the upstream drainage
area (the proposed rules, however, required the pond to be
sized to have a capacity equal to the 1l0-year, 24-hour storm
runoff plus the sediment allowance - the above-stated
surface area provision wa substituted in the final rules);

- a spillway system designed to safely discharge runoff from
the 100-year, 6-hour precipitation event if the pond
embankment exceeds 20 feet height or if the pond has a
storage volume of 20 acre-feet or more;

— for the removal of sediment accumulation reaching 80% of-the
deéign sediment storage allowance;

- an embankment static safety factor of 1.5 for the nommal
pond water level; -

- a minimum embankment top width greater then (H+35)/5 where H
is the upstream embankment height.

- appropriate seepage control barriers;

- construction supervision and certification by a registered
professional engineer; |

- ultimate removal of the pond and subsequent return of the

"ground surface to the approximate original contour, when

mining operations cease.
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g. Discharge structures from sedimentation ponds and diversion .
structures must be controlled, where necessary, using
appropriate enerqy dissipators to minimize erosion.

h. To avoid contamination of natural surface waters, waste
materials from coal preparatioh plants must be buried or
otherwise treated no later than 90 days after the cessation of
filling in the disposal area.

i. Haul roads must be constructed in a manner which minimizés the
potential for additional contributions of suspended solids to
natural stream flow. These must be removed and regraded when
no longer required.

j. The overall sustained gradient on the haul roads must not
exceed 10%. The roads must provide drainage ditches and other
structures capable of passing the peak runoff from a 10-year, .
Zé-hour precipitation event and must also be surfaced with a
durable, non-acid-forming material. N

k. Topsoil must be removed from the areas to be disﬁurbed by
surface operations and stockpiled for use in revegetation when
such areas are no longer required for mining operations.

1. "A diverse, effective and permanent vegetative cover capable
of self-regeneration and plant- succession, and adequate to
control soil erosion: must be established on all land
disturbed by mining opgrations.

m. Operator must pay a reclamation fee of 15 cents for each ton

of underground coal produced.
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The proposed Schoolhouse Canyon Refuse Dump Facility Design and
the recammendations made within this report are intended to satisfy the
above rules, and all other applicable State and Federal regulations
cited to date. 1In .any event, a design basis is now complete, thus
paving the way of further refinement, government submissions, permit

applications, and discussions, leading to final approval of the scheme.

3.4 Land

As shown on Figure 6~1(a) later in this report, the proposed
refuse dump is located almost entirely within a square area of State
Coal Surface Rights. The haul road system, diversion channel and
settling pond as proposed lie within Federal Fee Land boundaries. thus,
for the Schoolhouse Canyon Facility, Land negotiations are not
necessary. The effect of the refuse pile being located on state land

may have some bearing on the channels necessary to obtain approval.

4.0 REFUSE DISPOSAL CONSIDERATIONS

4.1 General

This section outlines those conéiderations involved in the

‘transport and placement of refuse, and in the design of the Schoolhouse

Canyon dump. The criteria affecting the dump design are firstly

discussed, dump development plans and strategy are then presented,

followed by comments on disposal equipment. Finally an operating cost
budget is given. Fufther discussion on the geotechnical aspects of this
design, with particular reference to refuse drainage, is given in

Section 6.
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4.2 Refuse Dump Design .
As discussed in the Phase I report, the only practical method of

dump development in canyons was considered to be one which involves
disposal of-refuse in level layers from the canyon mouth upwards. This
was to entail a system of dump face ramps which would be progressively
extended through time to grain elevation.

Following an AEPSC decision on October 31, 1977, to utilize a
single in-canyon settling pond (see section 5.4.4), design of the
Schoolhouse Canyon Refuse Dump Facility proceeded on the basis of a dump
toe in the Canyon bottom at 6220 elevation.

4.2.1 Dump Face Ramp System
For the design of the ramp system referred to in Phase I, the

following criteria were adopted: .
a. Single truck roadway width (Minimm 20 feet), due to an

anticipated low traffic density.

b.  Ramp gradient maxima of 10% and 8% on straights and curves
respectively, in response to a OSM requirement and truck
mamufacturer’s recommendations.

c. Minimm centerline curve radius of 50 feet on swi tchbacks
(truck turming radiums: 30 feet).

d. Maximm inter-ramp slope angle on the dump face of 2:1 (MESA

limitation).

An initial design was developed using a ramp system which

commenced at the dump toe. However, due to the above restrictions, the
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narrow canyon width and the large area required by switchbacks, this
design resulted in an almost continuous series of switchbacks, a
correspondingly flat overall dump face angle, and therefore a tonnage
capacity smaller than that which would otherwise be possible. Further
trial designs lead to a haul road system as presented in the
specifications and as shown on Figure 6-1{a). The proposed system
requires the construction of a main canyon haul road from the
preparation plant to a point, on the north canyon wall, 200 feet
upstream from the dump toe at elevation 6320. At this point sufficient
canyon width is available to reduce the mmber of switchbacks, and
therefore to maintain a reasonable overall dump slope angle. A
temporary haul ramp is required to provide access for dumping of the
initial 100 vertical feet of refuse. This is discussed in section 4.3. ..

The switchback configuration is the critical factor in the
determination of the overall dump slope angle. Advantage has been taken
of tﬁis to design the ramp system with additional truck passing width,
while still maintaining a maximum inter-ramp dump face slope of 2:1. A
typical switchback design which demonstrates this concept is shown in
Figure 4~-2(a). Figure 4-2(b) gives the design ramp cross-section. The
ramp system initially designed to reach the 6560 elevation. However,
the minimﬁm design elevation for the diversion ditch of 6550 has been
gsed as a limit for the maximm pile capacity. Figure 6-2(A) of section
6 shows a longitudihal'section through the proposed refuse dump. The

overall dump face angle from toe to crest is 19.

ccd. chapter3/4,/2
~25~



4.2.2 bump Capacity

Subsequent to the design of the dump face ramp system, volumes

were determined at 20-ft. vertical intervals on the basis of the contour
overlay given in Figure 4-2(c). The dump tonnage capacity curve of
Figure 4-2(d) was obtained using a tonnage factor of 118 pounds/cubic
foot for compacted refuse, and the production schedule of Table 4-2
(taken from the Phase I report).

The proposed dump has a capacity in the order of 3.5x10%t0ns
when filled to the 6550 elevati.on. This corresponds to a life of
approximately 7 1/2 years. Depending on the stability of the dump and
on the economic merit of switching disposal operations to alternate
sites, this life could be extended by relocating the diversion ditch or
by continued dumping adjacent to it. As discussed in the Phase I o
report, however, hauling costs at this time would probably favor another
site such as Barn or Royal Canyon.. Further analysis of these
possibilities should be undertaken in late 1978, such that early moves
could be initiated to overcomé existing constraints (land, powerlines)
and to design and construct other facilities (ﬁydrologic sﬁructure,

highway underpass to Royal Canyon, etc.).

4.3 Dump Development Strateqgy

4.3.1 Yearly Dumping Plans

Figures 4-3(a) to 4-3(d) depict dump configurations corresponding
to the end of production years 1 (1978), 3 (1980), 5 (1982), and 7

(1984).
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As shown on the 1978 plan, the proposed dump involves the |
construction of a Temporary Haul Ramp from the end of the main haul road
at 6320 elevation, down in to the canyon floor to reach the 6220 dump
toe. During the first year this ramp would be progressively covered.

In 1979 and thereafter, successive lifts would be placed and compacted

to integrate the ramp system into the dumpface as shown in the figures.
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TABLE 4-2 .

REFUSE PRODUCTION  SCHEDULE

Est. Total Cum.
R.O.M, Clean Plant Breaker Coarse Pine Filter Total Total
Year Production Coal Refuse Refuse Refuse Refuse Refuse Refuse Refuse

1978 1,661 1,411 250 63 84 52 51 278 278
1979 2,079 1,765 314 78 106 66 64 349 627
1980 2,521 2,140 381 95 128 80 78 423 1,050
1981 2,890 2,454 436 109 147 91 89 484 1,534
1982 3,297 2,800 447 124 168 104 101 552 2,086
1983 3,439 2,920 519 130 175 108 106 576 2,662
1984 3,534 3,000 534 133 180 112 109 593 3,255
1990 _ , These annual tonnages 6,813
1995 - 9,778
2000 \ ' remain the same until 2007. 12,743
2007 ' 16,894

NOTES: 1. Al}l figures in thousands of dry tons, except Tbt§l_and Cumlative Total Refuse
Figures, which are in thousands of wet tons. . - .
2. Derivation of this data was discussed at length in Section 3 of Golder Associate

Phase I Report, "Site Suitability Study"..
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4.3.2 Operational Factors

Refuse will be hauled and end-dumped on the top of the dump in
piles spaced such that the bulldozer could spread the material in lifts
of not more than two feet compacted thickness. In addition to
bulldozing refuse, the tractor would rip any frozen dump surfaces,
remove snow from the dump and generally prepare the surface prior to
spreading subsequent lifts, As shown on the figures, the bulldozer
would progressively extend the dump perimeter drainage ditches in the |
colluvium walls adjacent to the dump., These would be connected to the
haul ramp drainage ditch at switchbacks to minimize the amount of dump
face erosion. At the end of each working day, the bulldozer would also
grade the dump surface to ensure good drainage in these perimeter dump
drains. ‘ -

To satisfy legal .and geotechnical requirements, all topsoil,
vegetation and other 6rganic material must be removed prior to forming
the refuse pile. Some of this unsuitable foﬁndation material will be
removed &uring the construction of the haul road sy#tem. However, it
is recommended that, as the dump deveiops, all such material (along
with some other "make-up" colluvial soils in the valley floof) is
loosened by the bulldozef, excavated by the 988 front-end loader, and
placed at the front of each lift at the dump outface, to facilitate
reclamation and to redce erosion. fhis materiﬁl will also be
compacted to form a "s'in" or dump surface facade of about four to five
feet thickness, compri:ing reasonable vegetation - supporting soil.

Experiments should be -onducted to determine soil additive needs and to
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identify those plant species which would satisfy the long-term SMCR and .

State requirements for revegetation.

4.4 Refuse Disposal Equipment

4.4.1 Comparison of Hauling Unit

Several types of refuse hauling units were considered during
Phase II. The following were regarded as viable alternatives, and are
compared in table 4-4(a): |
a. End-dump off-highway trucks - 35 ton class such as the Cat
7698 and Wabco 35C units.
. b. Rubber-tired scrapers such as the Cat 631D, 37.5 ton unit.
c. A specifically designed coal refuse hauler - the MRS
1-110S/RH110, 50-ton unit. |

Despite its very low ground pressure, good maneuverability and
capability of spreading material in thin 1ifts, the MRS unit is
currently operating at only one mine, (AEPSC, Southern Apalachian Coal
C@any). Although -it has apparently performed well for the past 18
months, it has not been adequafely field-proven and therefore is not
recommended for initial purchase. Moreover, to ensure hauling
dependability, two 50-ton MRS units would be initially required and as
such would then provide excess hauling capacity, and would have a
considerably higher capital cost compared to end-dmp trucks.

The apparent absence of clay minerals in the refuse suggests that
it should be free-draining once placed in the dump, and as such, the
end-dump truck ground pressures would be tolerable. Refuse draining
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characteristics, along with possible methods to expedite it, are
discussed in Section 6. Consideration was giQen to a 4-ton, 4-wheel
drive truck of the Intérnational series to provide better insurance
against bogging down. However, these units are very expensive and
typically experience high operating costs. It was recommended in the
Equipment Specifications that serious consideration should be given
initially to the possibility of renting tio trucks. This would
provide, prior to a commitment to purchase, a probationary period to

evaluate the suitability of thé trucks to actual operating conditions.
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END DIMP - HIEBER TIRED MRS

Factor TRXKS _ SCRAPERS REFUSE HAILLER
1. Typical Model ' Cat 7698, Wabco 35C Cat 631D MRS 1-110S/RH110
2, Drive train 2 wheel 2 wheel 4 wheel
3. Rated Payload 35 tons ) 37.5 tons . S0 tons
4. Struck Capacity 22 cy 2l cy : Ry
5. rield Proven : Yes . Yes _ oo No - 1 unit only
6. a. Tire Footprint 75-80 psi - 52-62 psi 45-57 pei '
b. Tire Flotation on Soft Ground Poor Good ' Very Good
7. a. GM: PP ratio 303-318 1bmHP 36.4 1hmpP 411 1hmp
b. MW: Payload ratio ' 0.88:1 '1.16:1 C.78:1
¢. Performance on adverse grades Good - _ Reasonable Poor
d. Traction Reasonable . Good o Very Good
8. Beated Body (freezing in winter) Yes No No
9. Fines leakage Can be overcome with  Yes, from scraper bowl Yes, probahle
sideboards, tailgates.
10. Spreading Capability Poor - Mxiliary dozer Some — Auxiliary dozer Has spreader blade
required required ard dozer hlade
: attaciment -
possible
elimination of
, : _ - amxiliary dozer.
11, Capital CostAmit 2 $147,000-$165, 000 $249,500 - $260,500 -
12, Total New Tire Cost 3 $8,601-510,836 $13,563 ' $20,808
13. Owning and Operating cost/hour 4 $45.18 $64.14 $62.62 '
14. Other Comment Lower wmit costs as Scrapper bowl can be Unit designed for
haul increases. dropped for added refuse hauling and
braking safety. may prove a
_ good selection
long term.
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From calculations made on the basis of emant and tire manufacturer’s data.
Prom quotations received frcn eqiipment distributors, FPB Helper, Utah, with certain

options, excluding sales
From Jensen Tire Co., Saltl.akecity
From Owning and Operating Cost Estimates made by GAI during Phases I ard II.
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End-chmp trucks were considered a better choice than scrapers
because of:

a. their exhaust-heated body,

b. the fact that high moisture content fines should be more
eagsily retained within the truck than within a scraper bowl,

¢. their lower capital cost,

d. their probable lower unit operating costs beyond year 1
compared to scrapers, and

e. the their suitability for longer hauls to alternate sites in ~

the future.

4.4.2 Truck Requirements

As a bagis for required truck productivities, an estimated Daily
and Hourly Refuse Production Schedule has been derived fom data
presented in the Phase I report and modified to reflect a five-day/week

rather than six-day/week breaker operating schedule. This schedule is

included here as Table 4-4(b). |

Gradeability charts for the Cat 769B and Wabco 35C trucks are
given in Appendix a. Neither truck is considered significantly better
mechanically, operationally or 'economiqally than the other. However,
for estimating purposes, the Cat.l'769 gtﬁcability ch#rt was used ih
conjunction with Preparation Plant and Breaker haml profiles in
analyses of hauling produétivities. These analyseg are also given in
. Appendix A, for the first five yearshof operation. -
‘Due to an estimated low heap angle for the wet combined plant
refuse, difficulties may be experienced in maintaining the 35-ton rated
truck payload, when hauling upgrade. These problems, however, were
considered to be resolvable through sequential truck body modifications
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ey -4(b)

ESTIMATED DAILY AND PRODUCTION SCHEDULE
BREAKER REFUSE PRODUCTION PREP. PLANT REFUSE PRODUCTTION Hrs., of Daily
Pre. Plant Opsration Total
YEAR \ Required to Refuse
, ' . Meet Production
Wet tons/hr 1 Wet tons/Aday 1 wWet tons/hr 2 wWet tonsAday 3 Production wWet tons/day
1978 12.4 260 150 963 7 1,223
1979 15.3 321 ' 150 - 1,215 8 1,536
1960 18.6 391 150 1,473 10 1,864
1981 21.8 458 ‘150 1,684 11 2,142
1982 24.3 510 150 : 1,921 13 _ 2,431
1983 25,5 536 150 2,003 14 2,539
1964 26.1 548 150 2,065 14 2,613
Notes: 1. Based on 50 r, 5 days/week, 3 shifts/day, 7 hours/shift, i.e., 5,250 operating hoursAmar.
2. Based an 4‘?d:ytmsﬂnxrfrcnflwsheetxmismrecmmt(l 133) x plant ruming factor (90%).
3. Based on 220 operating days/year.
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as discussed in the Bquipment Spociticatims cover letter. Pror the
purpose of truck productivity analysis, therefore, the 35-ton rated
payload was accepted. .
A summary of estimated yearly truck productivitiel taken from the
Appendix A results is given in Table 4-4(c). This dita was combined
with the hourly production schedule data of Table 4-4(b), lo estimate
the yearly truck requirements which are given in Table 4-4(d).
Initially two trucks should meet the production demand, while beyond
1978 it is estimated that three units will be required.
On day shift in 1978 it is anticipated that two trucks would haul
from the 100-ton breaker, and 300-ton preparation plant refuse bins.
" they would start and end the shift with these bins espty. On average:
- the plan would require: | |
963 tons divided by 100 tons/truck hr. = 9.63 tmck hours.
- the breaker would require:
: 260/3 tons divided by 80 tons/truck hr. = 1.08. truck hours
=~ therefore, overall truck utilization on day shift =

truck operating hours  9.63 + 1.08 '
truck available hours - ﬁmcks X 7.5 hrs. = 71% .

on aftemoon and night shifts only one truck would haul breaker
refuse as needed. On average on both shifts:

- the breaker would require:
260 x 2/3 tons divided by 80 tons/hr. = 2.17 truck hours

- therefore, overall truck utilization on afterncon and night
shifts =
truck operating hours 2.17 '
truck available hours = 7.5 hrs. x 2 trucks x ZEhlﬁs =-7%

This schedule was assumed to estimate manpower needs and
operating costs. However, in the light of actual operating experience,
; better approach during 1978 might be to allbw the breaker refuse to -
‘overspill the bin for subsequent load-out with the 988 loader
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. immediately prior to, or on, the following day shift. This would
probably be cheaper, safer and eliminate the possible need for early
parchase of a cump light-plant. A further alternative would be to
increase the breaker refuse bin capacity. -

4.4.3 Support Equipment

4.4.3.1 Crawler Tractor

The estimated average daily refuse production is 2000 tons
for the first few years of operation. This is equivalent to about
1,480 LCY. Assuming that all dozer work would be done on day shift,
with an effective operating time of seven hours, the required Dozer
Productivity = 212 LCY/hour.

. Considering the use of Caterpillar c(_;uipnnt and using an

"average” operator, a 45 min/hour .job efficiency, a straight blade and

. level dozing with a 100 ft. push, estimated productivities** are: 207
LCY/hour and 325 LCY/hour for D6S and D7S dozers respectively. A D6
would be barely adequate to meet production with no allowance for down
time., The purchase of a crawler tractor of at least 200 FWHP was
recommended in the_!‘quipnént Specifications cover letter, after
consideration of these productivity estimateé, and of the following
activities which will also be performed by the machine:

**Caterpillar Performance Handbook, Edition 8, Page 4-20,

. Caterpillar Tractor Company.
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TABLE 4-4(c)
YEARLY TRUCK PRODUCTIVITY SUMMARY

Round Trip Total Cycle  Average Productivity
Haul Distance Time Speed per Unit (Tons/

Year (feet) (minutes) (feet/min.) operating hour)
REFUSE FROM BREAKER

1978 8,680 19.7 590 . 80
1979 9,480 20.7 604 76
1980 - 10,180 21.8 606 72
1981 11,080 23.3 607 68
1982 . 11,580 24.0 609 66

REFUSE FROM PREPARATION PLANT

1978 5,670 15.7 530 100

1979 : 6,470 16.7 5§53 94

1980 : 7,170 17.8 560 a8

1981 8,070 19.2 568 82

1982 8,570 20.0 571 79
TABLE 4-4(d) -

ESTIMATED AVERAGE TRUCK REQUINEMENTS

3 Calculated Number of Trucks anded

- __Required on Average Pleet
Year Breaker Plant C
1978 0.16 1.50 2
1979 = 0.20 - 1.60 3

1980 0.26 1.70 3
1981 0.32 . 1.83 g

1982 0.37 1.90
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a. Road construction

b. Vegetation removal and topsoil/colluvium dozing for dump
reclamation

c. Dump perimeter drainage ditch development and maintenance

d. Possible assistance to bogged-down trucks

e. Road drainage ditch and diversion ditch maintenance

f. Dump surface snow removal and ripping

g. Possible towing of suitable compaction

The question of the need for a Low Ground Pressure (LGP)
dozer with side tracks was also considered. However, it is believed
that the dump will normally support the truck tire footprint pressure

of 75-80 psi, and therefore should also support approximately 8 1,2 psi
exerted by a D7 dozer with standard tracks.

4.4.3.2 Motor Patrol

The estimated daily refuse haulage is:
260 tons breaker Refuse @ 0,82 mile = 214 ton-mile
963 tons plant Refuse @ 0.54 mile = 517 ton-mile
Total/day = 731 ton—mile _
A Cat 12G motor grader or equivalent should be capable of about 1000
ton-mile/hour and therefore the averﬁqe daily usage on the refuse haul
road system should be less than cne hour. It was recommended in the
equipment Specifications that AEPSC purchase a good used machine with
minimm 115 FWHP and a 12-foot moldboard, The grader would also be
used in the general plant area maintaining parking lots, ditches and

the raw coal haul road.

4.4.3.3 Other Support Equipment

. Water loss from trucks is at this time unpredictable. |
However, since it might be sufficient to control dust, it was
recomnended that AEPSC should not acquire a water truck until the need
for such a unit was definitely established.
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Although not cited during this study, dumplighting may be
required under some Federal or State regulation. Operaticnally, dump
lighting should not be necessary, however, until afternoon shift
operations increase in 1980,

It has been assumed that the Cat 988 front-end )oader
currently in use at the Hardscrabble Canyon Preparation Plant, would be
available for Schoolhouse Canyon refuse disposal operations. This
loader will be raquifed for cleanup around the refuse bins and in
loading out topsoil/colluvium material for reclamation purposes as
discusséd above. |

Depending on the cump moisture conditions, and the
compaction achieved with the dozer and haulage trucks, .it may be
desirable to reduce the Lift thickness (the dozer will have the
necessary additional spreading capacity to do this), or pechaps
purchase a suitable sheepsfoét or vibratoty compactor.

45 Manpower and Operating Cost Budget

Estimated hourly owning and operating costs for the 35-ton end-

dump trucks, 200 HP dozer, and 135 HP Motor Patrol are given in 'i‘ébles

4-5(a), 4-5(b) and 4-5(c) réspectively._ For estimating pdrposes the
Cat 769B truck has been used to develop these costs. Although '

depreciation has been included to determine estimated hourly mrship _

costs, oﬁ;y actual estimated cash operating costs l_zave been used to’ _
derive the Five-year disposal cperations budget. -

© Tables 4-5(d), 4-5(e) and 4-5(f) contain estimates of total
irearly operating costs for the trucks, dozer and grader respéétively.
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Truck productivities were taken from the analysis given in Appendix A.
Yor labor costs, 250 days/year and $100/man day were used. It has also
baen asgumed that, on afternoon and night shifts, the equipment
operators would be utilized arcund the plant for other productive work
when not hauling refuse. Alternatively, this refuse in the first few
years could be disposed of by overtime operators commencing before the
reqular day shift.

A manpower summary and overall operating cost budget ig given in
Table 4-5(g).
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TABLE 4-5(a)
4-16

HOURLY OWNING AND OPERATING COST ESTIMATE

Machine Designation
- DEPRECIATION VALUE
1. Delivered Price (including attachments)
2. Lless Tire Replacement Costs:
Front 18.00 x 25 -32 P.R. (2)
Drive 18.00 x 25 -32 P.R. (4)
Rear
3. Delivered Price Less Tires
4. Less Resale Value or Trade In
S. NET VALUE FOR DEPRECIATION

OANING COSTS .
6. Depreciation: Net Depreciation Value
Depreciation Hours

VALUE 122901
HOURS 20000
7. 1Interest, Insurance, 'I‘axes :
Anmual Rates: Int 10% Ins 1% Taxes 1&
Annual Use in HoursTBlA _
Factor X Delivered Price (Item 1)
1000
.04 x 164,503
1000

TOTAL HOURLY OWNNING COST

QPERATING COST

8. Operating Labor Including !'ringes
9. Repair Labor

10. Repair Parts

11. Fuel :

12. Lubricants

13, Expendable Parts
14. Tires 2,500 Hr.
15. Outside Repairs
16. Shop Costs

17. Special Items

BOURLY TRUCK OPERATING COST (EXCL. DRIVER)

ccd.chapter3/4,/2
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TABLE 4-5(b)

4-17
BOURLY OWNING AND OPERATING COST ESTIMATE

Machine Designation : 200 HP DUMP
DEPRECIATION VALUE
1. Delivered Price (including attachments) $132,000
2. Less Tire Replacement Costs:

Front

Drive

Rear
3. Delivered Price Less Tires 132,000
4. Less Resale Value or Trade In 31,000
5. NET VALUE FOR DEPRECIATION 101,300
OWNING COSTS
6. Depreciation: Net Depreciation Value

Depreciation Hours

VALUE 101000 6.73
BOURS 15000 Lo
7. Interest, Insurance, Taxes

Anmual Rates: Int 10% Ins 1% Taxes 1%

Anrmual Use in Hours 950% '

Factor X Delivered Price (Item 1)

1000
0.75 x 132,000 ' 9.98
1000

TOTAL HOURLY OWNING COST ' 16.63
*REFLECTS ONLY USE IN DOZING REFUSE
OPERATING QOST
8. Operating Labor Including Fringes 12.50
9. Repair Labor 3.08
10. Repair Parts 6.16
11. Fuel 3.23
12. Lubricants .81
13. Expendable Parts ' .50
14. Tires 2,500 Hr. - =Q=
15, Outside Repairs =0—
16. Shop Costs 3.08
17. Special Items —0-
HOURLY TRUCK OPERATING COST (EXCL. DRIVER) 16.86
TOTAL HOURLY OWNING AND OPERATING COST $ 45.99
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TABLE 4-5(c)
4-18

HOURLY ONNING AND OPERATING COST ESTIMATE

Machine Designation
DEPRECIATION VALUE
1. Dellvered Price (including attacbmznts)
2. Less Tire Replacement Costs:
Front 13.00 x 24 (10 PR)
Drive 13.00 x 24 (10 FR)
Rear 13.00 x 24 (10 PR)
3. Delivered Price Less Tires
4. Less resale Value or Trade In
5. NET VALUE FOR DEPRECIATION

ORVING COSTS :
6. Depreciation: Net Depreciation Value
Depreciation Hours

VALUE 48500 -
BOURS 17000
7. 1Interest, Insurance, Taxes '
Annual Rates: Int 10% Ins 1% Taxes 1%
Annual Use in Bours 3Z1*
ractor X Delivered Price (Item 1)
1066
.15 x 60,000
~ 10000
TOTAL HOURLY CWNING COST
*DOES  NOT REFLECT USE FOR ANY OTHER PURPOSE
THAN HAUL ROAD MAINTENANCE

OPERATING COST

8. Operating Labor Including Fringes
9. Repair Labor _
10. Repair Parts

11, Fuel

12. Lubricants

13, Expendable Parts

14, Tires 2,500 Hr.

