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Under the direction of Mr. Lonnie Mills of Cyprus Plateau Mining Corporation, I 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 informationshould'beadded to Appendix 2-4 of the permit. A notarized
Application for Permit Change is also enclosed.

Dear Daron:

SUBJECT:

Mr. Daron R. Haddock
Utah Division of Oil, Gas and Mining
355 West North Temple
3 Triad Center, Suite 350
Salt Lake City, UT ll'I~cV-'t-%tr.:s-_

Please call myself'of·Mr. Mills 'if·vou have any questions.

Sincerely,

!tJdhi~/~
William S. Hendrickson, P.E.
Civil Engineer

cc: Lonnie Mills (Cyprus)

Enclosures
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• AMA>< COAL WEST, INC.
A Subsidiary 01 AMAX Coal Industries, Inc,

GAMA><

Daron Haddock
Permit Supervisor
Utah Division of Oil, Gas and Mining
355 West North Temple
3 Triad Center, Suite 350
Salt Lake City, UT

Dear Daron,

January 31, 1994

~~
FEB n1 ,qq4

DIVISION OF
OIL, GAS & MINING

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,

a~~d"~-4-
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. Tel. 303-980-2300 • FAX 303-980-2303
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APPLICATION FOR PERMIT CHANGE

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

Mine: Castle Gate Mine

Permittee: Amax Coal Company, Inc.

Deaeription: Changes to Sections 8.4 and 8.5, deletion of Exhibita 8-7,8-8,8-9.

9. Permit change as a result of other laws or regulations? Explain:

IS. Doea permit change require or include vegetation monitoring, removal or revegetation activities?

13. Could the permit change have any effect on wildlife or vegetation outaide the current disturbed area?

acres 0 increase 0 decrease.

acres 0 increase 0 decrease.

2. Change in the size of the Disturbed Area?

I. Change in the size of the Permit Area?

II. Does the permit chaDJe affect the surface landowner or change the post mining land use?

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

7. Permit cbaDJe aa a _It of a Violation? Violation #

6. Does permit c~.,...ue or include public notice publication?

3. Will permit change include operations outside the Cumulative Hydrologic Impact Area?

4. Will permit change include operations in hydroloBic basins other than currently approved?

5. Does permit chanse rellU1t from cancellation, reduction or incNllsc of insurance or reclamation bond?

23. Is this permit change coal exploration activity 0 inside 0 outside of the permit area?

18. Does permit change require or include certified designs, maps, or calculations?

16. Does pennit change require or include construction, modification, or removal of surface facilities?

17. Does pennit change require or include water monitoring, sediment or drainage control measures?

20. Does pennit change require or include subsidence control or monitoring?

14. Does permit change require or include soil removal, storage or placement?

22. IB permit change within 100 feet of a public road or perennial stream or SOO feet of an occupied dwelling?

21. Have reclamation costs for bonding been provided or revised for any change in the reclamation plan?

19. Does permit change require or include underground design or mine sequence and timing?

10. Does permit change require or include ownehhip, control, right-of-entry, or compliance information?

12. Does permit change require or include collection and reportilll of any baseline information?

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

Yes XNo

Yes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

DYes XNo

.•.

X AttacIl 3 complete copies 01 proposed pennit cIIaDIe as it would be incorporated inIo the MiDiug and Reclamatio.Iii~r!I (~l"iiitrntn-r;:c:\

--
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Application for Permit Change
Detailed Schedule of Changes to the Permit

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

Mine: Castle Gate Mine

Permittee: Amax Coal Company, Inc.

Provide a detailed listing 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
the exiting mining and reclamation plan. Include page, section and drawing nwnbers as part of the description.

DESCRIPTION OF MAP, TEXT, OR MATERIALS TO BE CHANGED

oADD oREPLACE X REMOVE EXHmIT 8-7 ORAVEL CANYON AREA MAP OF CENTRALIZED STORAGE SITE

o ADD o REPLACE X REMOVE EXHIBIT 8-8 ORAVEL CANYON CENTRALIZED STORAGE SITE FOR TOPSOIL
AND REFUSE COVERING MATERIAL

o ADD DREPLACE X REMOVE EXHIBIT 8-9 GRAVEL CANYON. CROSS-SECTION OF STORAGE SITE

DADD X REPLACE oREMOVE Section 8.4-2(1) Revised to eliminate conflicts with approved sections in Chapter 3

DADD X REPLACE o REMOVE Section 8.4-2(2) Revised to eliminate conflicts with approved sections in Chapter 3

DADD X REPLACE DREMOVE Section 8.4-2(3) Revised to eliminate conflicts with approved sections in Chapter 3

DADD X REPLACE DREMOVE Section 8.4-2(4) Revised to eliminate conflicts with approved sections in Chapter 3

DADD X REPLACE D REMOVE Section 8.5-1 Revised to eliminate conflicts with approved sections in Chapter 3

ADD X REPLACE oREMOVE Section 8.5-2 Revised to eliminate conflicts with approved sectioas in Chapter 3

ADD X REPLACE D REMOVE Appendix A renamed Appendix 8-1

oADD X REPLACE o REMOVE Appendix B renamed Appendix 8-2

DADD X REPLACE DREMOVE Table 8-2 and 8-3 changed places sequentially

DADD X REPLACE DREMOVE References to Price River Coal Company replaced by Castle Gate Coal Mine in Sections
8.2 and 8.3

DADD X REPLACE oREMOVE References to UDOGM Coal Mining Regulations updated to current regulation number
(R645)

DADD X REPLACE D REMOVE Section 8.3 updated to reference present standards and conditions

o ADD X REPLACE o REMOVE Section 8.4 updated to reference present standards and conditions

DADD X REPLACE o REMOVE Format was clarified for Chapter 8 in its entirety, text and content were changed only
where noted above

DADD X REPLACE oREMOVE Table of Contents updated to reflect changes

DADD oREPLACE o REMOVE

Ally other specific or special iDBtructiona required for insertion of thit proposal into the Mining and Reclamation Plan? .~ '.:IL;'~U'\!{L~
~\ AP· '.
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O\STLE G.'TE CC»\L CCI'lPANY

MINING AND RECLMATlOO PLAN

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

Originally SuIDittedfor 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 Pennit Review: 4/3/87

Five Year Permit Renewal: 7/1/89

cc6.Introduction
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'!be castle Gate Coal Mining and aecl..Uon Plan wal lutIIitted by

the previous operator of this property, Price liver Coal Co., to

deD:>nstrate ~liance to the SUrface Mining Centrol and Recl_tion

Act of 1977 (SMCRA) and regulations prtallgated thereunder. 'Ibis plan

is caIIpOsed of 11 chapters which atte1lpt to describe all facets of the

mining operation, provide background envirex-ntal data and propole

plans for ainimization of environmental~ within the constraints

of the regulations.

'!be plan has been revised since the initial autmission in March of

1981, to update information originally prepared from 1976 through 1979

and to aupply additional informational needs suggested through plan

reviews by the various regulatory agencies .

castle Gate Coal Company is updating this perm!t to incorporate

the approved changes to date in the Mining and Reclamation Plan.
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Castle Gate Mine
Amax Coal Company, Inc.

To Whom It May Concern:

February 1994

•

•

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.
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CASTLE GATE COAL MINE
Carbon County, Utah
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SUMMARY OF CURRENT SITE CONDITIONS-----.:...~::::J

CASTLE GATE MINE
CARBON COUNTY, UTAH

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

CURRENT CONDITIONS:

rhe 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 ofthe 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 ofCrandall Canyon's permit area, commencing
below pond 015 down to the entrance gate, have been assimilated into the Willow Creek Permit
area.

.'\11 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 pennit in the vicinity ofthe Preparation Plant.

...
L ....

~ ..

I.

I
I
,
'. r.

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 0 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 coal 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.

'_~-"""-""""'~"-~""'" ,.""."",...~.007/004

J[Nrc((])~i' . . .~
3.4-2 Description of the Facility , ~~f"~~A1'lBD

The affected aceas are delineated on Exhibit 3.4-1. The pcePj"cati[:lNt has., 1
constructed on the site of the former town of Castle Gate. The areb is re . ely~wide and

IT'''~H I)TVlSlON On... G
AS AND MTNfN('
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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, 8arn 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 Oil 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, 0128, 013. Three additional ponds 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

into them. They are non-discharging and do not require emergen~~~~~~'e;~~(A\JI~t
that the ponds must be drained for maintenance. the water 1i11 betmped from th

1
'" and

channelled to one of the sediment ponds for processing before ~ is di cn~~~e~ i~tl!Y~aters
of the State. -_.,~.

'.1""·\,H OMSJON On.... G
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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 I, 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 completed on November 17, 1977, arid I.D. No. 12~1-UT-9-0027

007/004

was assigned. The details of the designs are given in the Golder Associated Report on

"Design of a Coal Refuse Disposal System, Phase II: Detailed Design, School House Canyon

Refuse Disposal Facility", January, 1978 (Appendix 3.4A). In actualitiyJltNctAse ,ma,te~ial ."

is being placed and compacted in lifts of less than 2 feet in thickness ,l~t,.Q,J1(ArBiI"-

~
fr:; u.

The Golder Report recommended that additional stability ana yses e performed on .

actual refuse materials sometime during the early stages of pile cons ucti .'~t~aRaIVlftS1
U7'AHDm . .
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were performed during March of 1983 by Horrocks Engineers. Their report is included as

Appendix 3AC.

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 Oil,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

3.4-4007/004

minimizes changes to the prevailing hydrologic balance. Effluent limitations set by R645-30 1

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 smaller~t\~ (C (()1lL\ ...t-I'(»Jlt, '.
Contributions of sediment to the Price River are minimized by diverti 'rcf.~Tl8n

undisturbed areas away from the site. In addition, existing sedim,ntati n .'N~df ,collect] .

disturbed area surface runoff, and a system of berms and ditches ;rou and wit~in'~
disturbed areas ensure that disturbed-area flows do not mix with u~ifi~id-·flows. .

'-._ 1l, GAS AND Ai
lNlNn
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Design criteria for sediment control structures, diversions, and culverts comply with

the requirements set forth in R645-30 1-742. Methods used in hydrologic calculations are

described in Section 7.2.2.

3.4-3(2) Storm Runoff Calculations

3.4-5

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. aI., 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 densities are estimated from values

contained in Chapter 9. Based on this information, tables provided by the U.S. Soil

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

calculations are contained in Appendix 3.40.

007/004
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3.4-3(3) Diversion Structures

3.4-6007/004

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 D50 was

calculated based on the maximum ditch slope. Ditch slopes were measured in the field or
I:L~'

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 0 50 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 3.4-28.

The adequacy of the culverts to pass the design flowrat~ngthe
I¥J " ~~.{~",_1' ,

methods defined in Chapter 7. Table 3.4-4 summarizes the pea~ fl&JN{§@ltp:t(iNJ'ttlaat:f-RiD]["\ ...~
!] . ~}) J\\.t'l\. lllC, )) ,~

culvert. All culverts will adequately pass the 10-year 6-hour st I m. cu~rtI:~~s are - }

presented in Appendix 3.4F. i ~ i
The slope of each existing culvert was measured in e field t~Fcuta'{id~~Ow e I

performed to determine the exit velocities at each culve t and the-~mmrrliUii'r' p ,)
, U1AH DW[!iLO {), J

requirements. A summary of the culvert flow velocities and,'ri~,~:.~",~lz~~~~a18tlratiotls)arI~ING ~

presented in Table 3.4-5. Culvert flow velocity computations are presente'a"il"iiS;'f'PeAetK~E..-.~ I'

~ lECClEllWlEW q~'i
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School House Canyon - Refuse Site Drainage 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 peak 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 riprap sizing for the

refuse area channels were calculated based on the 1OO~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 additional 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 Outlet, 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 surfac8'"distorbanc'e"'''Bn6-'-''--_

increase the likelihood of adverse environmental impacts to Barn Cahy~J~I(C()ln\ZlP~)ll~Af]l"TI~If)
h I d fl h 'II b 'II 'd "d FEFFEC' IV 'T e out et an owpat WI e VIsua y momtore Quarter y an c"s1fSR

precipitation events to evaluate the condition of the Diversion CGD-5'i the dis ' ~~~ p?'i!iltl~~~
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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 1OO~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

the face of the refuse pile, in addition to the flow from the top of t~J~l(G~JR~ .. :_',.
adjacent watersheds. As the Refuse Pile grows, the drainage diversi ns -i~ea~e fIElD
refuse will be extended after each ten foot vertical increase in pile e vati n,JAN 1 lY ]

The final reclamation phase is based on the assumption that he r e pile i~ fU~~o
design capacity, and that the disturbed area has been graded to drai ,q~lIhiJ@~,~9-seeded.

,II., GAS At·m M!NlNG
'~~
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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 w 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 (D50). The

proposed thickness of the riprap in these channels is twice the D50 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 (OSMfTRw 82/2, 1982). In these cases, the riprap volume is based on a

thickness of 1.25 times the calculated D50 • Filter blanket volumes are based on a thickness

equal to one half the riprap thickness, but not less than six inches (Barfield et aI., 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 slope will transition

from steep to mild, and then back to steep. To prevent scouring at channel transitions,

Simons, Li & Associates (OSMITR-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 permanerft: §~~~~NtfJBlL!:
channels is presented in Table 3.4w 22. The riprap and filter blan t gr a Ion de.Si.9~· f

Jdiversion CGRD w 3a are presented in Appendix 3.4J. Methodologi s us d dANete8JJl~se

design gradations are explained in Chapter7.,-,
UTI'J{ DIV1<;

-roN Orr., GAS AND MINlNG
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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 3.4-28,

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 (HOPE) culvert was attached to the CMP culvert using a

450 CMP elbow and CMP transition section. The culvert extension terminates approximately

at the 60% sediment c1eanout 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 HOPE 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 HOPE culvert. Depending on the water level in the pond, the

water itself will dissipate the energy in the flow exiting the HOPE, 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 af~ect

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 , 0 12A, 01 28, and 013 are located in the Castle Gate area

and control the storm runoff from the disturbed drainage areas at the~'site,.·~~.o.t"ggtl.(j.",......,,, ;'"'*_'~

013 was conducted in April 1990 by 8ruce Ware (Registered Land s~r\l{~~~q~~~A\~1rlEJD '1

Horizontal and vertical control bench marks were not available for§f~fllV.,· .:

. . ,.1 '+::Jb ' .
,

I '
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01 2A and 0128 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 0128 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 1O~year 24-hourstorm 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 rJNte {11]RPO . \ ,,,',
The 25-year 6·hour storm was routed through the primary iIIW5~IEL

maximum stage and flow rate. Computations were conducted ssu i~p,,~rat the POj I
contained the maximum allowable sediment volume of 1,193 cubi feet 0.81 ~.~~"r~).I~¥~a ,

further assumed that the pond was full of water up to the spillwa ~lt5WrJlo':~,9~IJ~~~hest I
. ..sl\r.'J) MlN~,r~ I

~ I

007/004 3.4-11



•
Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

January 1995

•

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 3AG. 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 cfs 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 necessary 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 spillway was evaluated to determine the necessity of riprap on the

outlet slope. With a channel slope of 0.33 ftlft, a Manning's roughneSiqoM@~.w~Ar1BD

and a maximum discharge rate of 6.59 cfs during the 25-year 6-ho' rst~~

spillway only outflow>, the flow velocity was calculated to be 6.76 f . A ~YR~~e ri~y~ ]

diameter of 5 inches is required for this flow velocity. 8 5
~- '.',

•
lTTtJI DIVISION '~\n C" A

' ,,~A~ 1\'0 Ml1\'mo

007/004 3.4-12



•
Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

January 1995

•

•

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 inlet 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)8 Ponds 012A and 0128

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 1O-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 feet.

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 0128 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 1O-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 0128 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-capacity data for Ponds 0 12A and 0128 are contained in Table

3.4-7A and 78, 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 (OOGM, 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 3.4-1 2.

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 0128. The calculation

methods used are described in Chapter 7. The calculations for sedimentation Ponds 012A and

0128 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 as~J'MG'~J1~~~q .

contained the maximum allowable sediment volume in each pond. ~ ad .. n~1fRfjrea~~~rJBJ1JI
software program SEDCAD assumes that the ponds are full of ater uB!-R tfe ,eill\iVj

elevation at the beginning of the storm event. This results in a con erva estim,,-~un~~ th

maximum stage since, in general, the pond can be assumed to be~~~~J?e8.~?,~i,:g
a stormevent.'- -0 ~ ..,,\1lJY~lG._"------..
007/004 3.4-14
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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 01 2A 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 0128 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 0128 and primary spillway 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 presented in Appendix 3.4H. Pond

012A has two inlets, a one foot diameter CMP culvert and an open tjap~~~I~~jpUk T:~e.,.

steep slope of the culvert, and the steep slope at the end of the cui· ert, ec~~~llBL0J

with an average diameter of 16 inches. The open channel inlet c he majority of thg I
water to Pond 012A (9.85 cfs) during a 25-year 6-hour storm, bu the a~! Jo~el~o I
requires riprap of only one inch average diameter. In fact, if the i 1~.~SPtJI~~m;,isfeasonab

vegetated, no riprap is necessary. The primary spillway is an 18 t th~~~l2fr'r.'!:; I_.•..
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10.0% between Pond 012A and Pond 0128. 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 01 2A 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 0128 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 01 2A 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 01 28 was

installed at elevation 86.1, the maximum sediment storage elevation. Refer\\~~hibit 3.4-12

for a typical section of the decant system. I -,.\ 'L- ~!!t([))JR.A r/8 u~;"'i
Sediment removal will be performed when the sediment level i ponr:12A r~1s L~, "

an elevation of 92.4, and at elevation 85.4 in Pond 01 2B. These el vatiot:!..,~Nef;rwry;j'19]
60% of the maximum design sediment volume. "_"

U-"'!ID '""" 'V""'o ''_, . '-, nT. r."
______~ -. !hn :,\11\7"-

"------,-
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The stage-area and stage-capacity data for Pond a 13 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 3.41.

The required 3-year sediment storage volume of 72,235 cubic feet (1.658 acre-feet)

was calculated as indicated in Appendix 3.41 using methods described in Chapter 7. The

storm runoff volume from the 1a-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 does not spill during the 1a-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. aI., 1973))

was used to determine the adequacy of the spillway (a riprap lined trapezoidal channel

spillway). These calculations are presented in Appendix 3.41. The calculation methods used

are described in Chapter 7. .

The 25-year 24-hour storm was routed through the spillway to dEfter~{~@~~~A7f' ''Ii ,''-.,

stage and flow rate. Computations were conducted assuming that t e po ~~~.lI fB i!) I'
maximum allowable sediment volume of 257,405 cubic feet. In dditi n, 1t.hM. fomputeJ

vqfl[ 8 (Y~,'i
software program SEDIMOT II assumes that the pond is full of w ter 0 the spi rW"ay I
elevation at the beginning of the storm event. This results in a cons ~W6)~a~~~n:~f.th ." I

._____1;n ,~1f''''''-
~',c'~" "',J J----, ..

007/004 3.4-17



•
Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

January 1995

•

•

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 cfs 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 1OO-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 3.41. 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

cfs 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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According to R645~301-742.221.34IDOGM, 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 IMSHA) 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 specific srope 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 present~d"ij'V~}11@,~ta,~d r ......'~"
NAVFAC DM-7 (1971). Soil parameter assumptions made in thi~ ana '~~It\2 fB.!!J1
conservative because of the absence of lab data. JAN _. I

Based on information gathered during the field survey a d t resultJ ~f 1~~al ..,

(GEOCOMP, Inc.) was utilized to determine an In~Sltu factor of s~ach'o'l"tNr-7'J,J
.~.,.~-----0071004 3.4-19
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embankments. The resulting computer output is contained in Appendices 3.4P-1, 3.4P-2 and

3.4P-3.

GEOSLOPE 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 included in Appendix 3.4P-1 through 3.4P~3

3.4-3(5)8 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 CGO-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 from the centerline of diversion CGO-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 9.f.4~@4hd-,s,l1e ..AP.p....en.dix..
l ..... " lL V '~ tp: 11'1\ '~1 ..

3.4P-1 for GEOSLOPE computer results. t E~~~.eiJ"'lSi5·

A 50 foot, 40° section was analyzed for inslope stability, a . depi ted by section_cq I
D - D' on Exhibit 3.4-11. The phreatic surface was assumed to be rizo tar~~ht 8JSWOu I
25-year 6-hour storm event level of 97.8. The pore pressure par roo~:7b~v~~~e assumedt J
be equal to zero since it is anticipated that the pore pressures JJ..,dissipate 'qlAck.y&.rl!i,fl9.... ~...,...,~._,,-.-..==_"_~.::J
007/004 3.4-20
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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 .1 6. 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.

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 inslopestability, 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 beleJ\lGOBt~kOI~aj'1t.Pin _
, h Vli~l{(I'IP' r

the design volume capacity. See Appendix 3.4P-2 for GEOSLORE c0r.~Sdli!r."J ,

007/004 3.4-21 e""i~;; :.:W~ ]
"-- -, ',-, Ar:r: ~1f'""----- " ',,',~----~",-"",,,,.,
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3.4-3(5)0 Pond Q128

3.4-22

Pond 0128 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 0128. The critical

sections that were analyzed are shown on Exhibit 3.4-12.

The geometry of the Pond 01 28 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 instope 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 0 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. ,I,

" '-' '
I > .;1 i) II,), !' '1,,\K~

I €PJ:;l:;,..,..,.~.( ~ ~ ll:ll!.. ~

/._...fll'l ~ l»jJ I
, "I D'll>,"rC'" -" ,f'> I
I,', •• '., J :J " ~,II".

"""'~''"- '" ,,' A.'"" ~1....____ '. " "'7".-
rc_...~~ . J I
~.-
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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 Facilitie§

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 '!Iddition, 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 aerest, ,,;nraFc:or,~f;lI1~e ,

with R645-301-742.400. I '\-.'--'~,,:(.,f%/lJ'1:11)

(,,{,1M 1 ~ IW5] I
007/004 ' " O'vY'ITo" r,"r· r. ~ A I
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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 201 5 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 I Reclamation

Demolition - All the .existing structures which lie within the disturbed area boundary will

be removed, including the beltlinestructures, 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 stream 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 overland flp~l'fr~J~.~n~ge and

approximate the original contour. Approximate original contour is achieved by ble"~~/~1JBD

spoil material into the adjacent area and creating landforms which rese"Jble tfS.urroundin:·

I L'~" 1 R '~~:i ]
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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/ledgeformations and thus are compatible with the surrounding

topography.

During the Phase I 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 01 28 (renamed 01 2).

7) Installation of silt fences.

",' ~\ 0'11 ~
\,. 11\" Jli/~il"lf'1f11

j:;'PPPr,.,."l::' <.I .n.; ....."

During Phase I of reclamation, several berms and ditches which directlow to the ]
IV' 1

sediment ponds will be retained. However. many of the diversions that 10llec P~~cipitatfo~lIlI~

~ '1'~\1'.rr 'I ~
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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 I of

reclamation. Specifically, Sediment Ponds 011 and 0128 will be enlarged, while Pond 013

will remain at its current size for Phase I of reclamation. The enlarged Pond 0128 has been

renamed Pond 012 for Phase I of reclamation. Pond 012A will be eliminated. See Exhibit

3.4-3A for the Phase I plan for sediment ponds. Exhibits 3.4-9A and 3.4-98 consist of more

detailed plans to enlarge Ponds 011 and 0128 (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 I 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 wells 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 I of reclamation and then sealed at the beginning of Phr~,~.~lpl(t~m~p"~i~/~~o II))

other unsealed monitoring or exploration wells exist on the proper~Y. EP~"'"T"'Tr '. ,..."....... t

The reclamation topography plan for the Unit Train Loadout/area S:Tw:... "Y"'..r ~n 1~~Sib.i~
3.4-3. A discussion of the reclamation plan is included in section3.8.,
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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 amendm~ri\SC IPhi" A!te~rrcal n:, i, , ,"..
j ' . \l.t l!\.\Il\07l.t.", l' 4] ...! I C\

conductivity, saturation percentage, particle size analysis, soluble C·
1
,Mg 'Nf.F"~lffih. u.., ........ i

absorption ratio, selenium, total N, nitrate-N, boron, maximum acid p tenti I,"TNNtrrl~~~s 1 i'
potential, organic carbon, exchangeable sodium, available water capaci y ~n rock fragments. j
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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

3.4-28007/004

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 nYlonl¥,r~~{I~~,tl~~~I,e" ';'~:...__

netting. The rate of application for straw will be 2,000 pounds per acreI -1.\ ~ ''''EW~r~~lTl1D

.[00 1R IWj] I
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Phase II Reclamation

Phase II 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 I 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 II reclamation will be seeded and mulched 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 III Reclamation

Phase III 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
! ,! ,..-\ ,v"; I. .,

to ensure channel stability. However, three existing stream qhann&ls~,) C?J$tl~; ~GQltel" i , I

Reclamation Ditches CGRD-4, CGRD-5, and CGRD-10 were co ~trur:~~frTH'11'V,- ~-.' .J' ;

1.5H:1V, and 1.2H:1V side slopes, respectfully. These three tche 'toI",,, pr~vt9~31~] !
designed for the operational hydrology of the Castle Gate area an wer aLmined to be ;

.t,·~:'~,'::'i"~:G"'--J_. C .,-. /.",""~~'~'-
007/004 3.4-29 _
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adequately designed for reclamation hydrology. While CGRD-4 and CGRD-5 are permanent

reclamation channels, CGRD-10 will be removed when Pond 013 is removed at the end of

Phase I 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-R 1, 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 channels were calculated based on the 1OO-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 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

c,·,· ~ ...,. ,~,,'D f.1r:V!J'~

:.=::..------'"-\",~ .'.'. .
. .'".

(1967). was used to determine the average riprap particle size (050)' The proposed thickness

of the riprap in these channels is twice the D50 dimension, as recommended by Barfield et al.
J, I· ~t(""'{'::::L ..,

(1981). Riprap for permanent channels with slopes exceeding 101°-WaN~tpJm.fntf~
. F.~f"77..Vl1lIi.•.l.i. '" '..... ,

steep slope channel design methodology presented by Simons, & r~~ates (u;:)'lVlrrR-''-

82/2, 1982). In these cases, the riprap volume is based on a t c.knL4~~ t~s1
007/004 3.4-30 lJ.alD:n.';!v;;•
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calculated Dso (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 et aI.,

1981).

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

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

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

o Riprap was sized based on the 1DO-year 6-hour storm and the maximum
channel slope for perennial and intermittent channels.

o Riprap was sized based on the 1O-year 6-hour storm and the maximum channel
slope for ephemeral drainage channels.

• o The roughness coefficient (Manning's "n") for riprapped channels was
determined according to the equation (Barfield et aI., 1981):

n = 0.0395Dso 1/6

where, n = Manning's roughness coefficient
0 50 = median riprap diameter (ft)

•

o

o

o

o

0071004

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
s~ction wit.h the flatter slope for at least 15 feet to 'T'~?~t1I~J!q,si~?l'h(S~m~~~,'.",
LI & Associates, 1982). ' ._, ....~~ ..\l..Iia.·.;.. "'.... .all! i".i :;;

. ...,... ....erTTVp·-..-

The reclamation channels are designed to pass t e pe k discharge WJlth
minimum freeboard of 1 foot. JAN 1 B 1~~5

Where channel slopes exceed 20 percent, all" Q.!unge poo wi e
constructed at the grade break to dissipate energ. Iift'P\tii19%!JfOat.Wif~i~~\'O
lined with riprap to provide erosion protection. e . ",3.AJ..:.3 in.
Appendix 3.4L for a typical plunge pool design.
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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

culverts.

Reclamation Culvert Design w Three culverts will remain for the Castle Gate reclamation

plan. Castle Gate reclamation culvert (CGRC w 1), is an existing GO inch x 120 inch box culvert

which will remain for Phase I final reclamation. CGRC·1 will subsequently be removed when

Phase I reclamation is completed. The average riprap size required at the CGRC-1 outlet is 1

inch. CGRC w 2 is an adequately designed existing GO-inch concrete culvert located under the

D&RGW Railroad tracks. CGRC-2 (Operations Hydrology CGC-5) extends to the Price River

and will be shortened for Phase I 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 regardin~f.;.;',~~-.li.J.1:

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 Tabl~s 1 ,\ 1~'J5

3.4-13 and 3.4-14, respectively .

•

•

•
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During Phase I 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 0128 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 I of reclamation, Pond

0128 is henceforth referred to as Pond 012 once it is enlarged. All pond sizing calculations

are contained in Appendix 304M. 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 professional

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 II was used for the routing. SEDIMOT II 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

assumed to be empty at the beginning of a storm. Overflow from fJN'e(11;disl,:h~rges,tP"
UJ.l!.\I..If \j d ..... '-'

reclamation ditch eGRD-6, while Pond 012 discharges to the railro d rigCOf~"IOWS~' .. '~' I..
south toward Willow Creek. ] I

.IMI 1 h i'i~J
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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 01 2 are enlarged for Phase I 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

R645-301-763.1 00. and thewater 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% c1eanout 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 3.4-98, 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 43,5 ~.~JtU~~t;{J~",.. ,~, ' '1;.1
Using reclamation parameters, an annual sediment volu ,e of 1,6~lIieet was .