- 15. Outside Repairs

16. Shop Costs

17. Special ltems

BOURLY TRUCK OPERATING COST (EXCL. DRIVEF )
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TUTAL HOURLY CANING AND OPERATING COST $ 33.43
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TABLE 4-5(d)
YEARLY TRUCK OPERATING COST ESTIMAIE

Truck Truck Total  QOperating Truck Total  Cost/

Breaker Produc- Plant Produc- lbcpired Cost SCHEDULED DRIVERS Driver Operating Ton

Refuse tivity Refuse tivity Excluding Day Aft'n. Midnight cost Cost  Refuse

Wet Tons WIHr, Wet tons WIAHr, m.lrs Driver shift shift shift {($) ($)
1978 65,000 80 213,000 100 2,902 58,693 3 18 1/8 56,250 114,943 0.40
1979 80,000 76 269,000 94 3,914 ‘. 78,084 2 1/4 1/4 62,500 140,584 0.40
1980 98,000 2 325,000 88 5,054 100,827 2 1 1/4 81,250 182,077 0.43
1981 112,000 68 372,000 82 6;184 123,371 3 1 1/4 106,250 229,621 0.47

] L . /
9 7,306 145,755 3

1982 128,000 66 424,000 2 .13 133,333 = 279,088 0.51
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1& 4-5(e)

YEARLY DOZER COPERATING QOST ESTIMATE

Dozer q:erat:lng Cost/
Total Produc-  Required Cost Labor Total Ton
Refuse tivity Dozer Excluding Sched. Oper. Cost Operating Refuse
Wet Tons WL /K. Bours Operator _ Day Shift ($) {$) ($)
1978 278,000 440 632. 10,656 2 12,500 23,156  0.08
1979 349,000 440 - 793 13,370 12 12,500 25,870 0.07
1960 423,000 440 961 16,202 34 18,750 34,952  0.08
1961 484,000 440 1,100 18,546 1 25,000 43,546  0.09 -
1982 552,000 440 1,254 . 21,142 1 25,000 46,142  0.08
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™ B 4-5(f)
YEARLY MOTOR PA. ., OPERATING QOST ESTIMATE

Patrol Operating ' Cost/
Produc-  Required Cost Labor Total Ton

Ton-Ml. tivity Patrol Excluding Sched. Oper. Cost Cperating Refuse
Haulage ™ML, Hours Operator Day Shift ($) ($) {(3$)
1978 167,794 1,000 168 1,525 18 3,125 4,650 0.02
1979 236,632 1,000 237 2,152 18 3,125 5,277 0.02
1980 315,141 1,000 315 2,860 1/4 6,250 9,110 0.02
1961 401,799 1,000 . 402 3,650 1/4 6,250 9,900 0.02

1962 484,462 © 1,000 484 4,395 1/4 6,250 10,645 0.02




TABLE 4-5(g)
MANPOAER SUMMARY AND OVERALL OPERATING COST BUDGET
Total Number of Operator Oper. Bgpt. Total
Refuse Day Aftermmoon Night Labor Oper.  Coat/Ton
Production shift shift Shift - Qost Cost Refuse
Wet Tons Men Men Men {$) {$) ($)
1978 278,000 2-5/8 148 I_I/E 7,875 70,874 0.51
1979 349,000 258 14 14 8,125 93,606  0.49
1980 423,000 3 1 1/4 106,250 119,889 0.53

1961 484,000 414 1 14 137,500 145,567  0.58
1982 552,000 444 2 13 164,53 171,292 0.61
TOTAL 2,068,000 .~ .558,333. 601,228  0.56
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5.0 HYDROLOGIC CONSIDERATIONS

Bydrologic analysis in Phase II centered around two major
| . structures: 1) a diversion channel to intercept and divert runoff
above the refuse pile to Barn Canyon; and 2) a settling pond to receive

runoff from the disturbed area below the diversion channel. The

following discussion on hydrologic considerations deals with design
criteria and briefly discusses earlier studies of alternative sediment

.cmtrol schemes.

5.1 Watershed Areas

The Schoolhouse Canyon watershed has a total area of 260 écres
and has been divided into four segments for hydrblogic analyses. Thege |
are gshown in Figure 5-1(a) and are described below: |

a. Undisturbed Area to Diversion Channel: The watershed area

above the diversicn structure from which runoff will be

. - diverted to Barn Canyon (193 acres).
- b. Undisturbed Area to Pond: The watershed area which is

undisturbed by the refuse pile and associated construction
works and from which runoff will flow to the settling pond

(40 acres) .‘

:c.- Disturbed Area to Pond: 'The watershed area which is |
~ disturbed by the refuse pile and associated construction
works and from which runoff will flow to the settling pond
(23 acres). | ' '

d. Haul Road Drainage: The watershed area from which runoff

will be intercepted by a drainage ditch along the haul road

. - . ccd.chapter3/4,/2
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(4 acres). This will not contribute to the settling pond
within Schoolhouse Canyon, but rather will be treated in the
settling ponds adjacent to the plant.

The disturbed area includes the refuse pile plus associated areas
disturbed by the diversion channel, the haul road on the west side of
the ca;ym, and a dril) site access road on the east side of the canyon
near the settling pond. The actual area of the refuse pile will
increage each year as shown in Figure 5-1(b). However, for hydrologic
design purposes the maximm area to be disturbed by the refuse pile and
associated activities has been used.

A small additional area (3 acres) is shown in Figure 5-1(a),
which falls cutside of the Schoolhouse Canyon watershed but whi.ct; will
contribute to runoff intercepted by the haul road ditch.

5.2 Precipitation Data

The available precipitation data £rc'n a gaging station at Price,
Utah (Utah State University, 1971) is given in Table 5-2(a). No gaging
‘stations are located nearer to the Castle Gate area. However, regional
precipitation data for 6-hour and 24—hdur events is available and is
tabulated in Table 5-2(b) (NOAA Rainfall Frequency Atlas for Utah,
1974). Generally the precipitation at the Price Station is about 94%
of that in the Castle Gate area; thus, the Price data was considered
applicable to the Schochouse Canyon watershed when increased by about
6%.

ced.chapter3/4/2
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S.3 Diversion Channel

5.3.1 General

During Phase I of this study, a diversion channel to Ketchum
Canyon on the Schoolhouse Canyon south wall had been considered. Early
in Phase II, however, it became apparent that a better alternative
would be the construction of a diversion channel on the north wall ot
Barn Canyon. The latter was expected to encounter more intact rock
close to the natural surface, offer less long-term instability, and was
considerably shorter than the other scheme. A dozer trail was blazed
along the north wall and the design proceeded on the basis of a north
wall diversion channel. |

It was not considered necessary to extend the north wall
diversion channel to intercept runoff from the south wall at this time

because the settling pond capacity as designed meets with current

federal regulations. However, this might be considered in the future
to avoid treatment of some of the runoff from the undisturbed land on
the south wall (40 acres). Once the pile reaches planned capacity,

another alternative might be to intercept some of this south wall £low

in a lined channel which could be inexpensively constructed on the dump

surface.

5.3.2 Design Flow Rate

* The peak flow rate to be carried by the diversion channel has

~ *Ref: TRICO International, Inc., 1976 Report for Master Drainage
Study £o'f American Electric Power Service Corporation Coal Mining

Pacili'ties Near Castle Gate, Utah.
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been determined using the Rational Method, which is commonly used in
small watersheds (less than five square miles) where no stream-gaging
data exists. Its use is described by many authors including gray

(1970).* In equational form:

WheQe = peak flow rate (cfs)
= runoff coefficient based on watershed characteristics
i = rainfall intensity (in/hr) of a storm whose duration is
equal to the time of concentration of the watershnd
A = area of the watershed (acres)

The time of concentration is given empirically by:
t~ 0.0078L0-77 570-385

where tc- time of concentration (min)
L™= maximum length of travel of water (ft)
§ = glope, equal to H/L where H is the elevation difference
between the most remote point in the watershed and the
outlet (ft)

Por that portion of the Schoolhouse Canyon watershed above the
diversion point, the following parameters have been dctcmin_.d:

H = 1610 ft

L = 5000 £t

§ = 0.32

t = 8.5 min

%= 0.65 ,0i = 3.12 in/hr (Intensity of 8.5 min, 100 year storm)
A = 193 acres : '

Q= 391 cfs

TRICO International, Inc. (1976)*** determined peak ﬂow rates in

*Ref: Donald M. Grey, 1970, "Handbook on the Principles of
Rydrology.”

**Ref: TRICO International, Inc., 1976 Report for Master
Drainage Study for American Electric Power Service Corporation

Coal Mining Pacilities Near Castle Gate, Utah.
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Schoolhouse Canyon for 6-hour and 12-hour storms using the Soil
Conservation Service. "IR-20 Project Formulation"™ computer program,
and found that maximm flow resulted from the 100-year/24-hour storm.
Peak flow rates were calculated at a point in the upper reach of
Schoolhouse Canyon and at the outlet. The areas and corresponding
maximm peak flows at the two points from TRICO’s calculations were as
follows:

Upper Reach: Area = 96 acres, Q = 200 cfs
Outlet: Area = 250 acres, %- 500 cfs

Assuming that Qpis proportional to the area of the watershed
contributing to runoff, a peak flow rate of approximately 400 cfs is
indicated for the area (193 acres) above the diversion point. This-
figure supports the 391 cfs calculated abave by the Rational Method and
thus, 400 cfs was considered_ a reasonable peak flow rate in the
diversion channel for a 100-year storm. | |

5.3.3 Channel Dimensions

The dimensions of the diversion channel were determined by the
peak flow rate, the permissible side slopes on the channel banks, the
channel gradient, and the size limitations presented by the excavation'
equipment. The design flow rate of the diversion channel was set at
400 cfs; channel banks can be excavated at a 1/2:1 slope on thev uphill
and a 1:1 slope on the downha.ll side of the channel, and the channel
bottan width was taken as 15 feet which is roughly two feet mder than
a Cat DS dozer blade.

The Manning equation desdribir_xg flow in an'open channel is:

ccd. chapter3/4/2
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o= 1.49 A () V(512
n

vhere Q = flow rate (cfs)
= Manning coefficient
A = cross-sectional area of channel (ft )
R,= hydraulic radius (ft) equal to area divided by wetted
perimeter

8 = channel gradient
A Manning coefficient of N = 0.050 was considered reasonable for a
rough channel excavated in rock. The depth of flow was found from the
equation above using the peak flow rate, Manning coefficient, bottom
width of the channel, bank slopes, and the channel gradients.

Approximate utilization of the dozer trail blazed for the
. diversion channel necessitated a channel gradient varing from 4 percent
near the diversion structure to 1 percent near the ocutlet in Barn
Canyon. Typical design cross sections for the channel are given in
Figure 5-3 for three channel slopes.

Flow may be either subcritical or supercritical depending upon
the flow velocity and the channel dimensions. Subcritical flow is
generally most desirable in open chamnels., An indication of the type
of flow is given by the Froude number:

F= V

&

where F = Froude number
g = acceleration duezto gravity (32 ft/sec )
= channel area (£ft”)
b = channel width at water surface (£ft)
V = velocity (ft/sec) for F > 1 flow is supercritical and for
F < 1 flow is subcritical. Froude numbers are also given
in Pigure 5-3 for each channel cross section.

Due to the relatively steep grédient of 4% along the upper reach
of the channel, peak flow will probably be supercritical. This could

ced.chapter3/4/2
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result in standing waves particularly at the curves and other
irregularities in the channel. A two-foot freeboard has been added
over the entire length of the diversion channel to reduce the risk of
any overtopping due to such waves. As the channel glope decre‘aus,. the
water velocity will also decrease, resulting in a lower erosion
capacity. The flatter gradient of 1% through the ridge cut, as the

. channel enters Barn Canyon, should reduce the tendency for erosion on
the outer bank of the channel through the curve. Smaller gradients
also reduce the potential for supercritical flows and the resulting

standing wave problems.

5.3.4 OQutlet

The proposed diversion channel will discharge its flow into Barn
Canyon at the point where the channel daylights with the natural sldpe.
The water will flow down a small gully,ahd -enter the main channel in
Barn Canyon. At present, no improvements are considered necessary in
this qully or at is confluence with the main Barn Canyon floor. 1If
exégssive erosion should occur, some channel protection may be
required. Such problems will becomé more apparent after the diversion
ditch is operating, at which time; they can be hﬂﬁ aﬁﬁropriately;

Improvements to the existing Barn C:anyon' cﬁhamel near the
. preparation plant are .cons'-idered necesséry to adequately contain the
combined storm runoff from Barn and Schoolhouse (above the diversioﬁ

channel) Canyons The sucgested improvements include:

ccd. chapter3/4/2
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TABLE 5-2(a)
ESTIMATED RETURN PERICDS FOR SHORT

DURATION PRECIPITATION (INCHES) — PRICE, UTAH#+

Return Duration
Period 5 10 15 30 1 1 3 6 12 A
(yrs) Min Min Min Min Hr Hr Hr Hr Br Hr

1 .08 .13 .17 .23 .29 .37 .44 .62 .78 .95
2 A2 .18 .23 .32 .40 .49 .58 .80 1.00 1.20
s 16 .25 .32 .44 .56 .68 .79 1.07 1.32 1.58
10 .20 .31 .39 .54 .68 .81 .94 1.25 1.53 1.82
25 .24 .37 .47 .65 .82 .98 1.13 1.50 1.83 2.18
50 .28 .43 .54 .75 .95 1.12 1.29 1.71 2.08 2.47

100 31 .49 .62 ..85 1.08 1.27 1.45 1.91 2.32 2.4

TABLE »2(b)

PRECIPITATION FOR CASTLE GATE AREA**

** Storm Precip (in) Storm Precip (in)
2 yr-6 hr , .92 2 yr-24 hr 1.30
5 yr-6 hr 1,20 5 yr-24 hr 1.65
10 yr-6 hr 1.32 10 yr-24 hr 1.90
25 yr-6 hr "1.65 25 yr-24 hr 2.30
50 yr-6 hr 1.85 50 yr-24 hr 2.70
100 yr-6 hr 2.05 100 yr-24 hr 2.90

#Ref: Utah State University, 1971, Department of Soils and
Bicmeteorology Bulletin No. 1.
s*Ref: National Oceanic and Atmospheric Administration, 1974,

NOAA Atlas 2, Vol. VI, Rainfall Frequency Maps of Utah.
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a. Construction of rip rapped berm along the ('.op of the existing
b. Installation of an additional pipe arch under the road at the
channel outlet to the Price River.
c. Erosion protection on the bank of the Price River opposite the
pipe arch outlets.
These improvements were discussed in a letter to AEPSC dated December
8, 1977.

5.4 Settling Pond

5.4.1 Design Volume

.The design volume of the settling pond was based on the runoff
resulting from a 10-year/24-hour storm as required by current federal
requlations. This runoff will occur on both disturbed and undisturbed
areas below the diversion (see figufe 5-1(a)). An additional volume
allowance of 0.2 acre—feef. i:ér acre of disturbed land has been made for
sediment which will be required by the new federal OSM requlations. No
sediment allowance has been made for the undisturbed land contributing
runoff to the pond .based upon our understanding of the definition of
"disturbed land" in the OSM regulations.

The 24-hour storm runoff has been estimated using the Soil
Conservation Service Curve Mumber Method described by Mockus (1972)%*

Precipitation from the 10-year/24-hour storm (1.90 inches) and a curve

- *Mockus, Victor, 1972, Hydrology, Section 4 of the 'National

Engineering Bandbook, Soil Conservation Service U.S. Departmetn
of Agriculture. |
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mmber of 93, based upon the soil and vegetation conditions of the
watershed, have been used in Figure 5-4(a) to find runoff. The runoff
from the design storm (1.23 inches) was miltiplied by the area of the
waterghed (63 acres) to yield the total volume of runoff to the
settling pond, equal to 6.5 acre-feet. An additional 4.6 acre-feet has
been allowed for sediment storage (.2 acre—feet/acre x 23 acres) and
thus a total required pond value at the final dump cenfiguration of
11.1 acre—feet was determined.

_ According to the 1" to 50’ topography, a settling pond capacity
of 10.7 acre-feet is indicated up to the 6,205 spillway elevation (see
Table 5-4 below). It is anticipated that clearing and grubbing
operations will result in a slight expansion of the pond capacity to
achieve the 11,1 acre-feet requirement., Bowever, it should be noted
that this requirement is for the final dump configuration when the
disturbed area _wiil reach a maxim. At the end of the first year, for
instance, the cambined runoff/sediment requirement has been estimated
at 8.6 acre~feet, which is adequately met by the proposed pond.
Moreover, the embankment crest as designed is five feet above the
spillway elevation, and therefore additional short-term storage
capacity is provided. Settling pond values required for different 24-
hour storms are illustrated in Figure 5-4(b). It is apparent that the
proposed pond should easily contain runoff fram a very large stomm or
from several smaller storms occurring in close sedugnce when the pond
is free of sediment load.
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TABLE 5-4

SETTLING POND CAPACITY

Incremental
vVolume Cumlative
Elevation Area (Acres) (Acre-Feet) Volume (Acre-Feet) -

6175 0

6180 0.027 . 0.068 0.068
6185 0.167 ©0.485 0.553
6190 0.311 1.195 1.748
6195 0.480 1.978 3.726
6200 0.693 2.933 6.658
6205 0.916  4.023 10.681
6210 1.194 5.275 15.956

_ An additional requirement of the latest OSM regulations (December

" 13, 1977) is that "the sedimentation pond must provide at least a 24-

_hour detention time and a surface area of at least one square foot for

each 50 gallons per day of inflow for runoff entering the pqnd that
results from a 10-year/24-hour precipitation event.” Although this rule
was not considered in the design, the following calculations indicates

that the requirement is satisfied.

- Pond Inflow for 10-year/24-hour storm

‘w= 1,23 inchesx63acresx1£tx43560f52x7489%0;15
_ _ 12 ins acre t

- -2, 100 000 gallons

- Pond 8urface area at dxscharge
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= 0.916 acres x 43,560 ft2
acre

= 39,800 ft 2
- Surface Area/S0 gallonsg/day of inflow
=0.95ft2=1

Appropriate dewatering schedules should permit the 24-hour d'etenticn
time requirement to be easily achieved. In the end however, it is the
effluent standard which must be met for all storms less than the
10-year/24-hour event, despite the pond design quidelines and rules
discussed above, These effluent limitations which are given in Section
3.0, should be achievable with the proposed pond, and through

controlled dewatering practices.

5.4.2 spillway

The settling pond spillway has been designed as an emergency
étmctur‘e to prevent overtopping of the pond embankment. Both
embankment abutments were considered as alternative spillway locations.
However, the south abutment was cﬁosen because it provided a greater
spillway length, hence a flatter gradient, and be_cause of its better
overall rock quality. Both of these factors were considered important
from the standpoints of flow hydraulics and vehicular access to the
pond area via the channel floor.

Utah regulations (Utah Division of Water Rights) stipulate a
spillway capacity of 50 cfs per square mile of drainage area or about
20 cfs for the entire Schoolhouse Canyon watershed. Failure of the
diversion chamnel, however, cm_.lld result in a maximm of 500 cfs (400
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cfs from the area above diversion and 100 cfs from the area below) of
flow to the settling pond. Actual flows down the spillway will be
smaller than these unless the pond is full (due to the dampening effect
of the pond on the peak flow).

The design capacity of the spillway, assuming a 5-foot water
depth and a 15-foot channel width, is 520 cfs which is sufficient to
pass peak flows resulting from the unlikely situation of a full
settling pond and a failure of the diversion channel occurring
simultaneocusly.

Water flowing down the spillway wil enter the existing 60-inch
culvert in Schoolhouse Canyon. A trash rack will be placed over the
inlet to prevent debris from plugging the inlet or entering the
culvert. This matter along with other aspects of the Settling Pond
Construction were discussed in the Technical Specifigations completed
in December, 1977. |

5.4.3, Pond Maintenance and Dewatering

The new federal OSM regulationé will require that sediment is
runved. from the sedimentation pofsd when its volume accumilates to 80%
of the design allowance for sediment. On the basis of currenﬁ B
information it is not possible to ;elia_biy estimate the rate at which
sediment will accumulate within the pond. Sediment rexﬁoval, however,
should not be nécessary -fcr several ye’grs, and could then be |
accouplished simply through the use of small front-end loader and
-trﬁcks hauling ocut via the spillway floor‘ during the summer months.

It has been estimated from permeability ;esung that seepagé into
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the pond walls, beneath and through the pond embankment may range frem
5,000 to 50,000 gallons/day. Irrespective of the initial seepage, the
pond can be expected to experience early siltation and in consequence
reduced seepage losses. At best, natural dewatering through
infiltration and evaporation is not expected to ammmt to more than a
few feet of water level drop/mohéh, and thnu;ore some other means of
devatering clarified water is considered necessary. Decant systems
were initially contemplated but because of the relatively small pond
size, coupled with problems in control of discharge during operation,
they were rejected. Pumping was considered a more flexible approach.

A suitable 100-500 gpm centrifugal pump capable of handling dirty
water should be purchased or rented. This could be installed on a
simple float with the suction of the pump about a foot below the water
surface to allow for skimming of clear surface water, while preventing
cavitation. Alternatively the pump could be mounted on a small trailer
which could be lowered to the water surface down a dozer cut rail
extended from the spillway. Pump discharge would consist of rubber
hose, thence to plastic, steel, or aluminum pipe to the lip of the
spillway. A 3 to 5 inch line would be suitable depending on the pump
size used.

In the long term, once the need fdr pumping hag been establighed
with actual storm runoff and sedimentation rates, possible f.loéculating
additives, 'etc., a more permanent installation, perhaps involving an
electrically powered pump to avoid gasoline supply and reduce servicing
tequireimts. might be contemplated.
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5.4.4 Alternative Sediment Control Schemes

Early in Phage II it became evident from the proposed OsM
. requlations, that a relatively large allowance for sediment would have
to be made in the settling pond total capacity. Therefore the
feasibility of a single in-canyon settling pond, as contemplated during
Phase I, was in question and altemati;e schemes for handling sediment
control of runoff emanating from the refuse pile area were examined.
Three conceptural alternatives were studied economically, and were

discussed with AEP personnel on site. Briefly, these were:

Scheme A

Construction of a small settling pond within WMse cényon
with overflow channelled to supplenental storage capacity in an'
expanded plant. t.hickener pond.

Scheme B
. - : Constructim of a single large settling pond within Schoolhouse

Canyon.

Scheme C

Direct entry of the disturbed area_fumff into the existing 60-
_inch culvert system. The culvert discharge would then be |
intercepted at a point between the D&RG railroad tracks and the
Price River, thenée channelled to the old existing settling ponds
to _t.hé south and treated there prior to final '-tiver_' dischargé. :

Although Scheme C was conceptually very attractlve, the problems

~associated with its proximity to the Price River, obtammg clearances _
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from the railroad and possible construction difficulties were
considered by AEPSC to offer strong potential for delaying the project.
This approach was therefore rejected from further consideration.

Scheme A offered economic advantage over Scheme B primarily
because of its smaller embankment volume and because in Scheme B the
refuse pile had to be pushed fﬁ;ther up-canyon, thus involving
additional haul road construction and marginally higher refuse disposal
costs. Despite the capital and operating costs savings attributable to
Scheme A, AEPSC preferred the Scheme B approach because it would be
self_contained, and would not involve the use of valuable real estate
or facilities in the preparation plant area. Thus, on October 31,
Phase II proceeded on the basis of a single settling pond within
Schoolhouse Canyon and in consequence a refuse pile starting elevation
of 6,220 in the canyon floor. |
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TYPICAL CHANNEL CROSS SECTIONS Figure 5-3
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6.0 GEOTECHNICAL CONSIDERATIONS

6.1 General

Following the decision to proceed with Phase II and prior to
preparing the final design for a refuse disposal system in Schoolhouse
Canyon, it was necessary to carry out investigations of subsurface
conditions for the various components of the system. In addition, it
was necessary to evaluate materials found in the area for construction
of the gettling pond embankment. The investigations ccmprised
bulldozer cuts, test pits and borings. Based on the results of this
work, geotechnical de#ign criteria were established for the diversion
of the upper Schoolhouse Canyon runoff to Barn Canyon, for the haul
road from the plant to the refuse dump, and for the settling pond |
embankment/spillway system. An assessment of the refuse dump stability
was also made. | |

ceologicany, the lower portion of Schoolhouse Canyon is cut into
the Biackhawk Unit of the Mesaverde Group of the Upper Cretaceous. ihe
beds of the Blackhawk Unit consist of interbedded sandsﬁcnns;
siltsﬁones, shales and coal,'with-sttata thicknesses generally less
than 10 feet. The head of Schoolhouse Canyon is founded in the Castle
Gate Unit, which is a cliff-forming sandstone. Overlying the slopes
and floor of the canyon‘is a mixture of colluvial and alluvial ﬁoils
derivedlby'weatheting of the Blackhawk;and Castle Gate Units, Thase "
soils consist generally of cobbles and boulders interspersed in a
matrix of saﬁd aﬁd gravel with Qome silt and a trace of clay. The
colluvial slopes are generally in a marginally stable condition and ;'_
slough under the influence of gravity, wind and water. Recently there
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has been some disposal of construction debris and miscellanecus £ill in
Schoolhouse Canyon in the approximate areas shown on Pigure 6-1(a).