calculated for Pond 011 using the methods described in Chapter . T~form runoff vOlte I'
~~~! 1 /1 j~YJ
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from the 1O-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 I 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 ofprecipitation (Miller, et. aI., 1973)) was

used to assess the capacity of the existing principle overflow for Phase I 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. ljhe ~C~t.lIa,J,tiOfl~,l;ttt!'"{','" , "
1 EFJ:n::r"T'J"c'" ,'.-

sedimentation Pond 011 are contained in Appendix 3.4M. 'r -
I L_~~~.,'\ 1m J
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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:1 V 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 D50 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.

".-.. " ... ~_.

3.4-36

The peak inflows into the north and south inlets were calculated,to be 1.8 and 1.7 cfs,

respectively. Flow velocities of 5.1 an 6.4 fps were calculated, as 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) a non-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., I?rIQr~bt.9~w;a~~ring,~Qe
, .... ,," l,',i\:.. ...'L:'

R~r'M'''e '- ,_,,;

! [w:r 1 I, 1m 1
. l t.';; .,:,,~,~·~,~,;,v; .
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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 0'2 - Since the main access road traversing the Prep Plant site will

be removed during Phase I of reclamation, it cannot serve as a berm to transmit disturbed area

runoff to Pond 012A. Thus, Pond 012A will be removed under Phase I reclamation, as

mentioned above. Pond 0128 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 0128 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 0128 at the

primary spillway is currently 53,123 cubic feet (1.22 acre feet).

The three year sedimentstorage volume for Pond 0128 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 1O-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 olthe spillway must be 69,600

cubic feet (1.60 acre feet). Thus, the pond is undersized for its use during Phase I

reclamation.

The design of Pond 0128 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 3.4-98. From the stage-capacity curve contained in

Appendix 304M, the allowable storage at the spillway 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 01 2.

The 25-year 6~hour storm event (1.6 inches of precipitation (Miller. et. aI., 1973)) was

used to assess the capacity of the existing Pond 0128 spillway for use during Phase I 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 II 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 II 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 I 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 slopes will be sufficient to transmit

the maximum design flow of 5.94 cfs. This cross section will allow for one foot of freeboard.

The peak flow velocity of 4.1 fps requires protection by riprap with and average diameter of

2 inches.

3,4-38007/004

The spillway outlet channel of Pond 012 was evaluated to determine its suitability to

transmit the maximum design discharge (Appendix 304M). The existing open channel spillway

on Pond 0128 has a bottom width of 6 feet. side slopes of 2H: 1VI and a channel slope of

50%. The design flow depth with the design discharge of 3.26 cf~ Js: p:~}eet. Since the
:; .\.0' .~. J.: ' '''J i .. '.' : .

existing channel is one foot deep. 0.9 feet of freeboard will be aVfilabtun..1iQ.....9f.'25."~r'Y;~ar 0';""

hour storm event during Phase I of reclamation. The maximurrf flo velDRity of 5.9 j /1I '11\ i\ 1 h ,YYJ

/
'.. r~-;,· D"""':~- ,- (. . I
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requires an average riprap diameter of 4 inches. The existing outlet channel on Pond 012B

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 3.4-98 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 3.41, 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, there is 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. aI., 1973».

These existing structures were deemed adeq~ate for operational hydrology design flows. With

a reduction of storm runoff design flows during reclamation, the existing structures are

suitable for use during Phase I of reclamation without modifications.

According to R645-30 1-742.221 .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
" ' ~,.} '.

prevent floating matter from being discharged from the pond durin~ de[teffRg~''''I',r~' to
, 1I ~ ~ r' 1 ,,, mJ I
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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:

1. Filter fabric (silt) fences
2. Surface ripping
3. Mulch
4. Chemical (tackifier) added to mulch
5. Straw bales
6. Seeding
7. Reseeding areas that do not exhibit successful germination

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 mert}r.~®~~~~mulching,

mulch binders, netting, and seeding. These measures are the mos/effe

r
'e 66fW~~ce 

they minimize the amount of soil detached by raindrop impact, and hus I mit sqil loss at the]
.IM, 7 tl I'I~:>
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source. Surface 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. Silt 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 1O~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 projected 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 perfqi'in{id~bM\riPRillQ...ltt~S:9..iliU
! l='~r'T'nm

to a depth of 18" to 24". Ripper shanks should be spaced about sevenet apart, and cr~e ,

parallel slots four to ten inches wide. Ripping will loosen the sOil!and I10,'i\\'-0Clt Rermati n

a~d increase m~isture storage. This will allow for quicker vegetftion stabli§h.ment, whi h

Will reduce erosion. . L _" ~}:\':':;J~ C . t.::'t tor:::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 mulch

application rate is 0.9 tons per acre to prevent mulch removal by rainfall (Simon et aI., 1983,

Figure 4.14). The referenced figure assumes that no chemical binder will be used. The

intensity factor corresponds to a 1O-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 1O-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 levels. The cumulative

implementation of each sediment control measure substantially reduces the amount of

sediment eroded from the reclaimed areas, to the point that the mulch 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
r' .0"-\ /\ \' ..... 'I"" ,f'"'· If) i'\ Ii'"' j' " : .,,'''.

reclaimed areas, most of the sediment erosion will occur from the un~is~bed"i8tea-sIj.JMQr81 t- J.J) I

than 90% of the sediment loss trapped by the silt fence along CGRD- waEI~~~d.TI;:be -J I
from the undisturbed areas. Thus, the background sediment loss ave had w~Uf$ $e~irtWQt I
loss from the reclaimed areas once the wood fiber mulch is in p ceo - ition, the I
combination of the surface sediment controls on the reclaimed areas a cfthliW1t~enCes:.aJ:oog; :_.-.~.-
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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 I reclamation will be

inspected 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 silt 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 mulch and seed have been transported by wind or overland flow.

Corrective action will consist of repairing/replacing or adding filter fabric fenceS\fis,-l1~~~Y\; .

replacing straw bales, regrading of the ground surface only as necessary t~ filf~SiX inch \

gullies caused by erosion. and reseeding and mulching to reestablish vegetatiO\~~il mateJll1) . ' •. ,.,

•
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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• 2. Grading

3. Installation of Alternative
Control Measures (ASCM's)

4. Resoiling

5. Seed bed preparation

6. Seeding & mulching

7. Pond and ASCM maintenance

8. Removal of Ponds 011,
012, 013, and removal
of ASC structures

Week 36 - 60

Week 36 - 40

Week 1 - 36

Week 74 After Oct. 1

Week 60 - 72

Week 73

o- 2 years after seeding

All alternative sediment control structures
will remain in place for a minimum of two,
years after the last seeding, untiL,'Vie'
remova~ is author~~!rd\\.?t~,D~r~t un~i1
vegetation oV~l\\t~,Ji~'~'~~d are~s
properly est~RShed i a,c,cordan~ ith
R645-301-76~.10 andl~~~~~'l!ua y
bond release stan r<W of R645-3 -
880.320 are c plie wit " ", .... ~~~.t"':.", i

,,::',\':"'_" ,~-~ "C ~<fr"." ,..

(_::,."'P~_,-

"-,,,,~""'"
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9. Vegetation and water
monitoring

10. Reclamation Monitoring

3.4-6 Stream Buffer Zones

2 - 10 years after seeding

Until Bond Release

January 1995

•

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 ofthe foundation and the weight of the vehicles using the road .
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PREPARATION PLANT
OPERATIONAL HYDROLOGY WATERSHED CHARACTERISTICS

"".'

TIME OF DRAINAGE PEAK
WATERSHED CURVE CONCENTRATION AREA FLOW

(CGWS- ) NUMBER (HR) (Acres) (CFs)la)

U1 78 .106 7.05 0.95

U2 78 .066 2.38 0.36

U3A 75 .710 1027.1 42.5

U38 75 .386 172.9 7.441bl

U4 78 .085 6.78 0.96

U5 82 .098 7.03 1.78

U6 78 .181 52.11 5.83

U7 82 .108 5.96 1.48

U8 78 .137 20.59 2.57

OHA&8) 90 .162 12.60 6.83

02A 78 .144 41.10 5.02

028 82 .099 7.60 1.92

02e 82 .098 14.83 3.75

020 85 .052 4.66 1.76

02E 85 .213 6.49 2.00

02F 85 .046 3.38 1.29

02G 82 .081 2.26 0.59 ,\'". \\ ~ ~
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lal

Ibl

PREPARATION PLANT
OPERATIONAL HYDROLOGY WATERSHED CHARACTERISTICS

TIME OF DRAINAGE PEAK
WATERSHED CURVE CONCENTRATION AREA FLOW

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

D3(A&B) 90 .142 14.48 7.98

D4(A&B) 90 .217 14.73 7.59

D5 85 .038 1.56 0.60

Peak flows are based on a 10-year 6-hour storm event.
See Table 3.4-20 for 100-year 6-hour storm event peak flows associated with
Schoolhouse Canyon watersheds.
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TABLE 3.4-2

PREPARATION PLANT
OPERATIONAL HYDROLOGY SUMMARY OF

DIVERSION DITCH GEOMETRIES

....
<0
<0
UI

<....
Q)
:::J
C
Q)..,
-<

--'
.'

~, \
\,

"

\

MINIMUM MINIMUM MINIMUM MAXIMUM MAXIMUM MAXIMUM MINIMUM
BOTTOM SIDE MINIMUM CHANNEL CHANNEL FLOW MINIMUM FLOW R1PRAP

DIVERSION WlDTHI.1 SLOPES DEPTH SLOPE SLOPE DEPTH FREEBOARD VELOCITY 050101

DITCH 10 1FT) IH:VI 1FT) 1%) 1%1 IFTI IFTI IFPSI liN)

eGO·l 2.0 1:1 0.6 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 2.76 NONE

CGO-3 10.0 .8:1 1.0 6 10 0.71 0.29 7.88 10.0

CGD-4 1.0 1:1 0.7 2 6.5 0.33 0.37 3.36 1.0

CGO-8 2.0 1:1 2.4 1 10 2.04 0.36 9.06 14.0

CGO-9 1.5 1:1 0.6 1 9.2 0.22 0.38 3.26 1.0

CGO-l0 2.0 1.5:1 0.9 3 5 0.56 0.34 5.53 3.0

CGO-l1 3.0 1:1 0.5 12.5 12.5 0.18 0.32 4.48 2.0

CGO-12 0 1.5:1 1.6 1.3 2.6 1.29 0.31 4.15 NONE
___,.f"~\

0 1.5:1 1.6 1.4 3.0 1.25 0.35 4.32 NONE.--,>"CGO-13. -:-...,

- ",>'" l\r\ CGO.* ~f~ 1.0 1.5:1 1.0 1.0 1.0 0.65 0.35 2.63 NONE

~'- \
,r)
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\
\

\

\
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TABLE 3.4-2 (Continued)

PREPARATION PLANT
OPERATIONAL HYDROLOGY SUMMARY OF

DIVERSION DITCH GEOMETRIES

•

w
~

I

01
N

MINIMUM MINIMUM MINIMUM MAXIMUM MAXIMUM MAXIMUM
BOTTOM SIDE MINIMUM CHANNEL CHANNEL FLOW MINIMUM FLOW MINIMUM

DIVERSION WlDTHloi SLOPES DEPTH SLOPE SLOPE DEPTH FREEBOARD VELOCITY RIPRAP
DITCH 10 1FT} IH:VI 1FT) 1%) 1%1 IFTI IFTI IFPSI D5abl UNI

CGD·15 1.0 1.5:1 1.0 1.0 3.0 0.66 0.34 3.94 NONE

CGD·16 0 1.5:1 0.9 7.0 10 0.54 0.36 4.72 1.5

CGo·17 0 1.5:1 1.0 6.7 10 0.68 0.32 6.41 2.0

GENERIC DITCH 0 3:1 1.0 6 11 0.31 0.69 4.28 1.5

lol

(hi

Note:

Minimum bottom width measured at minimum depth from top of channel.
Minimum riprap requiremants 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 velocitias < 4 fUsac. Refer to Appendix 3.40.

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

t
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PREPARATION PLANT
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

• 007/004
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PREPARATION PLANT
OPERATIONAL HYDROLOGY CULVERT DISCHARGE SUMMARY

AVAILABLE INLET
MINIMUM HEADWATER CONTROL PEAK

CULVERT SIZE AND INLET OVER TOP CAPACITY DRAINAGE FLOW
ICGC· I TYPE TYPE 1FT) ICFSICol BASINS ICFS)

1 18w CMP PROJECT >1 5.7 U1 0.95

2 (2) 84 w CMP MITERED >1 590 POND 011, U2, 56.5
U3A, U3B,U4

3 24 W CMP DROP 2 12.5 U4 0.96

5 60 w CMP DROP 8 128 U5, POND 013 33.58

6 12 W CMP PROJECT >1 2.1 07 0.60

7 18w CMP CONNECTS POND 012A TO POND 012B (SEE POND CALCULATIONS)

8 60 w X 120" HEADWALL 7 280 US, U7, U8 9.88
BOX

(8) Capacity based on HW/D:= 1.0.

Note: See Table 3.4-24 for information on Culvert CGC-4.
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PREPARATION PLANT
OPERATIONAL HYDROLOGY CULVERT SUMMARY

OUTLET PEAK PEAK REQUIRED
CULVERT SIZE AND SLOpe-I FLOW1bl VELOCITylbl D50lbl

(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 0128 (SEE POND CALCULATIONS)

8 60" X 120" 1 9.88 2.9 NONE
BOX

(a) Field measurement.
(b) See ApRen~ix 3.4F for details.

N<>tec S~~~:bri~-25 lor inlormati<>n on Culvert CGC-4.
.' ~(,. \" '0_. \,\..~..,~.'..

\'? ',- .--0\
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TABLE 3.4-6

PREPARATION PLANT
POND 011 (Existing) STAGE-CAPACITY DATA

January 1995

ElEVATION INCREMENTAL CUMULATIVE
STAGE (FT) AREA (FT2) VOLUME (FT3

) VOLUME (FT3
)

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,'93

7,552

94.0 3,972 28,745

9,216

96.0 5,244 37,961

5,602

Principle 97.0 5,960 43,563
Overflow

6,450 C,

Emergency 98.0 6,940
"......-»

r ',(' "\
Spillwav ! ", C' \) .,.~-C"fT"-

\ ~>.:. V \q~')7,454\\ II

Top of 99.0 ~, ~ ~~\~,
1,.\

7,968 \Embankment , , -

\ \..... "

•
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TABLE 3.4-7A

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

January 1995

•

I I
INCREMENTAL CUMULATIVE

ELEVATION AREA VOLUME VOLUME
STAGE (FT) IFT2

) IFT3
) (FT3

)

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
Spillway

11,325

98.0 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
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TABLE 3.4-7B

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

,
\

,
\
\

\
\•.,

~.-

'~,

3.4-58

I I
INCREMENTAL CUMULATIVE

ELEVATION AREA VOLUME VOLUME
STAGE 1FT) IFT2

) IFT3) IFT3)

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 15,572.5

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

10,040 ., ,.,

92.8 12.913
't"~ '.J. ~",.,•.

Top of
.--::;;;~ ~\~~~.8 -1Embankment ~.' :~~ r "

~, ;' ,':-..' l?'

\' \qq~ \\'.

, ' '. \ \
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TABLE 3.4-8

PREPARATION PLANT
POND 013 (Existing) STAGE-CAPACITY DATA

January 1995

•

•

ELE'fA-110N INCREMENTAL CUMULATIVE
AREA IFT21 VOLUME IFT31 VOLUME IFT3\

6232 3275.0 0

8859.8

6234 5584.8 8859.8

13278.0

fi236 7693.2 22 137.8

17642.6

6238 9949.4 39780.4

22529.4

6240 12580.5 62309.8

27960.9

6242 15.380.4 90270.7

33.339.9

6244 17.959.5 123.610.6

38217.8

6246 20258.3 161 828.4

42879.4

6248 22.621.1 204707.8

47699.8

6250 25078.7 252407.6

52768.3

6252 27689.6 305 175.9
....

58825.2

6254 31 135.6 . . ..., ... ::...., ······dU861:,.' .~.,j t
If" ... .., !

65 731.9 r---
t,

o4'tW~33.b i6256 34.596.3 ,I I ., "
70833.7

\". , " ,
I

~
1.- .......

6258 36237.4 500566.7
,

r'
0.... 1..···, , .• ." .'

36647.7"' :,., ... .-
......... ~ - , .....-

6259 37058.0 537214.4
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TABLE 3.4·9

PREPARATION PLANT
RECLAMATION MASS BALANCE SUMMARY

January 1995

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
Net 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 CV / 27 CF = 96.800 CV ... " 'W··E~rM;'i,"·»· ..... "",;; I

., t

~':_ c' I~~) 1 '
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TABLE 3.4-10

PREPARATION PLANT AREA
RECLAMATION WATERSHED CHARACTERISTICS

TIME OF DISCHARGE
WATERSHED CURVE NUMBER AREA {Acresl CONCENTRATION IHRI ICFSj

CGRWS-Ul 78 20.48 0.114 2.701bl

CGRWS-U2 78 5.96 0.099 2.921a1

CGRWS-U3 78 50.68 0.186 5.621b1

CGRWS-U4 78 9.18 0.072 1.35101

CGRWS-U5 80 83.32 0.243 40.20101

CGRWS-U6 75 174.58 0.346 36.5510I,7.56Ibl

CGRWS-U7 75 1054.58 0.694 179.78101

CGRWS-U8 75 4.04 0.083 1.541a1

CGRWS-U9 75 29.38 0.102 1.921b1

CGf1W5'.'U1O~c -~~ 75 3.95 0.048 1.6()la1

.
CGRWS-Rl 80 7.05 0.060 4.241a1

; i'
~-RL f~ CC;;f\W 80 21.89 0.100 12.591al

JC~~WS-R~ ~ 80 11.58 0.301 5.18101
->

JjCdf'WS-R~G 80 1.56 0.031 O.351bl
,J

-.' ;C ... ~-
.Ba~ed on th8Cl00-W{r 6-Hour storm event.
Based on thV, O-Yea" 6-Hour storm event.

j
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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)

CGAD-1 CGAWS-U1 20.48 2.70

CGAD-2 CGAWS·U3 50.68 5.62

CGAD-3B CGAWS·U4.U5 92.5 41.55

CGAD-3C CGAWS-U4/U5,A4 94.06 41.90

CGAD·5 CGAWS-U6/U7 1229.16 222.90

CGAD-6 CGAWS-U6,U7 1229.16 222.90

CGAD·10 CGAWS-U9.A3 40.96 3.43

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

I:",

• 007/004 3.4-62
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TABLE 3.4-12

PREPARATION PLANT AREA
RECLAMATION CHANNEL SUMMARY

(0
(0
01

......

C
Ol
:::::l
C
Ol...
<~ ... p 1

-.c r:I ~-
sWTable 3iA-.21 for information on reclamation diversions 3a, 4,7,8 and 9.J '. ".,

----.... f <

t: ~ _

--~-::j

Note:

Minimum Minimum Maximum
Bottom Channel Bottom Minimum Maximum Flow Maximum Minimum

Reclamation Width Side Slopes Depth Slope Bottom Slope Depth Freeboard Velocity Riprap DtiO

Channel 1FT)I.) (H:V) (FT) (%) (%) 1FT) (FT) (FT/S) UN)

CGRD-1 3 3:1 1.2 27 11 0.2 1.0 5.52 31e)

CGRD-2 3 3:1 1.4 30 4 0.4 1.0 7.32 51el

CGRD-3B(MS)'" 3 3:1 2.0 10 5 1.0 1.0 9.06 7(cl

CG RD-3 BISSI(b) 3 3:1 2.0 16 10 < 1.0 > 1.0 - 121d1

CGRD-3C 3 3:1 2.0 24 14 0.8 1.2 - 181d)

CGRD-5(MS) 18 1.5:1 2.7 10 2 1.7 1,0 11.13 14lcl

CGRO-S\SS) 18 1.5:1 2.7 14 10 < 1.7 > 1.0 - 18(01)

CGRD-6 18 3:1 2.5 6 2 1.5 1.0 9.81 41e)

CGRD-l0Io' 3 1.2:1 1.2 10 1 0.2 1.0 3.08 31e)
- __ :..:11':'"___ •

--'--.~._-- -
,- TYPICAL . - 8 2:1,5:1 1.01~ 3 1 0.3 0.7 2.5 none
~ BERM/SWALE .'

, , !

MinimuJti0fu width measured at minimum depth from top of channel.
' i

II·l·
Ibi, M~ = li~ope. SS = steep slope.
Ie) ,

Riprap 0lila ~clllated by using the Searcy method developed for the U.S. D.D.T.•
(d) i Riptap ~~ a1culated by using the Simons et al./OSM steep slope design methodology.
(0) TllD'lpora ~c~mation channel (Phase I only).
(~ BNnl top J i tti = 1.0 feet.

w
~,
en
w



• Chapter 3. Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-13

PREPARATION PLANT AREA
RECLAMATION CULVERT DISCHARGE SUMMARY

January 1995

•

CONTRIBUTORY TOTAL DRAINAGE DESIGN DISCHARGE
CULVERT WATERSHED AREA (Acres) (CFS)

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

::.., '"".L' _.'~._~'..t.I..&".• 007/004 3.4-64



• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-14

PREPARATION PLANT AREA
RECLAMATION CULVERT SUMMARY

January 1995

PEAK ACTUAL
CULVERT SIZE & SLOPE PEAK FLOW VELOCITY 05AJltIl

ICGRC-1 TYPE 1%) ICFS) IFPS) (IN)

11•1 60~ X 120~ Box 1 8.64 3.45 1

21bl 60~ Concrete 10 41.90 20.86 39

31el 2-84~ CMP 5 222.90 17.38 30

•

•

1.1

Ibl

(el

(d)

007/004

This is an existing culvert previously labeled CGC-8.
This is an existing culvert previously labeled CGC-5.
This is an existing culvert previously labeled CGC-2.
Actual riprap size exceeds minimum requirements under reclamation conditions.

...' ~. ,~" ,'~' - ....., ...
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TABLE 3.4-15

PREPARATION PLANT AREA RECLAMATION CHANNELS
RIPRAP AND FILTER BLANKET VOLUMES

RIPRAP FILTER
RIPRAP 0 50 PERIMETER THICKNESS RIPRAP VOLUME THICKNESS FILTER

CHANNEL (IN) LENGTH (FTJ 1FT) liN! (FT3 1 tiN I VOLUME IFT3
)

CGRD-1 3 275 10.6 6 1,458 6 1,458

CGRD-2 5 200 11.9 10 1,983 6 1,190

CGRD-3B(SSI 7 200 15.6 14 3,640 7 1,820

CGRO-3BIMS) 12 250 15.6 15 4,875 7 2,275

CGRD-3C 18 300 15.6 23 8,970 11 4,290

CGRD-5tMSI 14 250 27.7 28 8,0791•1 14 4,0401b)

CGRD-5ISS1 18 1,050 27.7 23 27,873101 11 13,331 lb1

CGRD-6 4 300 33.8 8 6,760 6 5,070

CGRD-tO Riprap in place

TOTALS 64,6381.) 33,474101

14,525 tonsllel (2,176 tons!ld)

101

lbl

leI

ldl
101

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.

to.
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Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

January 1995

TABLE 3.4~16

PREPARATION PLANT
POND 011 (RECLAMATION) STAGE-CAPACITY DATA

1
, ... , ~, ~ If:, ,""" •
· .. lIo",_,i& ...1

3.4-67

I STAGE I ELEVATION IFTI AVERAGE INCREMENTAL CUMULATIVE
AREA IFT21 VOLUME IFT~ VOLUME IFT11

Bottom 81.0 684 0

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

Emergency 98.0 8,816 - ",66,490 ' '-'J"

Spillway . --,'V,_';""'" \ ' ........ -

~~-ru'". ..
9,408 !

:J~" , n iY' ~Top of 99.0 10,000 ,898" ('j

Embankment
",...- ,

~._,...

0071004

•

•



• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-17

PREPARATION PLANT
POND 012 (RECLAMATION) STAGE-CAPACITY DATA

January 1995

•

INCREMENTAL CUMULATIVE
AREA VOLUME VOLUME

STAGE ELEVATION 1FT) IFT2
) IFT3

) IFT3
)

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 15,229 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 6099.0 22,145 112,697
Embankment : ,

:1 ~.t-.tl..'ll\ffi '

• 007/004
,-
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• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-18

PREPARATION PLANT AREA ROAD DESCRIPTIONS

January 1995

ROAD TYPE

P-1 Primary

SURFACE DESCRIPTION

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-3

007/004

Primary

Primary

Ancillary

Rock

Rock

Rock

Road P-2 is the refuse haul road which begins near the
southeast corner of the ottice/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.

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.

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.

~
~ •.'.1 ,~

, ' .;. ~ f 1

.,:~,-,,,-,---_.-

3.4-69
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• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-18 (Continued)

PREPARATION PLANT AREA ROAD DESCRIPTIONS

January 1995

I ROAD TYPE

A-2 Ancillary

SURFACE DESCRIPTION

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 tvoical section of the road.

•

•

A-3

A-4

007/004

Ancillary

Ancillary

Rock

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.

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.

;, \
"' •.•• J ~' .... \a.6 ~~ ....... L.,:~

····EfFEC'i"'T'rn·

~JA~I ~ 0 '1'J'J'J1
' '-\I, ~ I J

----_.......,-~-~.. -
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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)lal (PCF),al lbl,lel (O)lbl.lol PARAMETER CONSTANT

Pond 011 Silty Sand 115 135 100 34 0 0
C - C' (SM)

Pond 011 Silty Sand 115 135 251dl,2001"1 3-4 0 0
D - 0' (SM)

Pond Silty Sand 115 135 251dl,2001"1 34 0 0
012A (SM)
G· G'

Pond Silty Sand 115 135 100 34 0 0
0128 (SM)
F - F'

Pond Silty Sand 115 135 254,2005 34 0 0
0128 (SM)
H - H'

la)
Ibl

Ie)

Id)

Ie)

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 ., .lI. __~ f! tr".,,...... ~ '0 •
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• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

January 1995

TABLE 3.4-20

SCHOOL HOUSE CANYON REFUSE AREA
DIVERSION DISCHARGE SUMMARY

•

TOTAL
REFERENCE CONTRIBUTORY DRAINAGE DESIGN
LEITER (-I MINING PHASE WATERSHED AREA (AC) DISCHARGElbl

Current Current
Current Operation Exhibit 3.4~2 Operation Operation

A CGD-5 CGWS-U3B 172.9 33.9
B CGO-6 (Upper) CGWS-02A, 02B, 02E 55.4 30.4lel

C CGD-6 (Lower) CGWS-D2A, 028, 02E 55.4 30.4
0 CGO-7 (Upper) CGWS-02C, 02E 21.0 18.6
E CGD-7 (Lower) CGWS-02C, 020, 02E 25.7 22.6
F NA NA NA NA
G CGO-19 CGWS-D2A, 028, 02E 55.4 30.4
H NA NA NA NA

Final Operation Exhibit 3.4-2C Final Operation Final Operation

A CGO-5 CGWS-U3B 172.9 33.9
8 CGD-6 (Upper) CGWS-D2B,02C 24.1 , 16.7
C CGO-6 (Lower) CGWS-02B, 02C, 020, D2E 41.7 34.21el

0 CGO-7 (Upper) CGWS-02A, D2C 35.9 22.8 1el

E CGO-7 (Lower) CGWS-D2A, 02C, 02E, 02F 58.3 44.9 1el

F CGO-18 CGWS-02B 14.7 6.9 Ie)

G CGD-19 CGWS-D2B, D2C, 020, 02E 41.7 34.21el

H NA NA NA NA

Final Final
Final Reclamation Exhibit 3.4-3 Reclamation Reclamation

A CGRD-4 CGRWS-U6 174.6 36.61el

B CGRD-8 CGRWS-USA 28.6 15.9
C CGRO-9 (Upper) CGRWS-U5A, U5C 40.9 23.0
D CGRD-7 CGRWS-U5B 26.6 15.5
E CGRO-3A CGRWS~U5B, U50 42.4 25.0
F NA NA NA NA
G NA NA NA NA
H CGRD-9 (lower) CGRWS-U5A, USC 40.9 23.01e1

3.4-72007/004

(-I

lbl

lei

Drainage diversion/channels with the same reference letter are identically located.
All design flows are based on the 100-year 6-hour storm event.
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 Channel Flow Max. Min.
Width Slopes Depth Slope Slope Depth Freeboard Flow 050

Refuse Area Channel 1FT! IH:V) 1FT) 1%1 1%) 1FT) 1FT) Velocityc.. (IN I
IFPSI

CGD-5/CGRD-4 5.0 1:1 2.21 2 20 1.21 1.00 10.62
Cbl

CGD-6 (Upperl/CGRD-8 3.0 3:1 2.17 1 1 1.17 1.00 4.02 1Cel

CGD-6 (Lowerl/CGRD-9 (Upper) 3.0 3:1 1.85 8 40 0.85 1.00 - 18

CGD-7 (UpperIlCGRD-7 3.0 3:1 2.01 1 1 1.01 1.00 3.72 1(eJ

CGD-7 (Lowerl/CGRD-3A 5.0 3:1 1.71 13 40 0.71 1.00 - 21

CGRD-9 (Lower) 3.0 3:1 1.55 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

.-_..

(01

(bl

(el

.·-Maximum .flow velocity calculated only for Searcy/U.S. D.D.T. design procedure.
No riprap required. Diversion is excavated into bedrock.
No riprap required during operation phase. See Appendix 3.4J.

,;~r

i ~ ~.
r :: ti

c:> ~.

~~~ )
~ ~. to ~

L-I__J Ll

C
Ol
:::::l
C
Ol..,
-<
.....
to
to
(J'I



• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-22

SCHOOL HOUSE CANYON REFUSE AREA
CHANNEL RIPRAP AND FILTER BLANKET VOLUMES

January 1995

•
'01

Ibl
leI

RIPRAP RIPRAP RIPRAP FILTER FILTER
0'0 LENGTH THICKNESS VOLUME THICKNESS VOLUME

CHANNEL (IN) (FT) (IN) (FT') (IN) (FT')

CGD·5/CGRD~4 None Diversion is excavated into bedrock

CGO-6 (Upper)/ 1 1000 6 8350 6 8350
CGRO-8

CGD-6 (Lower)/ 18 1000 23 28224 11 13524
CGD-9 (Upper)

CGO-7 (Upper)/ 1 1150 6 9028 6 9028
CGRD-7

CGO-7 (Lower)/ 21 1300 26 44572 13 22594
CGRO-3A

CGRO-9 (Lower) 18 450 23 11059 11 5300

CGO-18 5 Riprap in-place. '01

CGD-19 10 Riprap in-place. 101

TOTALS 101,233 58,796
(7,087 (3,822
tons)'bl tons),e'

CG 0-1 8 and CG 0-1 9 are operational diversions and will be removed at the beginning of the
reclamation phase.
Assumes a bulk density of 140 pcf.
Assumes a bulk density of 130 pcf.

• 007/004 3.4-74



• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-23

SCHOOL HOUSE CANYON REFUSE AREA
CULVERT DISCHARGE SUMMARY

January 1995

TOTAL
REFERENCE CONTRIBUTORY DRAINAGE DESIGN
LETTER (al MINING PHASE WATERSHED AREA (Acres) DISCHARGElbl

Current Current Current
Operation Exhibit 3.4-2 Operation Operation

A CGC-4 CGWS - D2A, 55.4 30.40
028,02E

Final Final
Final Operation Exhibit 3.4-2C Operations Operations

A CGC-4 CGWS - 028, 41.7 34.20 tel

02C, 020, D2E

•
(a)

Ib)

Ie)

Culverts with the same reference letter are identically located.
All design flows are based on the 100-year 6-hour storm event.
Refers to maximum design peak flow throughout all mine phases. Culvert designed
for this discharge value.

• 007/004 3.4-75
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• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4~24

SCHOOL HOUSE CANYON REFUSE AREA
SUMMARY OF CULVERT CAPACITY

January 1995

REQUIRED
HEADWATER PEAK

CULVERT SIZE AND INLET OVER Top'e' DRAINAGE BASINS FLOW
TYPE TYPE (FT) (EXHIBIT 3.4·2C) (CFS)

CGC-4 24" CMP Improved 1.2 CGWS·028, 02C, 34.20
with 18" 020,02E
HOPE
Extension

•
tel Measured from the top of the rectangular inlet opening

• 0071004 3.4-76



• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-25

SCHOOL HOUSE CANYON REFUSE AREA
CULVERT SUMMARY

January 1995

PEAK PEAK REQUIRED
SIZE AND OUTLET FLOW·' VELOClTy'a, D50

CULVERT TYPE SLOPE (%) (CFS) (FPS) (IN)

CGCp 4 24" CMP 60 34.20 53.4 24 lbl

with 18"
HDPE
Extension1al

•

(al
(bl

See Appendix 3.4J for details.
Several boulders ranging in size from 2 feet to 4 feet in diameter.

• 007/004 3.4p 77
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•

BURY TOE OF
FILTER FABRIC
IN TRENCH AND
BACK-FILL

SOURCE: BARFIElD ET AL, 1981

FIGURE 3.4-1 TYPICAL SILT FENCE

007/004 3.4-78



CASTLE GATE MINE
PREPARAnON PLANT
RECLAMAnON-PHASE I

ADJUST $ILT FENCE SPACING
AND ORIENTATION SO THAT
FENCE SEGMENTS ARE INSTALLED
PARALLEL TO CONTOURS WITH A
10' PROJECTED OVERLAP

45'

55'

45'

55'

NOT TO SCALE

FIGURE 3.4-2 TYPICAL SILT FENCE LAYOUT
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FIGURE 3.4-3

PRIMARY ROAD P-I
TYPICAL SECTION

SURFACE TREATMENT - ASPHALT

•

• CERTIfY THAT THESE DRAWINGs" WERE PR~AR£D
UNDER '"MY SUPERVISION AND ARETRU(- ANO"CORRECT
TO TH~B[Sl'Of MY~KNOWLfDGE _ _
-"'". RICHARILtf.~~.:

to)

.f::o.•(X)

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

MINIMUM SLOPE '"110'

MINIMUM WIDTH 20'

NOT TO SCALE

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

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD
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FIGURE 3.4-4

PRIMARY ROAD P-2
TYPICAL SECTION

SURFACE TREATMENT - ROCK
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CO....
SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES

MINIMUM SLOPE 1"/10'

MINIMUM WIDTH 20'

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

MINIMUM SLOPE '"110'

MINIMUM WIDTH 15'

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

NOT TO SCALE

SEE TABLE 3,4-18 FOR DESCRIPTION AND MAINTENANCE O~ ROAD
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•
FIGURE 3.4-6

ANCILLARY ROAD A-I
TYPICAL SECTION

SURFACE TREATMENT - ROCK

•

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

MINIMUM SLOPE 1" 110'

MINIMUM WIDTH IS'

NOT TO SCALE

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

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

~
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FIGURE 3.4-7....
3:
Ql ANCILLARY ROAD A-2-<... TYPICAL SECTIONto
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Golder Associates
CONSULTING MINING ANO GEOTECMNICAl,. ENGINEERS

January 18, 1978
E/78/47

American Electric Power
Service Corporation

P.O. Box 629
Helper, Utah 84526

ATTN: lJR. LEE Me CLOSKEY

SUBJECT: DESIGN OF COAL REFUSE DISPOSAL SYSTE~J

PHASE II: DETAILED DESIGN
SCHOOLHOUSE C~~YON REFUSE DU~ FACILITY

Gentlemen:

Please find enclosed Golder Associates tinal Phase II
design report for the proposed Schoolhouse Canyon Refuse
Dump Facility. As previously a~reed, we are forwarding an
original version plus.a comple~ed bound copy of the report
herein .. A further copy has been forNarded, as reques:ed, to
Lancaster, Ohio.

We trust that this report (along wi~h the Specifications .
preViously forwarded) is sufficiently cocptehensive "to adequately
describe the proposed scheme, and to percit extraction of the
required information for sub~ission 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 involve~ent are
su~marized in the attached ~able. Specific approval ~o com
mence construction however is n~t believed necessary so lon;
as the iJESA District lIana~er has already been advised of the
AEPSC intent to use Schoolho~se Canyon as a dispos~l facility.

Please feel free to contact either myself or Allen Gass
should you have any questions or require any furthe: infor=a-'
tion or assistance ..

In conclusion, 1 should like to' add tha~ we have ap
preciated the opportunity afforded us, in being invo~ved in

c·

GOLO~R ASSOCIATES. INC_ 10628 NE 38t" Pl~c:•• Ki,"'l~nd (Suttl.l. W3S";f\l}tOll 92033. U.S.A. - Phon. !2Al S27-l'J1n. T..... 32.1014
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\.. ~lerican Electric Power
Service Corporation

January 18, 1978
Page Two

the planning of your coal refuse disposnl scheme. ~e wish
you every success in commissioning the 'new mine, plant and
disposal facilities as expeditiously as possible.

Sincerely yours,

GOLD.ER~OCIATES. INC •

. ·~4~.,~///
~~ .

Grahac A; Uathieson
Project Engineer

•

~.

..... J

GAM:II'.Dl
77212
Attachment: Tabl~ of .Governmental Re~ulatin~ Au~horities
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1.0 INI'ROOUCTlOO

1.1 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 GAl

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 aesources, Division of

Oil, Gas and Mining (DCXiM) in Salt Lake City .

1.2 During the coUrse of Phase II work Technical Specifications

were prepared and fOIWarded to AEPSC on the reccmnended

refuse disposal equipnent and on the proposed Refuse Haul

Road System, Diversion Di~ch and Settling Pond. Additional

recamnendations were made on improvements considered

necessary on the existing Barn canyon Drainage Channel.

1.3 'Ibis report has been prepared in fulfillment of Golder

Associates' Phase II work commi.tment. 'I11e purpose here is to

present plans of the proposed refuse pile development, and to

provide additional design support for the drawings and

specifications which have been previously forwarded.

1.4 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 (0Sl'l) 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, and which will influence refuse

disposal operations.

•

•
ccd.chapter3/4
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2.0 SUMMARY

2.1 Design of the schoolhouse Canyon refuse dump and its

associated structures has been based on accepted engineering

practices and complies with applicable State and rederal

Regulations cited. Some uncertainty presently exists,

however, about the legality of refuse disposal wi thin 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 for,m a comprehensive design package on which to seek

government approval. '!he Division of Oil, 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.

2.2 '!he equiIJDent 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-drainiog, and will

generally pewt normal placement and cCBDpaction operations

.leadin~ 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 rec:aJlDended that further laboratory testing and

geotechnical analysis be undertaken on a representative

ccd.chapter3j4
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refuse sample once the new preparation plant is operating. ~

t'he results of this work, together with the operating

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

any required modification of placement procedure. 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 GAl 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 qualified AEPSC geotechnical engineer or outside

consultant. Full-time supervision is recommended during the

Settling pond Embankment Construction phase.. After the

operation commences, the refuse pile should also be inspected

periodically to review all monitoring data and to recommend

changes, if necessary, to placement procedures. Between

inspections, any unusual concHtions which 'develop should be

communicated 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'

•
ccd.chapter3/4
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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

si tes tBam 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 Capttal Costs for the Refuse Disposal Facility are

summarized below:

•

Haul Road Canstructioo
Diversion Ditch construction
Settling Pond construction
Barn Canyon Channel Improvements - allow

.Add 20\ Contingency
Sub-Total Construction

Other Costs
Disposal Equipment (Incl. sales tax)
Golde r Associates Fees

Total Estimate - Pre-operating
Expense for Refuse Disposal

$ 93,000
$ 28,500
$140,000
$ 10,000
$271,500

54,500
$326,000

$552,000
$ 97,000

$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 pre-operating expense was to be

8lOOrtized over the 3.5 million ton dump capacity, the total

uni t cost including depreciation is expected to range between

$0.79 and $0.90 per ton of r~fuse. This estimate ignores the

effect of taxes on capital invested, an additional truck

purchase in 1979, and the remaining equipment life available

at the end of 7 1;2 years .

ccd.chapter3/4
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3.0 LEG1\L CONSIDEAATIOOS

3.1 MESFYEPA,IOther Regulations

During Phase I all applicable State and Federal regulations which

might affect the design and construction of the refuse pile were stuqied

and SUlllDarized in the Phase I report. '!be regulations reviewed at that

time included those published by EPA, MESA, the State of utah oepartment

of Natural Resources and the Utah state Division of Health. 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 CODIllents on the New OSM Regulations

'!'he 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 I 1977, in

the Federal 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 wi th respect to "protection of the hydrologic

system", and also contained many additional requ~rements, including

those for reclamation. The most important of these was in section

715.15 wherein it was stated that: "waste material mst not be disposed

of in valley or head-of-hollow fills". Clarification on this was sought

ccd.chapter3/4j2

-16-

•

•

•



AEPSC Wi'S advised of Golder Associates' concern as to the possible

prohibition of the Schoolhouse canyon Dump Facility. G\I was directed

• by AEPSC to complete the design as soon as possible so as to· provide a

basis for government approval. It was also agreed that preliminary

comments should be sought frem the I'OGM who had issued the Braztah

mining permit, and who would probably be responsible to administer the

final SMCR regulations.

Accordingly, <;a.I proceeded with the design and on November 21,

1977, GAl and AEPSC presented preliminary plans to representatives of

the State of Utah Divisions of Oil, 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 continued,

assuming that the canyon disposal approach would be approved. It was

considered desirable that the final design should incorporate, where

possible, the proposed OSH final rules, as if they would become

• ccd.chapter3/4;2
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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.

en 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, deaJt with comnents received fraa the public on the proposed

rules. It is Wlderstood 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 re<JUlatory program as 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. '!be preamble states that

"eauplete control over placement of . • • coal processing wastes

(etc). • • will not be addressed until the permanent regulatory program

with the exception that they are not allC7flled in valley or head-of-hollow

fills. • • This prohibition is necessary to keep such materials out of

drainage channels.. "

In a telephone conversation with Mr. Paul Reeves of OSH on January

9, 1978, Gl\I learned that in the initial regulatory program the

prohibition of wastes in valley or head-of-hollow fills was intended

ccd.chapter3/4;2
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•

• only to preclude the mixing of such wastes with spoil and overburden,

from surface mines, and to regulate 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 regulatory program.

Finally, with respect to a canyon refuse disposal scheme, he said that

disposal operations could commence if a State pennit had been issued.

'Ibe operation would, however, be subject to OSM inspection for

compliance with the initial regulatory program. 'lhe company, if found

to be in "non-iDlllinent hazard" violation of these standards, would be

given "a reasonable time of abatement" up to a maximum of 90 days.

Despite the above ccmments, strict adherence to the published OSK

rules leaves sane 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, leaving 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 t'PPlicable OSM Regulations (Dec. 13, 1977)

This section aims at bri~fly summarizirig only those new OSM rules

which have been interpreted. as affecting the design, construction and

operation of the refuse pile and its associated structures. 'Ibe 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 •

• ccd.chapter3/412
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'Ihe 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

IlUst be covered by a minimum. of four feet of "non-toxic"

material.

b. valley or head-of-hollow fills DlUSt be placed on adequately

prepared sites, must utilize underdrains, must have slopes not

exceeding 2: l, 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. Effluent discharge limitations will be determined on a

case-by-case basis but, for precipitation events up to the

lo-Year, 24-hour -storm, the effluent must not exceed 45 -v'1

Total Suspended SOlids, 7 mg/l Iron, 4 Dl/l Manganese, and

IllUst 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 regulatory

authority and, if these are of a permanent nature, they 8JSt

be designed to safely pass the peak runoff frem the lOO-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/SO 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 land within the upstream drainage

area (the proposed rules, however, requi red the pond to be

sized to have a capacity equal to the 10-year, 24-hour sto~

nmoff 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

design sediment storage allowance;

- an embankment static safety factor of 1.5 for the normal

pond water level;

- a minimum embankment top width greater then (H+35)/5 where H

is the upstream embankment height.

-appropriate seepage control barriers1

- 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 •

ccd.chapter3/4j2
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g. Discharge structures from sedimentation ponds and diversion

structures IlI.1St be controlled, where necessary, using

appropriate energy dissipators to minimize erosion.

h. To avoid contamination of natural surface waters, waste

•
materials from coal preparation plants IIl1St be buried or

otherwise treated no later than 90 days after the cessation of

filliog in the disposal area.

i. Haul roads DlJSt be constructed in a manner which minimizes the

potential for additional contributions of suspended solids to

natural stream flow. 'Ihese must be reIOOVed and regraded when

no longer required.

j. The overall sustained gradient on the haul roads mst not

exceed 10%. '!be roads must provide drainage ditches and other

structures capable of passing the peak runoff from a la-year, •

24-hour precipitation event and must also be surfaced with a

durable, non-acid-fo'rminq material.

k. Topsoil must be removed from the areas to be disturbed by

surface operations and stockpiled for use in revegetation when

such areas are no longer required for mining operations.

L "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 operations.

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

of underground coal produced.

•ccd.chapter3/4j2
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•

The proposed Schoolhouse Canyon Refuse Dump Facility Design and

the recommendations made ~ithin this report are intended to satisfy the

above rules, and all other applicable State and Federal regulations

cited to date. In..any event, a design basis is now ~lete, thus

paving the way of further refinement, government subnissions, permit

applications, and discussions, leading to final awroval 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 ~s proposed lie within Federal Fee Land boundaries. thus,

for the SChoolhouse canyon radIity, Land negotiations are not

necessary. '!he effect of the refuse pile being located on state land

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

4.0 REFUSE OISPOSAL CONSIDERATIOOS

4.1 General

'!his section outlines those considerations 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. Further discussion on the geotedmical aspects of this

design, with particular reference to refuse drainage, is given in

Section 6 •

ccd.chapter3j4j2
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4.2 Refuse Dump Design

As discussed in the Phase I report, the only practical methcx1 of

dump development in canyons was considered to be one which involves

disposal of-refuse in level layers from the canyon mouth upwards. ibis

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 ltefuse Dump Facility proceeded on the basis of a dump

toe in the canyon bottom at 6220 elevation.

4.2.1 Dump Face Rani> System

For the design of the ramp system referred to in Phase I, the

following criteria were adopted:

a. Single truck roadway width (Mini1ll.1lD. 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 requi rement and truck

manufacturer's recommendations.

c. Minimum centerline curve radius of 50 feet on switchbacks

(truck turning radiums: 30 feet).

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

lim!tation) •

An initial design was developed using a ramp system Which
•

cOl'llDenced at the dump toe. However, due to the above restrictions, the

•

•
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• narrow canyon width and the large area required by awitchbacks, 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 vall, 200 feet

upstream frCID the dump toe at elevation 6320. At this point sufficient

canyon width is available to reduce the runber 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 this 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 minimum design elevation for the diversion ditch of 6550 has been

used as a limit for the maximum pile capacity. Figure 6-2(A) of section

6 shows a longitudinal'section through the proposed refuse dump. The

overall dump face angle from toe to crest is 19 .

• ccd. chapter3/4/2
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4.2.2 Dump 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). 'I1le dump tonnage capacity curve of

Figure 4-2(d) was obtained using a tonnage factor of 118 pounds/~c

foot for compacted refuse, and the production schedule of Table 4-2

(taken f rom the Phase I report).

The proposed dump has a capacity in the order of 3.Sx106tons

when filled to the 6550 elevation. 'I1lis corresponds to a life of

approximately 7 1;2 years. Depending on the stability of the~ 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

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 8D¥eS

could be initiated to overcome existing constraints (land, pawerlines)

and to design and construct other facilities (hydrologic structure,

highway underpass to Royal Canyon, etc.).

4.3 Dump Development strategy

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).

•ccd.chapter3/412
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• As shown on the 1978 plan, the proposed~ 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. Ouring 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 PROtU:TICN SCHEOOLE •
Est. Total Cum.

R.O.M. Clean Plant Breaker Coarse Fine Filter Total Total
Year Production Coal bfuse Refuse Refuse Refuse Refuse Refuse ltefuse

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 9S 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 17S 108 106 576 2,662
1984 3,534 3,000 534 133 180 112 109 593 3,255

1990 '!hese annual tonnaqes 6,813
1995 9,778
2000 remain the same until 2007. 12,743
2007 16,894

H:n'ES: l. All figures in thOlisands of dry tons, except To~l and Cumulative Total Refuse

Figures, which are in thousands of wet tons. •2. Derivation of this data was discussed at lenqth in section 3 of Golder Associate

Phase I Report, "Site SUitability Study".

•ccd.chapter3/4j2
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4.3.2 Qperational 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 addi tion 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 shO\1m on the figures, the bulldozer

would progressively extend the dump perimeter drainage ditches in the

colluvium walls adjacent to the dump. '!bese 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 organic material must be reIOOVed prior to forming

the refuse pile. Some of this unsuitable foundation material will be

removed during the construction of the haul road system. However, it

is reccmnended that, as the dump develops, all such material (along

wi th some other "make-up" colluvial soils in the valley floor) is

loosened by the bulldozer, excavated by the 988 front-end loader, and

placed at the front of each lift at the dump outface, to facilitate

reclamation and to red'\ce erosion. Iftlis material will also be

ccmq;>acted to form a "51 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

ccd.chapter3j4j2
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identify those plant species which would satisfy the long-term SMCR and •

State requirements for revegetation.

4.4 ~fuse Disposal Equipment

4.4.1 Comparison of Hauling Unit

several types of refuse hauling units were considered during

Phase II. 'lhe following were regarded as viable alternatives, and are

compared in table 4-4 (a) :

a. End-duq:I off-highway trucks - 3S ton class such as the cat

769B and Wabco 3SC units .

. b. !tuJ::Jber-tired scrapers such as the cat 631D, 37.5 ton unit.

c. A specifically designed coal refuse hauler - the MRS

1-110SjRHl10, SO-ton unit.

Despite its very low qroundpressure, good mneuverability and •

capability of spreading material in thin lifts, the MRS unit is

curren~ly operating at only one mine, (AEPSC, SOUthern Apa].achian Coal

Caapany) • Although it has apParently performed well for the past 18

months, it has not been adequately field-proven ard therefore is not

reccmDended for in!tial purchase. Moreover, to ensure hauling

dependability, two SO-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 encl-dullp trucks.

'!be apparent absence of clay minerals in the refuse su9gests 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 given to a 4-ton, 4-wheel

drive truck of the International series to provide better insurance

against lJoqging 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 tHO trucks. This would

provide, prior to a ccmnitment to purchasl:?, a probationary period to

evaluate the suitability of the trucks to actual operating conditions .

•

• ccd.chapter3/4j2

-31-



1. Typical ibIi!l
2. Ddve train
3. Rated Pay1oi!lld
4. stndt Opdty
5. rield PrcMn
6. a. Tire rbotprint Pressure

b. Tint rlotatim (Xl Soft CkQnI
7. •• OM: NIP t'atio

b. tMfl PIIyloed ratio
c. Perfo~ <Xl adverse grades
d. 'l'racticn

8. Heated Body (freezing in winter)
9. Finn leakage

10. Spceadir¥J capmility

11. capi.tal eost.I\mit 2
u. Total New Tire Cost 3
13. Clic\i.n:j and tp!ratiB}~ 4
14.OtherO !It

cat 7698, iibCO 3SC
2 liIheel
35 tms
22cy
Yes
75-80 psi
Poor
303-318 1bI8P
0.8811
Good
Reasa1able
Yes
can be OYer~ with
sideboards, tailgates.
Poor - ALDdliary OOzer
1l!CJ1ired

$147,000-$165,000
$8,601-$10,836
$45.18
lDwer mit aJ6ts as
haul increases.

cat 6310
21ileel
37.5 tals
21cy
Yes
52-62 psi
Good
36.4 l4o'HP

·1.16:1
ReaIJc:nIble
Geed..,
Yes, frca scraper heMl

SCIIle - Auxiliary dozer
req..d.red

$249,500
$13,563
$64.14
SCngJer bc:Jwl can be
drqop::d for adied
bcaki.DJ. safety.

MRS l-11OS/EllO
4 Wleel
SO tens
32ty
til - 1 mit cmly
45-57 psi
very Good
.au 14"HP
0.78:1
Poor
very Good
No
Yes, prdJable

Has spreader blade
ani OOzer blade
attadwEnt 
possible
elillinaUm of
auxiliary dozer.
$260,500
$20,808
$62.62
tllit desicp!d for
refuse haulil¥] am.
~ prove a
cpod selectim
la¥J te[ll.

c:ai.chapt.er3/4/2
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Data &.: 1. ric. calC1l1atims IIi!!Ide <Xl the taais of~t an:! tire mmfacturer's data.
2. f'raIl C'p)tatialS received frc:a ~(:EI'It distribItors, f1lB Helper, utah, with certain

cptiCllS, exclu:i1.ng sales tax.
3. Fral Jensen Tire Q)., salt Lake City.
4. Fraa QIIlin) ani ~rat:in}Cost !'aU-tea mde bf aM ci1rin:3 !bases I ani II.
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~ truck, wrt considered a better c:m1ca than Icraperl

because of:

a. their exhaust-heated bxly, •
b. the fact that high moisture c:altent fines abould be Jll)re

euily retained within the truck than within a scraper bowl,
c. their lower capital cost,
d. their probable lower unit operatil1CJ costs beyond year 1

C'C'IIIp8red to scrapers, and
e. the their suitability for longer hauls to alternate aite, in 

the future.

4.4.2 Truck Requirements

As a basis for required truck productivities, en estimated Daily

and Bcurly lefuse Production Schedule has been derivwd fea data

presented in the Phase 1 report and modified to reflect a five-day,AlHk

rather than six-dayjweek breaker operatinq schedule. 'l!ti.s schedule is

included here as Table 4-4(b).

Gradeabilitycharts for the cat 769B and WIbc:o 3SC trucks are

given in Appendix a. Neither truck is c:anaicJered ,ignificantly better

mechanically, operationally or econaaically than the other. However,

for estimating PJrposes, the cat 769 gradeability chart was used in

conjmction with preparation Plant and Breaker haul profiles in

analyses· of hauling productivities. 1!\ese analyses are also given in

Appendix A, for the first five years of operatiCll.