6.2 INVESTIGATIONS

6.2.1 Diversion to Barn Canyon

An exploratory dozer trail was tut near the alignment of the
proposed diversion ditch to Barn Canyon; the proposed ditch aligrment
is shown on Pigure 6-1(a). The trail was cut using a Komatsu D-155A
with a two-shank ripper. Along much of the trail it was possible to
cut into the hillside using the blade with only minor amount of
ripping. However, cutting through the divide between Schoolhouse and
Barn Canyons, ripping was required in sandstone, and it was found that
ripping became ineffective below a depth of 10 to 15 feet.

The cut made by the dozer was about 15 feet wide with cut slopes
ranging from 1:1 to nearly vertical with some overhangs. The upstream
end of the trail was cut predominantly through colluvium for a distance
of about 200 feet. For the next 600 feet, the cut slope was
predominantly rock with only a few feet of colluvium cover. The rock
consisted of beds of siltstone, shale and sandstone with a maximm bed
thickness in sandstone of about 10 feet, The trail then passed near
the base of a sandstone cutcrop where the siltstone and shale beds had
thinned. This outcroup had some overhanging ledges and blocks over its
length of about 100 feet. From there on into the Barn Canyon drainage,
the cut was predominantly in siltstone and shale with thin sandstone

beds.

ccd.chapter3/4,/2

-72-




6.2.2 Refuse dump Foundations

Four test pits were excavated to determine the subsurface
conditions beneath the toe of the proposed refuse dump. These test
pits 4, 5, 6 and 10 were excavated using a Massey-Ferguson MF40 or John
Deere JD600 backhoe. Depending upon the setup position, the maximm
reach on these backhoes was between about 10 to 14 feet. The locations
of the test pits are shown on Figure 6-1(a).

The four pits were excavated in areas that contained some £ill,
These £fills contained coal, construction debris, soil and a sand/straw
mixture in a loose to compact relative density. Below this fill a
¢olluvial/alluvial soil was encountered in test pits 6 and 10. This
colluvial/alluvial soil compti..sed a brown coarse to fine gravel and
coarse to fine sand, trace silt, occasional to numerous cobbleé and
boulders with a compact to dense telat:l\.re.density. More of the |
colluvial/alluvial soil was encountered in the test pits excavated in
the gsettling pond area. None ‘of the test pits exc_iavated encmmtefed '

bedrock or grdundwater. Logs of the test pits are given in Appendix C.

6.2.3 Haul Road

An exploratory dozer trail, similar to the one cut for the
diversion ditch, was éut near the aligme_nt of the proposed haul road.
Only minimal amounts of ripping were required and most of t.he cut was
easily made using only the blade of the Komatsu D-0155A.
| The cut was excavated. along the slope between Barn and
Schoolhouse Canyons and then in Schoolhcuse Canyon. Along the slope
between the two canyons the trail was cut in predominantly colluvium
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with some giltstone, ghale and thin sandstone beds. As the trail made .
the turn into Schoolhouse Canyon, a greater portion of sandstone was

encountered with a reduction in thickness of colluvial cover. From this

point the trail approximately followed the dip of the beds to the floor

of the canyon. The actual haul road alignment will, however, enter the

canyon floor considerably upstream. This aligrment will cross several

ocutcropping sandstone beds which are estimated to be about 10 feet

thick.

6.2.4 Settling Pond Foundations

Six test pits were excavated and five boreholes were drilled in
the settling pond area to provide conditions. The test pits were
excavated as discussed in section 6.2.2. They encountered

colluvial/alluvial soil except for approximately two feet of £ill at the

surface in Test Pit 7. This £ill consisted of the colluvial/alluvial
s0il mixed with a small amount of coal refuse.

The five boreholes were rotary drilled and cased through the
colluvium in the area of the proposed settling pond embankment. One
borehole was drilled in each abutment and three were located beneath the
embankment in the valley floor, as shown on Figure 6-1(b). The abutment
boreholes (B1-C and B~3) stated in the fresh rock exposed in drilling
pads cut by a dozer. They were cored and logged continuously to a depth
of 125 feet. Pressure packer tests were run throughout their length.
Boreholes B-2, B-4 and B-5, located beneath the embankment, penetrated
the colluvium/alluvium and were cored at least 15 feet into sound rock.
Falling-head permeability tests were conducted in the overburden and
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pressure permeability tests were run in the rock. The Test Pits and
Records of Boreholes are given in Appendices C and D respectively.
Locations of the boreholes and test pits are shown on Figure 6-1(a).

The thickness of £fill or colluvium/alluvium encountered in the
test pits and boreholes (except the abutment boreholes) ranged up to
about 40 feet. |

The bedrock cored in the boreholes demonstrated little evidence of
deep weathering; however, at the rock surface there are some open
fractures. The rock encountered consisted of interbedded sandstone,
siltsones, shales, organic shales and coal. Of these, the sandstones
and siltstones are mbre competent and generally thicker bedded. Once
sandstone/siltstone stratum, encountered in Borehole B3, was
approximately 37 feef; thick.

!'alli_ng-head permeability tests in the overﬁxrdzn were un by
filling the casing to the top and measuring the rate of fall of water in

the casing. The pressure packer tests were run by sealing off a section

‘of the borehole and injecting water at approximately 10, 20 and 30 psi.

Sections of approximately 5 or 10 fé_et were sealed off in these tests by
use of a single pécker above the bottom of the advancing bbrahole or by

. & double pneumatic packer system. Results.of the tests are shown on the

Records of Boreholes in Appendix D. The permeabilities of the different

materials measured generally range from 10
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132 cto 10_,cm/sec in the rock abutments and from 10_jto 10
_zc.:vuc in the colluvium in the valley floor,

6.2.5 Settling Pond Embankment Materials

Three possibilities were considered as potential sources for
embankment borrow. The most obvious source is from excavations for the
haul road and diversion ditch.

A second possible source is the General Coal Borrow Pit on the
west side of U.S. Highway 6/50 across from Barn Canyon, which has been
used as a source of general fill for the preparation plant. The
material presently being used as a plant road base f£ill came from Corn
Borrow Pit. Thisg is a third potential borrow source.

These three materials were sampled from stock piles or test pits.
Rock larger than about three inches in diameter were removed by. hand in
the sampling process. The particle gradations and compaction
characteristics were determined in the laboratory and the results are
presented in Appendix B. The results indicate that materials from the
three potential sources are very similar in their engineering

characteristics as discussed in Section 6.4.

6.3 REFUSE DUMP

6.3.1 General

This section presents geotechnical considerations relating to the
design and placement of the refuse dump. Of these perhaps the most
important are the engineering properties of the refuse material itself
as they affect its placement and the subsequent stability of the dusp.
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Because the preparation plant was not yet in operation, the properties
of the refuse could not be determined directly. Rather, as discussed
below, it has been necessary to infer the character of the refuse from
projections by the preparation plant designers, and from a review of the
published properties of waste from their mines. It is considered that
the probable ranges in engineering propecties of the refuse have been
determined within reasonable limits and the dump was designed
accordingly. It will be necessaq_( during the first year of operation to
determine the characteristics of the refuse material as it is finally
produced and to revise both the design and placement procedures discussd
below. In the meantime, the intent has been during Phase II to develop
sufficiently flexible gquidelines for placement to accomnodate a wide

range of material properties and placement conditions.

6.3.2 Engineering Properties of the Refuse

'Iﬁe engineering properties of refuse were studied and the results
presented in deﬁail in the Phase I Report. From information supplied by
Dravo:Corporation, the total refuse cutput is expected to be cempbsed of
the following: | |

- Material - Size Proportion of Total Moisture Content
_ _ (% by weight) (¥ by weight)
Breaker Refuse 12" to 4" 25 5
Coarse Refuse 4" to 2" 35 5.
Fine Refuse 172" to No. 28 20 8
' Mesh
Filter Cake Finer than No. 28 20 o 33
: Mesh '

' TOTALS - 100 -1
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Using refuse material obtained from the present preparation plant
in Bardscrabble Canyon, a sample having the above composition was
fabricated. At overall moisture contents of 11 percent, there was
considerable free water which appeared to drain readily from the sample.
Grading curves for the fabricated sample and its fines content are given
on Figure 6-3(a). Also shown in this Figure are compaction
characteristics of the sample, both with and without the fines (filter
cake). These results support the observation of the free-draining
nature of the fabricated sample, because a reasonable degree of
compaction is achieved over a wide range of moisture contents. The
fines were determined to be non-plastic.

To the extent that the fabricated sample is representative of the
material which will be delivered by the preparation plant, it is not
anticipated that there will be serious problems of placement. Given its
free-draining characteristics, it is li.keiy that there will be_
‘appreciable loss of moistux_'e along the ccnveyﬁr gysten, in the storage
bins and in the trucks before the material finally reaches the dump.
These possibilities, together with the indicated compaction
characteristics, support the conclusion of relatively trouble-free
placement. ' '

The observed free-draining characteristics of the fabricated
sample are related to the low percentage of fines and the fact that the
fines (simuilated filter cake) are also non—plastic. Because of the lack
of clayey materials associated with the coals at Castle Gate, it is not

anticipated that the preparation plant will actually produce a filter-
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cake of significant plasticity. In the event that this anticipation is
not proven to be correct, difficulties such as those discussed below in
Section 6.3.2 could be experienced.

6.3.3 Experience at Other Mines

Recognizing the potential problems associated with combined refuse
drainage and placement, information was sought from MESA personnel who
were familiar with a variety of combined refuse operations across the
U.S. A visit was also made to such a plant operating at Centralia,
Washington.

Difficulties which are being experienced by these operations are
sumarized below: |

a. Plant filtering efficiency and refuse draining characterilstics

depend in part on the plasticity of the refuse and in part on
the plant flow sheet, 'equipment and operating practices. -

b. Plant moisture control is always a problem. |

c. Combined refuse operations suffer additional disposal

- difficulties during periods of heavy rain, snow and.frost. |
d. 'Homogeneous .mi.x.ing of the filte.r cake with the other refuse
streams se_idan occurs. Due to plant process sequencing,
several truck-loads of unmixed filter cake per shift are of_ten
placed, which typically prdduces soft, wet zones within the
" e.  Hauling mobility over these soft refuse zones is ccnﬁm_ly
impaired, causing equipment to bog down. |
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f. Refuse in storage bins over shutdown periods often drys and
cakes and water has to be added to facilitate handling.

g. Combined refuse dump slopes typically appear stable at angles
ranging from 11 or less, to 20, depending in part on the
ability to control moisture. |

h. Difficulties are also often experienced in retaining refuse
within hauling units.

Many of the problems outlined above typically occur where refuge
clay content (plasticity) is high. It is clear that proper moisture
control in refuse placement will be critical to the success of the dump
design proposed, and may become extremely difficult lto achieve when, and

if, mining occurs in high clay content zones.

6.3.4 Refuge Pile Design - General

The refuse dump configuration, design criteria and slope
protection requirements are discussed in detail‘in Section 4.0. In
general, these requirements were developed in response to operational,
legal and surface runoff constraints rather than geotechnical
constraints. Provided the refuse can be adequately drained and
compacted, the cump design presented in Section 4.0 is considered
suitable and should be stable. |

6.3.5 Removal of Unsuitable Foundation Material

Ags shown on Figure 6-1(a) and discussed in Section 6.1, there are
areas of existing poor quality fill within the proposed dump limits.
These unsuitable materials should be excavated down to firm natural
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ground. The majority of this f£ill will be removed during the
construction of the haul road system. Any other unsuitable material
encountered in the valley floor as the waste pile is developed upwards
should also be removed. In excavating the material, due care should
also be exercised so as not tb produce any low-lying areas which could
trap water draining away from the recently placed refuse. |

6.3.6 Dump Stability

Figure 6-3(B)Igives a lbnqitudinal section along the center of the
proposed final dump configuration. The limit of £illing after one year
of operation is also indicated. The approximate geometry of the
proposed dump is as follows: |

End of Year 1 ‘ End of Year 7

Maximum Thickness . 85 ft. 200 ft.

‘Maximumm Height (toe to crest) - 125 ft. 330 ft.

Maximm Slope Angle i 26.5 (2:1) . 26.5 (2:1) .

Average Slope Angle (toe to 26,5 (2:1) 19.0 (2.9:1)
crest) _ _ '

The following table shows the predici:ed factor 6£ safety of ‘the
dump for assumed strength parameters given in Figure 6-3(c) and for

different slope drainage charactenstics. _

FACTOR OF SAFETY

After Year 7
' ear 1 - Configuration
Fully Drained Slope ) ' ' . _ o
Maximum inferred strength 1.5 Greater than 1.5
* Minimm inferred strength 1.25 : Greater than 1.5
Partially Drained Slope : , - - o
‘Maximum inferred strength = Less than 1.0 1.0

Minimm inferred strength Less than 1.0  Less than 10
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The analyris producing the above results was based on the data and .

simplified procedures presented in the Phase I Report. A theoretically
rigorous stability analysis was considered inappropriate at this time,
since the errors induced by the uncertainty in refuse strength
parameters probably exceed the relatively minor errors induced by the
use of more gimplified analyses. During the first year of operation,
observaticns of refuse placement and compaction behavior in conjunction
with laboratory tests on representative samples will enable the
stability of the dump to be more accurately evaluated. Based on these
evaluations, any necessary modifications to peres and overall dump
configuration could be initiated.

As shown in the above table, the dump in a fully drained condition
has an adequate factor of safety over the range of anticipated refuse
strength parameters. However, even a modest build-—up-of water within

the embankment has a severe effect on stability. Thus, it is essential
to maintain proper drainage of excess water contained in the fresh
refuse during placement, and through good control of surface runoff

water.

6.3.7 Control of Drainage

As indicted above, the control of water and drainage within the
dump is critical to ensure stability. However, until the nature and
behavior of the refuse is actually established, it is impossible to
predict what control measures, if any, will be required. Therefore,
rather than specify such measures at this time it is recommended that
placement begin with the assumption that the refuse will be free-
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draining and readily compactable with only minimal control measures
being taken. Then, over the course of the early months of operation,
the properties of the refuse should be established and the need for
additional drainage control evaluated,

In particular, it is assumed that the alluvial and colluvial
material in the canyon wiil be sufficiently pervious to act as an
underdrain for the refuse. To promote drainage from the refuse to the
bage of the dump, it is recommended that the coarse breaker refuse
segregated in each lift along the longitudinal axis of the Canyon, to
provide a central core of pervious ma.teriall to which the refuse can
drain. This minimal measure could be accouplished without additional
cost to the disposal operation and would provide a degree of positive
control over the buildup pf w.ate.r within the dump mass. As placement of
the dump proceeds, water levels within the mass of the dump should be
" monitored as discussed below and the adequacy of the above procedu:e-
evaluated, If additionalv drainage émtrol measures are indicated, then
the internal drain system may have to be increased to include lateral
feeders to the cént;:al drain and possibly additional control measures at
the toe of the dump. Utilization of additional coarse colluvial
material from the upstreéﬁn canyon floor ma'y'be required in this case to
supplement the supély of breaker refuse.

6.3.8 Construction Considerations

The general dump construction recjuirements are discussed in detail
in Section 4.0. The following factors relate to the geotechnical |
aspects of the refuse dump develdpment, refuse placement, drainage and
‘compaction: ' )
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a. Although MESA requires that the left thickness not exceed two

feet, it may be advantageous to reduce this to facilitate
drainage and improve compaction. This should be established
by trial and error early in the operation. -

b. New lifts should be placed only over refuse that has had time
to drain and has been properly compacted to provide a stable
bagse for the new lift. The production schedule indicates that
beyond year 1, each lift should have some 10 to 15 days to
drain prior to placement of the next lift. Areas which remain
wet and soft should be allowed more time to dry and/or be
scarified and reccmpacted, if necessary.

c. The dump surface should always be graded to facilitate
drainage my from recently placed fill toward surface
drainage courses. If may be advantageous to bulldoze shallow

ditches at each lift elevation to improve surface drainage.

d. Care should be taken not to fill over any frozen refuse which
has not been prqperly drained and compacted.

e. 'rrﬁck-loads containing predominantly filter cake should be
spread out in a thin lift, and allowed sufficient time to dry,
particularly during adverse weather.

£. It may often be necessary to place the refuse, allow time for
drying, and then to compact the lift.’

6.3.9 Slope Monitoring

Refuse dumps have been susceptible to scme catastrophic failures

in the recent past. Many of these disasters were considered by
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geotechnical engineers to be unnecessary, because it was felt that there
had been significant unheeded warning of imminent failure. It is there
fore considered prudent to install, maintain and cbeerve a BYBtHIAfOl.'
monitoring potential slope movements and groundwater levels in the -,
Schoolhouse Canyon Refuse Dump.

Two relatively siﬁlple monitoring systems are considered
appropriate for the Schoolhouse Canyon Dump. These are surface
momments in conjunction with line stakes, and standpipe piezometers.
Pigure 6-3(d) shows a conceptual plan view of the suggested monitoring
program. This program could be supplemented with more sOphisticated
systems should signs of instability be noted. |

Progressive installation of a system of surface momuments in |
conjunction wit.h line stakes should provide boﬁh a qualitative and
quantitative evaluation of sufface expressions of slope movement. This

displacement monitoring system would be developed as follows:

a. Installation of six instrument stations set in rock (three _
either side of the dmp) for survey triangulation of dump féce
monuments.. |

b. Installation of a row of one-inch diameter pipe or rods (five
f.eet. long driven three or four feet into the dump) placed at
25-foot centers approximately every 100 feet horizontél}y up :
the face of the dump. These rods could be coated with
‘irridescent paint and would be placed initially in a straight
line, at as close to the same elevation as possible, and would
be roughly perpendicular to the centerline of the dump éace.

ced.chapter3/5
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The first row of rods should be placed within 50 feet of the
toe of the dump, when the dump had reached this correpsonding
elevation. These rod lines could be observed by dump
operation personnel to note curvature or offsets in the lines
indicating movement and potential instability.

¢. On each of the above mentioned rod lines a concrete survey
momment would be placed approximately 100 feet on each side
of the dump centerline, These monuments would permit
displacement measurement periodically by triangulation from

the gix survey stations.

Since it has been determined that groundwater can have a critical
effect on stability of the dump, a series of standpipé piezometers
should also be installed. These standpipes could be built into the dump
as it increased in height. - They could be constructed of two-inch PVC
pipe with the lower ten-foot section slotted. Sections could be added
as the dump was raised, taking due care to avoid refuse falling into, or
damaging, the pibe. At each location three standpipes should be
ingtalled at different elevations. The bottom of the lowest standpipe
should be within five feet of the natural ground surface. The second
should be founded at about 1/3 of the ultimate dump height at that
location and the third at 2/3 of that height. A general layout
illustrating this proposed groundwater monitoring scheme is shown on
Figure 6-2(b). Water levels should be taken in all of the standpipe

piezometers whenever the cump face monuments are surveyed.
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The results of the survey and piezometer data should be
contimously plotted and periodically analyzed by a qualified
geotechnical engineer familiar with the material properties, placement
techniques and stability of the refuse pile. Based on this data
analysis, the overall stability of the dump could be evaluated. Should

‘the data indicate excessive movement and/or excess pore pressure, it

would be necessary to alter the construction procedure, Modifications
might include flatter slopes, installation of underdrains, decreased
rate of dumping, and/or other procedures.

6.3.10 Final Comment

Based on the information available, _1t is believed that the

- proposed gscheme should be operationally feasible and stable provided it
-is properly inpiemnted. However, in the unlikely eﬁnt that sew)ere

refuse handling, placement and compaction problems are encountered, the .

- following might be considered to permit continued operation:

a. Temporary flattening of cdump face slope angle.
~b. Development of mderdrgn_in_s_ as discussed in section 6.3.7.

c. Simultaneous dump development in another canyon to increase
' operational flexibility. }
d. Artificial refuse stablization measures.
e._. Underground disposal of thickener underflow fines as discussed
in the Phage I report. This approach: is strongly reé@mnded
econamically and geot_echﬁi_cally, irrespéctive of the oﬁtcome_

ccd .chapter3/5
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of combined refuse disposal operations.**

6.4 Settling Pond Embankment

6.4.1 Location and Configuration

The proposed Settling Pond Embankment wn; located near the mouth
of Schoolhouse Canyon with the axis approximately on the N 511,000
coordinate line. This axis was designed to have a slight curvature
which is convex in the upstream direction so that the embankment will
tend to "spread" against the abutments when the pond is full of water.
It was designed on a circular arc of 450.0 foot radius with the center
at N 510,560.0 and E 2,178,730.0. The embankment has a proposed crest
width of 20 feet with a 0.5 foot camber at the center.  Both the
upstream and down sfream slope_s were get at 3 horizontal to 1 vertical.
The embankment layout along with that of the a'ssociated spillway is

shown in Figure 6-1(b).

6.4.2 Control of Seepage

The Settling Pond has been designed _tb retain water only long
enough to settle out undesirable sﬁépended solids. When the water has
sufficiently clarified, it will be pumped into the culvert system
beneath the plant and railroad for discharge into the Price River. A
portion of the waﬁer: is expected to seep into the valley floor and into

**A recent paper by Jankovsky, "Disposal of Coal Refuse Slurry
Underground" (Mining Congress Journal, September 1977), may be of

interest.
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the embankment. This water will be filtered by the ground before it
enters the Price River water regime., Due to this filtering actiom,
seepage below the embankment was considered allowable as long as the
stability of the embankment was not affected.

Two seepage conditions which might affect stability need to be
considered. First, seepage through the dam must bn.kept deep within the
embankment to improve stability and prevent breakout above the
downstream toe. Second, seepage below the dam and at the abutments must
be controlled to brevent piping failure. The use of a blanket drain and
relief wells at the toe and good seais at the abutments is intended to
provide the necessary control. Détails of the embankment drainage
control system are presented in Figure 6-1(b). |

It has been specified in the design documents tﬁat the abutments
be prepared by excavating to sound rock from above the érest, while
- maintaining a slight battér against which the embankment can be
compacted. Overhanging or loose rock is to be removed by jackhammers or
light blasting. Hand scaling and cleaning by means of compressed air
may be required in order to properly prepare the abutment surface for
‘placement of the‘embaﬁkment. | |

6 4.3 §gill y
The spillway shown in the Settling Pond specxficat:.ons has been

designed to pravide adequate flow capacity and therefore to avcud over—
topping of the embankment or spxllway. The spxllvay reqmres that the _
slcpes be established either‘ in sound rock or be well rip—rapped. The

spillway ditch side slopes should be cut at 1/2:1 in sound rock and cut
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in 1:1 in compacted £ill where £ill and rip-rap are required. the .
channel profile was designed to provide a stilling basin before water

enters the culvert system, and to allow access for maintenance and

pumping of the pond. -

6.4.4 Exbankment Fill Materials

It was concluded that a homogenecus earth embankment using well-
graded silty materials such as the colluvium found in the area would
provide the most economical section. As noted in Section 6.2.5, three
possible borrow sources are: (1) excavated material from haul road and
diversion ditch; (2) material from General Coal Borrow Pit; and (3) road
Bage material from the Corn Borrow Pit. "Ihese materials are gimilar,
and, therefore, due to the proximity and availability of the colluvium
in Schoolhouse Canyon it has been suggested that the colluvium should be
~utilized to the maximm extent possible. The gradation specification .
for the blanket drain was based on the use of colluvium from Schoolhouse
Canyon. However, this blanket drain gradation should be suitable with

the other two materials mentioned.

6.4.5 Embankment Stability |
It is expected that the settling pond embankment stability will be

governed largely by the condition of the contact area between the £ill
and the abutments. Wbrking room is limited and unless care is taken in
abutment preparation and thorough £ill compaction in these zones,
uncontrolled seepage could occur, leading to piping failure.

Slope stability of the proposed embankment was also assessed in

ccd.chapter3/5
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light of the strength piope:ties obtained from the consolidated-drained
triaxial tests given in Appendix B. Given the flat slopes recommended
for the embankment, it is considered that the embankment will be stable
under all conditions of operation.

ced.chapter3/s
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6.5 Haul Road And Diversion Ditch

The haul road and diversion ditch have generally been designed to
be cut into rock. Inspection of the dozer trails and nearby cuts
suggested that very steep slopes can be stable for significant periods
of time, With the relatively flat-lying for sedimentary rocks found in
Schoolhouse Canyon, slopes carefully cut at 1/2:1 in sound rock should
be gtable throughout the life of the facility. Overlying colluvial soil
and highly-fractured rock slopes, however, should be cut to 1 1/2:1 to
maintain stability.

To maintain a reasonably straight alignment and minimize the
volume of rock excavation, portions of the diversion ditch are likely to
be founded in soii. Where this occurs, it will be necessary to over-
excavate and re-compact the soil to develop the stability required.
These low, well-compacted cuts should stand at 1:1 with only routine
maintenance required.