Due to an estimated low heap Ingle for the wet CCIIIbined plant

refuse, difficulUes may be experienced in aintaining the 35-ton rated

truck payload, when hauling upgrade. '1hese problems, however, were

considered to be resolvable thrOU9hs~ntial truck body modifications

ccd.chapter3/4/2
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• 'lMlF • -.f(b)

ES'1'IIW1!D Dt\ILy JH)~ PII:I:OCTIaf saeDII; •
IIIFMIIa RI!J'tIE PRJlX:TIQI PIEP. PUMr N!JlS PR:DaIQI Bra. of Daily

Pre. Plant ~raticn 'lbta1
YEM RecJ.dred to Refuse

Meet PrcdIcticn
Net tms,1tr 1 1II!t tms(day 1 Net tms,1tr 2 wett:cnvtIaY3 Pra:b::ticn wet ta1sIday

1978 12.4 260 150 963 7 1,223
1979 15.3 321 150 1,215 8 1,536
1980 18.6 391 150 1,473 10 1,864
1981 21.8 458 -150 1,684 U 2,142
1982 24.3 510 150 1,921 13 2,431
1983 25.5 536 150 2,003 14 2,539
1984 26.1 548 150 2,065 14 2,613

N'Jtes: 1. Based 00 50 weeks;\'ear, 5 days.It.Ieek, 3 shifts;day, 7 l'n.1rS/shift, 1.e., 5,250 operating bJurs/Year.
2. Based en 147 dry t:a1s;tnJr frat flow sheet x misbJre ccntent (1.133) x plant n.nU.B3 factor (90\).
3. Based a1 220 ~ratinq diIysIyear.
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•• diacuaNd in the Jqui~nt Splcificationa cover letter. For the

purpo.. of truck productivity analysis, therefore, tlw 35-ton rated

payload was accepted.

A 8Ummary of estimated yearly truck productivitie. taken frea the

Appendix A result. is given in Table 4-4(c). 'I'hil data was CC81bined

•
-

with the hourly production schedule data of Table H(b), to e.tillate

the yearly truck requirements which are qiven in Table 4-4(d).

Initially two trucks ahould meet the production d-.nd, while beyond

1978 it is elUated that three units will be required.

Q'1 day &hift in 1978 it is anticipated that bID trucks would haul

frcm the 10o-ton breaker, and 30o-ton preparation plant refuse bins.

they would start and end the shift with these bins .-pty. en average:

the plan would requi re:
963 tons divided by 100 tons/truck hr. - 9.63 truck 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. 2 trucks x 7.5 hrs. - 71\

Q'1 aftemoon and niqht shifts only one truck would haul breaker
..

refuse as~. en average on both shifts:

the breaker would require:
260 x 213 tons divided by 80 tons/hr. - 2.17 truck hours
therefore, overall truck utilization on afternoon and ~ght

shifts - .
truck operatinq hours 2.17·
truCk available hours· 7.5 hrs. x 2 trucks x 2 Shifts -7\

'ltlis schedule was assumed to estimate manpower needs and .

operating costs. Bawever, in the light of actual operating experience,

a better approach duril19 1978 might be to allow the breaker refuse to .

overspill the bin for subsequent load-out with the 988 load'!r

COO. chapter3/412
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• J..B.diately prior to, or on, the following day lhift. 'ft\is would

probably be cheaper, ..fer and eliJlinate the poaaible need for early

purchase of a duDtJ light-plant. A further alternative would be to

increase the breaker refuse bin capacity.

4.4.3 ~rt EQuipment

4.4.3.1 Crawler Tractor

•

•

'Ihe estimated average daily refuse production is 2000 tons

for the first few years of operation. 'Ibis ia equivalent to about

1,480 u::t. Assuming that all dozer work would be done on day &hitt,

with an effective operating time of seven hours, the required Dozer

productivity - 212 LCY/hOUr.

Considering the use of caterpillar equi~nt and using an

waverageW operator, a 45 miD/bOUr 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 075 dozers respectively. A D6

would be barely adequate to meet production with no allowance for down

time. 'lbt purchase of a crawler tractor of at least 200 rwHP was

recOlllDe!'Jded in the. Equipaent Specifications cover letter, after

consideration of these productivity estl_tes, and of the following

activities which will also be performed by the machine:

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

caterpillar Tractor Caupany.
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TABLE 4-4(c) •YEARLY TRUCJt PRan:TIVITY Sl:JllllM.y

Round Trip Total Cycle Average Productivity
Raul Distance Time Speed per unit (Tonal

Year (feet) (minutes) (feet/min. ) cprating hour)

A. REF'USE P'IOI BREM!:R

1978 8,680 19.1 590 80
1919 9,480 20.1 604 16
1980 10,180 21.8 606 72
1981 11,080 23.3 601 68
1982 11,580 24.0 609 66

B. rtEFUSE !'IOI PREPARATI~ PLANT

1918 5,610 15.1 530 100
1919 6,410 16.1 553 94
1980 7,110 17.8 560 88
1981 8,010 19.2 568 82
1982 8,510 20.0 511 79

tABLE 4-4(d) .
1STIMA'l'ED AVERAGE 'ftUJCl !!QJJ>!D!!N1'S •

Year

calculated Number of Trucks
sred on Average

~Ed

rleet

1918
1979
1980
1981
1982

ccd.chapter3/412
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• a.
b.

c.
d.
e.
f.
g.

Road construction
Vegetation removal and topaoil/colluvi\ll dozing for~
recl_tian
Dump perimeter drainage ditch devel~t and maintenance
Po.sible assistance to~ trucks
Road drainage di tch and diversien ditch aintenance
0\.Jq) surface snow removal and ripping
Possible towing of suitable CCIIIpctim

•

'n\e question of the need for a Low Growd 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

'!he estimated daily refuse haulage is :

260 tons breaker bfuse @ 0,82 llile .. 214 tcn-ml•
963 tons plant Refuse @0.54 1li1. • 517 taD-ldle

Total/day • 731· ton=ill.

It. Cat 12G Jll)tor grader or equivalent should be capable of about 1000

ton-llile;hour and therefore the average daily usage on the refuse haul

road system should be less than one hour. .. It was reCClllDended in the

equ.ipl*1t Specifications that AEPSC P1rchue a good used machine -with

miniaa 115 !'WBP and a 12-foot ~ldboard. '!he qrader would also be

used in the general plant area _intaining parking lots, ditches and

the raw coal haul road.

4.4.3.3 other SUPPort Equipment

Water loss fran trucks is at this time unpredictable.

However, since it might be sufficient to CCIltrol dust, it was

reCClllDl!!nded that AEPSC should not ac~re a water truc~ until the need

• for such a unit was definitely established.

ced.chapter 3/412
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Although not cited during this study, dulplighting _y be

required under ae-e rederal or State regulation. Operationally, duaIp

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. 'Ihis

loader will be required for cleanup around the refuSe bins and in

loading out topsoil/colluviUIB material for reclamation purposes as

discussed above.

Depending on the dump lDOisture conditiona, and the

cClllpaction achieved with the dozer and haulage trucks, it may be

del~rable to reduce the lift thickn~.s (the dozer will have the

necessary additional spreading capacity to do this),' or perhaps

purchase a suitable sheepsfoot or vibratory CCIIII'Bctor.

4.5 Manpower and Operating Cost Budget

Estiated hourly owning'and operating costa for the 3~ton.end

dump trucks, 200 BP dozer, and 135 lIP Motor Patrol are given in Tables
. . .

4-5(a), 4-5(b) and 4-S(c) respectively. ror estiDatinq purposes the

cat 7698 truck has been used to develop these costs. Al~gh

depreciation has been included to determine estimated hourly ownership

costs, only actual estimated cash operating costs have been used to'

derive the five-year disposal operations budqet.

Tables 4-S(d), 4-5(e) and 4-5(£) contain estimates of total

yearly operating costs for the trucks, dozer and grader respectively.
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• TrucJt produetiv1tiel were taken fran the analysll given in Appendix A.

Por labor cc.u, 250 daysjyear and $lOOI'lan day were Uled. It hal alao

been ..~ that, on afternoon and night lhifts, the equipnent

operators would be utilized around the plant for other pr~ctive work

when DOt hauling refuse. Alternatively, thil refuM in the firlt few

years could be dilposed of by overtime operaton ee-ncing before the

regular day shift.

A IIIU1pOWer IUlIIDary and overall operating c:oat budget is given in

Table 4-5(9) •

•

•
ccd.d\apter3/412
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TASLE 4-5(a)
4-16 •

Machine Designation
DEPRECIATtaf VALUE
L Delivered Price (including attachments)
2. Less Ti re 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 JeAle Value or Trade In
5. NET VM.lJE FOR DEPRECIATIOO

Q4NIN:; OOSTS
6. Depreciation: Net De~reciation Value

Deprec atlon Hours -

VALUE 122901
IDJRS 26600
7. Interest, Insurance, Taxes

Amua1 Rates: Int 10\ Ins 1\ Taxes U
Annual Use in BoursT814 -. 
Factor X Delivered Price (Item -1)

1000
.04 x 164,503

1000
TOTAL lDJItLy c:NnN:; OOST

OPERATIN:; COST
8. Operatlli9 Labor Includirig Fringes
9. Repair Labor
10. Repair Parts
11. Fuel
12. Lubricants
13. Expendlble Parts
14. Tires 2,500 Br.
15. outside Repairs
16. Shop costs
17. Special Items

lI:XJRLy 'DU:.'lt~ COST (IXCL.· DRIVER)

TOTAL IDlRLY CIiNIlG AND 0P!:RA1'00 COST

ced.cbapter 3/412
-42-
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35T IH) IUIP

$164,503

8,602
155,901

122,901

6.15

•
6.58

12.73

12.50
;~. 3.00

6.00
3.61

.90
-0:
3.00
-0:
3.00
-0:

19.95

$ 45.18
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• TABLE 4-5 (b)
4-17

•

•

Machine Designation
DEPUClATICM VlU.UE
1. oellvelid price (includinq attachments)
2. Lell Tire Meplacement COltS:

Front
Drive --
Rear

3. Delivered Price Less Tires
4. Less Resale Value or Trade In
5. NET VAW! !'OR DEPBECIATlOO

QilNIN3 COSTS
6. Depreciation: Net De~reciation value

Depree atlon Hours

VALUE 101000
HamS 15000
7. Interelt, Insu~ance, Taxes

Annual ltate.: Int 10\ Ins 1\ Taxes 1\
Annual use in Bours~O* - 
Factor X Delivered price (Item 1)

1000
0.75 x 132,000

1066
'ro'rAL a:xnu.y CRnN3 COST
*RE!'L!:C'I'S (lILY USE IN oozm:; REFUSE-
OPEMTIOO carr
8. Operating Labor Includinq Frinqes
9. Repair Lab:Jr
10. Repair Parts
11. ruel
12. Lubricants
13. Expendable Partl
14. Tires 2,SOO Hr.
1S. OUtside Repairs
16. Shop costs
17. Special Items

HCJU!U,Y '1'RtD OPEMTIH:; COST (EXCL. DRIVER)

'ro'rAL lDlm.y CHn~ AND OPEPATING COST

ccd.chapter3/412
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200 lIP rD1P

$132,000

132,000
31,000

101,000

6.73

9.98

16.63

12.50
3.08
6.16
3.23

.81

.50
-a--a-
3.08
-0:

16.86

$ 45.99



TABLE 4-5(c)
4-18 •

Jllachine Delignation
Dl::PUCIATICIf VAWE
1. DelIvered pdce (including attachments)
2. Less Tire Replacement costs:

Front 13.00 x 24 (10 Pa)
Drive 13.00 x 24 (10 Pa)
Rear 13.00 x 24 (10 Pa)

3. oelivered Priee Less Tires
4. Less resale Value or Trade In
5. N!:'l' VALUE !'OR OEPRECIATIQ{

CJIm«; COSTS
6. Depreciation: Net Depreciation value .

DeprecIation Hours __

~ 48500· .
IDJRS 1'000.
7. Interelt, Insurance, Taxes

Annual !'ates: Int 10\· Ins 1\ Taxes 1\
Annual Use in Bours3!l* - 
Factor X Delivered .dce (It_l)

1000
.15 x 60,000

lOOO
''l'OmL ID.1RLY aenNG COST
*oca' r«n' J!FLEC'1' USE FOrt »l'l 0I'BEIl PUUOSE
TIWf HAUL 10\0~

Ol'!:BATIR3 Q)ST
8. Operating Labor Includil19 fringes
9. .pair tabor
10. Repair Parts
11. ruel
12. Lubricants
13. Expendable Parts
14. Tires 2,500 Hr.
15. OUtside !tapairl
16. Shop Costs
17 • Spe~ial Items

IDJRLY 'l'ROCJt OPERATm3 COST (EXCL. ORIVEP)

ccd.chapter3/4/2
-44-

135 HP 1lOIat 'ATR
12' 8LN)!
$82,250 NDf
$ 60,000 USED

1,500
58,500

$ 48,500

2.85

9.00

11.85

, 12.50
1.25
2.75
2.06
.52
.50
.75

-0:
1.25
-0:

. 9.08

•

•



•

•

$ 33.43

• ccd.chapter3/4/2

-45-



'JN3lE 4-5(d)
YEMLY 'DU:IC CRPATIW cnrr IIS'1'IJIIIUE

Ttu::k TIu:k tial ~ratinJ Truck '1Otal Cost:;
Ba!aker Prod1c- plant Pralle- Recpired Ql&t snm'm~ Driver <¥rat.in} Ten
Refuse tivity Refuse tivity Truck Excl,rUng DIy Aft'n. IUmicjlt CCl6t Cost Refuse

Net '1tI1s wrtur. Net tms W!'tBr. Iblrs Driver' Shift Shift Shift ($) ($)

1918 65,000 80 213,000 100 2,942 58,693 3 1,18 1ft 56,250 114,943 0.40

1919 80,000 76 269,000 94 3,914 78,084 2 114 1/4 62,500 140,584 0.40

1980 98,000 72 325,000 88 5,054 100,827 2 1 1/4 81,250 182,077 0.43

1981 W,OOO 68 372,000 82 6~1M 123,371 3 1 1/4 106,250 229,621 0.47
\

1982 128,000 66 424,000 79 7,306 145,755 3 2 1/3 133,333 219,088 0.51

J,'.,

'.:,

0
oj I'

:f. ,.,, ,",
"

•
-46-
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• & 4-5(e) •YFMLY IXm!1t~ 0l)T ES'1'IMME .

DJze[ ~ratir¥j Cost.!
Total PrcdJc- RecJ1ired Coat LaOO[ Total '1a1
Refuse tivity Dor1Je[ Excltding Sd1ed. ~[. Cost ~[ating Refuse

wet Ta1s Hr/HC. &Jurs cprato[ D!Iy Shift ($) ($) ($)

1978. 218,000 440 632 . 10,656 1/2 12,500 23,156 0.08

1979 349,000 440 793 13,370 1/2 12,500 25,870 . 0.07

1980 423,000 440 961 16,202 3/4 18,750 34,952 0.08

1981 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

. ,

• "or,
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rr -E 4-5(£)
lEMLY IC1tIl J:W.. ~ CHDATIKi CD3T ES'l'I:MI\TE

Patrol ~rating Cost:.!
Pr~ RecJ1ired Cost Labor 'lbt:al Ten

'lm-fll. tivity Patrol B:xcluding Sd1ed. ~r. cost cperating Refuse
HIIulage 'D\I1fr. Hours q.rator DIY Shift ($) ($) ($)

1918 167 ,794 1,000 168 1,525 1;8 3,125 4,650 0.02

1979 236,632 1,000 231 2,152 1;8 3,125 5,2TI 0.02

1980 315,141 1,000 US 2,860 1/4 6,250 9,110 0.02

1981 401,799 1,000 402 3,650 1/4 6,250 9,900 0.02

1982 484,462 1,000 484 4,395 1/4 6,250 10,645 0.02

•
-48-
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• • •'lMLE 4-5(9)
~~ IH) 0JI!1WL~ a:6T IUXZT

'1bta1 tlIIber of g.rator cpr. Eq;Jt. 'lbta1
..fuM OIly Afternoon Nli#tt LIbor <:ptr. 0llIt/T<n

Procb:ti<X1 Shift Shift Shift OllIt coat ..fuu
wet Tcm6 JIIen PIen Men t$) ($) ($)

1918 278,000 2-5;8 119 1;8 71,875 70,874 0.51

1919 ]49,000 2-5;9 1/4 1/4. 78,125 93,606 0.49

1980 423,000 3 1 1/4 106,250 U9,889 0.53

1981 484,000 4-1/4 1 1/4 1n,SOO . 145,567 0.58

1982 552,000 4-1/4 2 1/3 164,583 171,292 0.61

m:rN. 2,068,000 558,333 .. 601,228 0.56

-49-
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5.0 IIYtKUX;IC tnlSIDlMTIetm

Hydrologic analyai. in Pha.e II center«! arcud two _jor

atructure.: 1) a diversion channel to intercept and divert runoff

above the retuse pile to Barn <:anyat, and 2) a Httling pond to racei'le

runoff frem the disturbed area below the diversion channel. 'lbe
-

followinq discussion on hydrologic considerations deal. with design

criteria and briefly discusses earlier studies of alternative sediment

control .chemes.

5.1 watershed Areas

'!be Schoolhouse canyon watershed has a total area of 260 acres
-

and haa been divided into four segments for hydrologic analyses. ~se

are shown in Figure 5-1(a) and are described below:

a. undisturbed Area to Diversion Q1annel: 'J!le watershed area

above the diversion structure frca which runoff will be

diverted to Bam canyon (193 acres).

b. undisturbed Area to Pond: '!he waterahed area which il

undisturbed by the refuse pile and associated construction

works and fran which- runoff will flow to the settlinq pend

(40 acres).

Co' Disturbed Area to Pond: '!be watershed area which is

disturbed by the refuse pile and associated construction

works and fran which runoff will flow to the settling pond

(23 acres).

d. Haul Road Drainage: 'lbe watershed area from which nmoff

will be intercepted by a drainage ditch along the haul road

cc:d.chapt8r3/412
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(4 aern). ~. will not CCI'ltribute to the ..tUing pond

vi thin SChoolhouse canyon, but rather vill be treated in the

• ettling ponds adjacent to the plant.

'Ibe disturbed area includes the refuse pile plus associated ar....

disturbed by the diversion channel, the haul road on the west side of

the canyon, and a drill site access road on the east aide of the canyon

near the setUing poneL 'Ibe actual area of the refuse pile will

increase each year as shown in Figure 5-1(b). However, for hydrologic

design purposes the aaxiDlJlQ area to be disturbed by the refuse pile and

...ociated activities has been used.

A small additional area (3 acres) is shawn in Figure 5-1(a),

which falls outside of the Schoolhouse canyon watershed but which will

contribute to runoff intercepted by the haul road ditch.

5.2 precipitation Data

'!be available precipitation dat.a frca. a gaging station at Price,

Utah (utah State tlliversity, 1971) is given in Table 5-2(a). No gaqinq

ltations are located nearer to the castle Gate area. However, regional. .

precipitatioo data for 6-hour and 24-hour events ia available and ia

tabulated in Table 5-2(b) (lClAA Rainfall Frequency AU.. 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 Schoohouse canyon watershed when increased by ako.It

6\.

ecd.chapter3/4/2
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5.3 Diversion Channel

5.3.1 General

curing Phase I of this study, a diversion channel to Itetchum

canyon on the SChoolhouse canyon south wll 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

Bam canyon. '!'he latter was expected to encounter 8Or. intact rock

close to the natural surface, offer less lcnq-term instability, and was

considerably shorter than the other scheme. A dozer trail was blazed

along the north well and the design proceeded on the basis of a north

wall diversion c:hannel~

It was not considered necessary to extend the north wall

diversion channel to intercept nmoff frca the south wall at this time

because the settling pond capacity as designed _ta with current

federal regulations. However, this might be cawidered in the future

to avoid treatment of SCID8 of the runoff fran the urwlliturbed land on

the south wall (40 acres). once the pile reaches planned capacity,

another alternative might be to intercept scme of this south wall flow

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

surface.

·5.3.2 Design Flow Rate

* 'l'he peak flow rate to be carried by the diversion channel has

*bf: TRIa:> International, Inc., 1976 Report for Master Drainage

Study for American Electric Power Service Corporation Coal Mining

Facilities Near castle Gate, utah•

ccd.chapter3/4/2
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been detennirwd usin<j' the Jt&tional MlIthod, which i. 0 :mly UMd in

_11 watersheds (lel& than five .czuare ail.a) whe~ no atr... gaging

data exilts. Ita use iI described by Mny authors including qray

(1970 ) •* In equational form:

Q.... ciA
Wher¥ Q.... peak flow rate (cfs)

~. runoff coefficient based on watershed characteristics
i • rainfall intensity Unlhr) of a Itorm whole duration i.

equal to the time of concentration of the weterabld
A • area of the watershed (acres)

The time of concentration is given empirically by:

t • 0.0078LO•77 5-0•385
c

where t c• time of concentration (min)
L • maximum length of travel of water (ft)
S • slope, equal to fVL where B is the elevation difference

between the most remote point in the watershed and the
outlet (ft)

ror that portion of the Schoolhouse canyon watershed above the

diversicn point, the following parameters have been determined:

B • 1610 ft
L • 5000 ft
S • 0.32

. tc• 8.5 min
c • 0.65 ,IOi • 3.12 in,lhr (Intensity of 8.5 II1n, 100 year stora)
A • 193 acres
Op. 391 cfs

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

*bf: Donald M. Grey, 1970, "Handbook on the Principles of

Hydrology. "

**Ref: 'l'lUCO International, Inc., 1976 Report for Master

Drainage Study for American Electric Power service Corporation

Coal Mining Facilities Near Castle Gate, utah.

ccd.chapter3/4/2
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Schoo1baule canycn for 6-hour and IJ-hour ItOr. using the Soil

ConaervatiCX1 service. "TR-20 Project ForaJlatiCl\" CCIIp1ter proqr.,

• and fCU'd that -.xiDlJDl flow resulted fran the 10o-yearl24-hour Itorm.

Peak flow rates were calculated at a point in the upper reach of

Schoolhouse canyon and at the outlet. '!be areaa and correspotdinq

maxi.. peak flows at the two points fran 'l'IUCO'1 calculations were aa

follows:

•

•

Upper Reach: Area. 96 acres, ~. 200 cfs
OUtlet: Area • 250 acrea, yP. 500 cfs

Assuming that ~is proportional to the area of the watershed

contrib.1ting to runoff, a peak flow rate of approximately 400 cfs ia

indicated for the area (193 acres) above the diveraion point. 'Ibia

figure supports the 391 cfs calculated above by the Rational Method and

thus, 400 cfa was considered a reasonable peak flaw rate in the

diversion channel for, a 100-year stor.m•

5.3.3 Channel Dimensions

'!he dimensions, of the diversion channel were determined by the

peak flCM rate, the permissible side slopes on the channel banks, the

channel gradient, and the size limitations presented by the excavation

eguipDl!!l1t. '1'he design flow rate of the diversion channel was set at

400 cfs; channel banks can be excavated at a 1/2:1 slope on the uphill

and a 1:1 slope on the downhill side of the channel; and the channel

bottcm width was taken as 15 feet which is roughly two feet wider than

a cat OS dozer blade.

'Jbe Manning' equation describinq flow in an open channel is:

ced. chapter3/412
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where 0-- flow rate (efa)
~- Manning coefficient 2
A - eross-sectional area of channel (ft )
Ib- hydraulic radius (ft) equal to area divided by wtted

perimeter
S - channel gradient

A Manning coefficient of N - 0.050 was considered reasonable for a

rough channel excavated in rock. 'rtle depth of flow was found frc. the

equation above using the peak flC1fl rate, Manning coefficient, tcttca

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 frClll 4 percent

near the diversion structure to 1 percent near the ouUet in Bam

canyon. Typical design cross sections for the channel are given in

Figure 5-3 for three channel slopes.

Flow may be e1ther suberitical or superc'ritical dependil1CJ upon

the flow velocity and the channel dimenaions. SUbcritical flow is

generally DIOlt desirable in open channels. An indication of the type

of flC7ff is -given by the rroude number:

,. V

~
where F • Froude number 2

9 • acceleration due2to gravity (32 ft/sec )
A • 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 m.JIIIbers are also given
in Figure 5-3 for each channel cross section.

Due to the relatively steep gradient of 4\ along the upper reach

of the channel, peak flow will probably be supercritical. This could

ccd.chapter3/4/2
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relult 1n standing _vel particularly at the curves .xl other

!rreqularitie. 1n the channel. A t:wo-foot freeboard has been added

• over the entire length of the diversion channel to nduce the risk of

any overtopping- due to such waves. As the channel slope deerHses, 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 Bam canyon, should reduce the tendeacy for erolion on

the outer bank of the channel through the curve. SMIler gradients

also reduce the potential for supercritical flows and the resulting

Itanding wave problems.

•

•

5.3.4 O1tlet

'lbe proposed diversion channel will discharge its flow into Bam

canyon at the point where the channel daylights with the natural slope.

'1'he water vill flow down a small gully. and enter the main channel in

Bam cAnya,.. At present, no improvements are considered necessary in

this gully or at is confluence with the main Bam canyon floor. If

excessive erosion should occur, SaDe channel protection .y be

required. SUch problems ,till becaoe more apparent after the diversion

ditch is operating, at whi ch time they can be handled appropriately.

Improvements to the existing Bam canyon chamel near the

preparatial plant are conddered necessary to adequately contain the

combined storm runoff fron Bam and Schoolhouse (above the diversion

channel) canyons.' The su~lgested improvements include:

ccd.chapter3/412
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TABLE 5-2(a)

ESTIMATED R!:'IURN PllUOOS FOR SIQT •IXJPATI~ PHCIPlTATIaf (INCHES) - PRICE, t1tNI**

Jetum Duration
Period 5 10 Is 30 1 2 3 6 12 24

(yrs) Min Min Min Min Hr Br Hr Hr Br Br

1 .08 .13 .17 .23 .29 .31 .44 .62 .78 .95

2 .12 .18 .23 .32 .40 .49 .58 .80 1.00 1.20

5 .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 .15 .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 2.74

TABLE ;-2(b)

PRECIPITATIaf FOR \:ASTLE GM'E AR!'A** •** Stom 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

*Jef: utah State ~iversity, 1971, Department of SOils and

Bioaeteorology Bulletin NO.1.

**Ref: National OCeanic and AbJw)spheric Administration, 1974,

N:lAA Atlas 2, Vol. VI, Rainfall Frequency Maps of Utah.
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a. COnstruction of rip rapped t.rm along the top of the exilting

b. Installation of an addi tiona! pipe arch umer the road at the

channel ouUet to the Price River.

c. Erosion protection on the bank of the Price River opposite the

pipe arch outlets.

'I'hese i~rovements WIIre discussed in a letter to AEPSC dated December

8, 1977.

5.4 Settling Pond

5.4.1 Design Volume

'!he design volume of the settling pond was based on the runoff

resulting from a 1G-yearI24-hour storm as required by current federal

regulations. 'I'his runoff will occur on bot.h. disturbed and undisturbed

areas below the diversion (see figure 5-1(a». 1tn additional vol~

allowance of 0.2 acre-feet per 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.

'1be 24-hour storm runoff has been estimated using the soil

Conservation service Curve Number Method described by Mocltus (1972)**

precipitation frcm the 1Q-yearI24-hour storm (1.90 inches) and a curve

. *Mockus, Victor, 1972, Hydrology, Section 4 of the National

Engineering Handbook, SOil Conservation service u.s. Departmetn

of Aqriculture •

ccd.chapter3/412
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IUlber of 93, bued upon the loll and W9ttat1cm ccnditicna of the

weterlhed, haw been used in riCJUre 5-4(.) to find runoff. 'Ihe runoff

frea the delign Itorm (1.23 inchea) we. aJltiplied by the area of the

waterahed (63 acrel) to yield the total vol~ of nmoff to the

..ttling ~, equal to 6.5 acre-feet. An Ildditicnal 4.6 acre-fnt hal

been allowed for sediment Itorage (.2 acre-feet/acre x 23 acrel) and

thus a total required pond value at the final dump ccnfiCJUration of

11.1 acre-feet was determined.

kCording to the 1" to 50' topograP1Y, a settling pond capacity

of 10.7 acre-feet is indicated up to the 6,205 Ipillway .levation (_

Table 5-4 below). It is anticipated that clearing and grubbing

operations will result in a sl~ght expansiCll of the pond capacity to

achieve the 11.1 acre-feet requirement. Bcwever, it Ihould be noted

that thil requir_nt "is for the final duIIp configuration when the

dilturbed area will reach a maxiDlUlll. At the end of the first }'War, for

instance, the CCIIbined runoff/sediJDInt requir.-nt bal been ••timated

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 elevatim, and therefore additiooalahort-term storage

capacity is provided. Settling pond values required tor different 24

hour storms are illustrated in Figure 5-4(b). It is apparent that the

proposed pond should easily contain runo~f from a very large ItOeD or

frca several smaller storms occurring in close sequence when the pond

is free of Hdiment load.

ccd.chapter3/412
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•
Elevation Area (Acres)

6175 0

6180 0.027

6185 0.167

6190 0.311

6195 0.480

6200 0.693

6205 0.916

6210 1.194

SETTLING JICH) CAPN:ITY

IneremenW
Volume CUmulative

(Aere-reet) Volume (Acre-reet)

. 0.068 0.068

0.485 0.553

1.195 1.748

1.978 3.726

2.933 6.658

4.023 10.681

5.275 15.956

An additional requirement of the latest OSM regulations (De~r

• 13, 1977) ia -that "the sedimentation pend IIlSt 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 pond that

results from a lQ-yearI24":hour precipitatiCl'l event." Although this rule

was not considered in the design, the following calculations indicates

that the requirement is satisfied.

- Pond Inflow for 10-yearI24-hour storm

• 1.23 inches x63 acres x 1 ftx 43,560 fa 2 x 7.48 9£tlons
_ _ - 12 ins acre t 3

. -

. • 2,100,000 gallons

-Pond SUrface area at discharge

• ccd.chapter3/412
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• 0.916 acrlS x 43,560 ft2
acre

• 39.800 ft 2

- SUrface AtealSO gallons/day of inflow

• 0.95 ft 2 • 1

Appropriate dewatering schedules should perm!t the 14-hour detentiClE1

time requirement to be easily achieved. In the end however, it il the

effluent atarx1ard which DIlst be met for all storms lei. than the

lo-year,l24-hour event, despite the pen:! design guidelines ard rules

discussed above. 'Ibese 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

'!he settling pond spillway has been designed as an ..rgency

structure to prevent overtopping of the pond ~nt. Both

embankment abutments were considered as alternative spillway locatiCl1.l.

However, the south abutment was chosen because it provided a greater

spillway lenqth, hence a flatter qradient, and because of its better

overall rock quality. Both of these factors were ca'llidered important

fran the standpoints of flow hydraulics and vehicular access to the

pond area via the channel floor.

Utah r89Ulations (Utah Division of Water Rights) stipulate a

spillway capacity of 50 cfs per square mile of drainaqe area or about

20 cfa for the entire Schoolhouse canyon watershed. Failure of the

diversion channel, however, could result in a maxiDlJm of 500 cfs (400
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cfl frClll the arH above diverdon arv1 100 cfl frca the area below) of

flow to the settling pond. Actual flows dawn the spillway will be

saaller than these unless the pond is full (due to the ~ning effect

of the pond. on the peak flow).

The design capadty of the spillway, assuming a 5-foot water

depth and a l~foot channel width, is 520 cfs which i. IUfficient to

pus peak flows resulting frem the unlikely lituation of a full

settling pond and a failure of the diversion channel occurring

sill1ltaneously.

Water flowing down the spillway wil enter the existing 6o-inch

culvert in Schoolhouse Canyon. A trash rack will be placed over the

inlet to prevent debris frem plugging the inlet or entering the

culvert. '!his atter along with other aspects of the settling Pond

OXlstruction were discussed in the Technical Specifications ~l.ted

in December, 1977.

5.4.3. .Pond Maintenance and Dewatering

The new federal OSM regulations will require that sediment is

raoved fran the sedimentation pond when its volu. accumulates to 80\

of the design allowance for sediment. en the basis of current

information it is not possible to reliably estimate the rate at which

sedi~nt will accumulate wi thin the pond. Sediment removal, hcMeVer,

should not be necessary for several years, and could then be

accomplished si.q)ly through the use of small front-end loader and

·trucks hauling out via the spillway floor during the S\UIIDer months •

.It has been estimated from permeability testing that seepage into
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the penS wll., benHth and thrCU9h the px'd~t .yrange frca

5,000 to 50,000 gallona/daY. Irre.pective of the initial ...~, the

pond can be expIc:ted to experience Hrly ailtatiCX'l ancl in consequence

reduced _page los.... At best, natural dewateri.nq through

infiltration ancl waporation is not expected to UCUlt to IDOre than •

few feet of water level drop/lDOnth, and therefore ... other -.nI of

dewatering clarified water is considered necessary. Decant IysteM

were initially CCI'ltemplated but because of the relatively small pcm

size, coupled wi~ problems in control of discharge during operatim,

they wre rejected. Puq>ing was considered a more flexible approach.

A suitable 100-500 gpn centrifugal puq> capable of handli.nq dirty

water Ihould be plrchased or rented. 'Ibis could be installed m a

liDple noat vith the suction of the puq:labout • foot below the _ter

surface to allow for skiBming of clear surface water, Wlhile preventing

cavitation. Alternatively the pump could be JDmted CD a caall trailer •

which could be lowered to the water surface down a dozer cut rail

extended from the spillway. Pump discharge would canaist of rubbtr

hose, thence to plastic, steel, or alumiI1Ulll pipe to the lip of the

spillway. A 3 to 5 inch line would be suitable depending on the PJIIP

size used.

In the lCl1CJ term, once the need for pumping bas been established

with actual stom runoff and sedimentation rates, possible flocculating

additives, etc., a IDOre permanent installation, perhaps involving an

electrically powered pump to avoid gasoline supply and reduce servicing

requirements, aight be contemplated.
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5.4.4 Alternative ~nt Control Sen-I

Early in Phue II it became evident frca the proposed OSM

• re<JUlationa, that a relatively large allowance for sedJ..-nt would have

to be made in the settling pond total capacity• '1berefore the

feasibili ty of a single in-canyon settling pond, as contemplated during

Phase I, vas in question and alternative schemes for handling sediment

control of runoff emanating from the refuse pile area were examined.

"rtlree conceptural alternatives were studied ecOl'lCllically, and were

discussed with AF:P persoMel on site. Briefly, these were:

•

•

Scheme A

Construction of a small settling pond within Schoolhouse Canyon

with overflow channelled to supplemental sto~ capacity in an

expanded plant. thickener pond.

SCheme B

. construction of a single large settling pond vi thin Schoolhouse

canyon.

Scheme C

Direct entry of the disturbed area runoff into the existing 60-

. inch culvert system. '1beculvert dis~rgewculd then be

intercepted ata point between the D&RG ~ailroad tracks and the

Price ltiver, thence channelled to the old existing settling ponds
. ,

to the south and treated there prior to final .river discharge. .

Although Scheme C was conceptually very attractive, the problems

associated with its proximity to the Price River, obtaining clearances
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frc:a the railroad and pouiblt ccnatructiCl'l difficulti•• were

conaidered by AlPSC to offer .trong potential for delaying the project •

'Ibi. approach va. therefore rejected frcm further amaideratia'l.

S~ A offered econanic advantage over sa.- B primarily

becau.e of its ..ller embankment volume and because in Sa-. B the

refuae pile had to be p.1Shed further up-canyon, thus involving

additional haul road cmstruction and _rginally higher refuM dilpolal

colta. De.pite the capital and operating COlt. saving. attributable to

Scheme A, AIPSC preferred the Scheme B approach because it 1IIOUld be

.elf-contained, and tOJ1d not involve the use of valuable real e.tate

or facilities in the preparation plant area. 'lhus, m October 31,

Phase II proceeded on the besis of a single HttliDg pond within

Schoolhouse canyon and in consequence a refuse pile starting elevatim

of 6,220 in the canyon floor.
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6.0 GIX)'l'ICHNICM, a::'NSIDDATIQm

6.1 General

Following the decisicn to proceed wi th Phase II and prior to

preparing the final design for a refuse disposal .yatem 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 mterials found in the area for construction

of the settling pond embankment. '!he investigations ccaprised

bulldozer cuts, test pits and borings. Based on the reaults of this

work, geotechnical design criteria were established for the diversion

of the upper Schoolhouse canyon runoff to Bam canyon, for the haul

road fran the plant to the refuse dump, and for the settling pond

embankment/spillway system. An assessment of the refuse c:b.Jq) stability

was also _de ..

Geologically, the lower pOrtion of Schoolhouse canyon is cut into

the Blackhawk Un.it of the Mesaverde Group of the Upper Cretaceous.. 'J.'he

beds of the Blackhawk unit consist of interbedded sandstcnes,

siltstones, shales and coal,'with strata thicknesses generally le.a

than 10 feet.. 'lbe head of Schoolhouse canyon ia founded in the CUtle

Gate unit, which is a cliff-forming sandstone. OverlYinq the slopes

and floor of the canyon is a mixture of colluvial and alluvial soils

derived by weathering of the Blackhawk- and castle Gate t1li.ts. '1bese

Boils consist generally of cobbles and boulders interspersed in a

matrix of sand and gravel with BaDe 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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haa been ae- dispoul of construction debria and aiacellaMaUa fill in

Schoolhouae canyon in the approximate areaa Ihown en Figure 6-1(a).

6.2 INVESTIG\TICIG

6.2.1 Diversion to Barn canyon

An exploratory dozer trail was -eut near the alignment of the

proposed diversion ditch to Bam canyon; the proposed ditch aligr.ent

is shown on Figure 6-1(a). nae trail was cut using- a ICCIIIlltSU D-155.\

wi th a two-shank ripper. Along DlJch of the trail it waa possible to

cut into the hillside using the blade wi th only minor amount of,

ripping. However, cutting through the divide between SchoollywJU and

Barn Canyons, ripping was requi red in sandstone, and it was found that

ripping became ineffective below a depth of 10 to 15 f.et.

'!he cut ade by the dozer was about 15 feet wide with cut slopes

ranging frc. 1:1 to nearly vertical with .cme overhang.. 'l1w ~tr_

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

predaninanUy rock with only a few feet of col1uvita cover. 'Ibt rock

consisted of beds of siltstane, shale and sandstone with a maxi•• bed

thickness in sandstone of about 10 feet. 'Ibe trail then passed near

the base of a sandstone outcrop where the siltstone and shale bids had

thinned. 'fttis outcroup had some overhanging ledges and blocks over its

leng-th of about 100 feet. Frcm there on into the Bam canyon drainage,

the cut was predominantly in siltatone and shale with thin saDdatcne

beds.
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6.2 .2 Refuse dull;! roundationa

rour teat pita were excavated to deteriline the aubsurface

cooditiona beneath the toe of the propoaed refuse duIIIp. '!'hese test

pits 4, S, 6 and 10 were excavated using a Massey-rergusa'l Mr40 or John

Deere J0600 backhoe. Depending upon the setup positioo, the axiaJID.

reach a'1 these backhoes was between about 10 to 14 feet. '1tle locations

of the test pits are shown on rigure 6-1(a).

The four pits were excavated in areas.that contained some fill.

'1tlese fills contained coal, construction debris, soil and a sandlstraw

Ilixture in a loose to compact relative density. BelO'fi this fill a

Colluvial/alluvial soil was encountered in test pits 6 and 10. This

colluvial/alluvial soil comprised a brown coarse to fine gravel and

coarse to fine sand, trace silt, occasional to numerous cobbles and

boulders wi th a caapact to dense relative elensity. More of the

colluvial/alluvial lIOil was encountered in the test pits excavated in

the settling pond area. Non~ 'of the test pits excavated encountered '

bedrock or groundwater. 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 cut near the alignment of the proposed haul road.

Cklly lli.nimal amounts of, ripping were required and most of the cut was

easily ads, using, only the blade of the Komatsu D-015SA.

'D1e cut was excavated along the slope between Bam and

,SChoolhouse canyons and then in Schoolhouse canYOn. Along the slope'

betWeen the two canyons the trail was cut in predominantly colluvium
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with~ siltstone, shale and thin sandstone beds. As the trail IIBde

the tum into Schoolhouae canyon, a greater portion of aaBiatone ws

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

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

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

canyon floor considerably upstream. '!his alignment will cross several

outcropping sarxlstone 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. '!he test pits were

excavated as discussed in section 6.2.2. '!bey encountered

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

surface in Test Pit 7. '!his fill consisted of the colluvial/alluvial

soil mixed with a small amount of coal refuse.

'1t1e f1ve boreholes were rotary drilled and cased throu9h the

colluviua in the area of the proposed settling pond embankIIent. (De

borehole was drilled in each abutment and three were located beneath the

embankment in the valley floor, as shawn on Figure 6-1 (b) • '!be abutD8nt

boreholes (B1-C and B-3) stated in the fresh rock exposed in drilling

pads .cut by a dozer. '!hey were cored and lO9CJed continuously to a depth

of 125 feet. Pressure packer tests were run throughout their length.

Boreholes B-2, &--4 and B-S, located beneath the embankment, penetrated

the colluvium/alluvium and were cored at least 15 feet into sound rock.

rallinq-bead permeability tests were conducted in the overburden and
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• pressure permeability tests were run in the rock. '1be Test Pits and

Recorda of Boreholes are given in I\ppendices 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) ran~ up to

about 40 feet.

The bedrock cored in the boreholes demonstrated little eviderice of

deep weathering; however, at the rock sucface there are BaDe open

fractures. The rock encountered consisted of interbedded sandstone,

siltsones, shales, organic shales and coal. Of these, the sandstones

and siltstones are more competent and generally thicker bedded. once

sandstone/siltstone stratum, encountered in Borehole B-3, was

approximately 37 feet thick.

• Falling-head permeability tests in the overblrden were nmby

filling the casing to the top and measuring the rate of fall of water in

the casing. 'Ihe 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 feet were sealed off in these tests by

use of a single packer above the bottan of the advancing borehole or by

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

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

materials measured generally range from 10

\.
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132-6to 10_4~sec in the rock abutments ~ from 10_3to 10

_2~"c in the colluvium in the valley floor.

6.2.5 Settling Pond Embankment Materials

Three possibilities were considered .. potential sourcel for

embankment borrow. The IIlOst obvious aource i. frail 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 frc. Bam canyon, which haa been

used as a source of general fill for the preparatim plant. '!be

material presently being used as a plant road base fill came fraa Corn

Borrow Pit. 'ItU1 is a third potential borrow source.