The natural colluvial slopes in the canyon are at approximately
their maximm stable configquration. The addition of sidecast material
to these slopes will probébly not permit large thicknesses of £ill at
the top of the slopes and will most likely result in the development of
a thin layer of sidecast material extending to the toe of the slope at
its angle of repose.

ced.chapter3/5
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APPENDIX 3.4B

EXCERPTS CONCERNING REFUSE ENGINEERING CHARACTERISTICS TAKEN
FROM GOLDER ASSOCIATES REPORT ON "DESIGN OF A COAL REFUSE DISPOSAL
SYSTEM, PHASE |, SITE FEASIBILITY STUDY",
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APPENDIX 3.4B
Excerpts concerning refuse engineering characteristics taken from Golder

Associates Report on "Design of a Coal Refuse Disposal System, Phase I,

Si\'te-s'eas;l_lgility Study", September 1977.
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The canyon bottom increases from the canyon head to its mouth.
Near the mouth of some of the larger canyons, the overburden thickness
could ex-eed 50 to 60 feet, although 20-30 feet is probably more
representative for most of the canyon length,

The true groundwater table in the area is believed to correspond
roughly with the major streams and rivers. Thus the refuse piles will
be constructed well above the natural water table. Due to the near
horizontal bedding of the bedrock formations, some local perched water
table conditions may exist during spring snowmelt and after heavy
rainfall. These conditions may result in some seeps appearing on the

canyon walls.

5.3 Engineering Characteristics of Refuse Material

In order to assess the stability of the proposed refuse pile and
evaluate the engineering behavior of the refuse, it is- necessary to
determine the engineering characteristics of the refuse material. The
important properties which might affect the results of this feasibility
‘study include gradation, moisture content, unit weight, compaction
character:stics, .weathering characteristics, permeability, and strength.
It was not: possible to obtain a representative sample of. the proposed
refuse. Thus the discussion presented in this section and the stability
analysis presented in Section 5.4 is preliminary and may have to be
revised pending more information and testing.

A sample of the proposed refuse material was fabricated based on
information obtained from Dravo Corporation (plant designers) and

utilizing material obtained from a test trench in the current AEP refuse
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pile in Hardscrabble Canyon. Since the existing plant in Hardscrabble
is different from the new plant, the sample was not representative of
the refuse material from the new plant. However, it was assumed for
this study that the mineral composition is similar with the primary
differences being gradation and moisture content. A total of four bag
samples were obtained from the test trench at depths up to 7 1/2 feet,
The samples were very similar as indicated by gradation tests rgsults
shown in Appendix B. The samples were sieved and mixed together in the
proportions necessary to fabricate two samples representing the
following anticipated gradation: |

Refuse with Filter Cake:

Water
Source Size Percenta Content
Breaker Refuse 12" to 4" _ 25% 5%
Coarse Refuse "o 12" 35% 5%
Fine Refuse 1/2" to No. 28 Mesh 20% 8.5%
Filter Cake -  No. 28 Mesh to 0 22% 33%
Refuse Without Filter Cake:
Water
Source Size Percentage Content
Breaker Refuse 12" to 4" 31% 5%
Coarse Refuse 4" to 12 " 43% 5%
Fine Refuse 1/2" to No. 28 Mesh 26% 8.5%

This information was obtained verbally form Mr. Ed Seolnick of Dravo
Co. and from Dravo Drawing "Material Flowsheet - Coal Preparation Plant,
Castle Gate, Utah". -

A limited laboratory testing program .w'as performed on the two
fabricated refuse samples. These tests included sieve tests, hydro?metér
tests, Atterberg Limits, specific gravity tests, weathering tes_ts,' _and
compaction tests. Results are ptésented in detail in Appendix B and can
be summarized as follows:
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a, Gradation (See Figure B-24, Appendix B):

With Filter Cake - gravel with cobbles and silty sand. .
wxout Filter Cake - gravel with cobbles and about 10% coarse
5 -

b. Moisture (based on Dravo data):
With Filter Cake - 14%
Without Pilter Cake 5%

c. Plasticity (of fines): Non-plastic.

d. Specific Gravity (overall): estimated about 2.2

e. Compaction (see Figures B-2.5 and B-2.6, Appendix B):
With Filter Cake - 107 pcf @ 10.5%.
Without Filter Cake - 104 pcf @ 12%.

f. Weathering: Randomly chosen rock fragments exhibited wide “
range of sensitivity to weathering. Some fragments showed no
signs of degradation even after 4 wetting and drying cycles.
Other samples decomposed rapidly. However, none of the
samples exhibited any plasticity but appeared to weather to
silt. '

Due to the preliminary nature of this study, and the lack of a

reliable representative sample, no strength tests were performed.

Rather the stréngth behavior of the proposed refuse material was
estimated based on its anticipated composition and on published strength
data on similar materials. The literature reviewed and the pertinent
information abstracted is summarized in Appendix B. In general, the
stféhgth behavior of coal refuse is not well understood. There appears
to be no reliable correlation between strength and other refuse
characteristics. 1In addition, the data :}eported in the literature
exhibits a wide range of strength values. However, it is considered
"that the strength behavior of the proposed refuse, assuming placement
"and compaction in two—foot lifts with adequate drainage of excess |

‘moisture, can be approximated as follows:
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The refuse is a cohesionless material with a probable friction
angle between 32 to 38 degrees at low stresses.

With increasing confining stress, the friction angle
decreases. Thus the strength envelope becomes curved at high
stresses and exhibits apparent cohesion. This behavior is not
unique to coal refuse and is a property of most coarse-grained
materials.

Based on published information relating the decrease in the
friction angle to the confining pressure, in conjunction with
the strength data on coal refuse, Figure 5.1 was constructed.
This figure represents the most reasonable estimate of the
probable maximum and minimm strength envelope for the refuse.
The procedure and assumptions used to develop these curves are
discussed in Appendix B.

Consideration was given to the effect on the strength of
separating the filter cake material. It is believed that the
same degree of compaction, both types of refuse probably have
very similar strength propertliés. In fact, the refuse with
the filter cake may even be superior since it would be more
uniformiy gf&ded. 'Ihe'n'x_)'st significant difference results
from a higher moisture content of refuse containing the filter

cake. However, as discussed beldin, even with the high
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moisture content, it is believed that the refuse including the
filter cake can be suitably placed and compacted. Thus, based
on the limited available information, it is not feasible to

- delineate a meaningful strength difference between the refuse
material with or without the filter cake material. This
preliminary conclusion may later be revised pending more

information and testing.

The in-place density and final moisture content of the refuse pile
will have a significant effect on its strength behavior. Assuming the
refuse is placed in two—foot lifts and lightly compacted with dozers or
scrapers, the final density and moisture content will be determined by
the compaction characteristics of the refuse, the initial moisture
content, thé permeability of the refuse, surface drainage condi{:ions,
weathering, and rate of fill placement. Refuse containing the. filter
cake, which has an anticipated initial moisture content of some 14%, is
potentially a much more difficult material to place and properly
compact. However, the results of the compaction tests indicate that the
refuse can be effectively éomacted over a wide range of moisture
conditions. Even at 14% moisture, which is practicélly at saturation,
the material was compacted to about 96% of maximum density.

The anticipate-d rate of fill placement wili probably be.less than
one lift per day (assuming a two-lift and a total of about 1,600 tons
placed per day). Inl addition, the initial permeability of uncompécted
fill is expected to be quite high and shoulci allow rapid drainage of
excess water (permeability after compaction and weathering will probably
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be much lower). Considerable drainage of excess water may also occur in
the refuse storage bin and in the trucks or scrapers en route to the
refuse pile. This high permeability to conjunction with the slow
filling rate and generally arid climate could result in considerable
drying of each lift, Therefore, based on the information available, the
refuse material even with the filter cake can probably be adequately
compacted. Adverse conditions such as heavy rain, snow melt or extended
frost may occasionally make proper placement of the refuse, especially
with the filter cake, difficult. However, through proper construction
procedures, it is believed that these problems could be ovefcane. These
procedures might include grading the fill for optimm surface drainage,
ripping and recompacting frozen layers, using thinner lifts, a greater
compacting effort, and/or other appropriate procedures. |
Consideration was also given to potential weathering effects. The
results of the weathering tests indicated that some of the refuse |
material is very susceptible to weathering and decomposition. HMver,
as reported by Thomson and ﬁodin (1972), after an initial quick ﬁ'xysical
degradation, probaly due to the compaction equipment, vefy little, if
ariy, further breakdown appears to occu.t below a depth of a few feet.
This was evident in the test trench in the existing refuse pile aﬁ
Bardscrabble Canyon. . Although some breakdown and weathéring had
occurred here, especially at the top of each two-foot lift, there was no
evidence of excessive decomposition, or of increased degfadation with
£ill depth and age. 1In add_ition, weathering products appear to comprise

a non-plastic silt rather than a plastic clay found in some of the
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bentonitic shales in Utah. 1In conclusion, it does not appear that
weathering will have a significantly adverse impact on the refuse pile.

The final permeability of the refuse is also a concern. Due to
compaction, mechanical breakdown and weathering, the fill will tend to
form a zone of lower permeability at the top of each £ill lift. This
could result in local perched water conditions after heavy rainfalls or
during spring snow melt. However, lack of information precludes
conclusive comment in this regard.

5.4 Stability Analysis

The allowable refuse pile slope angle and corresponding height are
important constraints on canyon disposal schemes. These constraints may
significantly affect the total refuse volume capacity of a canyon, the
geametry of the refuse pile, and the cost of refuse disppa;.al-. The
impact of these constraints are discussed in detail in Section 7.0.

As discussed in Section 4.2, MESA does not regulate_ dump height
~nor the dump factor of safety, provided the refuse is placed in two-foot
lifts and has no slopes exceeding 2 horizontal to 1 vertical. Should
any slope éxceed 2:1, then MESA requires a mininnm-factor of safety of
1.5 for the overall refuse pile. In general, for the disposal sqhenes
considered in this study, the ideal slope would have an overall slope
angle of about 2:1 but would locally exceed 2:1 between haul road ramps.
Thus, one of the primary purposes of the stability analysis in this
phase of the study was to assess the feasibility of locally exceeding
2:1 slopes while maintaining an overall factor of safety in excess of

1.5, Naturally, regardless of MESA requirements, the refuse pile must
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be properly designed and have an acceptable factor of safety (although
it need not be as high as 1.5 if the MESA 2:1 slope requirements are .
satisfied).

For this sitting feasibility phase (Phase I), a rigorous stability
analysis of all the refuse schemes would be inappropriate and
unwarranted. Rather, the stability analysis performed was a non-
rigorous evaluation which could be equally applied to all canyons.
During Phase II design a rigorous stability analysis may have to be
performed on specific disposal schemes. Details of the non-rigorous
analysis conducted to date are discussed in Appendix B.

The results of the preliminary slope stability analysis are shown
on Figure 5.1. These plots show the relationship between the allowable
average slope ang_le and the allowable refuse height fbt different
factors of safety and different assumed strength characteristics,.
Figure 5.1A is based on a fully drained siope while Figure 5.1B is based ‘
on a partially drained slope. From these curves it is obvioué that
proper drainaée of the refuse pile is very important. Even a slight
build-up of seepage pressures could have a 'very adverse effect on the
.stability of the refuse pile. Also, in order to exceed 2:1 on inter-
ramp slopes, it may be necessary to flatten the overall slope to less
than 2:1. Based on the maximum probable refuse strength values and a
drained slope, refuse piles in excess of about 300 feet would have to be
flattened to less than 2:1 overall, in -order to meet the MESA factor of
safety requirement. Based on the minimum probable strength values, the
ove;-all slope would have to be flattened to less than about 22 degrees
to justify steep inter-ramp slopes.
¢cb,.chapter3/6
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5.5 Other Geotechnical Considerations

. Some preliminary consideration was given to placing the refuse in
the flats in the gentle sloping areas south of Kenilworth and west of

Helper as shown on Figure 3.2.
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SECTION I

At the request of Price River Coal Company, I reviewed t.hel report
prepared by Golder Associates dated Januvary 18, 1978, regarding the -
design of the coal refuse disposal system, including the detailed design
of the Schoolhouse Canyon Refuse Dump facility. In particular, I have
reviewed the g'eomtnc cons:.derations for the dump site, the material

consxderatxms, and coments relating to construction contained in said

_ report.
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SECTION II

CONSTRUCTION RECORDS

On January 28, 1983, I visited the site in conjunction with Rob
Wiley, Environmental Engineer, and Frank Pero, of the Price River Coal
Company, and reviewed in detail the provisions takén at the site during
construction in accordance with the previously mentioned "Golder
Report". 1I also reviewéd with Mr. Pero (who was present during the
construction), the construction records including construction pictures
which enabled me to determine that the dump site was constructed in
basic accordance with the plans to its present state.

In particular, large sandstone rocks from the diversion channel
construction were bladed to the bottom of the existing canyon to provide
for the draining of seepage waters from the refuse material.
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SECTION III

MATERIAL TESTING

While at the site, using a Troxler 3411ﬁ nuclear de;sity qauge, I
determined the in-place density of the refuse material. I also obtained
moisture density samples and samples of the refuse material, which I
returned to the lab for additional testing. The results of these in-
place determinations (attached in the Appendix) indicate that the

average in-place density of the material varied from 84% to 110% of the

laboratory obtained T-99 standard proctor.

When the coal refuse is thoroughly mixed and remolded the T-99
Proctor valve increases significantly due to additional breakdown of the
"bedrock" characteristics of the material (see "Composit;.é Coal Refuse
Pile" T-99 StMrd Proctor in Appendix). I submitted a sample of the
refuse material to Chen and Associates, a consulting soil and foundation
engineering firm, to determine the relationship of the loading to the
shear stress, and to determine the internal cohesion. These results are
included in the Appendix. The material gradation results are also
included in the Appendix. The gradation results indicate that the
material is free draining, nonplastic, and falls within the gradation
bands contained in the "Goldner Report”.
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SECTION IV

OCCURRENCE OF GROUND WATER AND PORE PRESSURE BUILDUP

The results of the gradation analysis indicate that the material
is free draining. This was further observed at the site through
reviewing the existing material in place and by analyzing the records
kept on the ground water cbservation pipes in the refuse pile. The data
(sxmarized) for the ground water cbservation records is contained in
the Appendix.

Basically the records confirm that the material is free draining
and no pore pressure build up is occurring. The maximm recorded depth
of woter (6’) occurred during the wet portidn of an above normal

precipitation jéar .
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SECTION V

FACTOR OF SAFETY

A compure model was constructed to ana-;lyze the stability of the
refuse pile, and the following conditions were assumed.

1. Ground water at six-feet (the highest level recorded to date).

2. In-place densities of 90 pounds per cubic foot.

3. Geometric configuration to conform to the proposed site when
completed.

A computer simulation was then applied to this situation to
determine various failure planes. The "Method of Slices" is the basis
for the modified Bishop method computer program. various failure planes
were investigated to determine a minimum factor of safety. The results
of these computer runs and a copy of the computer listing is attached in
the Appendix. The results of these computer simulations indicate that
the minimum static factor of safety is 4.6, and the minimm factor of

safety with a .1 g earthquake loading is 2.6.
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SECTION VI

CONCLUSIONS

In conclusion the coal refuse disposal pile as now existing is:

1. Pree draining.

2. The maximm water depth measured by monitoring has been six
feet, and this occurred during an abnormal wet period of time.
The monitoring wells show several inches of water or less
during most of the year.

3. No movement of the refuse pile has been detected.

4. There is no water pore pressure buildup in the refuse pile.
5. The computer simulation on failure planes i.ndicates that the
factor of safety is at least 2.6 with a.lg earthquake

loading.
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CASTLE GATE COAL COMPANY
SCHOOLHOUSE CANYON REFUSE DUMP
GROUNDWATER PIEZOMETER DATA SUMMARY

pate OBSERVATION STATION NUMBER

$10 $11 $12 313
10-21-80 T D T T
11-04-80 T T T 1"
12-02-80 T T T 2"
1-06-81 T D T 1
2-02-81 T T T 1"
3-03-81 D D T T
4-08-81 1" T 1" 2"
5-06-81 T D T 1"
6-02-81 D D D D
7-07-81 D D D D
8-13-81 D D T T
8-08-81 D D T T
9-08-81 D D T T
10-08-81 T T 1 2"
11-09-81 D D D T
12-10-81 T T D T
1-13-82 D D T 2"
2-11-82 D D T 8"
2-25-82 D D T 1
3-03-82 D D 2" 3
3-12-82 D D 18" 5
3-18-82 D D 2° 6

ccé.chapter3/6
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PRICE RIVER COAL COMPANY INTER-OFFICE
MEMORANDUM

. R. L. Wiley DATE:  1-11-83
FROM: F. L. Pero e
sussect:  Refuse Pile Construction

Construction of this facility was begqun in 1978 and completed in 1976.
During this time close communication with the State Engineer's Office was
maintained and the site was visited several times by representatives of
that office.

The primary concerns of the regulators were the competency of the pond
embankment and drainage of the pile itself. In an effort to allay these
fears, the pond embankment was constructed with engmeered backfill and tight
contruction specifications were maintained.

The rock underdrain was constructed using material excavated from the
diversion structure. The diversion was cut entirely in rock and runs parallel
to the canyon floor for most of its length. The blasted rock was dozed into a
.blanket at least 4 ft. thick and is uniformly mixed rock ranging in size up
to about 4 ft. There are larger pieces, but these occur .only randomly. No
‘ less than 60% of the material is in the 2 ft. minus range, 25% is 2 ft. to
. 3 ft. range, 10% is 3 ft. to 4 ft. and no more than 5% is larger than about
5 ft. diameter. Also, a crushed rock underdrain was installed between the toe
of the pond embankment and the trash rack inlet on the pond overfiow ditch.
This was designed to collect any ground water which might collect either at
the abutments or beneath the pond embankment. '

As mentioned before, very tight controls were exercised during the
construction of this faility. This consisted partly of very comprehensive
soil and compaction testing. Nuclear density tests.were performed on every

6" compacted 1ift throughout the embankment height, with no less than 3 tests
taken at random locations on every 1ift. Laboratory series tests were
conducted several times during the construction to ensure that the correct
proctor information was being used to determine in-place density. Copies
of all test results were furnished to the State Engineer's Office.

24
rank L. Pero
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9 68.8
- " 45.8
11 16.9
ITERATION

&N -

FRCTOR OF SAFETY=

EARTHQUAKE= o1

6322.0

INCLINATION COHES

2.9

*® & & & 9 B L 1
VONAALWN -

e e g . g .
WN~DOONA M

INITIAL

1.000@
90.5289
98,3824
98.3981

SOIL
1
2
2
2
COHESION g
g0e a1
800 31
Y-ORD RADIUS FRCTOR OF SAFETY -
188.90 98.39
ION  MWIDTH
800 1.9
800 1.9
.880 1.9
. gee 1.9
88e 1.9
gae 1.9
goa 1.9
gQe 1.9
see 1.9
800 1.9
. CALCULRTED
90,5289
98,3824
9$3.3%01
98,3901

-]

98.39 AT ¥= 1280 Y= €322 R=

NO

YES

EFF NEICGHT

100

SATURATED

s.a
13.7
2e.5
25.4
28,4
29.4

' 28.3

25,7

20.9

14.0
S.2

o
31
31

.31

31

31
- 31
31
31
- 31
-3

31

X
1285.1
1287.9
1288.8
1290.7

1292.6
©'1294.5

1296. 4
1298.3
1300,2
1302,1
1304.0



KATER UNIT MEICHT= ¢2.40

FUINT X=0RD Y~QRD
1 e.00 6220.00
2 1270.08 6220.09
3 1520.00 €340.00
4 1570.60 6340.00
3 1640.00 6€380.040
6
?
8
9

17208.00 6389.00
1790.80 €429.00
1860.00 6420.00 .
1978.006 €480.00 : - ' oL

10 2040.08 6488.900 L . .

11 21%0.00 €540.00

12 2218.80 65408.00

13 2225.88 €558.00

14 3050.88 6€558.00

1S 3100.08 6€560.00

16 21%50.88 6€3%50.00

1?7 3100.00 6€3%50.00

LINE LEFT RIGHT SOlIL

1 13 14 1
2 1 2 2
3 2 16 2
4 16 1?7 2
SOIL UNIT WEIGHT . COHESION ‘. SATURATED
{ 90 < geo 3t NO
2 se . gee = 31 YES
CIRCLE  X-ORD v-ORD RADIUS FACTOR OF ‘SAFETY
1300.0 .€328.0 1ee.0 18.99
SLICE MEIGHT  INCLINATION COHESION WIDTH EFF HEICHT - » X
t  494.3 -8.9 sae 5.9 . 151.6 31  1284.5
2 1342.5 -5,5 8oo 5.9 411.7 31 1290.4
3 © 20086.8 -2,2 . 880 5.9 615.4 31 1296.2
4 2489.4 1.2 - gge@ 5,9 763.4 31 13e2.1
.8 2798.5 4.6 geo : 5.9 - ° 8%%5.7 31 1308.8
7 2839.8 11.4 800 .%5.9 §70.9 31 1319.7?
8 2%78.6 14.8 goo 5.9 79e.8 - 31 1325.%
9 . 2116.7 -18.3 gaee 5.9 649.1 a1 1331.4
10 1442.8 21.9 800 5,9 442,55 ' 31 1337.3
11 541.7 25.6 800 - 5.9 166.1 - “31  1343.1
ITERATION INITIAL . . - CALCULATED
1 1.0000 = 10.2658
2 18,2658 19.9826
3 10,9826 ' 10,9888
4 10.9288 ' 19.9889

FACTOR OF SAFETY= 10.99 AT X= 1300 Y= 6328 R= 100
EARTHQURKE= .10




MATER UNIT WEICHT= &2.40

.SATURATED

POINT  X-ORD Y=0RD
1 9.00  §220.00
2 1276.00  6220.00
. 3 1520.00  €340.00
4« 1570.00  €340.00
S 1640.00  6380.00
6 1720.00  6380.00
7 1798.08  6€420.00
8 1860.00 6420.00
9 1970.00  6480.00
10 2048.00  6480.00
11 21%8.00  6548.00
12 2219.00  6340.00
13 2225.e@  6€530.e8
14 3056.80 6550.00
1S 3108.80  6560.00
16 21%50.00  6€350.00
17 3100.80  6350.09
LINE  LEFT RIGHT  SOIL
1 13 14 1
2 1 2 2
3 2 16 2
‘ 16 1? 2
t -
SOIL UNIT WEIGHT COHESION »
1 ' 90 800 31
2 . 9e 8ee 31
CIRCLE X-ORD  Y-ORD ~ RADIUS FACTOR OF SAFETY
8 . 1415.@  6340.0  100.8 22.90
. SLICE WEIGHT  INCLINATION COHESION  WIDTH
1 152.8 -3.2 see 4.0
2", 415.6 -1.0 8ee 4.0
“3..  621.6 1.3 . 8@ee 4.0
4 770.8 3.6 gee ‘4.8
5. 862.9 .9 8080 4.0
6 857.3 . 8.2 gee 4.0
? 873.2 10.5 8ae 4.0
8 789.4  12.8. gae 4.0
5 644.3  15.2 gao 4.0
10 436.1 17.6 goe 4.0
1 162.3 20.0 8ee 4.8
ITERATION INITIAL CALCULRTED
| . 1.e000 21.1985
2 21.1985S 22.8931
3 22.8931 22.9003
4 22.9603 22,9003

FACTOR OF SAFETY=

ERRTHQUAKEs .1

A

22.96 AT X= 1415 Y= 6340 Ra

NO
YES

EFF WEIGHT

180

45.8
127. 4
190.6
236.4
264.6
275.2

267.8

242.1
197.6
133.7

49.8

X
1489.4
1413.3
1417.3
1421.3
1425.3
1429.3

1433.2

1437.2
1441,2
1445.2
1449.2



WATER WHIT WEICK

PUINT X=-0RD

1 e.080
2 1279.09
3 1520.00
4 1370.00
S 1€40.00
6 1720.00
L4 1790, 09
8 1860.09
9 1970.00
10 2940,00
11 2150.00
12 2210.00
13 2225.00
14 3035¢8.00
15 3100.00
16 21350.99
1?7 3l1e0.00

LINE LEF

1 13

2 1

3 2

4 16

SCIL UNIT

1
2

'chcLE X~0RD
1286.0

SLICE HEIGHT
133.4
382.9
542.7
672.6
7s2.2

. 781.1

L 7358.7
684.4

375.8
139.4

"..‘. o T e
OV NAUAWN»-

ITERATION
b
<
3
4

FACTOR OF SAFETY=

EARTHQUAKE= .1

$957.1

Te g2.40

Y=-QRD
€223.09
€229.80
€340.00
€349.00
6380.00
£380.00
6420.00
6420.90
€480.09
6480.00
6540.00
€540.00
6550.00
6550.00
6360,.80
63%0.00
6358.00

T RIGHT
14
-3
18
17

MEIGHT
se -
98

soIL

NMNN >

COHESION

o SATURATED
31 NO
31 YES

Y-ORD RADIUS FACTOR OF SAFETY -

6372.0

-

150.0

INCLINATION -COMESI

INITIAL

1.e0@0
26.2362
28.4098
28.4172

<]

:1-1-)
gee
. 889
gce
goa
8ee
geo
gea
goe
880
-1-1-}

28.42

ON WIDTH  EFF WEIGHT

4,4 4.9
4.4 111.3
4.4 166. 4
4.4 206.3
4,4 238.7
4.4 239.5
4.4 232.7
4,4 289.9
4.4 176.8
4.4 115.3
4,4 - 42,7
CALCULATED

26.2362

28.4098

28.4172 .

28.4172

28.42 AT X= 1286 Y= 6372 R= 150

P
.31
- 31

31
31

~31

31

3

31

31
31

31

X
128%5.8
1290.2
1294.5
129¢e.9
13€3.3
1387.6
1312.0

1316.4 -

1320.7
1325.1
1329.4

{




WHOIER YL WEIWHRIR ¢.,.990

FOINT

X-ORD

e.00
12v0.00
1520.00
1570.00
1640. 08
17208.00
179e.00
1860,.00
197a. 00
2040,00
2150,00
2210.00
2223.00
3950.00
3100.00
2150.009
3108.00

LINE LEF

SOIL
1
2

- CIRCLE

“SLICE
1

e e o
T DVONOAILWN

i 13
2 1
3 2
4 16

UNIT

X-0RD
1367.0

WEIGHT

9915.2
26369, 4
38905.4
47958.4
S3726.9
'563087.5

35638.7

51488.¢
43472.9
30857.9
12294.6

ITERATION

1
2
3

"FRCTOR OF SAFETY=
ERRTHQUAKE= .1

SATURATED
NO

YE

EFF WEIGHT

Y-ORD
6220.00
€220.00
€340.00
€340.00
6380.00
6380,80
€420.00
6420.00
6480.00
6480.00
6540.00
€540.00
€550, 00 .
6550.00
€560.00
6350.00
€350, 00
T  RIGHT SOOIt
14 1
2 2
16 2
1?7 2
WEIGHT COHESION . @
%0 . 8eo 3
90 gee 31
Y-0R RADIUS FRCTOR OF SAFETY
6350.9 150.0 2,68 ‘
INCLINATION COHESION HIDTH
-28.1 geo 12.4
-20.8 8ee 17. 4
-13.8 . 800 17.4
-7.0 geo 17.4
-.3 gae 17.4
6.4 goe 17.4
13.2 8co 17.4
20.2 gea 17.4
27.5 gee 17.4
35.3 8eo 17.4
44,0 gee 17.4
INITIAL CALCULATED
1.0000 2.5673
2.5673 2.5976
2.5976 2.5982

2,60 AT X= 1367 Y= €350 R= 1%

S

3040.7
8086.6
11931.8
14704.8
16476.3
17267.6
17260. 1
15789.7
13331,7
9463. 1
377e.3

4
31

31

31
31

31

21
31

31
31
31

3

X
1296.5
1313.9
1331.4
1348.8
1366.3
1383.7
1401.2
1418.6
1436.1
1452, 5
1470.9



HATES UNIT MEIGHTe £2.49

.
31
31

¥

SATURRTED -

NO
YES

Y-ORD RADIUS FACTOR OF SAFETY

12.59

COHESION WIDTH

- L

ONARMORNNNNNN
NNNNNNNNNNN

> = ®

. CALCULRTED

POINT  R-UKD Y-0RS
1 0.00  6220.00
2 1270.00 6220.00
3 1520.00 6340.00
4  1570.00 6340.08
S 1640.00 6€380.00
6 1720.00 6380.060
7 1790.00  6420.00
8 1860.00 6€420.00
9 1970.00 6450.90
10 2040.00 6480.90
11 2150.90 6540.00
12 2219.00 6549.80
13 2225.00 6550.09
14 3050.00 6€550.60
15  3108.00 6560.00
16 21%50.00 6350.e00
17 3100.98 6350.00
LINE  LEFT RIGHT  soOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2
SOIL UNIT WEIGHT COHESION
1 %0 ' 800
2 99 geo
. CIRCLE  X=-ORD
1372.8 © 6382.8  150.0
SLICE  MEIGHT = INCLINATION
1. 478.8 °  -4.6 - see
2. . 1302.2 -2.1 soe
3 1947.8 .S . 800
‘ 2415.7 3.0 800
s 2705. 4 S.6 800
6 2615.0 8.1 see
7. 2741.6 18.7 80e
8 . 2420.9 13.3 ‘8ee
9 2027.6 16.9 8eo
10 . 1374, 4 18.6 800
11 o s12.6 - 21.3 800
ITERATION INITIAL
1 1.80600
2 11,7819
3 12,5822
‘ 12.5888
FACTOR OF SAFETY=

EARTHQUAKE =

.10

11.7619
12.5822
12.5888

EFF MWEIGHT

12,5889

12.59 AT X= 1372 Y= 6382 R= 150

146.8
399. ¢
597.3
7408.8
829.7
863.3
840.7
760.8
621.8
421.5
157.2

31
31
31

31
31
31
31

3

31
31

1339.9
1366.6

1373.3

1379.9

1386.6 -

1393.2
1399.9

' 1486.6
T 1413.2

1419.9
1426.6



WATEFP UNIT MEIGHT: 2, 40

POINT

E
DV NUNE WP

11
12
13
14
13
16
1?

X-0RD

8. 00
1270.00
1529.00
1570.00
1649.00
17208.00
1796.00
1868.00
1970,00
2049.00
2158.00
2218.900
2225.00
3e5e.00
3100.00
2158.00
3100.00

LINE  LEF

SOIL
1
*

CIRCLE

SLICE

~RVENMALWUN

. g

i 13
2 1
3 e
4 16

UNIT

X-0RD
1338.0

WEIGHT
4446. 4
12036. 6
17957.9
22262.1°
24970.8
| 26077. 4
25546.2
23309.8

19261.6
13244.6 .

5830.3

ITERRTICON

i
2
3

FRCTOR OF SAFETY=
EARTHQUARKE=

.19

SATURATED
NO
YES

EFF HWEIGHT

1363.6
3691.2
SSev.1 -
6827.1
7657.7
7997.1
7834.2
7148.3
5906.9
4861,7
1542,.6

Y-0RD
6220.00
6220,00
€349,80
6340.00
6380,.00
6380.00
€429,.00
6420,00
€48@,00 —
6480.080
6540.00
6548,80
63550.00
65508.00
6568.00
63508.00
63%5e.00
T RIGHT SOIL
14 1
2 2
16 2
1? 2
HEIGHT COHESION ’
9@ -1-1- <}
99 800 31
¥=0RD RADIUS FACTOR OF SAFETY
412,08 2.9 3.78
INCLINATION COHESION HIDTH
~-14,.4 800 15.2
-9.9 890 15.2
-5.5 . 800 15.2
=-1.1 339 !502
3.2 8ee 15.2
7.6 808 15.2
12.0 809 15.2
16.6 800 15.2
1.2 gee 15.2
25.9 806 15.2
30.9 800 15.2
INITIAL CALCULATED
1.0000 «3.6088
3.6088 3.7789
3.778¢9 3.7827

"3.78 AT X= 1338 Y= 6412 R= 200

.31

o

31
31
31
31

- 31

31

31

.31

31
31

X
1280.3
1295.5%
1318.8
1326.0
1341,2
135¢€.9
1371.7
1387.0
1482,2
1417.4
1432.7



WATER UNIT WEIGH

PUOINT X-0RD

.00
1270.090
1520.00
1570.00
1640.00
t720.00
1790.080
1860, 00
1978.00
10 29840.00
11 2150.00
12 2210.00
13 2225.00
14 30350.00
13 31006.00
16 2158.00
17 3i08.e0

VONAUEWN -

LLINE LEF
1 13
2 1
3 2
4 16
SOIL UNIT

1
2

CIRCLE X=-0RD
1337.0

SLICE WEIGHT
447,9
1218.6
1822.6
22%9.7
2528.9
2628.5
2536. 1
2308.8

1272.6
473.8

~OOONRAU S QR -

[y

ITERATION
1 .
2
3
4

FACTOR OF SAFETY=

EARTHQUARKE= B |

1882.6

Te 6§2.40

Y=~O0RD
6220.00
6220.09
6340,00
6340.00
6380.00
6380,.00
6420.00

- 6420,00
6480,.00
6489.08
6£540.00
£6540,.00
€3550.00
63530,00
€360.00
6350,00
€330,00

T RIGHT
14
2
16
1?7

WEIGHT
98
%¢

COHESION

s
-3

31

NO
YES

Y-ORD RADIUS FACTOR OF SAFETY -

6428.0

"~ INCLINATION

-2.1

ONUNEDNN-O

DRSS NDONIN |
s 8 8 8 8 s

”e o re e pe

INITIAL

1.0800
13.2787
14,3157
14,3226

200.0

14,32

COHESIQN - WIDTH

g8o0eo .
gee -

sae
809
860
-1 1)

7.2

- » [ ]
NRNNRNMOMMNMNNNN

* » L ] L ] -

~NNNNNNNNNN

CALCULATED
13.2787
14,3157
14,3226
14,3227

EFF

‘14,32 AT X= 1337 Y= €428 R= 200

SATURATED

WEIGHT
137.4
3?3.7
558, 9
€53.0
775.5

783.9 .
708,88 .

577.3

390.3

145.1 "

%
1329.7
1336.9
1344,
1351.3
1358.5
1365.6

1372.8

1380.09
1387.2

1394l4 .

1401.5




WATER UKIT WEIGH

FOINY X-0RD

1 0.00
2 1270,00
3 1520,00
4 1570.080
S 1648,.00
6 1720.00
7 179e. 08
8 1860.00
9 1970, 80
19 204@,00
11 Q150,00
12 2210,00
13 2225,.00
14 3050.00
15 3Ji1008.80
16 2130, 00
17 31e8.00

LINE LEF

-1 13

2 i

3 2

4 16

SOIL UNIT

1
2

CIRCLE  X-ORD
1272.0

SLICE  WEIGHT

62.6
170.,2
254.3
314,7
351.5
364.3
353.2
. 317.8
. 257.9
173.5
64.1

- - ’ ’
= DDA NRAWNLAWNM

ITERATION
i
2
3
4

FACTOR OF SAFETY=

EARTHRUAKE= o1

Te £2.40

Y=-0RD
6€229.00
€220,00
6340.00
€3490.00
6380.00
63806.68
6420.00
6420.00
6480,00
6€480.080
6540.00
6540.00
€550.080
6550.00
6560.080
63%08.00
6350.e0

T RIGHT
14
2
16
17

WEIGHT
%0 '
se

SATURATED
NO
YES

¥Y=-ORD RADIUS FACTOR OF SAFETY

6472.8 250.0

INCLINATION
3.7

WN-OODNR N
»
sarms N W A AN

[

INITIAL

1.0000
50.7365
35.1092
S9.1169

SOIL
1
2
2
2
COHESION o
808 31
g8oe 31
33.12
COHESION HWIDTH
8ee 4.0
gee 4.0
. 800 4.0
gee 4.0
gee 4.9
gee 4.9
see 4.0
goa 4.0
800 4.0
-1-1) 4.9
808 4.0
CALCULATED
50.736S%
SS.1692
$5.1169
55.1169

w33—

EFF KWEIGHT
19.2
52.2
?8.8
95.5

107.8
111,7
198.3
97.4
?9. 1
S$3.2
19.7

$5.12 AT X= 1272 Y= 6472 R= 250

31
31
31
31

31

31
31
31
31
31

¥
1288.3
1292.3
1296.3
1300.4
1304,.4
13688.4
1312.4
1316. 4
1320. 4
1324.4
1328.5



— —— A e
- " 4
.

e A kel WRmp m ol - e e

WATER UNIT WEIGHT= 62,49

PO

soI
1
2

INY X-0KkD

VOVYOUNLWLUN

L

0.00
1270.00
15290.00
1378.00
1649.09
1720.09
1790.00
1860.¢0
1970.00
2040.00
2150.08
2210.09
2223.00
30508.00
31e0.00
2130.00
3100.09

LINE LEF
1 13
2 1
3 2
4

UNIT

CIRCLE  X=~ORD

SLICE

1

[

~COVRNAUSGR

1304.0

WEIGHT
1307.1
355%5.6
5317.3
6594.8
73835.4
7684.3
7483,5
6771.7

35333.8 .

3730.8
‘1398.6

ITERATION

FACTOR OF SAFETY=

&WN -

EARTHQUARKE= " .1

16

y-0RD
6220, 00
6220.00
€340.00
6340, 00
6380, 00
6380.00
6420.00
6420.08
6480.00
6480.00
63549.00
€5498.00
6350.08
6sse. 00
6360.00
6350. 00
6350.00

T RIGHT
14
2
16
17

WEIGHT
20
90

Y-0RD RADIUS FACTOR OF SAFETY
250.8

64702.9

INCLINRTION -

-405
-2-°
3
3.1
S.6
8.1
190.7
13,3
15.9
18,6
21.3

INITIAL
1.0000
7.3820
7.9833
7.9097

-]

COHESION

8ee
8ee
. 898
809
808
8ee
gee
goee
8ee
809
800

 J
31
31

7.91

COHESION - WIDTH

11,0

11.9°

11.0

- 11.9
™ 11.0
11.0
‘13.0
11.0
1t1.0

T 11.8 -

11.8

CALCULATED
7.3820
7.9035
7.9097
7.9098

2.91 AT X= 13084 Y= 6470 R= 250

SATURATED

NO

YES

-

EFF WEIGHT
400.8
1890.2

1630.6 -

2022.4

2264.9
T 23%6.5
. 2294.9
. 2976. ‘ o
1597.0 -

1150.3
428.9

. X
1284.2
1295.3 -
1306.3
1317.3

. 1328.4

1339.4-

--13%50.5

1361.5
1372.5°
1383.6. .

- 1394- 3 i



WATER UNIT HEICKHTe $0.49

POINT

SOIL
1
2

¥-0RD
0.00
1270.00
13520.00
1570.00
1649.00
1720.00
1790.99
1860.00
1970.09
2040.00
2150.80
2210.89
2225.00
3e50.00
3100.00
2156.089
3100.00

LINE LEF

CIRCLE

SLICE

ra pa
DD NGO WU AWM -

1 13
2 1
3 4
4 16

UNIT

%=-0RD
1260.0

HEIGHT
16.3
44,8
€6.9
82.8
92.8
95.9
93.0
83.8
68.0
45.8
16.9

ITERATION

FACTOR OF SAFETY=
EARTHQUAKE=

oW N -

SATURATED

NO
YES

EFF WEIGHT

Y-ORD
6220.00
6220.00
6340.00
6349.00
6380.99
6380.00
6420.00
6420.00
6480.00
6480.90
6540.00
6348.00
6550.08
6550.00
6560.80
6350. 08
6350.00
T RIGHT  SOIL
14 1
2 2
16 2
1? 2
WEIGHT COHESION ’
90 800 31
90 8o 31
Y-ORD RADIUS FACTOR OF SAFETY
' 6322.0  100.9 165.20
INCLINATION .COHESION  WIDTH
2.9 90 1.9
4.0 800 1.9
s.1 . 880 1.9
6.2 808 1.9
7.3 80 1.9
8.4 808 1.9
9.5 oo 1.9
18.6 800 1.9
11.7 80 1.9
12.8 see 1.9
13.9 eee 1.9
INITIAL CALCULATED
1.0000 - '151.943S
151.9435 165.1985
165.1908 165,1982
165.1982 165.1983

8. 00

165.20 AT X= 1280 Y= 6322 R= 100

S.0
13.7
20.5
25. 4
28.4
29.4
28.3
25.7
28.9
14.0

S.2

12835,1
1287.0
1288.8
1298.7
1292.6
1294.5
1296.4
1298.3
1300.2
1302.1
1304.0.



HATER UNIT MEIGHT= ¢2,40

PGINT  X-ORD Y-0RD :
| 0.00 6€220.00 T4 .
2 1276.00 6€220.09 ) : o ;
3  1%520.00 6340.00 : e
4 1570.00 €346.00 : _
S 1648,00 €380.00 ‘ . K
6 1720.80 6389.00 . el "
7 1790.00 6428.90
8 1860.90 64208.08 i
9 1970.00 6480.00 ¢
18 7 2040.00 €6480.60 y
11 2150.08 6540.00
12 2210.00 6540.00
13 2225.88 65350.00
14 30%50.00 6558, 00 B
1S 3100.90 6562.09
16 21%59.80 6350.00
17 3100.00 63%50.00
LINE LEFT  RIGHT SOIL
1 - 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2
SoIL UNIT WEIGHT COHESION - o ‘SATURATED
1 99 800 31 NO
2 99 - 898 31 YES
CIRCLE  X-ORD Y-ORD . RADIUS FACTOR OF SAFETY
1300.8 €3208.9 108.8 18.65
SLICE WEIGHT INCLINATION COHESION - HIDTH E€FF WEICHT o I
1} 494.3 -8.9 800 S.9 - 151.6 31 1284.5
2 1342.5 5.5 800 5.9 . 411.7. 31 1296.4 .
3 2806.8 -2.2 . 800 5.9 615.4 a1 $296.2
4 2489, 4 1.2 g§08 - 5.9 763.4 31 1382.1
5 2790.5 4.6 CET) . 5.9 855.7 - .31 1388,8
6 29e8,5 7.9 _ 808 5.9 - 891.9- - 31 -1313.8
4 2839.8 @ 11.4°¢ CT-T:] 5.9 - 870.9 31 1319.7
8 2578.6 14.8 : goe 5.9 798.8 31 . 1325.%5 -
9 - 2116.7 18.3 800 s.9 64%.1 - 3¢ 1331.4
19 1442.8 21.9 soe s.9 442.5 - .31 1337.3°°
11 S41.,7 25.6 ‘ 508 5.9 166.1 31 1343.1
ITERATION INITIAL CALCULATED -
"1 1.8000 17.3680
2 17.3680 18.6469
3 18.6469 18.6536
4 18.6536 18.6536 \

FACTOR QF SAFETY= 18.65 AT X= 13080 Y= 6320 R= 100
EARTHQUAKE= .00 ) '




HATEN UHIT HEIGHT® &..40

-
DOODNOWUE LN -

11
12
13
14
13
16
17

SOIL
1

POINT X-0RD Y-0RD
0.00 €220.00
1270, 00 €220.00
1520.00 6349.00
1578.80 6340.00
1649.00 6380.00
1720. 04 €380.00
1796.080 6420.09
1868, 08 6420.00
1970.089 6480.00
2049,00 6480, 080
2158.00 6540,00
2210.009 6540,00
2225.00 65350.080
3050.09 65350.00
3100.00 6568.00
21%8.080 €3350.00
Jie0.00 6350.80
LIKE LEFT RIGHT  s0!
i 13 14 1
2 1 2 2
3 2 16 2
4 16 1?7 2
UNIT WEIGHT COH
90
99

2

CIRCLE  X-ORD

SLICE

[ Y

S RWONAU SN~

1415.0

MEIGHT
152.8
415.6
621.6
770.8
862.9
897.3
873.2
789. 4
644.3
436.1
162.3

ITERATION

FACTOR OF SAFETY=

§
2
3
4

EARTHQUAKE= @,

Y-0RD RADIUS
6340.0 18.0

INCLINATION €
-302
-1.9

i.

[ S Y
oNMNODOWUMW
DONDODUAUNYVRHW

INITIAL

1.0080
35.6891
38.6083
38.6157

L

ESION [ SATURATED
8e8 31 NO
800 31 YES

FACTOR OF SAFETY
38.62 '

OHESION HWIDTH EFF WEIGHT

80e 4.0
808 4.9
g8ao 4.0
8ee 4.0
11 4.0
goe 4.9
121 4.0
809 4.0
800 4.0
geo 4.0
800 4.0
CALCULATED
35.6891
38.6083
38.6157
38.6157

38.62 AT X= 1415 Y= 6340 R= 109

3, 4C-xoxvi
_3 7...

46.8
127.4
198.6
236.4
264.6
2735.2
267.8
242.1
197.6
133.7

49,8

 J

31
31
31
31

.31

31
231
3t
31

31

31

X
1409, 4
1413.3
14172.3
1421.3
1425.3
1429.3
1433.2
1437.2
1441,2
1445,2
1449.2



HATEF UNIT MEICHT= €2.40

POINT
!

L
DVOBVARSEWN

x-0RD
.00
1276.00
1320.99
1570.00
1640.00
1728.09
1790.00
1868.00
1970.00
2040.90
21%0.00
2210.00
2223.00
30%50.08
3190.00
2130.00
3100.00

LIKNE LEF

SOIL
1
2

CIRCLE

SLICE

cFOOONANEWN -

.

] 13
2 4
3 2
4 16

UNIT

X=0RD
1286.0

WEIGHT
133.4

" 362.9
$42.7
672.6
752.2
78t.1

- 758.2
684.4
s57.1
37%.8
139.4

ITERATION

WM -

Y=0RD
6220.00
6220.00
6340,00
€340.00
6388.00
6380,00
6420,00
6420,00
£480,00

- 6486,.00
6540,00
6340.00
6350.00
€530.00
6560.00
€3350.00
6358,00

T RIGHT
14
2
16
1?

KEIGHT
99
99

' ¥Y-ORD RADIUS FACTOR OF SAFETY
158.8 '

6372.0

‘INCLINRTION

-1

NAWrDONML»
L]
Ve b~ yDWAHhOLWON

"o pa pa pa pa

INITIAL

1.e000
44.0878
47.80861
47.8136

.FACTOR OF SAFETY=  47.81

EARTHQUAKE=

0.08

COHESION- - MWIDTH

gee

800
- 890

8ee
880
see
8ge
11

-COHESION

» - SATURATED -

31
3t

47.81 -

4.4

LI T R N U N R N

(el EEE X

CALCULATED
44,0878
47.8961
47.8136
47.8136

AT X= 1286 Y= £372 R=»

HO
YES

EFF. HETGHT
48.9
111.3
166.4
206.3
238.7
239.5
232.7
209.9
17e.8
11%5.3
42.7

158

1285.8
1298.2

- 1294.6

1298.9
1303.3
1397.6
1312.09
1316.4°
1320.7
1325.1
&329.4



MATEF UNIT WEICHT= $2,40

SOIL
1
2
2
2

COHESION
gee
808

#
3
3

SATURATED
NO
YES

Y-ORD RADIUS FACTOR OF SAFETY

150.9

4.680

INCLINATION COHESION - WIBTH

POINT  X-CRD t=QRD
| 0.00 €220.p0
2 1270.00  6220.00
3  1520.80  6340.00
4 1570.80  6340.00
S 1649.00  €380.00
6 1720.80  €380.00
7 1790.00  6420.00
8 1860.80 6428.00
9 1978.08 6480,00
10 2048.00  6480,08
11 2150.80  6€540.90
12 2210.0@ 6€540.80
13 2225.88 6550.00
14 30%e.80 6€3%52.88
15 3100.00 6560.08
16 2150,00 6358.00
17 3100.88 63%0.08
LINE  LEFT  RIGHT
1 13 14
2 1 2
3 2 16
‘ 16 1?
SOIL UNIT MWELIGHT
1 99
2 90
CIRCLE  X-ORD
: 1367.@ . 6350.0
SLICE  KEIGHT
1 9%18.2 ~28.1
2. 26369. ¢ -20.8
3 38905. ¢ -13,8
4 47950.4 -7.8
s $3726.9 -.3
6 56307.5 6.4
? .+ $Se30,7 13,2
8 51488.2 20.2
9 43472.9 +  27.8
1@ 38857, 9 35.3
11 12294.6 44.0
ITERATION INITIAL
1 1.0000
2 4.4918
3

FACTOR OF SAFETYw=

ERRTHQUAKE= @9.@

4.5940

e

goe
800
, 800
see
gee
800
880
sae
800
800
gee

17.4
17.4
17.4
17.4
17.4
17. 4
17.4
17.4
17.4
"17.4
17.4

CALCULATED
4.4918
44,5940
4.3937

3.4C-xxviil

-3 g9-

EFF WEIGHT
3040.7
8086.6

11931.8
14704.8
16476.3
- 17267.6
17060.1
15789.7
13331.7
9463.1
3770.3

4.60 AT X= 1367 Y= 6350 R= 150

X
1296.5
1313.9
1331.4
1348.8
1366.3
1383.7
1481.2
1418.6
1436.1
1433.5
1478.9



HMRATER UNILIT HEICHT® ¢2.49

PCINT X-0RL Y=0RD
1 0.00 €220.00
-4 1278.00 6€220,.00
3 1320.00 6€349,00
4 1570.00 6340.00
S 1640.00 6380,00
é 1720.900 63896.00
7 1790.00 6420.00
8 1860.00 6420.00
9 1970.08 £480,.00
18 2240.00 6480,.00
11 215e.00 6549.99
12 2210.88 6548.00
13 2225.00 €3358,00
14 | 3850.00 653590,00
15 3100.00 6360.89
16 21509.00 6€35a.08
17 3100.00 €358,00
LINE LEFT RIGHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 1?7 2
SOIL : UNIT WEIGHT . COHESION . 4
1 9¢ gee 31
2 90 gee 31
CIRCLE X=-0RD Y-0ORD RADIUS FACTOR OF SAFETY
1330.8 6412.9 200.09 6.30
SLICE WEIGHT INCLINARTION COHESION WIDTH
2 12036.6 -9.9 g9 15.2
4 22262.1 -1.1 888 15.2
S 24970.8 3.2 goe 15.2
6 26877.4 7.6 sae 15,2
7 235546,2 12.0 - g8@ - 15.2
8 - 23309.8 16.6 -3-1-] 15.2
9 19261,.6 21.2 gQe 15.2
ie . 13244.8 295.9 goe 15.2
11 3830.3 30.9 gea 15.2
ITERATICON INITIAL CALCULATED
1 1.0080 6.1468
2 6.1468 6.4977
3 6.4977 6.%826

FRACTOR OF SAFETY=
ERRTHQUAKE= 0.00

SATURATED

NO

YES

EFF WEIGHT
1363.6
3691.2
SSer7.1
6827.1
7657.7
7997.1
7834,2
7148,3
5906.9
4061.7
1342.6

6.50 AT X= 1330 Y= €412 R= 200

RN ARE] N

1280.3
1295,3
1310.8

'1326.9

1341.2
1356.5
1321.7
1387.9
1402.2
1417.4
1432.7



uhrtﬁ' UNIT MEIGM

FOINT A=0RD
9.00
1270.090
1320.00
1570.00
1640, 00
1720.00

" 1796.00
1860.00
1970.00
2049.00
2150.080
2210,.00
2225.09
30%0.00
3100,00
2150.09
3100.00

- e
OV NONLE WP -~

P Pk et R P e
~SNoUas WM

LINE LEF

y 1 13
2 1
3 2
4 ié

SOIL UNIT

1
2

CIRCLE  X-ORD
‘ : 1337.0
SLICE  MEIGHT
447.9
i218.6
1822.6
2239.7
23528.9
-2628.9
; 2536.1
i 2308.8
1882.6
1272.6
473.0

Lo )
~ODVONOVLAWN -

ITERATION

S WN »

FACTOR OF SAFETYs

Te ¢2.49

SATURATED

NO
YES

Y-0RD
6229.00
6220.00
6340.00
6340.00
6380.00
6380.00
6420.00
6420.00
6480.00
6489.00
6540. 00
6540.00
6550.00
6550, 00
6560, 00
6350.00
6358.60
T RIGHT  SOIL
14 1
2 2
16 2
1? 2
MEIGHT COHESION ’
9@ gee 31
90 80 31
Y-O0RD RADIUS FACTOR OF SAFETY
6428.8  200.0 24.16
INCLINRTION  COHESION  MWIDTH
-2.1 gaeo 7.2
-.0 8ee 7.2
2.0 . 8@e 7.2
4.1 800 7.2
6.2 800 7.2
8.2 gee 7.2
10.3 800 T 7.2
12.4 oo 7.2
14,5 see 7.2
16,7 80@ 7.2
18.8 see 7.2
INITIAL © CALCULRTED
1.0000 22,3388
22.3388 24.1488
24,1488 24,1561
24.1561

24.1561

EARTHQUAKE= ©.089

24.16 AT X= 1337 Y= 6428 R= 2089

EFF WEIGHT

13?.‘
373.7
$58.9
693,80
??5.5
806.1
783.9
708.0
577.3
390.3
145.1

X
1329.7
1336.9
1344,
1351.3
1356.5
1365.6
1372.8
1388.@
1387.2
1394.4
1481.5



HWATERK UNIT WEIGHT= €2.49

FRCTOR OF SAFETY=
EARRTHQUAKE= @.00

92.55 AT X= 1272 Y= 6472 Re 250

POINT  X-ORD Y=-0RD
| 0.00 €228.08
2 1270.00 6228.0¢
3 1520.00 €340.00
4 1570.00 6349.00
s 1€640.00 6380.600
é 1720.60 €380.00
? 1790.00 6420.00
8 1860.00 6420.00
9 1970.08 6482.00
10 2040.08 6480.00
11 2150.80 6€548.08
12 2219.00 63540.00
13 222%5.88 6550.00 -
14 3030.00 6350.00
1S 3100.98 6568.09
16 21%9.900 €350.600
17 3100.08 63%8,.00
LINE LEFT  RICHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2
SOIL UNIT WEICHT COHESION @
1 99 - 800 31
2 9@ see 31
CIRCLE  X-ORD Y-ORD RADIUS FACTOR OF SAFETY
1272.0 6472.0 258.0 92.55 '
SLICE  WEIGHT INCLINATION COHESION WIDTH
1 62.6 - 3.7 880 . 4.9
2 . 178.2 4,7 8ee 4,0
3 254.3 s.6 . 808 4,0
4 314,7? 6.5 808 4.0
5 351.5 ?-4. 899 " 4la
€ 364.3 8.4 1T 4.0
rd 353.2 "9.3 1T 4.0
8 317.8 19.2 800 4,8
9 257.9 11.2 880 4.8
1o 173.5 12.1 800 " 4.9
11 4.1 ° 13.1 gee 4,9
ITERATION INITIAL CALCULATED
1 1.00088 85.1348
2 85.1348 92.5376
3 92.%376 92,5454
4 92.5454 92,5454

o

YES

EFF WEIGHT

L

SATURATED

19.2
52.2
78.9

T 96.8

187.8
111.?
188.3
. 97.4

T 79.1

S53.2
19.7

X
1288.3
1292.3
1296.3
1300.4
1304.4
1388.4

1312.4 .