These three materials were Baq)led fran stock piles or test pits.

Rock larger than about three inches in di_ter were removed by ham in

the saJll'ling process. 'Ibe particle gradations and ~c:tion

characteristics were determined in the laboratory and the results are

presented in Appendix B. The results indicate that materials frca the

three potential sources are very similar in their engineering

characteristics as discussed in section 6.4.

6.3 REFUSE OOMP

6.3.1 General

'ltds section presents geotechnical considerationa relating to the

design and placement of the refuse dump. Of these perhaps the most

impqrtant are the engineering properties of the refuse material itself

as they affect its placement and the subsequent stability of the~•
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Because the preparation plant was not yet in operation, the properties

of the refuse could not be determined directly. ..ther, as discussed

below, it has been necessary to infer the character of the refuse frca

projections by the preparation plant designers, and fran a review of the

published properties of waste fran their mines. It is considered that

the probable ranges in engineering properties of the refuse have been

determined wi thin reasonable lim!ts and the~ was designed

accordingly. It will be necessary during the first year of operatim 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

aufficienUy flexible guidelines for placement to accamoiate a wide

range of material properties and placement conditions •

6.3.2 ~ineering properties of the Refuse

'111e engineering properties of refuse were studied and the results

presented in detail in the Phase I Report. Frca information supplied by

Oravo Corporation, the total refuse output is expected to be cauposed of

the following:

pro~tion of Total

•

Material

Breaker Refuse
Coarse Refuse
rine Refuse

Filter cake

ccd.chapter3j5

Size

12" to 4"
4" to 2"
1/2" to No. 28
Mesh
Finer than NO. 28
Mesh

25
35
20

20

100

Moisture Content
(% by weigtitj

5
5
8

33.--
11
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uaing refuse material obtained fra. the preaent preparation plant ~

1n Hardscrabble CBnycn, a sample having the above CCII9'sition wu

fw,ricated. At overall JIIOisture contents of 11 percent, there ws

ca1Siderable free water which appeared to drain readily fran the laIIple.

Grading curves for the fabricated suple and its fines content are given

on Figure 6-3(.) • Also ahown in this Figure are caapaction

characteristics of the saq>le, both with and without the fines (filter

cake) • 'l11ese resu!ts support the observation of the free-draining

nature of the fabricated sample, because a reasonable degree of

COIIpaction is achieved over a wide range of JIIOisture contents. 'Ibe

fines were determined to be non-plastic.

To the extent that the fabricated lall¢e is repre.entative of the

_tedal which will be delivered by the preparation plant, it.i. not

anticipated that there will be serious probleJIS of placement. Given its •

free-draining characteristics, it is likely that there will be

appreciable loss of moisture along the conveyor system, in the storage

bins and in the trucks before the material finally reaches the &:J.p.

'1hese possibilities, together with the indicated CCIIIPIlction

characteristics, support the conclusion of relatively trouble-free

placeDll!nt.

!he observed free-draininq characteristics of the fabricated

Ballple are related to the low percentage of fines and the fact that the

fines (simulated 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 il

not proven to be correct, difficulties IUch al thoae dilcussed below in

section 6.3.2 could be experienced.

6.3.3 !?cp!rience at other Kines

Recognizing the potential problems associated with combined refuse

drainage and placement, information was sought fran K!SA personnel who

were familiar with a variety of canbined 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

SU1IID&rized below:

a. plant filtering efficiency and refuse draining characteristics

depend in part on the plasticity of the refuse and in part on

the plant flow sheet, equiPDent and operating practices.

b. plant moisture control is always a problem.

c. Combined -refuse operations suffer additiorial disposal

difficulties during periods of heavy rain, snow and frost.

d. Homogeneous mixing of the filter cake with the other refuse

streams seldom occurs. Due to plant process sequencing,

several truck-loads of unmdxed filter cake per shift are often

placed, which typically produces soft, wet zones within the

dump.

e. Hauling D:»bility oVer these soft re£usezones is cCJlllDOl'l1y

impaired, causing equipllent to bog down•
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f. !'efus. in storage bins over shutdown perioda often drys and

cak.. and water has to be added to facUitat. handling.

g. combined refuse dump slopes typically appear stable at angles

ranging frOll 11 or less, to 20, deperdi1'1CJ 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 whererefuse

clay content (plasticity) is high. It is clear that proper D1Disture

control in refuse placement wi.ll be critical to the succeSs of the dump

design proposed, and may becc:ae extreD8ly difficult to achieve when, and

if, mining occurs in high clay content zones.

6.3.4 Refuse Pile Design - General

'Ihe refuse~ configuration, design cdteda and slope

protection requirements are discussed in detail in section 4.0. In

general, these requirements were developed in response to operatiQ1al,

legal and surface runoff constraints rather than geotechnical

constraints. Provided the refuse can be adequately drained and

compacted, the dump design presented in section 4.0 is considered

suitable and should be stable.

6.3.5 aemoval of unsuitable Foundation Material

As 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. 'l'he majority of this fill will be removed during the

construction of the haul road system. Itny other urwui table aterial

encountered in the valley floor as the waste pile is developed upwards

should also be reD:M!d. In excavating the material, due care ahould

also be exercised 10 as not to 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) gives a longitudinal section along the center of the

proposed final dump configuration. '!he limit of filling after one year

of operation is also indicated•. 'lbe approximate gecmetry of the

proposed~ is as follows:

• Maximum 'l'hickness
MaxiDlUDl Height (toe to crest)
MaxiDlDll Slope Angle
Average Slope Angle (toe to

crest)

End of Year 1

85 ft •
125 ft.

26.5 (2:1)
,26.5 (2:1)

End of Year 7

200 ft.
330 ft.

26.5 (2:1)
19.0 (2.9:1)'

'!be following table' shows the predicted factor of safety of the

dump for assumed strength 'parameters given in Figure 6-3(c) and for

different slope drainage characteristics.

FACroR OF SAFETY
After Year 7
ear 1 , configuration

••••"

Fully DrainedSl~ ,
Maxiiliilli inferr strength
MinilllJlll inferred strength ,

Partially Drained Sl?E!
.Maximm inferred strength
MinilllJlll inferred strength

ccd. chapter3/5
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Less thanl. 0
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'lbe analYF is producinq the above resul ta was based on the data. and •

aimplified procedures presented in the Phaae I Ieport. A theoretically

rigorous stability analysis was considered inappropriate at this time,

aince the errors induced by the uncertainty in refuse strength

parameters probably exceed the relatively minor errors induced by the

use of IICre liJlplified analyses. During the first year of operation,

observaticns of refuse placement and caapaction behavior in conjunction

with laboratory tests on representative samples will enable the

stability of the duq> to be more accurately evaluated. Based on these

evaluations, any necessary modifications to procedures and overall dump

configuration oculd be initiated.

As shown in the above table, the dump in • fully drained condition

has an adequate factor of safety over the range of anticipated refuse

Itrenqth par_ters. However, even a modest build-up of water within •

the embankment has a aevere effect on ltability. 'ftJus, it is •••ential

to maintain proper drainage of excess water contained in the frem

refuse during placement, and through good control of 8Urface 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 recOlDllended that

placement begin with the assumption that the refuse will be free-
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draining and readily compactable with only minimal control meaaures

being taken. '!hen, over the course of the early month. of operaticm,

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

_terial in the canyon will be sufficiently pervious to act as an

underdrain for the refuse. To promote drainage frClll the refuse to the

base of the dump, it is reaRlended that the coarse breaker refuse

segregated in each lift along the lcnqitudinal axis of the canyon, to

provide a central core of pervious material to whicl1 the refuse can

drain. 'Ibis minimal measure could be accaaplished without additicmal

cost to the disposal operation and would provide a degree of positive

control over the buildup .of water within the dump ass. AS plaee-nt of

the "duq:> proceeds, water levels within the mass of the dump should be

monitored. as discussed below and the adequacy of the above procedure

evaluated. If additional drainage ca'ltrol measures are indicated, then

the internal drain system may have to be increased to include lateral

feeders to the central drain and possibly additional control measures at

the toe of the dump. .utilization of add!tional coarse colluvial

_terial from the upstre_ canyon floor _y be required in this case- to

supplement the supply of breaker refuse.

6.3.8 Construction Considerations

'!'he general dump construction requirements are discussed in detail

in section 4.0. '1'he following factors relate to the geotechnical

aspects of the refuse dump development, refuse placement, drainage and

-caupaction:
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a. Althouqh MESA requires that the left thicknell not exceed two •

feet, it _y be advantageous to reduce thil to facilitate

drainage and improve caIIpllction. 'Ibis should be .ltabl1Dd

by trial and error early in the operation.

b. New lifts should be placed only over refuse that haa had u.e

to drain and has been properly ~cted to provide a stable

ba.. for the new lift. 'lbe production schedule indicates that

beyond year 1, each lift should have sc.e 10 to 15 days to

drain prior to placement .of the next lift. Areas which reMin

wet and soft should be allowed JDOre time to dry arxl,Ior be

scarified and recc:apacted, if necessary.

c. The dump surface should always be graded to facilitate

drainaqe_ away frca recently placed fill toward surface

drainage courses. It MY be advantageous to bulldoze lIhallow •

ditches at each lift elevation to improve surface drainage.

d. care should be taken not to fill over any frozen refuse wbich

has not been properly drained am CClIIIp!lcted.

e. Truck-loads containing predominantly filter cake Ihouldbe

spread out in a thin lift, and allowed sufficient tt- to dry,

particularly durinq adverse wather.

f. It may often be necessary to place the refuse. allow U. for

dryinq. and then to compact the lift•.

6.3.9 SloP! Monitoring

Refuse dumps have been susceptible to some catastrophic failures

in the recent past. Many of these disasters were considered by

•ccd.chapter3/5
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geotechnical engineers to be unnecessary, because it was felt that there

had been significant unheeded warning of illllinent failure. It ia there

fore calSidered prudent to install, _intain and obRrve a syst. for

Klnitoring potential slope movements and groundwater levels in the _

Schoolhouse canyon Refuse Dump.

TWO relatively simple monitoring systems are considered

appropriate for the Schoolhouse canyon 0Uq). 'Ihese are surface

~nt& in conjunction with line stakes, and standpipe piezCIIIl!ters.

Figure 6-3(d) shows a conceptual plan view of the suggested menitoring

program. 'ntis program could be suw1emented with .ere sophisticated

systells should signs of instability be noted.

Progressive installation of a system of surface monuments in

conjuncti~with line stakes should provide both a qualitative am: .
quantitative evaluation of surface expressions of slope movement. 'Ibis

displacement monitoring system would be developed as follows:

a. Installation of six instrument stations set in rock (three

either side of the dump) for survey triangulation of dump face

monuments •.

b•. Installation of a row of a1e-inch diameter pipe or rods (five

feet long driventhree or four feet into the dump) placed at

25-foot centers approximately every 100 feet horizontally up

the face of the dump. '!'hese rods could be coated with .

irridescentpaint and Would be placed initially ina straight

line,at as close to the same elevation as possible,· and would

be roughly perpendicular to the centerline of the dump face .
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'1'tle fi rat raw of rods should be placed wi thin 50 feet of the •

toe of the dump, when the duIIIp had reached this eorrep&en1ing

elevation. 'ttlese rod lines could be observed by~

operation personnel to note curvature or offsets in the lines

indicating movement and potential instability.

c. On each of the aoove mentioned rod lines a concrete survey

monument would be placed approximately 100 feet on each side

of the dump centerline. '1hese monuments would permit

displacement measurement periodically by triangulation from

the six survey stations.

Since it has been determined that groundwater c:an have a critical

effect on stability of the dump, a series of standpipe pieze-tera
".

should also be installed. 'ttleBe standpipes could be blilt into the dump

as it increased in height.'ttley 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 pipe. At each location three standpipes should be

installed at different elevations. '1he bottCID. of the lowest starw,tpipe

should be within five feet of the natural ground surface. 'l11e sec:cn:!

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

rigure 6-2(b). water levels should be taken in all of the standpipe

piezometers whenever the dump face monuments are surveyed.
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'!he results of the survey and piezc.eter data should be

ccntinuoualy plotted and periodically analyzed by • qualified

geotechnical engineer familiar with the .aterial properties, placement

techniques and stability of the refuse pile. Based on this data

analysil, the overall stability of the~ could be evaluated. Should

the data indicate excessive movement ~or excess pore pressure, it

would be necessary to alter the construction procedure. Modifications

aight include flatter slopes, installation of underd'rains, decreased

rate of ~ing, and/or other procedures.

6.3.10 rinal Coament

Based on the information available, it is believed that the

proposed ac:heD8 should be operationally feasible and stable provided it

. is properly iDplemented. However, in the unlikely event that severe

refuse handling, placement and compaction preble. are encountered, the

following might be considered to permit continued operation:

a. TeJiIlOrary flattening of dump face slope angle.

b. Developllent of underdrains as discussed in section 6.3.7.

c. Simultaneous dump developuent in another canyon to increase

operational flexibility.

d. Artificial refuse stablization measures.

e. underground disposal of thickener underflow fines as discussed

in the Phase I report. 'Ihis approach is strongly ree:eam.nded
..

econanically and geotechnically, irrespective of the outcome
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of cc.bined refuse disposal operations .••

6.4 Settl ing Pond !mbankment

6.4.1 Location and Configuration

'!he proposed Settling Pond Embankment was located near the mouth

of Schoolhouse canyon with the axis approximately at 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 pard 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 wi th a 0.5 foot camber at the center.· Both' the

upstream and down stream slopes were set at ~ horizontal to 1 vertical.

The eatlankment layout along with that of the associated spillway ia

shown in Figure 6-1(b).

6.4.2 Ca'ltrol of seepage

The settling Pond has been designed to retain water only long

enough to settle out undesirable suspended 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 water is expected to seep into the valley floor and into

**A recent paper by Jankovsky, "DispOsal of C,oal Refuse Slurry

underground" (Mining Congress Journal, September 1977), may be of

interest.
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.• the eIIlbanltMnt. This water will be filtered by the ground before it

enters the Price JU.ver water regime. Due to this filterinCj action,

seepage belav the embankment was considered allCNlllble as long as the

ltability of the embankment was not affected.

Two seepage corditions which might affect stability need to be

considered. First, seepage through the dam JllJSt be kept deep within the

embankment to iJlprove stability and prevent breakout above the

downstream toe. Second, seepage below the· daa and at the abutments mst

be controlled to prevent pipinq failure. 'lbe use of a blanket drain and

relief wells at the toe and qood seals at the ao.rt::.nts is intended to

provide the necessary control. Details of the embankment drainage

control systea are presented in Figure 6-1(b).

It has been specified in the design &x:u.ents that the abuments

be prepared by excavating to sound rock frail abcMt the crest, while

maintaining a slight batter against which the embankment can be

ccapaded. overhanging or loose rock is to be reswed by jackhaDlDers or

light blasting. Band Icaling and cleaning by means of ccmpressld air

may be required in order to properly prepare the abutment surface for

plac..nt of the embankment.

6.4.3 SpillwaI

'!'he spillway shown in the Settlinq Pond specifications has been

designed to provide adequate flow capacity am therefore to avoid over

topping of the embankment or spillway. 'l'he spillway requi. res that the

sle-pes be established either in sound rock or be vell rip-rapped. The

spi 11way ditch side slopes should be cut at 112:1 in sound rock and cut

• ccc' .chapter3/S
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1n 1:1 in ~cted fill where fill and rip-rap are required. the •

channel profile was designed to provide • stilling basin before water

enterl the culvert system, and to allov accels for _intenance and

pulllping of the pond.

6.4.4 z.bankment rill Materials

It was concluded that a hCllD0geneous earth ellbankment using wll

graded silty _tedals such as the colluvium found in the area would

provide the .,st economical section. As noted in seetion 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

Base aterial fran the Corn Borrow Pit. bae atertals are limilar,

and, therefore, due to the proximity and availability of the colluvilal

in SChoolhouse canyon it has been suggested that the colluvil.a should be

. utilized to the maximum extent possible. 'the gradation specification

for the blanket drain was based on the use of colluvium frem Schoolhouse

<:arJya1. However, this blanket drain gradation should be suitable with

the other two _terials mntioned.

6.4.5 !llbankment Stability

It ia expected that the settling pond eJIIbanDent stability will be

governed largely by the condition of the contact area between the fill

and the abutments. Working roan is limited arxl unless care is taken in

abument preparation ard thorough fill compaction in these zones,

uncontrolled seepage could occur, leading to piping failure.

Slope stability of the proposed embankment was also assessed in
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• light of the strength properties obtained from the et.:'I1Solidated-drained

triaxial tests given in Appendix 8. Given the flat slopes reclM' n:5ed

for the embankMnt, it is considered that the e1llbanDent will be stable

under all conditions of operation.

':-.•
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EXCERPTS CONCERNING REFUSE ENGINEERING CHARACTERISTICS TAKEN
FROM GOLDER ASSOCIATES REPORT ON "DESIGN OF A COAL REFUSE DISPOSAL
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APPENDIX 3.48

Excerpts concerning refuse engineering characteristics taken from Golder

Associates Report on "Design of a Coal Refuse Disposal System, Phase I,

Site-Feasibility Study", September 1977.--.
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'Ihe canyon bottan increases fran the canyon head to its .cuth.

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 ~re

representative for most of the canyon length.

'Ihe 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 ~rder 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. '1he

important properties which might affect the results of this feasibility

study inc:.ude gradation, moisture content, unit weight, caapaction

character:.stics, weathering characteristics, permeability, and strength.

It was no1: 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 fran the new plant. However, it was assUlDed 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 results

shown in Appendix B. 'lbe samples were sieved and mixed t0gether in the

proportions necessary to fabricate two samples representing the

following anticipated gradation:

Refuse with Filter cake:

•
Source

Breaker Refuse
coarse Refuse
Fine Refuse
Filter cake

Size
12" to 4"

4" to 1/2 "
1;2" to No. 28 Mesh
No. 28 Mesh to 0

Percentage
25%
35%
20%
22%

Water
Content

5%
5%
8.5%

33%

Refuse Without Filter Cake:

Source
Breaker Refuse
coarse Refuse
Fine Refuse

Size
12" to 4"

4" to 1/2 "
1;2" to.No. 28 Mesh

Percentage
31\
43\
26%

water
Content

S%
5%
8.5%

•

'111is information was obtained ver~lly form Mr. Ed 8eolnick of Dravo

Co. and from Dravo Drawing "Material Flowsheet - Coal Preparation Plant,

castle Gate, utah".

A lim!ted laboratory testing program was performed on the two

fabricated refuse samples. These tests included sieve tests, hydrometer

tests, Atterberg Limits, specific gravity tests, weathering tests, and

compaction tests. Results are presented in detail in Appendix Band, can

be summarized as follows:
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a. Gradation (See Fiqure 9-24, Appendix B):
with FUter Cake - gravel with cobbles and silty sand. •
Without Filter cake - gravel with cobbles and about 10\ coarse
sand.

b. Moisture (based on Dravo data):
Wi th Filter cake - 14%
Wi thout Filter cake 5%

c. Plasticity (of fines): Non-plastic.

d. Specific Gravity (overall): estimated about 2.2

e. COmpaction (see Figures 9-2.5 and 8-2.6, Appendix B):
With Filter Cake - 107 pef @10.5%.
Without Filter cake - 104 pef @ 12\.

f. Weathering: !Wldanly 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 saq:>le, no strength tests wre perforned.

Rather the strength behavior of the proposed refuse material was

estimated based on its anticipated composition and on published strength

data on similar materials. '!he literature reviewed and the pertinent

information abstracted is $UIIIllarized in AppendiX B. In general, the
~ , ..

strength behavior of coal refuse is not well understood. 'Ihere appears

to be no reliable correlation between strength and other refuse

characteristics. In add! tion, the data reported in the li terature

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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a. The refuse is a cohesionless material with a probable friction

angle between 32 to 38 degrees at 10'7 stresses.

b. 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-qrained

materials.

c. 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 minimum. strength envelope for the refuse.

The procedure and assumptions used to develop these curves are

discussed in Appendix B•

d. Consideration was given to the effect on the strength of

separating the filter cake material. It is believed that the

sallie degree of compaction, both types of refuse probably have

velY similar strength properties. In fact, the refuse with

thE' filter cake may even be superior since it would be IICre

uniformly graded. '!he most significant difference results

from a higher moisture content of refuse containing the filter

cake. However, as discussed below, even wi th the high
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moisture content, it is believed that the refuse includinq the

filter cake can be suitably placed and caupacted. 'l11us, 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. 'Ihis

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 twcrfoot 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, the permeability of the refuse, surface drainage conditions,

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 compacted over a wide range of moisture

conditions. Even at 14% D:»isture, which is practically at saturation,

the material was compacted to about 96% of maximum density.