1316.4
1320. 4
1324.4
1328.9



Mmirr Ll Meliun

FOINT A=0FD

e.Mw
1276.00
1520.08
1570.089
1648.00
1720.08
1790.00
1860. 08
1970.00
19 2040. 00
11 2150.089
12 22106.09
13 2225.00
14 3e50.060
15 3196.08
16 2158.80
17 3100.00

VOO E LW —~

LINE LEF

1 13

2 1

3 2

4 16

SOIL UNIT
1
2

CIRCLE X-0ORD
1304.9

SLICE HEIGHT
1387.1
35%55.0
5317.3
6594.8
7385.4
7684,3
7483.5
6?71.7
$%33.8
37356.8
1398.6

= DY NMAAA WA -

[ ]

ITERATION

LN N VS

FRCTOR OF SAFETY=
EARTHQUAKE= @.80

1s ¢o.40

- 99

Y=CPD
6220.00
¢220.00 .
¢340,.00
€340,00
€3860,00
6380.900
6420,00
€420,00
6480, 08
£480.00
£340,00
6540.00
€5350.00
63550.09
6560.00
6350.00
6358.60
T RIGHT SOIL
14 1
2 2
16 2
17 2
HEIGHT COHESION o
90 gee 31
800 31
Y-0RD RADIUS FACTOR OF SAFETY
6476.0 250.0 13.39
INCLINATION COHESION . WIDTHM
~4,%5 800 11.90
"=-2.08 800 11.@
.8 809 1.0
3.1 800 11.6
5.6 8ee 11.9
8.1 gee 11.8
1.7 80e@ 11.0
13.3 80 11.0
15.9 800 . 11.8
13.5 '399 - 1100
21,3 800 11.6
INITIAL . CARLCULATED
1.8000 12.4399
12.4399 13.3835
13,3835 13,3963
13.3%03 13,3963

3.4C-x1i1

-43-

SATURARTED

NO
YES

EFF WEIGHT
400.8
1099.2
1630.6
2822.4
2264.9
23%56.95
2294.9
2876.6
1697.0
115.3
428.9

13.39 AT X= 1304 Y= 6470 Rs 256

]

31
31
a
31
31
31
31
31
31
31
31

X
1284,2
1295.3
1386.3
1317.3
1328.4
1339.4

1358.5 °

1361.5
1372.5
1383.6
1394.6
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BATA

3000
S010
S040
Sese
S060
Se70
Seso

FILE

DATA
DATA
DATA
DATA
DATA
DATA
DATA
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"SLOPE”

R slope stability program utilizing the siwplaified or “mcdifred
Bishop” method.

The program was writien by John P, Cross, P.E,., Processing Manajer
of STS Censultants, Northbrook, lllinois. This program vas printed in the
Gerober 1982 issue of "CIVIL ENGINEERING. "

This version was copied from *CIVIL ENCINEERING® and edited for the
Hevlett-Packard 9845 desk~-top computer by Horrocks Engineers in March
1983. The format for the input and the output was changed fro- the
original version, however, the program itself wvas not changed.

HORROCKS ENGIMEERS

ONE WEST MAIN STREET
AMERICAN FORK, UTAH 83003
TELEPHONE (881)756-7628

Lo s

-

L BLS I 75 R RV U kB ]
PRy e T ]

—

OPTION BRSE 1
OVERLAP

PRINTER IS 16

PRINT *SLOPE STABILITY ANALYSIS® :

DIM PCSO,2),L(50,3),82(5,4),A(50),F(508,7),2¢58,4),Hs[80),Sbits¢0:1)(3)
INTEGER Logo(2)

Sbitsc1)=" NO*

SbitsC@I="YES"

$9=10 : .

J6=0

OUTPUT S;"R"

ENTER S;M,D, Times

Dazcs-VRLs(H)&'/'&VRLS(D)&'/83'

PRINTER IS ©

PRINT “®,LINC4),TAB(S8O-LENC(D&teS)); Dates LINCE);

GOSUE Logo ! PRINT HORROCKS ENGINEERS” LOGO

PRINT LINCS),TRB(28), "SLOFE STREILITY ANALYSIS«, LiN¢2), TAB(38), “for" LINC2

INPUT OF PROGRAM VARIABLES ###

INPUT "ENTER THE DATA FILE NAME®,Files
INPUT "ENTER THE PROJECT NUMBER®,PnS
INPUT "ENTER THE USER’S INITIALS",Users
LINK Files, 50060
READ H$
PRINT TAHBC(4Q-LENCHEI/72);HS
PRINT LINC30),TABC36), “DATA FILE: "SCHR$C(34)LFil2SLCHRS(34),LINCL)
PRINT TAB(2%),“PROJECT NUMBER: "&Pns,LINC1)
PRINT TAB(37),%by: "LUsers
PRINTER IS 16
READ SO
IF 86=0 THEN 27@
READ S&
RERD &7
READ W
READ E1
FEEAD F1
FRINTER 1£ 14
FRINT =FQINT A=QRD Y-ORD" -
FoR 1=1 TO P1 ‘rs
FEINT SFRY2Y, 13 3.4C-xlviii
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33 IMRHGCE 3%, a7 D. 39 2& . .. -

%9 READ PCI,1)>,PC1, -

a7 PRINT USING 3323 P(l 1), P(l 2)

389 NEXT 1

4900 RERD L1 . .- 2 :

401 PRINT LINC1>,"LINE FROM ‘TQ SOIL BENEATH®

492 IMAGE 3X, 2(4D 3, ZX 20
410 FOR I=1 TO L} .

421 PRINT 1;
440 READ LCI,1),L¢1,2),L¢1,3)

480 PRINT USING 482; ch,xa L<t,2),L¢1,3)

490  NEXT I .

s18 © READ $1 - | - o
S11  PRINT LINC1)>,%SOIL: UNIT WEIGHT COMESION  “LCHRSC21@)8*  SATURATION®
s12  IMACE 3X,4D.DD,2X,9D,3X%,3D,3X,3R : : :

520 FOR le1 TO S1

531 PRINT I}

550 RERD $2¢1,1)>,52(],2),82(1,3,82(1,4)

619 PRINT USING 512 SZ(I 1), SZ(I 27, 32(1 3, Sbit8(32<l 4))
629 NEXT I

s#» CIRCLE DEFINITION #s#

€40 Fo=@
641 PRINTER IS 16

658 PRINT “CIRCLE DEFINITION®
669. INPUT "ENTER THE X-ORD, Y-0RD, AND RADIUS OF THE FAIL SURFRCE FORMAT X,Y,

R *,X,Y,R

*

ii* CHECK T0 SEE IF- CIRCLE EXCEEDS TOP LINE END POINTS #a»

?30 Uispl

748 FOR I=2 TO P1

-1} IF ¢P(I, 1)(P(! 1,19 RHD (UllPl) THEN 779
768 GOTO ?89 . -

’7e Ul=l~-1 ‘

788  NEXT I

798  J1=R#R-(PC1,2)-Y)42

808  J2sR#R=-(PCUL,2)=¥)42

818 IF J1<=0 THEN 838

820 . IF <J1>8) AND <P(1,1)>X-SQRTJ1)>)> THEN 860
830 IF J2¢=@ THEN 850

840 IF (J2>8) AND <PCUI, 1)<x+saR<32>> THEN 860
gsa GOTO 88e k
860 - DISP "CIRCLE EXCEEDS TOP LINE END POINTS®;
76 COTO 4388 :

%% DEFINE INTERSECTION OF CIRCLE WITH LINES #s+

89¢ FOR 1I=1{ TO0 L1

908 XK1=PCLCI,1),1)

910 Y1=P(LCI,1),2)

920 K2=PCLCI, 20, 1)

930 Y2=PCLCL,2),2)

940 IF X2aX1 THEN 969

950 COTO 976

950 $=9.99E1@

976 IF X2¢>X1 THEN 990 .
980 GOTO 1000 ) :

93¢ Sx(Y2-Y1)/L{X2=X1) _

1906 IF ABSCS)<1.0E-S THEN 1150 " 3 4C-xLix



1010
19q¢
120
10489
1030
1060
1978
1:1:1")
1090
1100
1110
1120
1130
1140
1150
1160
117¢
1189
119e
1208
1210
1229
1230
12480
1259
1260
1270
1288
12909
1300
1310
1320
1330
1340
1350
1368
1370
1389
1390
1408
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1519
1528
1539
1540
1559
1560
1570
1580
1590
1606
1618
1620
1630
1649
1650
1e60
15760

CrexX1=Yy1-$
Cin) 82
CIe20CLr8-20X/8~20Y
Can1~2=-20XeCieX~2eY~2-R"2
C3eCI~2-44C2e(4
IF CS<® THEH 1980°
COT0 1990
(I, 1)=8
IF CS<8 THEN 1630
Q1a(=CI+SQR(CS) IV (24C2)
02e(~C3I=SQARCCS) I/ (2eC2)
Q3sQ1/S+C1
Q4=Q2/5+C1 -
GOTO 1249
CS=R~2=CY=Y1)~2
IF C5¢@ THEN 1180
GOTO 1198
2(1,1)=0
IF CS<® THENK 1638
Q3=X+SQR(CS)
Q4sX-SQRCCS)
Q1=y1
Q2ev1
J1=9
J2asg
IF (ABS(S><¢=9,99E9) AND CQ3>=X1) AND (Q3<(=X2) THEN 1239
GOTO 12990
Ji=}
IF CABS(S)I<=9,99E9> RAND <a4>-x1> nNn €Q4<=x2) THEN 1310
GOTO 1328
J2=t
IF ¢S<=9.99E9) AND CQ1>=¥2) AND <Q1<=Y1). THEN 1349
GOTO 1350
Jisg
IF-¢$<=9.99E9) AND <nz>-vz> AND <02<-vx> THEN 1370
CoTo 1388
J2=i
IF (S>9.99E9) AND CQ1>=Y¥1) AND (Qi<sY2) THEN 1400
GOTO 1418 .
J1=}
IF ($>9.99E9) AND <az>-71> AND <n2<-vz> THEN :433
COTO 1448 - = - C.
J2=1 - L ¥
2¢1, 1083142 - S
1f Jx-x THEN 1470 ' . -
GOTO 1488 T
2(¢1,2)=Q3 ) 7
IF Jimy THEN 13500 ) e
GoTo 1510
2¢1,3)=Q1
IF C11=@> AND CJ2=1) THEN 1530
GOTO 1540 '
2(1,2>=04
IF ¢J1=@8) AND (J2=1) THEN 1569
GOTO 1579
2(1,3)=02
IF ¢Ji=1) AND C¢J2=1> THEN 159@
GOTO 1600
2¢1,4>=Q4
IF ¢J1=1)> AND (J2=1) THEN 1620
COTO 1630 ‘
2¢1,3>=Q2

~

HEXT |
Xd=9
XS=9,95E20
[1=}

FOR =1 TO L1

3.4C-L



1230 IF 21,12 ,81 THEH 1790
1230 GoTO 1710
1799 Aol1)e2L, 2D

1710 IF 2¢1,1)>=1 THEN 1730 : _
1720 GOTO 1740 , K
1730 Itelleg -
1740 IF 2¢1,1>=2 THEN 1?60

1750 GoTo 1778

1760 ACIL1)=2C1, 4)

1770 IF 2<1,1)=2 THEN 179@

1780 LOTO 1800

1790 Il=T1+} .
1808 NEXT I

1810 IF 1li=! THEN 1830

18280 GOTO 1840 .
18638 PRINT °*CIRCLE DOES NOT INTERSECT SLOPE" .

1640 IF I1={ THEN 4380 .

##% SET UP SLICE ARRAY ##s .

1860 FOR I=1 TO I1-1

1870 IF ACI)>X4 THEN 1890

1838  COTO 1900

1898  X4=ACD)

1968 IF ACI<XS THEN 1920

1918  GOTO 1938

1928 XS=ACD)

1938 NEXT I

1948 FOR Is1 TO P1

1958  IF <P(I,13<X4)> AND C(P(I, 1>>xs> THEN 1970
1968 GOTO 1980

1578 ACI1I=PCI, 1)

1988 IF CPCI,1)<X4)> AND CPC1,1>>XS> THEN 2000
1998 - GOTO 2010

2009 11=11+1

2010 NEXT 1 |

2020 Ii=It-1 .

2038 FOR I=i TO I

2048  FOR J=1 TO I1-1

2839 IF ACI+1)>ACT) THEN 2999

2960 Ji=ACJ+1) ‘
2079 ACIJ+1=ACID *
2088 A(IOI=JL

2090 NEXT J

2180 NEXT 1

2118 U1=9

2128 FOR I=1 TO It=-1

2134 IF ACIYCACI+1)> THEN 2150
2140 GOTO 2160

2150 UlsUl+g

2160 IF ACI)CACI+1) THEN 2180
2170 GOTO 2190

2180 ACULI=ACT)

2198 NEXT 1

2208 Ul=Ule+l

22190 RALULYI=2ACIL)

2220 1=t

_### DEFINE SLICE BOUNDARIES ###

249 QI=ACI1)-ACL)
2.4u a2=Q1,5% .

Soen U1 =11



CaTh FGR 181 TQ wi-)
2080 QIACle)reAn ]
AT Qe=INT(Q3,02) 1
2300 C1%Q3/04

2319 C2eAC])

2320 FOR J=1 TO Q4

2330 IF J<Q4 THEN 23350
2340 COTO 23680

2350 Iislle}

2368 1IF J<Q4 THEN 2388
2379 LO0TO 2398

2380 RCI1)=C2+C1L _
23%8 IF J<04 THEN 2410
2400 GOTO 2420

2410 C2=C2+C1

2428 NEXT J

2438 NEXT I

2440 FOR I=1 TO 11
24350 FOR J=1 TQ Il-1

2460 IF ACJ+1)>RCIY THEN 25e0
2470 Ji=ACJ+1) '

2480 ACJ+1)=RD)

2490 [ TSP B 41

2500 MNEXT J

2510 NEXT 1

##+ DEFINE SOIL PARAMETERS FOR ERCH SLICE ##»

2538 Flsli~i :
2540 FOR Is1 7O Fi

2550  F(1,4)=ACI+1d=-ACI)

2568  X6sF(I,4)

2578  F(1,7)=CACI+1)+ACII)~ 2

2580 ' X3=FC1,7) -

2598  Y1=Y-SQR(R~2-CACII=X>~2)

2608  Y2sY-SQRCR~2-CACI+1)>=X)~2)

2610 ASERTNCABSCY2-Y1)/F (1,430

2628 IF Y2<Y1 THEN 2648 S
2630  GOTO 2658 ’ '
2648  AS=-AS

2650  F(1,2)=RS

2660 IF RS=@ THEN 2680

26786  GOTO 2698 :

2680  F(l1,2)=1,0E-5 .
2650 Y32Y-SQRC(RA2-(K3=X)~2)

2708 48

rady - FOR J=1 TO LI

2720 LS=L<J, 1)

2730 LésLCT, 2) : :
2740 IF CPCLS,2>¢=Y3)> AND (P(LE,2)<=Y3) THEN 2848
2758 IF CPCLS,1)<X3)> AND CPCLE,1)<X3) THEN 2840

2760 IF CPCLS,152X3)> AND CPCLE,1)>X3) THEN 2840

2779 YS=PCLS,2)+CPCLS, 25 -PCLE, 2))/(P(L5 1>=PCLE, 12> #(X3-PCLS, 1))
2780 If Y6<=Y3 THEN 28480

27%Q " I4=14+)

2800 2(14,13=Y6

2810 2014,2>8L¢,3)

2820 =0 ]
2830 E=0

2842 NEXT J

22%@ IF 141 THEN 2970

2¢6@ FOR Je1 TO I4

2870 FOR Ji1=3 TO 14-1} es
2850 1IF 2¢J31,1)>%2CI1+1,1)> THEN 2953 3.4C-111
2520 LS=2¢J1, 1)

53—



Les et

2CIL 102l , ) :
2¢J1,2)22¢J1+1, 20 o S
2¢J1e1,1)mLS : ‘
2¢J1+1,2)mL6 , . -

NEXT J1 4
NEXT J | . @
Iémldel '
2¢14,1)=Y3
FOR Ji=1 TO la-t

IF (I=1) AND (Ji=1)> AND (X3)>=56> THEN 3020

GOTO 3030 _ .

I16=509-Y1 -

IF ¢I=F1) AND ¢Ji=m1)> AND (X3>=S6) AND (X3<{=S5?7)'THEN 3050

COTO 3860

J6=88-Y2

Wale(2CT1, 10-2¢T1+41,1))4XE#52¢2¢T1,2),1) :

IF ¢2¢J1,1><S8) AND (X3>=S6) AND <x3<-sr> THEN 3090

GOTO 3190

Hal+($8=-2¢J1,1))%XE+UD

1F $2¢2¢J1, 2) 43>.9% THEN 3129

GOTO 3138

E4=52¢2¢J1,2),1)

IF $2¢2¢J1,2),4><.95 THEN 31350

COTO 3160

E4252¢2¢J1,2),1)>-W0O

ExE+C2C¢JT1,1)-2¢T1+1,1))#XE=E4
NEXT J1
FCI,10=H
FCI,S)=E
F¢I, 3)~szcz<x4-x 25,2) .

Fc¢lI, s>-2fo*<szcz<14 1,2),3)7369) . .
NEXT 1 o _
NORMAL .
IF F939 THEN 3360 . .
PRINT USING 3250;CHR$(210) o
IMAGE "SLICE  WEIGHT INCLINATION . COKESION WIDTH EFF HEIGHT A
x- 3 . .
0=360/(24PI) .
FOR 1= TO F1
PRINT USING 3320;I, F(I 1),FC1,2)#0,FC1,3),F(1,4),F(I, 5> F(! 6)>#0, F(I 7
IMAGE 3D,10D.D,7D, 12n $D. D, 11n 2,70, 7n n
NEXT I
PRINT
D=9Q .
PRINTER 1S ©
FOR I=1 TQ F1
D=D+F(1,1)*#SINCABSCF(I,2)3)#(F(I, z)/anscht 2)))
D-D+EliF(I 1)#COSCABSCFCI, 2
NEXT 1
1F 16> THEN 343@
GOTO 3448
I7=HG+]5+#]6#CR-1673)7¢(2%R)
IF 16>@ THEN 3460
COTO 3470
D=D-SGN(DY#17 .
IF CI8>8) AND C(F9=1) THEN 3490
COTO 3518
PRINT USING 3500;1?
IMACE “DRIVING FORCE COUNTER BALANCE or-,xen 2D
IF J6>8 THEN 3530
GOTO 3549

#7

17=HO+JCeJ62CR~-JE/3)7(2%R) S ; - .
IF J6>0 THEN 3580 - T -

GOTO 3578 ' y :
D=D+SONCDI*#17

IF ¢JS>3) AND (F%=1) THEN 3530 3.4C-1iii

~-H4-



M B3 DT S BV
TEI0C PRI S el
360 IMAGE “DFIVING FOPCE INCPERSE OF*,100.lb

see ITERATIVE SOLUTIQON FOR FACTOR OF SAFETY e4se

3620 Fos=t
3630 Ras=@
3640 1l6=0
3650 FOR 1=l TO F!
3660 RISFCY,3)#FCL,3)+FCT,S)*TANCF(],6))
3670 R2=17COSCABSCFCI,2)))
3689 R3I=1+TANCF (1,65 )#TANCFCL,2))/F0
3690 Ré=R4+R1 #(R2/R3)
3708  NEXT 1
3716 F2=R4/D
3728 16=16+1
3730 IF F9=1 THEN 3750
3740 GOTO 3820
37%0 IF 16=f THEN 3770
3768 GOTO 3800
37?@ PRINT
3788 PRINT USING 37990
3798 IMAGE “ITERATION",11X,"INITIAL", 18X, *CALCULATED"
3800 PRINT USING 3810;16,F0,F2
3818 IMARGE 3X%,3D, 13X, 3n 4n 12x 3D. 4D
3820 IF 16>10 THEN 3840
3830 GOTO 3850
384@ PRINT ®MWILL NOT CLOSE"
3858 IF 16>10 THEN 3%790 )
3860 IF RBSCRESCFO)-ABS(F2))<.005 THEM 29800
3879 F@=ARS(F2)
3880 R4=0
3899 - GOTO 3659
3%@0 ! .
3981 IF NOT F9 THEN
3982 PRINTER IS 16
3983 ELSE
3%04 PRINTER IS @
3905 END IF
3918 PRINT
3928 PRINT USING 3930;F2,X%X,Y,R P -
3930 [IMRGE "FACTOR OF SRFETY= °,5D.2D," AT X= *,4D," Y= *,4D, * Rx ", 4D
3948 PRINT USIKGC 3950;E! . R
3950 IMAGE "ERRTHQUAKE= °®,2D,2D
3951. IF F9 THEN 4389
3960 PRINT
3961 Rg="*
3578 INPUT "DO YOU WISH R FORMAL PRINTOUT (Y/N)>",R$
3998 IF UPCSCARS(1,1))="N" THEN 4328
39%1 PRINTER IS @
4030 IMAGE @"WATER UNIT WEIGHT=*,3D. 2n
4848 PRINT USING 4030;ue
4041 IF S8 THEN
4050 PRINT EE
4060 IMAGE “"SUBMERGENCE AT *3D.2D," FROM “,3D.1D,* TO *,3D.1D
4070 PRINT USING 4880G;50,56,57
40671 END IF °
4680 PRINMT )
40%8 PRINT ® POINT  X~-ORD Y=-0RD"
410@ [MAGE 4Db,7D.2D,7D.2D
4110 FOR 1=1 TO PI
4129 PRINT USING 4100;1,PCI,1),PC1,2)
4139 MENT 1 3.4C-Liv
4132 FRINT
.-5 5....



LR NS
FR )
4130
41%0
4200
2109
ED"

4229
4230
4240
4250
4260
4270
4280
4290
4399
4210
4311
4329
4340
4389
4378
4371
4380
4400
4401
4410
4520
4538
4540
4550
4560
4570
4589
4590
4506
4510
4520
4536
4648
4650
4660
4670
4630
45980
4780
4710
4729
4739

4743

4?7%

4788
4770
4730
4790
13008
4219
220
4330

N T 3 Lty il Fion! el
LvmLE 4 h[' .
Fak le) TO LY

PRINT USING 4160;1, Ltl l\ L(l,al L‘! 3'
NEXT I

PRINT .
FFINT “SOIL UNIT WEIGHT CONESION "LCHRS(210)L"

IMACE 3D,1%D,17D,9D,7X,3A
FOR l=1 TO $1
PRINT USING 4220;1,82¢1,1),82¢(1,2),52¢I1,3),8bit$(S2(1,4)) °
NEXT 1 ° .
PRINT - ) : ‘.
PRINT *CIRCLE  X-ORD Y-ORD "Rﬁnlus FRCTOR OF SAFETY"
IMACE 12D.D,7D.D,7D.D,8D.2D -
PRINT USING 4288;X,Y,R,F2
PRINT
PRINT
H‘..-
INPUT *DO YOU HWISH A DIAGNOSTIC RUN CY/N>“, ﬁs
IF UPCS(RSC1,1])%"N" THEN 4378 :
F9=1
IF UPCSCASCL,112<>“N" THEN 720
CES M
INPUT *DO YOU WANT TO CONTINUE (Y/N>*,Rs
IF UPCS(AsC1,132<>"N" THEN €30
DISP * FINISHED ®-
STOP '

Logo:PLOTTER IS 13,‘GRHPHICS'

GRAPHICS

SCALE 9,339,0,454

LORG 2 .

FOR I=0 T0 S
Logo(1)==2175
Logo(2)==-4332
R=4%54-1
GLUAD Logo(#*),0,R

NEXT 1

FOR I=6 TO 14
Logo(1{)==2113
Logo(2)==4332

R=4%54~1
CLOAD Logo(#),@,R

NEXT I

FOR 1=15 TO 21 , i
Logo(1)==-2173 _ _ oL e .
Logo¢2)==-43%52 ° = o T o
R=454~1 ’ : '

GLOAD Logo{#),8,R - -

NEXT 1

C3I2E 15-/4.54,9-15
MOYE 27,450

LAEEL “HORROCKS®
MOYE 27,437

CSIZE 1574.54,8-15 o . e
LABEL "EMNGIMNEERS® S

DUMF GRAPHICS 439,454

CCLERR

EXIT CRAPHICS

RETYRN

B

.3.4C-I-x
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Slope stability program

JOMN P, CROSS, 1.E., M. ASCE
Data Procms g Monaes

Promct Engrerey

STS Cornmlieds -

For MatuRaL oF man-madc slopes, the
index of sability with respect to a sud-
den fajlure is known as the salety factor
of the slope. The safety factor may be
defined as the ratio of the potential
rammg forces to the drive forces tend-
ing t0 cause movement. A slope on the
verge of failure would have a safety fac.
tor of 1.0. The analysis of slope stability
is, thercfore, the analytical proc:dure
of determining the most critieal, i.e.,
the lowest, factor of salcty of given er
proposed slope. |

Manual mexhods of slope stability
snalysis were d:velope-l prior to the

advent of the. electronic computer.

These approaches resulted in high anal-
ysis costs and conservative slope config-
wrations. Repeuuyc calculations lended

thcmsdvu w: compuunud methods -
‘and numerous prognms exist that havé -

been. written {or large computer sys-
tems to p::form slope stability analysis

according to rnumbcr of theorenal

melhods. - '.. g

The umphﬁed or meodified Bxshop
method is reasonably acsurate for most
purposes where the siope under analysis
can be asumed to [ail along a circular
failure sorface? The factor of safety is

deﬁned ‘a8 the ratio of the resisting

moments to dnvm; moments around
the center of lhe failure are. Initially, a
cross-section” of -the slope is drawn
detailing soil stﬂu and piczometric
surfaces. A center pomt is then chosen
from which an’arc is taken through the
eross-section. This arc represents the
failure surface:under evaluation. This
failure zone is broken down into a series
of slices which can be individually eval-
usted for their weight and strength
characxensua. An illustration of a
slope cress-section being defined by a
series of slices is shown in Figure 1.

The forces acting on each slice arce
illustrated in Figure 1. where AX'is the
width of the slice, WV is the weight af
the slice, T is the force acting along the
failure surface at the bottom of the
slice, N is the effective foree acting nor-
mally to the base of the slice and © is
the inelination of the failure surface nr
slice base. The factor of sufety is
defined as:

0350:0504528270010-007 17801 00

s (CAX + Nund) sec t
I+ Bndund
Fm F
I Wiin@

Where C is the cohesion, & is the [ric-
tion angle and the summation oecurs
over each slice of the failure zone. As
the facior of safety, F, occurs on both
sides of the equation. An interactive
solution where F is initially estimated
and then back substituted until the eal-
culated F and estimated F close within
a spetified tolerance.

The equation can be modified tn han.
dic two additi..nal econditions by adding
additional factors to the term defining
the driving force. Thase Lwo tonditions
are standing pools, i.e., submergence of
a portion of the slope, and earthquake
loading. For submergence, the weight
of water acting above the slice is added
1o the weight of the slice itsell. The
total driving foree is increased or de-

qu 1 Fodra 2eres & Qomud 0D .05, KNCws
SEMD OON § HCE e SD lect

creased by the weight of water above o
below the exit of the failure surface
from the slope. The second condition of
carthquake loading can be handled by
increasing the driving force calculaied
for each shice by EWens@, where E is
the carthquieke boading factor. Similar-
ly the rasisting forez s decrerind by o
ducrease in the normal force due to the
carthquake boading.

Following the calculation of the safc-
ty factor for this arc, the center or
radius of the are is modified 16 generate
a new failure surface. The previously
mentioned procedure is again followed
with a new factor of safety being deter-

LY
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(221§ i
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PRINT PeezLLFT FT %)
Teul EaeILifad b= ~ oo =
PRINT Sagl'RiGmt PY *3
1EUT pesttilers st
reisg
1wy
sy Yy
Mmiar pepi* ll.nlt‘l w
Ty ganiy)
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mined. This entire sequence is repeated

erate the failure surface, lines 720-860 each slice and the actual iterative solu-

tion for -the factor of safety occurs

until the failure surface for the mini-
mum (actor of saflety is determined.
The program included in this article
follows the same general procedure as
previously defined. The program can be
broken down into niae segments, Lines
100-620 arc input routines for the cniry
of duta defining the cross-section, lines
630-710 define the cirele that will gen-

72 Cuwd Enginesnng-ASCE  Octobor 1932

perform a verification that the failucs
arc faiis fully within the c¢ross-section
and lines 880-1840 define the intersee-
tion points between the line segments
and the farlure are, The slics array is
sat up between line 1850 and 2220,
with slice boundaries defined in lines
2230-2510. Lines 2520-3600 include
the definition of the soil parameters for

3.4C-Lvii
-58.-

between lines 3610 and 3950, The
remmainder of the program is the formal
outnut of the results.

The program includss a diagnostic
print-out where 21l the slice parameters
can be displayed for any given failurz
surface. As currently configured the
program can handle modsis including




February 1994

Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

APPENDIX 3.4D

DISTURBED AND UNDISTURBED AREA
RUNOFF CALCULATIONS

§ 5;
S8 s
*, HENDRICKSQN:

........

. 007/004



prosect YC- 150 pace_V_or 15

EARTHF ,

G0 R

5439, E1E0Y CHECKED. i DATE n/3 T

[Prep Plovt Avco
Roney Caltwiating — Opeamriod PHAsE
f(%vmphb’wa 2
© . Dsum Sorm = bryear, b hour
. % P = LY inchhes _
ype I auamwvhw\
data hunfd

. bt V\ummrs aned o1

- Chapte _amd é\%f, V't
&Ud%mev\:fg

Yaﬁe Ss—,LMa.Q




- ——

_ _ . proveet __)(C-150 PAGE._ 2
EARTHFAX ENGINEERING, INC.

OF
_ compuTen (A oare 41972
ENGINEERS / SCIENTISTS .. eSS M/‘l’ oaTE .///92_
Caste Cyle Prep Plory
Wodevesined Aveon
Woderswvied - Aten CAc.-vesl Aves. (v )
LEGWS - UL s 6.010
Vdo- . o1 09 1.0,
ELS) 72 %e 061D
w4 L1 .. 0.0tk
LS SEE ArrEMvIx B LD
Ul o a0 0.004
V7T . ... S .._. ..  0bA?
Ué S 05 L 0.6%22
_Ceus-pDhlarey . . 12-D _ 6.06t87T
-Deg L. 220 - 0.0035 .
% (A 144D | c.ozrlo
~P4(Arw) . w473 e,0t30
~ DS L w8 o ooz
Sef ARPETDx | 3. EA L chconAmiond3 on
Setfooa. BRNIL eAN Yo _(RErusg. Pt )




EARTHFAX ENGINEERING, INC.

ENGINEERS / SCIENTISTS

PROJECT U(}' l 60
computen_ LT

PAGE. g OF

Mo 1 €160
CHECKED

pate. 4 Zq Z-

DATE nf9

Y,Cd’:*\e bore  Pep ﬂavﬂ"l

(0l usle Man  Wderzhed Slope *
% Slope = olG(EM- EN)(L%TLCEO * LC”)/A] * oo

EM = Max Elevahon

EN = Min, Elevalon (G
at 26% s _egM-eM  ({1)

Llig = (ovtour len
A= Aver @{) uplers\red

wWleened EM EN
CAuS-U\ “lcko oD
U2 28 (81p) oD
D3a. . B“U55 o240
Vs = 10 550
uy 525 18D
V5 SEE  APrzstyx
U . . 125 %
W7 _ %5 b3l
w3 ... 1200 olen
(o1uy

Caws-PLEY) 230

D=
Do
Plc
Di4 .

| ., k5o
%@D l10
U (a+e)  Pods

D5 . 6345

bl
oD _

6136 .

(46

P=)

LCLG LCR) Lch_;' A(\CF"> % Slo'p.g_

500 200 20 3on00 S4.49
20 240 Y4 3, v1o a3
13000 b0 1272 WYTxip’ 53.0
2560 315D 2dop 1Sx0 B9
b&0oD bsD 50 2495«0° S0.72
D, 4 _ i :
[87a1s) oo 2cp 2270 b2,%
Uocd. 260 oo 2dbxio? 22,0
WO b Y20 B4Tx® £59.06

120 6-%1!1)_5

o

260
120
q20
4oo
beo.

> SEL. APPE~Dix 34

bl
clao

b3

{¢¥e)
72250
G5O
Z4o

\20
co
Hoo
/S0

‘o 2 hint

4o

iR 3d
b2x %
6 .80 xso?

“1.49

2.8
5012
lb-Y
2Uo. O
77.2




EARTHFAX ENGINEERING, INC moner 150 a1 o
ENGINEERS / SCIENTISTS NPT COMPUTED M,;f&#{f :::: c‘;/l ?;' S
[ custe Gole Trep Pant |
Calcuwlake Time ob Covcenhodon =
| Te = WoT L L= Lag tvre
L= %% () e
] w\/ 0.5
Y = wodeshed smd;u %
Q= hWudroulic gﬁ’lx\ (WC-I»}
< = l ! - 1D
- te Lela obos-
av = o,u-u.rt, Momloeyv—_ ( Ve Mtessnm Jxlgvone
nterned AW en 5 Y(% L (w\ T ()
Caws-u . \BLe I3 282 BUg 00 0ok
v . s 8. %X uyq.3 0029 0 +Ololp
o V%% . Y320 15 3.%% 53.0 = 0O-Ulp 0,110
S LV3b o gboo TS 3.%2%  5L9 0.1% L 0. %%
oW oo TR 287 500 0.691 0.0%5
e NS SEE. APPENPR. B4 o .
VT B2 1 2EE 2.3 6109 018\
bl 1Pdpo ©L 210 %3 6005 0108
L% .. 220p % 282 THS 0. 0% O\%7
R S S I D
Caub-DI(we) 1246 40 . LUt - 248 A047. . 06T
e P N o
924“..“-., G U S
o 5;5—& PAPPEND 1x 34 J
S D.?f‘ 2 . i S
S D'Lf S . L
T D) oo %L 120 %02 6.045 O.08)
_ D3tavs) 120 4 \ [ I (PR 055 O.\4L
= Mete) ZH20 90, LU 2. o 0120 O 2T
D9 . R 0.023 0.038

700 85




EARTHFAX ENGINEERING, INC PROJECT UC 150 PAGE 6/ oF
] - q
ENGINEERS / SCIENTISTS computeo__(AD DATE Al

Moy F1CD —eeoken. Lt P DATE "7

Easﬂe Gole Prep Hand |
Pea i Dischovge CalCudoH s

+ Precip = WU jnches for  -ytar b-hour Shrm
A Ve ¢S ﬂjpz: b distrileuticr

wedeBined N Aea (b))  To (W) Pask § (<)

Caws- Ul R “1.05 6,100 0.95
UV S 2.3% o0l . . 0.3
Vo . _T1% .. . o109 Ollo . . . YdlMb. .
Vb | -5 2.8 6% “hwy
W 7% B . 00F 0.9
o V5 SLE AP~ _RLEAY 0 o
. 7 A - S =% N | IR )4 -3 5.8%
Lo 07 %% L 5490 .. (O848
) w8 . 7659 63T . A57 .

Leus-DA (a4b) . 90 . .\ 20 6.2 .. b%>
M
- Dle
. b4
LDt T %2l 22 . 008, ... 059 .
e DBERY . L Q0 YR 6.2 _- 498
0o My Q0 o MWz o200 . B9
B 88 sk &o38 0.

e #‘P‘P«‘:«\Jbzx' 344

A e o m

AN p ' > i
- SV A" AR




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-Ul

— - — -

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 7.05 acres
Depth = 1.40 inches CN = 78.00
Duration = 6.00 hrs Time conc.= 0.106 hrs
OUTPUT SUMMARY
Runoff depth 1 0.19110 inches
Initial abstr 0.56410 inches ‘
Peak flow = 0.95 cfs ( 0.13341 iph)
at time 2.530 hrs

INPUT FOR: CGWS-U2

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr " Area = 2.38 acres
Depth = 1.40 inches CN =-78.00
Duration = 6.00 hrs Time conc.= 0.066 hrs

OUTPUT SUMMARY
Runoff depth 0.19110 inches
Initial abstr 0.56410 inches
Peak flow = 0.36 cfs ( 0.14856 iph )
at time 2.517 hrs

— - — -




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-U3A

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 1027.10 acres
Depth = 1.40 inches CN = 75.00
Duration = 6.00 hrs Time conc.= 0.710 hrs

OUTPUT SUMMARY

T s Y Y T T S Y T i ot A S S St e Sl et ek e e Sl il S D S R S

Runoff dept ~.0.13224 inches

Initial abstr 0.66667 inches

Peak flow = 42.46 cfs ( 0.04100 iph )
at time 3.692 hrs

INPUT FOR: CGWS-U3B

- — — -——

STORM : © : WATERSHED : ,
. Dist.=SCS Type ‘b’ -~ 6 Hr Area = 172,90 acres
Depth = 1.40 : inches -CN = 75.00 ..
.Duration = 6.00 -hrs Time conc.= 0.386 :hrs

OUTPUT SUMMARY

Runoff depth - 0.13224 ° inches
Initial abstr 0.66667. . inches
Peak flow = - 7.44 ‘cfs ( 0.04267 iph )

at time 3.603 hrs




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-U4

T ol A — S T S S T e Al S S - - ————— — — ——— — ————

STORM : : WATERSHED :
Dist.=8CS Type ‘b’ - 6 Hr Area = 6.78 - acres
Depth = 1.40 inches CN = 78.00 :
Duration = 6.00 hrs Time conc.= 0.085 hrs

OUTPUT SUMMARY oo

Runoff depth 0.19110 - . inches

Initial abstr 0.56410 - inches - : :

Peak flow = : 0.96 . cfs ( 0.14100 iph )
at time 2.527 hrs

Y e s D A S T W P o v e il M G S T Y s A SRS s S

INP FOR: CGWS-US SRR R ST

— e - - — -

STO B L WATERSHED :
Dist.=8SCS e b/ ~ 6 Hr ' Area = ~T.03 .acres
Depth = 1.4 inches -~ CN = .00 - oms
Duration = - 6.00~ i

hrs - T conc.= "0.098 “hrs

> 0.29260 inches
0.43902 inches

= ' 1.78 cfs iph’)




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-Ue6

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 52.11 acres
Depth = 1.40 inches CN = 78.00
Duration = 6.00 hrs Time conc.= 0.181 hrs

OUTPUT SUMMARY T

- T v e ik S A S S S S S A Y S -

Runoff depth "0.19110 inches = =
Initial abstr 0.56410 inches _
Peak flow = 5.83 cfs ( ©0.11093 iph )

at time '~ 2.582 hrs

e U i Yl S A S S I S S S S P AR TR S T S R S e -

INPUT FOR: CGWS-U7

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 5.96 acres
Depth = 1.40 inches CN = 82.00
Duration = 6.00 hrs Time conc.= 0.108 hrs

. — ey bt

OUTPUT SUMMARY

Runoff depth 0.29260 inches

Initial abstr 0.43902 inches

Peak flow = 1.48 cfs ( 0.24603 iph )
at time 2.534 hrs

el sy U A T W P S S S o e sk S ey S YU AU ey e ik el ik A Wk S e T S S S e T Y I AL N D ol A S S S S A S S il ik i
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-US

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 20.59 acres
Depth = 1.40 inches CN = 78.00
Duration = 6.00 hrs . Time conc.= 0.137 hrs
OUTPUT SUMMARY N
Runoff depth 0.19110 - inches
Initial abstr 0.56410 . inches
Peak flow =

_hrs

~ 2.57 ' cfs ( 0.12398 iph)
at time .  2.557 AR




EARTHFAX ENGINEERING,

INC.

HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

STORM :

Dist.=SCS Type ‘b’ - 6 Hr

WATERSHED :

Area = 12.60 acres
Depth = 1.40 inches CN = 90.00
Duration = 6.00 hrs Time conc.= 0.162 hrs

OUTPUT SUMMARY
Runoff depth 0.60604  inches
Initial abstr 0.22222 ° “inches ) g
Peak flow = " 6.83 cfs ( 0.53720 iph )
at time 2.527  hrs '




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INP

OR: CGWS-D2F

sSTO WATERSHED
Dist.=8CSs e ‘b’ - 6 Hr Area = 3.38 acres
Depth = 1.4 inches CN_~"85.00
Duration = 6. hrs

i conc.= 0,046 hrs

0.38991
0.35294
1.29

INPUT FOR: CGWS-D2G

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area =, 2.26 acres
Depth = 1.40 inches CN = 82.00
Duration = 6.00 hrs Time conc.=

0.081 hrs

OUTPUT SUMMARY

Runoff depth i

0.29260 inches
Initial abstr 0.43902 inches

Peak flow = 0.59 cfs ( 0.25838 iph))
at time 2.516 hrs




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-D3(A&B)

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 14.48 acres
Depth = 1.40 inches CN = 90.00
Duration = 6.00 hrs Time conc.= 0.142 hrs
OUTPUT SUMMARY
Runoff depth 0.60604 = inches
Initial abstr 0.22222 inches
Peak flow = 7.98 cfs ( 0.54665 iph )
at time 2.518 hrs :
INPUT FOR: CGWS-D4 (A&B)
STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 14.73 acres
Depth = 1.40 inches CN = 90.00
Duration = 6.00 hrs Time conc.= 0.217 hrs
OUTPUT SUMMARY
Runoff depth 0.60604 inches
Initial abstr 0.22222 inches
Peak flow = 7.59 cfs ( 0.51109 iph )
at time 2.546 hrs
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-D5

e et e s e i el A D A T T T T T o v w— ki T S T T — sk S —

ey sl

STORM : WATERSHED :
Dist.=SCS Type ‘b’ -~ 6 Hr Area = 1.56 acres
Depth = 1.40 inches CN = 85.00 '
Duration = 6.00 hrs Time conc.= 0.038 hrs

OUTPUT SUMMARY __ ' T

Runoff depth - 0.38991 - inches _
Initial abstr ~ °0.35294 = inches : o
Peak flow = 0.60 cfs ( 0.38201 iph )

at time ”“2,50; hrs
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CASTLE GATE SCHOOL HOUSE REFUSE AREA (GENERIC DITCH)

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 1.67 acres
Depth = 2.10 inches CN = 90.00
Duration = 6.00 hrs Time conc.= 0.027 hrs

-——— e A - - - - e

OUTPUT SUMMARY

Runoff depth 1.17972 inches
Initial abstr 0.22222 inches

Peak flow = 1.90 cfs ( 1.12712 iph )
at time 2.502 hrs : ) -




January 1995

Chapter 3, Section 3.4
. Castle Gate Mine
Preparation Plant

APPENDIX 3.4E

OPERATION PHASE
DIVERSION DITCH CALCULATIONS

ECEIVE
JAN | 7 1995

DIV OF OIL, GAS & MINING

. 007/004



. :ﬂi‘. I

18-

f

EARTHFAX ENGINEERING, INC.

ENGINEERS / SCIENTISTS
\d.."('jlg| a. %]

uc ~ 158 !

PROJECT PAGE.

OF

5/

COMPUTED

TEsn) oate_2/90 *qqu

emecxen__ M4/ oare /192

Ck“bﬂf:e, TE Mz:AJ

}'nlc L Cadujaﬁnns

s — — .

z i 5
f

__ : ; ; ......
" ot

‘-zSz—wL oy o o gra;:L-

Wﬂrap 61 Zes: d’ﬁ-l!ddcﬁ%:

(). Mfede 3|2 sucdd | K

« Y ;
\)ﬂ.{ r :
= :
H H
5 : i
| i
: N 4eq -~ R u"' ‘s ff-rwg
! l J‘L)‘M ! - i \h‘.h.\h.ul “..‘Ii‘ i
! [ EFFECTIVF- !
i T e
: i { | '
(" ? W =
. JATT TG 199D i
! K 1
. R ’
N t.
| 1 , e
!
; t s a1 =
: -
! i




\

Ditch Summary
Prep Pawt Aveo

Mm Min. Hin. + Mn, Mo Hivt. Max, Hin.
- .55 Dep | Sio élop)t flowo depﬂn F{eebga ﬂow Veloahl p@ @
Dit)n (?0 v (D (%) (2D (3 ([ no
Gqo-) 9.0 1+ ) O 7 _; .lo 0o22 00 %8 .29 \.0
2 \;O ‘-e" : 006 -7 . ' lo D12 Ov%ﬁ 2:—1(0 nNone-
2 0.0 3| e b O 0.1\ 0,79 1.89 16-0
H o e T sl A, e B 7 05 0.3 037 2, % (O
S et} o3 P % B+ O~23- 2.25 e
2((:‘:’:g> 5&;, ATRGHD;w 3. 44 a - | |
% 2,0 2] 2.4 Vo 10 2.0+ 0.3 7.0l 14,0
i LS |21 0.l | 9.2 0,22 0.%% 2,7 1O
{0 2.0 =N 0-9 3. 5 OsVlo 0,34 5.5% 3.0
|} 2.0 b 0:5 1.5 1245 o, 16 o052 Hyg 2.0
12 O }+5:1 | o 1% 2. |. 29 0O.5) th 15 none
13 0 L5 L Jid 3.0 L5 6.35 U272 novie
|y yX>) 1.5y /S o) x> o 65 .39 z.3 Aone
15 BN, /.S YR /O, 3.0 0.60 o. 34 3.794 None.
o o /.51 0.9 7.0 /a0 0.54 0.30 q4.72 /S
17 o 1% 1O o1 10 .68 0.32 for 1) 2.0
7(‘*""5&) R b 4 i
7 Gund SEE . APENDx 343
HETYS) LT : BRI : b s o o
GomRe pA> O 3 1.0 6o 1HQ 0,40 o.b0 s. ot s
SmE e v ddches Co‘h%fruf—kd t~ Soil -
Wte (6 Minimonn i’aprctp foou:remards . ITH£ ditdaes ave cavotrocted o
bedvoci Viprop 15 ot ve ved I€ ditch s (el getatd
Viprap 3. pot l/t’@u:\f-t’d o UelocihHes 4 "lb{'/gec- [?e?ar 1)

Appemdix  Z.4>-

SLSILNIIDS 7 SHIINIONT

IONI 'ONIYIINIDNT XV4HLIHYE

z+E

Py~ AAAABO TS Qe
Q\m GILNINDD

OG- 40aroud

aDvd

~“1

1 L , b aLvO

2 6/ 77 aiva
40




1.0

. 0.8

k
= ——
d

STONE DIAMETER—FT.
TOTAL ODEPTH OF FLOW-FT,

0.6

0.4

0.2

ADAPTED FROM HYDRAULIG GHART 7i2-'4

HYDRAULIG DESIGN CRITERIA,CORPS OF -

ENGINEERS /

k = 50% {stone|size // '

02 04 06 0.8
Velocity Agsinst Stome - F.P.S. _ Vs

[

Average Velocity In Chaanel ~FP3. ¥V

* VELOCITY AGATNST STONE ON CHANNEL BOTTOM

’

FIGURE .1

T



h _VELOCITY (Vg) IN FEET PER SECOND

26

24

22

20,

®

5 5

o

!

STONE WEIGHT, IN POUNDS

?1 5 2|0 40610 100 200 G?OQ o0 1590 0 209 soor?
- TJPr T T T T 4gg—r-oo “quo L 4qgg+"“
121 or
/ bottom
7 A
W Zan
Z) ,/ et
‘ 7 / / 2!
// A A .
A
y/A /'/ '
/ /
/ FOR STONE WEIGHING
| 165 LBS. PER CU.FT. A
ADAPTED FROM REPORT OF .
SUBCOMMITTE ON SLOPE = -
PROTECTION, AM. SOC, CIVIL
ENGINEERS PROC. JUNE 1948
o o 2. 3 2

EQUIVALENT SPHERICAL DIAMETER OF STONE, IN FEET

'SIZE OF STONE THAT WILL RESIST DISPLACEMENT
FOR VARIOUS VELOCITIES AND SIDE SLOPES

FIGURE .

2




PROJECT Ve '% PAGE 6 OF

EARTHFAX ENGINEERING, INC.’

¥.17, a2
ENGINEERS / SCIENTISTS COMPUTED DATE
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Table 3.4 Pen'ni_ssible Velocities for Vegetated Channels, *

Permissible Velocity, fps

Erosion Resistant Soils Easily Eroded Soils
(% Slope) (% Slope)
Cover 0-5 5-10  Overl0 0.5 5-10 Qver 10
Bermuda grass 8 7 6 6 5 4
Buffalo grass
Kentucky bluegrass
Smooth brome 7 6 - 5 4 3
Blue grama | ‘
Tall fescue
Lespedeza sericea
Weeping lovegrass :
Kudzu ’ 3.5 NRt NR 25 . NR NR
v Alfalfa
- Crabgrass
Grass mixture s 4 NR 4 . 3 NR
Annuals f01: B h
temporary protection 35 . NR - NR 2.5 NR NR
* After Ree (1949),

1 Not recommended.
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Trapezoidal Channel Analysis & Design
Open Channel ~ Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD~1 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 2.00 ft

Left Side Slope.. 1.00:1 (H:V)

Right Side Slope. 1.00:1 (H:V)

Manning's n..ooo- 0.035 ‘Y\' 6(0%
Channel Slope....  0.0200 ft/ft — M
Discharge....cee. 0.95 cfs

Computed Results:

Mo fow deptn

Depth.eceeencnnes 0.22 ft
Velocity...... eee - 1,95 fps
Flow Area...eeees 0.49 sf
Flow Top Width... 2.44 £t
Wetted Perimeter. 2.62 ft
Critical Depth... 0.19 ft _ -
Critical Slope... - 0.0350 ft/ft e
Froude Number.... 0.77 (flow is Subcritlcal) .

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-«1 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 2.00 ft

Left Side Slope.. 1.00:1 (H:V)

Right Side Slope. 1.00:1 (H:V) -
Manning’s n...... 0.035 <lo
Channel Slope.... - 0.1000 ft/ft — Hoax --fw;'“
Discharge.essss.. 0.95 cfs

Computed Results:

Depth..........ll 0.14 ft N
Velocity.eeeveon.. 3.29 fps — MO ﬂelou}\j
FlOW ’Areanu----oo 0-29 Sf -

Flow Top Width... 2.27 ft

Wetted Perimeter. 2.38 £t

Critical Depth... = 0.19 ft v T T
Critical Slope... - "0.0350 ft/ft - g
Froude Number.... ©1.62 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990 CRERST T
Haestad Methods, Inc. * 37 Brookside Rd # Waterbury, ct 05703
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Trapezoidal Channel Analysis & Design o

Open Channel - Uniform flow

Worksheet Name: Prep Plant Area

Comment : ccniz min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.00 ft

Left Side Slope.. 1.50:1 (H:V)

Righ? Side Slope. 1.50:1 (H:V)

Manning's n...... 0.035 .

Channel Slope.... 0.0700 ft/ft — MW SloR-
Discharge........ 0.36 cfs

Computed Results:
Depth-o-.-....... 0.12 ft,..-—-- M-a-x c\,aw deFm

Ve1°c1ty..-c-.aoc 2.45 fps
Flow Area........ 0.15 sf
Flow Top Width... 1.37 ft
Wetted Perimeter. = 1.45 ft
Critical Depth... 0.15 ft
Critical Slope... 0.0387 ft/ft

Froude Number.... 1.32 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708




Trapezoidal Channel Analysis & Design

I

Open Channel - Uniform flow

. Worksheet Name: Prep Plant Area
Comment: CGD-2 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’'s N.seees 0.035

Channel Slope.... 0.1000 ft/ft — Mox Slope
Discharge..sesees 0.36 cfs

Computed Results:

Depth..'......... 0.11 ft V‘
Velocityeeoveonos 2.76 fps — Max V€ °°“+‘j
Flow Aré@.ccecess 0.13 st
Flow Top Width... 1.34 ft
Wetted Perimeter. 1.40 ft
Critical Depth... 0.15 ft

‘ Critical Slope... 0.0387 ft/ft

‘ Froude Number.... 1.55 (flow is Supercritical)

: Open Channel Flow Module, Version 3.2 (¢) 1990
; Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-3 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 10.00 ft

Left Side Slope.. 0.75:1 (H:V)

Right Side Slope. 0.75:1 (H:V)

Manning’s N.eceseo 0.040

Channel Slope.... 0.0600 ft/ft — Min SlofL
Discharge..cceeee 49,90 cfs

Computed Results:

DEPtN.euseccrennse 0.71 ft — Mox wa der:’r\/\
VeloCityeeaeonnee . 6.70 fps

Flow Are@..secees 7.44 sf

Flow Top Width... 11.06 £t

Wetted Perimeter. 11.77 £t

Critical Depth... 0.90 ft

Critical Slope... - 0.0273 ft/ft

Froude Number.... 1.44 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990 .
Haestad Methods, Inc. % 37 Brookside R4 * Waterbury, Ct 06708
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frapezoidal Channel Analysis & Design
Open Channel -~ Uniform flow

Worksheet Name: Prep Plant Area

Comment: CGD-3 max. slope
Solve For Depth
Given Input Data:
Bottom Width.....  10.00 £t

Left Side Slope.. 0.75:1 (H:V)

Right Side Slope. 0.75:1 (H: V)

Manning 5 n.llIlI 0 040 ! ’
Channel Slope.... 0.1000 ft/ft — Max Slope

Discharge........ 49,90 cfs

Computed Results:

Depth.‘oooooolooao ’ 0.61 ft M )
ve1OCity.-....... 7.88 EPS""‘-_ M.o\-‘}‘ \[e"oa"-‘é,
Flow Area..ccceca. 6.33 sf S : .

Flow Top Width... 10.91 £t -
Wetted Perimeter. 11.51 ft

Critical Depth...  0.90 ft
Critical Slope... =~ 0.0273 £t/ft
Froude Number.... 1.82 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c):1990 .~. (o
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct’ 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-4 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.00 ft

Left Side Slope.. 1.00:1 (H:V)

Right Side Slope. 1.00:1 (H:V) _

Manning’s n..... . 0.035 N o
Channel Slope.... - 0.0200 ft/ft -
Discharge.....es 0.96 cfs

Computed Results: _
Depth.........b.. OI33 ft_-— W dw

Velocity......00s . 2.22 fps

Flow Are@.....s.- 0.43 sf

Flow Top Width... 1.65 ft

Wetted Perimeter. 1.92 ft - : :

Critical Depth... 0.28 ft I S

Critical Slope... = 0.0351 ft/ft T e
. Froude Number.... -  0.76 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 1990 -
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area

Comment: CGD-4 max. slope

Solve For Depth
Given Input Data:

Bottom Width.....
Left Side Slope..
Right Side Slope.
Manning’s N......
Channel Slope....
Discharge...cc...

Computed Results:

Depth.‘.....-....ltl-:

VeloCityeseeoones
Flow Area....cc0e
Flow Top Width...
Wetted Perimeter.
Critical Depth...

Critical Slope..._f
Froude Number....'

(00351 £t/ft

1.00 ft

1.00:1 (H:V)

1.00:1 (H:V)

0.035 .
0.0650 ft/ft — MOX %lo{ﬂ?g
0.96 cfs :

0.23 ft RIS TURI T
3.36 fps — MOX \)db(k*'ok'
0.29 sf SR
1.46 £t R
1.66 ft . :L.’.C'..'T'.f'
0.28 ft LT

L -

.34 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990 S

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct’ 06708
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Trapezoidal Channel Analysis & Design
\\\ Open Channel - Uniform flow

Worksheet Name: Prep Plant Area &

Comment: CGD~-
Solve For Depth
Given Input Data:

Bottom Width..\..
Left Side Slope.
Right Side Slope.
Manning’s n......
Channel Slope....
Discharge........

£ — M Slope

Computed Results:

Depth......-......
Velocity..oeeennn
Flow Area..cc.e..
Flow Top Wid
Wetted Perim
Critical Depth... 0.40 ft
Critical Slope... 0.0350 ft/ft
Froude er.... 0.77 (flow is Subcritical)

4

. i i
Open Channel Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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T?apezoidal Channel Analysis & Design
Open Channel ~ Uniform flow

Worksheet Nawme: Prep Plant Area

Comment: CGD-S ax. slope
Solve For Depth

Given Input Data:

Bottom Width...\,
Left Side Slope..
Right Side Slope.

5.00 ft
1.00:1 (H

Manning’s n...... ‘ Siof~
Channel Slope.... 0.03007 £t/ £t _,0407
Discharge........

Computed Results:
Depth.... -------- [# %
VeloCity.eeeonnn, ploe VElo Hé
Flow Area....... e 2.26 st
Flow Top Width?.. 5.83 ft
Wetted Peripéter. 6.18 ft
Critical Depth... 0.40 ft
Critica lope... 0.0350 ft/ft
Froude ANumber.... 0.93 (flow is Subgritical)

/

‘Open Channel Flow Module,'Version 3.2 (c) 199%0
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-8 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 2.00 ft
Left Side Slope.. 1.00:1 (H:V)
Right Side Slope. 1.00:1 (H:V)
Manning’s n...... 0.040 pin - S(OPL
Channel Slope.... 0.0100 ft/ft -~
Discharge...veeee 31.80 cfs

Computed Results:
Depth..........-. 2.04 ftf
Velocity.eeeeeann | 3.86 fps
Flow Are@..ccaaaeas ) 8.23 sf. _ .
Flow Top Width... 6.08 ft -
Wetted Perimeter. 7.77 £t ' .
Critical Depth... 1.53 £t
Critical Slope... 0.0307 ft/ft
Froude Number.... 0.58 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 19%0 . .. . .
Haestad Methods, Inc.;* 37 Brookside Rd * Waterbury, Ct 06708 '



Trapezoidal Channel

%

Analysis & Design

Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-8 max. slope
Solve For De];ith

Given Input Data:

Bottom Width..... 2.
Left Side Slope.. 1.
Right Side Slope. 1.
Manning’s Neveceos 0.
Channel Slope.... 0.
Discharge........ 31.

Computed Results:

Deptheeeecsnsnsas 1

VEJ.DC!itY.‘........ 9
Flow Area..sseees 3.
Flow Top Width... 4.
Wetted Perimeter. 5.
Critical Depth... = 1.
Critical Slope... 0.
Froude Number....® 1.

00 ft

00:1 (H:V)

00:1 (H:V)

040 dofe.
1000 ft/ft .~ MOX P(.
80 cfs

.06 fps — Mo.\g. Uﬂloa%

51 sf

25 £t

18 ft,

53 ft ‘
0307 ft/ft -
76 (flow is Supercrltical)

. -t

Open Channel Flow Module, Version 3.2 (¢) 1990 = -: - 735
Haestad Methods, Inc. * 37 Brookside Rd # Waterbury, ct ‘06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-9 min. slope
Solve For Depfh

Given Input Data:

Bottom Width..... 1.50 ft

Left side Slope.. 1.00:1 (H:V)

Right Side Slope. 1.00:1 (H:V)

Manning’s n...... 0.030 -~ Slope. -
Channel Slope.... 0.0100 ft/ft — Hine = PL
Discharge........ 0.60 cfs

Computed Results:' .
- Depthoo.ooo.ooo.c 0122 ft _Ho'x'.awdepph

Velocity......... 1.57 fps

Flow Area...ceeee 0.38 sf

Flow Top Width... 1.94 ft

Wetted Perimeter. - 2.13 ft

Critical Depth... 0.16 £t L
Critical Slope... 0.0272 ft/ft R e
Froude Number.... 0.63 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd #* Waterbury, Ct 06708 .




Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-9 max. slope
Solve For Depth

" @iven Input Data:

Bottom Width..... 1.50 ft

Left side Slope.. 1.00:1 (H:V)

Right Side Slope. 1.00:1 (H:V)

Manning’s n.o..-. 0.030 HA¥' gOPL
Channel Slope.... 0.0920 ft/ft —
Discharge........ 0.60 cfs

Computed Results:

Depthececavescnne 0.11 ft \
Velocity....... .o 3.26 fps — HOX \/&(OQ?%,_
Flow Ar@a..cecasee 0.18 sf
Flow Top Width... 1.73 £t
Wetted Perimeter. 1.82 ft
Critical Depth... 0.16 ft
Critical Slope... 0.0272 ft/ft
._ Froude Number.... 1.76 (flow is Supercritical)

e T

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-~10 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 2.00 ft

Left Side Slope.. - 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s n...... 0.030

Channel Slope.... _  0.0300 ft/ft -« M Slof
Discharge........ 7.31 cfs

Computed Results:
DEPth. e e e evennnns 0.56 f£ — Hin. dePH’\

Velocity.ieeveaena 4.62 fps s
Flow Area........ 1.58 sf L :
Flow Top Width... 3.67 ft -
Wetted Perimeter. 4.01 ft :
Critical Depth... 0.63 ft e : e
Critical Slope...  -0.0190 ft/ft o e -
. Froude Number.....: 1.24 (flow is Supercr:.tical)

Open Channel Flow Module, Version 3.2 (c) 1990 - s
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708-ﬁ
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Trapezoidal Channel Analysis & Design
©° Qpen Channel -~ Uniform flow

Worksheet Naﬁe: Prep Plant Area
Comment: CGD-10 max. slope
Solve For Depth

Given Input Ddta:

Bottom Width..... 2.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V) -
Manning's Niveose 0-030 / . ‘D .
-Channel Slope.... 0.0500 ft/ft — HaX Slope
Discharge........ 7.31 cfs SR

R

Computed Results: _ Coon T

Deptheveeeecenns . 0.48 ft . ; o
VeloCity,eeee.... 5.53 fps — Mo Ve‘oc*.“r%/- -
Flow Area....... . 1.32 st : Do

Flow' Top Width... 3.45 £t Co e
Wetted Perimeter. 3.75 ft- =Ry
Critical Depth... 0.63 ft' : N
Critical Slope...  0.0190 ft/ft - - =~ 0
Froude Number..:.*- - 1.58 (flow is Supercritical) "’

Open Channel Flow Module, Version 3.2 (c¢) 1990 - SRS

Haestad Methods, Inc. * 37 Brookside'Rd * Waterbury, Ct"06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Nanme: Prep Plant Area
Comment: CGD-~11 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 3.00 ft

Left Side Slope.. 1.00:1 (H:V) DPRﬂ

Right Side Slope. 1.00:1 (H:V) 5\

Manning’s n...... 0.035 - Kue-

Channel Slope.... 0.1250 ft/ft

Discharge........ 2.57 cfs def*k“
Computed Results: '40$ 416”3

Depth.‘-........... 0018 ft - m\‘_ 'U‘t)..OCA")‘B

VeloCity.eeeeonass 4.48 fps —

Flow Area........ 0.57 sf

Flow Top Width... 3.36 ft

Wetted Perimeter. 3.51 ft

Critical Depth... 0.27 ft

Critical Slope... 0.0307 ft/ft

Froude Number.... 1.91 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-12 min. slope
Solve For Depth

Given Input Data:

Bottom width..... 0.00 £t

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V) - %wp”-*
Manning’s Neseos. 0.035 FAAMU :
Channel Slope.... 0.0130 ft/ft -
Discharge........ 7.98 cfs

Computed Results:

rtw“”‘q{;w"’dm/

“:“- Depth.l......'..l - 1.29
Velocity.oceveon, 3.20 fps -
Flow Ared.ceeees. 2.50 sf
Flow Top Width... 3.87 £t
Wetted Perimeter. 4.65 ft
Critical Depth... 1.12 ft
Critical Slope... 0.0277 ft/ft
Froude Number.... 0.70 (flow is Subcritical)

Open Channel Fléw Module, Version 3.2 (c¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel ~ Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-1Z max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 £t

Left Side Slope.. 1.50:1 (H:V) Pﬁ'
Right Side Slope. 1.50:1 (H:V) 510
Manning’s n...... 0.035 MOt ¢
Channel Slope.... 0.0260 f£/ft -

Discharge...seeee ° 7.98 cfs

Computed Results:

Depth IIIII LI BN BN B N B 1.13 ft Ué
Velocity..c.oevens 4.15 fps — Hay velot
Flow Area...cesee 1.92 sf
Flow Top Width... 3.40 £t
Wetted Perimeter. 4,08 ft
Critical Depth... 1.12 £t e
Critical Slope... 0.0277 ft/ft
. Froude Number.... 0.97 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-13 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 £t

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V) .
Manning’s n...... 0.035 Min - slopR
Discharge@..ceeeee 7.59 cfs

Computed Results:

cr — Moy detdm

Depth.cccecn-n 1.25

Velocity..oeeesse - 3.25 fps

Flow Area....c.s.. 2.34 st

Flow Top Width... 3.75 £t .

Wetted Perimeter. 4.50 £t ST _ e
Critical Slope... f;'”o 0279 ft/ft : S
Froude Number.... . - 0.72 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 1990 .
Haestad Methods, Inc. * 37 Brookside Rd % Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel -~ Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD+13 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

ManniHQ'S n-n---- 0-035 lo ;
Channel Slope.... 0.0300 £t/ft — MG K e~
Discharge........ 7.59 cfs

Computed Resﬁlts:

Depth..veeecenans 1.08 £t . e
VeloCity.seeeeeno 4,32 fps — Hax kax*hﬁ( ©

Flow Are@..vecess 1.76 st . .

Flow Top Width... 3.25 ft.

Wetted Perimeter. " 3.90 £t

Critical Depth... 1.10 £t .

Critical Slope... v 0.0279 ft/ft v .
Froude Number....: - 1.03 (flow is Supercritical),a

Open Channel Flow Module, Version 3.2 (¢) 1990 - =
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezbidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-14 ave. Slope
Solve For Depth
Given Input ﬁata:
Bottom.Widﬁh..... 1.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s Neea.... 0.030 . o
Channel Slope.... 0.0100 f£t/ft - Min (MO¥ Slopt
Discharge...ce .. 3.41 cfs

Computed Results:

DEPtH o v v veennnnns. 0.65 £t — HOX 'eFva}lo‘u'@a,'

VeloGityeeeeeenes 2.63 fps — MOX

Flow Area..ccee.. 1.30 st

Flow Top Width... 2.96 ft

Wetted Perimeter. 3.36 £t

Critical Depth... 0.54 ft

Critical Slope... 0.0213 ft/ft
Froude Number.... 0.70 (flow is Subcritical)

Open Channél Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-15 min. slope
Solve For Depth

Given Input Data:

BOttQm Widthl LI I l. oo ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s n...... 0.030 .
Channel Slope.... 0.0100 £t/ft — Hin S1oP&
Discharge@........ 3.42 cfs

Computed Results: |
 Depth...seeee....  0.66 ft — MOX C_\ePH’\

Velocityeeeoseeen 2.63 fps-

Flow Area..ceeees 1.30 sf

Flow Top Width... 2.97 £t

Wetted Perimeter. 3.36 £t

Critical Depth... 0.54 ft

Critical Slope... 0.0213 ft/ft

Froude Number,... 0.70 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708




Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-15 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.00 £t

Left Side Slope.. 1.50:1 (H:V) '
Right Side Slope. 1.50:1 (H:V) l PQ'
Manning’s n...... 0.030 sox 20
Channel Slope.... 0.0300 ft/ft
Discharge...ceese 3.42 cfs

Computed Results:

DEPth.cveneeennnn 0.50 ft '
Velocity.iceevense 3.94 fps — MY UﬂlOCAfj
Flow Area..ceces. 0.87 st

Flow Top Width... 2.49 ft

Wetted Perimeter. 2.79 ft

Critical Depth... 0.54 ft

Critical Slope... 0.0213 ft/ft _
Froude Number.... 1.18 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
| Open Channel - Uniform f£low
Worksheet Name: Prep Plant Area
Comment: CGD~16 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s Necescsoe 0.035 ~

Channel Slope.... 0.0700 ft/ft — M HOPR
Discharge....s... 1.78 cfs

Computed Results:

Depthe.eeeeeseenn. 0.54 £t — Moo depth

Velocity..cveones 4,13 fps

Flow Are@....eeee 0.43 sf '

Flow Top Width... 1.61 £t

Wetted Perimeter. 1.93 £t

Critical Depth... 0.61 ft o

Critical Slope... 0.0338 ft/ft o
. Froude Number....  1.41 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990 . -
Haestad Methods, Inc. * 37 Brookside Rd #* Waterbury, Ct 06708



ﬁrapazoidal Channel Analysis & Design
Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-16 max. slope
Solve For Depth
Given Input Data:

Bottom Width..... - 0.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s n...... 0.035 oL slof%
Channel Slope.... 0.1000 £t/et — HA¥& |
Discharge....c... 1.78 cfs '

Computed Results:

DEPtH . e vveenvenns 0.50 ft
ep o — Hox UﬂUKLhQr

Velocityeeroeooas 4.72

Flow Area......ss 0.38 sf

Flow Top Width... 1.50 ft

Wetted Perimeter. 1.81 ft o R
Critical Depth... 0.61 ft o ""'_'Lf
Ccritical Slope... 0.0338 ft/ft ' o
Froude Number.... - 1.66 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (¢) 1990 -
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708
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Trﬁpezoidal Channel Analysis & Design
Open Channel - Uniform flow

"Worksheet Name: Prep Plant Area
Comment: CGD%17 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right side Slope. 1.50:1 (H:V) _
Manning’s n...... 0.030 . 0
Chanriel Slope.... 0.0670 £t £t — HU- S Fu% '

Discharge....... . 3.80 cfs e

Computed Results: : : _
DEPth.eeeenenrnnes 0.68 £t — MBX- deptit

Velocity.eoeoooans 5.51 fps

Flow Area..cceeee 0.69 sf

Flow Top Width... 2.03 ft

Wetted Perimeter. 2.44 £t . =
Ccritical Depth... 0.83 ft o
Critical slope... 0.0225 f£t/ft

Froude Number.... - 1.67 (flow is Supercrltical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-17 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s n...... 0.030 ‘4a¥_.4MDP2‘
Channel Slope.... 0.1000 ft/ft —
Discharge....ses. 3.80 cfs

Computed Results%

Depth..... 0.63 ft ' )
Velocity..oveiens 6.41 fps — Mo - ’UdOOU"ﬂ
Flow Are@..ccesss 0.59 sf )
Flow Top Width... 1.89 ft

Wetted Perimeter. 2.27 £t

Critical Depth... 0.83 ft

Critical Slope... 0.0225 ft/ft

Froude Number.... 2.01 (flow is Supercritical)

C e i

g

Open Channel Flow Module, Version 3.2 (c¢) 1990 _
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Triangular Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: REFUSE AREA
Comment: GENERIC ROAD SIDE DITCH
Solve For Depth

Given Input Data:

Left Side Slope.. 3.00:1 (H:V)
Right Side Slope. 3.00:1 (H:V)
Manning’s Ne.e... 0.030 .
Channel Slope.... 0.1100 ft/ft & ™
Discharge.....v.. 1.90 cfs
Computed Results: :
Depth.........‘.. 0.36 ft
Velocity.eeesosnses 5.01 fps
Flow Area.....ce» 0.38 sf
Flow Top Width... 2.13 £t
Wetted Perimeter. 2.25 ft
Critical Depth... 0.48 ft
Critical Slope... 0.0227 f£t/ft -
Froude Number.... 2.10 (flow is Supercritical)'

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc._* 37 Brookside Rd & Waterbury, ct 06708



‘Priangular Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: REFUSE AREA
Comment : GENERIC ROAD SIDE DITCH
Solve For Depth

Given Input Data:

Left Side Slope.. 3.00:1 (H:V)
Right Side Slope. 3.00:1 (H:V)
Manning’s n...... 0.030
Channel Slope.... 0.0600 ft/ft «— M-
Discharge...ooese 1.90 c¢fs

Computed Results: N
Depth.l...l...... 0.40 ft ):"‘:.
Velogity..ooveo.. 3.99 fps
Flow Area........ 0.48 sf
Flow Top Width... 2.39 £t -
Wetted Perimeter. 2.52 £t ) .
Critical Depth... 0.48 ft o - ..pg
Critical. Slope... . 0.0227 £t/ft Co

Froude Number.... 1.58 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (a) 1990 .a.‘dﬁﬁd‘
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708
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: EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-D2F - FACE OF.REFUSE PILE ONLY

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 0.92 acres
Depth = 2.00 inches

CN = 85.00 i
Duration = 6.00 hrs L Time conc.=  0.042" hrs

-

OUTPUT SUMMARY

Runoff depth 0.79513 inches
Initial abstr 0.35294 inches
Peak flow = 0.72

- cfs ( 0.77889 iph )
at time 2.503  hrs - - g
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: CASTLE GATE MINE

Comment: FLOW FROM FACE OF REFUSE WITHIN CGWS-D2F

Solve For Depth

Given Input Data:

Bottom Width..... 25.00 ft

Left Side Slope.. 3.00:1 (H:V)
Right Side Slope. 3.00:1 (H:V)
Manning’s Neeeoe.. 0.030
Channel Slope.... 0.3300 ft/ft
Discharge........ 0.72 cfs

Computed Results:

Depthesieeenceeans 0.02 ft

Velocity.eoeooen. 1.80 fps

Flow Area....c... 0.40 sf

Flow Top Width... 25.10 £t

Wetted Perimeter. 25.10 £t -

Critical Depth... 0.03 ft

Critical Slope... 0.0425 ft/ft .

Froude Number....:. 2.51 (flow is Supercrltlcal)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside R4 * Waterbury, Ct 06708
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frapezoidal Channel Analysis & Desién
' Open Channel - Uniform flow
Worksheet Naﬂlé: CASTLE GATE MINE
‘Comment: FLOW FROM FACE OF REFUSE WITHIN CGWS-D2F
Solve For Depth
Given Input Data:

Bottom Width..... 35.00 £t

Left Side Slope.. 3.00:1 (H:V)
Right Side Slope. 3.00:1 (H:V)
Manning’s n...... 0.030
Channel Slope.... 0.4500 ft/ft
Discharge........ 0.72 cfs

Computed Results:

Depth....cevvaen 0.01 ft*

VeloCityevovonen, 1.73 fps

Flow Area........ 0.42 sf

Flow Top Width... 35.07 £t °

Wetted Perimeter. 35.08 £t -

Critical Depth... 0.02 ft

Critical Slope... 0.0458 ft/ft

Froude Number.... 2.80 (flow is Supercritlcal)

Open Channel Flow Module, Version 3.2 (c) 1990

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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