'l1le anticipated rate of fill placement will probably be less than

one lift per day (assumdng a two-lift and a total of about 1,600 tons

placed per day). In addition, the initial permeability of uncompacted

fill is expected to be quite high and should allow rapid drainage of

excess water (permeability after compaction and weathering will probably

cc6.chapter3/6
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be DlUch 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 a'\ the information available, the

refuse material even with the filter cake can probably be adequately

caapacted. 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 overCaDe. ttlese

procedures might include grading the fill for optimum 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 SCIDe of the refuse

llaterial is very susceptible to weathering and decampositian. However,

as rePJrted by 'l'homson and Rodin (1972), after an initial quick physical

degradation, prohaly due to the compaction equipment, very little, if

any, further breakdown appears to occur below a depth of a few feet.

'!his was evident in the test trench in the existing refuse pile at

Hardscrabble canyon. Although some breakdown and weathering had

occurred here, especially at the top of each twcrfoot lift, there was no

evidence of excessive decomposition, or of increased degradation with

fill depth and age. In addition, weathering products appear to cauprise

a non-plastic silt rather than a plastic clay found in some of the
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bentonitic shales in utah. In 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 fill lift. 'I'his

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

geanetry of the refuse pile, and the cost of refuse disp:>sal. 'I'he

impact of these constraints are discussed in detail in Section 7.0 •

M 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 exceed 2:1, then MESA requires a minimum factor of safety of

1.5 for the overall refuse. pile. In general, for the disposal schemes

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.

'!hus, one of the primary purposes of the stability analysis in this

phase of the study was to assess ~e 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 alSt
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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 "'4S a non

rigorous evaluation which could be equally applied to all canyons.

During Phase II design a rigorous stability analysis _y have to be

perfor.med 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 shawn

on Figure 5.1. These plots show the relationship between the allowable

average slope Angle and the allowable refuse hei~t for different

factors of safety and different assumed strength characteristics •.

Figure 5.lA is based on a fully drained slope while Figure 5.18 is based

on a partially drained slope. From these curves it is obvious that

proper drainage of the refuse pile is very illp:)rtant. 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 lnter

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 -eet the MESA factor of

safety requirement. Based on the minimum probable strength values, the

overall slope would have to be flattened to less than about 22 degrees

to justify steep inter-ramp slopes.

cc6.chapter3/6

- 10 -

•

•

•



•

•

•

5.S 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 •

cc6.chapter3/6
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SECTIOO I

At the request of price River Coal Company, I reviewed the report

prepared by Golder Associates dated January 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 geometric considerations for the dump site, the material

considerations, and comments relatinq to construction contained in said

report .

cc6.chapter3/6

- 3 -



SEC'l'Itti I I

()l January 28, 1983, I visited the site in conjunction with Rob

Wiley, Environmental Engineer, and Frank Pero, of the Price River Coal

c~, am. reviewed in detail the provisions taken at the site during

construction in accordance wi th the previously mentioned "Golder

~port". I also reviewed with Mr. Pero (who was present during the

construction), the construction records including construction pictures

which enabled me to determine that the dump site vas constructed in

basic accordance with the plans to its present state.

In particular, large sandstone rocks fran the diversion channel
" .

construction were bladed to the battCD of the existing canyon to provide

for the draining of seepage waters frca the refuse material.

cc6.chapter3/6
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SECTICN III

MATERIAL TESTIR:i

-While at the site, using a Troxler 34115 nuclear density gauge, I

determined the in-place density of the refuse material. I also obtained

moisture densi ty samples and saJIilles of the refuse material, which I

returned to the lab for additional testing- 'ttle results of these ~

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 relOOlded the T-99

Proctor valve increases significantly due to additional breakdown of the

"bedrock" characteristics of the material (see "Composite Coal Refuse

Pile" T-99 Standard Proctor in Appendix) _ I sul::mitted 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. 'Ihe gradation results indicate that the

material is free draining, nonplastic, and falls within the gradation

bands contained in the "Goldner Report" •

cc6.chapter3j6
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SECTIQl IV

'Ihe results of the gradation analysis indicate that the material

is free draining. 'Ibis was further observed at the site through

reviewing the existing material in place and by analyzing the records

kept on the ground water observation pipes in the refuse pile. 'lbe data

(SUlllllarized) for the ground water observation records is contained in

the Apperxlix.

Basically the records confirm that the material is free draining

and no pore pressure build up is occurring. '!he .xiDlJlll recorded depth

of lmter (6') occur'red during the wet portion of an above normal

precipitation year.

cc6.chapter3/6
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SECTIOO V

rACrOR or SAFETY

A compure model was constructed to analyze the stability of the

refuse pile, and the following conditions were assu.ed.

1. Ground Water at six feet (the highest level recorded to date).

2. In-place densities of 90 pounds per cubic foot.

3. Geometric ccnfiguration 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 cClllpUter program. various failure planes

were investigated to determine a minimum factor of safety. ttle 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 mini.mum factor of

safety with a .1 g earthquake loading is 2.6 •

cc6.chapter3/6
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SECTIOO VI

CCN:WSIOOS •
In conclusion the coal refuse disposal pile as now uisting is:

1. Free draining.

2. The maxiJlllJ1ll water depth measured by Darltoring has been six

feet, and this occurred during an amoral wet period of time.

The monitoring wells show several inches of water or less

during most of the year.

3. No D:Wement of the t:efuse pile has been detected.

.. 4. '.there is no water pore pressure buildup in the refuse pile.

5. The COIIp1ter simulation on failure planes indicates that the

"., .. factor of safety is at least 2.6 with a .1 9 earthquake
. .

~ . " ..

loading. •

cc6.chapter3/6
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CASTLE GATE CClAL <nG'ANY •SCHOOLHCXJSE CANYOO REFUSE [J.Jgt

GRDt.1ND'lATER PIEZaIETER MorA stIItMY

Date OBSDlVATIOO STATlOO tumER

110 411 112 t13 114
10-21-80 T 0 T T T
11-04-80 T T T 1" T
12-02-80 T T T 2" T
1-06-81 T 0 T 1" T
2-02-81 T T T 1" T
3-03-81 0 0 T T T
4-08-81 1" T 1" 2" T
5-06-81 T 0 T 1" T
6-02-81 0 0 0 0 0
1-07-81 0 0 0 0 0
8-13-81 0 0 T T 0
8-08-81 0 0 T T 0
9-08-81 0 0 T T 0

10-08-81 T T 1" 2" T
11-09-81 0 0 D T 0
12-10-81 T T D T T
1-13-82 -0 _0 T 2" T
2-11-82 0 0 T 8" 0
2-25-82 0 0 T l' T •3-03-82 0 0 2" 3' 0
3-12-82 0 0 18" 5' 0
3-18-82 0 0 2' 6' T

cc6.chapter3/6
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PRICE RIVER COAl. COMPANY

•FROM:

R. l. Wiley

F. L. Perc

INTER .. OFFICE
MEMORANDUM

C.C.:

OATE: 1-11-83

SUBJECT: Refuse ,Pile Construction

'.

•

Construction of this facility was begun in 1978 and completed in 1979.
During this time close communication with the State Engineer's Office was
maintained and the site was visited several times by representatives of
tha t office.

The primary concerns of the regulators were the competency of the pend
embankment and drainage of the pile itself. In an effort to allay these
fears, the pond embankment was constructed with engineered 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 1ts 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, 25S is 2 ft. to
3 ft. range, lO~ is 3 ft. to 4 ft. and no .ere 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 overflow 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 thi s fai lity. This consi stedpa.rtly of very comprehensive
soil and compaction testing. Nuclear density tests·were perfonned on every
6~ compacted lift throughout the emba~kment height, with no less than 3 tests
taken at random locations on every lift. 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.

FP:jp
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~~:--"=~;.:.:::::=......::~~--

•
METHOD 0' COMPAC TIO" _....:,::--....c:2-~~=---_Y.:....R..;..Q:;f---.:.~OK _

876532TUT No. .- -tTL. a wn EAItTH

g Ib4-' Szo&f S2Dr SlO' B/~t i i
IN tltAWS

CTLINDEIt wt, IN

~'Z.1 ,,~fG"AWS S52..r 7~2.1- ~'Z.1
WET £AItTH IN

2o{P31- lk11 l~BO zJ,82,. 2v3r .
C:~AWS

wET. OENSITY IN' .
US/cu. ,~ 11.'1 18·t rB,B rB.2J t1.?

, .
.

.
DISH

e A
.

HUwlE1t G ,;1.0 ~
DISH a WET SOIL

"2.1;.~wT. IN C:IUWS ;oLf;~ 2??D ?80 .0 ;;~.1,.
.

O'SH a ORT son;' . ',' ~'2., ,ffi.} ~f ,." . I.! .,..

2J,1.) . 2lf3.'WT. IN -GRAWS '. , '.
. . Ji::; ~ ...~."Z.~~ .·t'· 11:-"

., ;:~ . .. .
WATEIt . .. " ~: . .. . . . -. I... lq.~; 'b. , . " ... .
wT. IN C"AWS.·· ,

. . - I . .'.
DISH a ORT son. .. "

z12..' 2~1.; zlH.l lft-i.1 ?1~.7
..

W't IN G"AMS
. .

DISH

1f;.1 ttb.~ 'l3th!i r.. tp.}" 131.1wt. IN C"AMS
.

... -:.....-......
ORT SOIL

21fb. ~ 2.'~.' : 1~~.2.. 339.b . IB.It:5. :

wT. IN GRAWS .-
MOISTURE IN "" . 'i.D ~.j 4./ '.2,..' , ,1.7,... ,
OF D"T w~ I
OltY DENS' TY IN t;.' rLt I}- 11f. z.. r;·' rl. O

.
LIS./CU. ,.,: .

DIl,. ••.• :TT • wET D[NS,T,.

100 + 'r" MOISTultE •
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nlll ENSiNuEERS
Pt......f Name at" ,e-..u; c",ae I Datt _%__" ....1;...........;l>;"",,;J •

ProJecr No.--_~ Station or Pit Location -:i:~---:--------
Sam pl. No 1. ( Weld - G ffSS, R4= R. qulsfld by ---k....<-..(_'f!.......,;'m............n'I;.:.::(Y:..- _

AS RECEIVED GRADATION - - .- -- ...__ .

Sere.n WelQht Perc.nt Perc.nt ' SPECS.Size (0) R.taln.d Possl no

3- . .
~r]..v 1;4.~ b.t- 1?'
I- \f2.~ S.~ Sltr -

3/"- ~lf:D ;.2.- DJ. ~ . ,

112- Ib 11 ~ !J.D 1';.7 .-.

3/1- 1~lf J.; b~,~
#4 2Jt-I. r, r'2.. b • 1jf.~

. Wt... 4

Dry' Wt.
-.l' 4

,.. "~T ' -.....~"'" ',>-" .' - ~'..,~, "..,
".~',..

Total wt. ...... ,,~,... u.." .,.........::. .- ,,,.. ~.\......
Dry ...

WASHED GRADATION AFTER CRUSHING ..~, ... ".. " ~ .'''. ' .....~, .... ~.' .. , ., •..
(2500 GM. CRY SAMPLE)- . ...... " .'. ...... , ."......'. .",-."~,.

-~" ·~I··""· ,"

Scr,," Wci9ht Percent Percent Total % ,SPECS. ··.:',MOISTURE .OEiERMINATION Isiz. Fhtoin~d Rttalned Possino PassinQ .
"~, \. .. ."',>' ,.~ '.'.'., .... ,~ .... ...... ,

..~ >,.,..... ',,, .....~, _.'-"., ~".,~...._, -.-",. ..........-.. ,

I
.~. ~ .,'.....,- ... , . ._._.,r,

c··, '. '_,'.'_ -# 4#8 ."', " ,~-,,#> ,-,. '",. !""'-'~~'-"".- .. ,-.-
" H •• ."" ..-. ....... '.,." .._..... ,

- Container 6:'wet I~ .... , .' ..... ", ........ ',-

IC~, f I"10
.' n ..... , '. '... ,.'J' 'IT • ',,~ ,,.

Soil W~i9ht (9m.)
..

.~y", ........."~.

Llt1.1f 2;.i} 31/;2, - •• ,.<' '~ ,.,"., ...,.'".". Container ·8 Cry
1E 07 IJEI8 ....._... .. ,.. ,

'~: Soffwelo1'rr (~mJY·.,'.
" -~-~

_..
"

'.", '. ......, --- ..
H .0 ~Loss""11110 • .. :~ - .~" ·" ..r·_·:, ...... ~._>, ~,.,'

?,~~
&~.- .,',. ._.'::..?~::',,',"~:~::?' '"..~....~~, . ,·_ ..2·· ' "

r1~/o B,~ 2,.; .""., .,

%-'Moisture r.Lf' I.. ,..,.",., "-'.'.,...

"'3Q -- . ,',.

""'·.,.,0
,.,.-- .~

... ..,-, .- -...~ ,,,':':~A.A. S.H. 0'. ~... ~ . , ,

.~o '. . ,.,_. " ...... ' .

" -- ClassIfication. ~ ..- _. ..

b.D
..

.. ~O IU.~ ,~"-
13. '1.. ~ ,,~.O ,.f» '.' - , .. , ).

# ~OO 3~,7 1.'0 ".1- A-2-' (tt .
os'" 200 t??q "·t b.o Wt.before washin;::1fl3:±

Wr. after washln; ,
fQl~1 W\ 2lJ ,c>. 3 1l'£'·0 i -22- • J:J'lC'1. '~'t)"... wJ,: 2.tt:.? COPIES TO:-



~!In ENGiNuE~ERS
8t Nome Zhq ,e-..u;. Cf,g.j Oat. _;,.,%_-.....1;.....·_1>_3 _

Pr~ No. _--~------ Statlen or PIr Locclfion ~~----::: _
Sam pl. No 1. ( ec.Ak) . 4 ft£C, R 4= R. qui sf. d by ~.,lo.ti.~....yv..:."~l'!""'~?Y:....- _

(

RECEIVED GRADATION -
AS - ." . .. _- .._-

Screen WdQht Percent Percent SPECS.
Size (0) RetaIned Pcuslno

3- ..

~r2." l;tt.f> ".r ~?3

,- \f2.~ B.~ 811:1-
3/4- ttt:O ;. z. DJ. ~ .
112- Ib I, ~ iJ,'D 1';" -..

3/1
e

f~lt 3·1 b~/~
#4 2.LH. ~ 1'2. b • 1jf.~

...
Wt

~~
Total Wt.

Ory
WASHED, GRADATION AFTER CRUSHING

(2~ GM. ORY SAMPLE).,
Sa,en Weignt Percent Percent Tota' % SPECS. MOISTURE OETERMINATION I,S/z. Rttained Retained . Passino Pouinq

I

;118 -If. 4 I
Container a Wet

le'?/I I,-,0 Soil Wei9ht (qm..)

2.;.4-- 3'f;~
., Conrainer a Dry

I.- 18 4t 1. If-- Soft Wel9hT CqmJ 1B cr;
... ao • H

2
0 Loss ?I~~ I

.. ~O 11~,O i.1 2..1;.; 'Y• MOISture t.'I-' I
# .. 0

A. A. S.H. 0
Classification

.. ~O IU. ~ b.D I~,~

.~ "t.O ,.f> 1'.7
3t" 1.'0 "·1 . A-l-b (~)

'=.". ~OQ Z??q 11. 1- b. 0
Wt. be fore washinq

ffi~±wr. otter washlno
f~I~1 WI. 7010.; If!b.V -23"i/·Jl'l. t.. .. _ ..._1.. "011_ .. r:np,~c: Tn:



IIIIHORROCKS
I ENCINEERS

.:.' ~LOPE STABILITY AHALYSIS
ror'

PRICE RIVER CORl - SLOPE STAJIllTY
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\ • c'" , ,
.....' .'. ' .... -.,".._..,

.. . ....
• I \. '.,I , ~ :~"t:-: j

• , ." __..u~.+...." ......... ~ .......

"',..,."" ..."
,.,. • I

;" .... " ...".:_- PROJECT HUl'f.ER: 8381-28#
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w... TEI\ uul r wEI.: ... r- .:.40

fOl:;( X-OR%) Y-ORD
1 I.ee 6221.81• 2 1278.e8 6221.00
3 1:28.11 6340.eo
4 IS78.81 634e.81
:s 1648.88 6388.18
6 1728.81 63S8. ee-
7 1798. Ie -642e •...11 '. . o·

8 1868. Ie 6421.e8
. .

~~:.,',., 1978.88 ··64al.88 . :: .....:.: . "
, 6"8e~'88

' ' '. ......
18 2e4e;ea ~

:. t

,.
11 21S8.ea .. 6~41'; 88, ' ' ..

- ".....
12 2218.8a 6~41;88'

. .-.- .
13 222'.88 6sse.'el •:;s......
14, 3e,s.ee 6:SSa.el .....~ ..
1:5 3188. ee 6'6e.ee
16 21ss.el 63:e.ee
17 3us.ea 63se.ee

LINE LEFT RICHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2.. 16 17 2

SOI/. UHIT WEICHT '., COHESION '. SATURATED
1 'e aae 31 NO
2 ,. sel 31 YES

t
CIRCL.E X-ORD Y-ORD RADIUS FAC'TOR OF SAFETY ,

128e•• 6322.8 lee.a '8.3'

SLICE WEICHT' IHCL,;IHATlON COHESION wtDT'H EFF WEiCHT • X
1 u.s 2.' eea 1.9 :s.e 31 1285.1

'2 "4.8 •• 8 eee 1.9 13.7 31 1287.8
-3 6S. , 5.1 .8ee 1.9 21.S 31 1288.8

• 82.8 6.2 8ee 1.9 25.4 31 12ge.7
'S 92.5 7.3 8ee 1.9 28.4 -·31 1292.6

6 9S.' e ... 888' 1.9 29.4 ' 31 1294.5
7, 93.e ' i9. S see 1.9 28.5 '31 1296.4
a 83.8 11.6 see 1.9 2S.7 31 1298.3
9 68.a 11.7 80a 1.9 2e.' 31 1388.2

la 4'.8 12.a aee 1.9 14. e - 31 1382.1
11 16.' 13.9 see 1.9 5.2- 31 1384.e

ITERATION INITIAL , CALCULATED
1 1.eeee ,e.:5289
2 ge.5289 98.3824
3 98.3824 ,a.3gel
4 98.3gel 98.3gel

FACTOR OF SAFETY. 98.39 AT Xa 128e y. 6322 ~. lee
EARTHQUAKE- .10

•
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WATE~ UHIT wEICHT • • 2.40

,"UINT X-ORb Y"ORD
I 1.'8 ':20.88 •2 121•••• '228.0'
3 1528." '3040.81.. IS78.'8 63"0.88
:5 !C·ut. ,. 6388.,e
6 1728.8e 6388.08
7 17'8.8' '428.1'
8 1861••• 6428.ee, 1978.le '4S8.8e

Ie 2e48.88 '4S8.ee
11 21SI.se "4e.se
12 2218.18 "48.81
13 2225.8' 'sse.ee
H 3e,e.ee "'8.ee
IS 3188.8' ,S6e.le
16 21se.le 63,S.8e
17 3188. e8 63se.ee

LINE LEFT RICHT SOIl..
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 '2

SOIL.. UNIT WEICHT COHESION '. SATURATED
1 '8 e" 31 NO
2 '8 18e 31 YES

CIRCLE X-ORD V-ORD RADIUS FACTOR OF "SAFETY

~13ee.8 ~'32e"l lee .. ' 18.99

SLICE WEICHT ·INCLINATION . COHESION WIDTH EFF REICHT " . X
1 "'4.3 -8.9 eee S.9 151.6 31 1284.'
2 1342.5 -5.5 eee $.9, 411. 7 31 12ge.4 .
3 . 28e6•• -2.2 • eee 5.9 '15.4 31 12'6.2
4 2489.4 1.• 2 eee s., 7'3.4 31 1382.1
S 27ge.5 4.' see S.9 8$5.7 ',31 1388.8
6· 2ge8.S 7.9 . 888 5.' '91.' ,'.31 1313.8
7 2839.8 11.4 ee8 . $.9 878.' , .31 1319.7
8 2578.6 14.8 lIe 5.9 791.1 ,.31 132$.$, 2116.7 '11.3 lee S.9 '49.1 " 31 1331.4

18 1"42.8 21.' eel 5.9 442.5 ~ 31 1337.3
11 541.7 2S.6 .888 $.9 166.1 ' 31 1343.1

ITERATION IHITIAL.. CALCULATED
1 l.eee8 .'} 18.26$8
2 le.2'S8 18.9826
3 18.982' 18.9888.. 18.9888 18.'889

FACTOR OF SAFETY- 11.99 AT x- 1311 y. 6328 R- III
EARTHQUAKE- .18

•
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W,HU \,1111 T WEICMr • • :.40

P~IHT X-ORD V-ORD
1 8.eo ':20.8.• 2 1278. ea '220.00
3 1,28.8a '3"1.11
4 1'71.19 634a.ge
~ 1'4e.99 63.1.'1
6 1728.00 6389.89
7 1790.89 "28.el
8 1868.la 642a.8a
9 1971.aa 6.89.el

19 2a41.ee 64ee.ea
11 21,a.8e 6,4e.el
12 2211.8e 6,.e.II
13 222s~ee 6S513.II
14 3151. ee 6SS9.ee
15 3181. ee 6S6e.ee
1& 21SI.ee 63se••9
17 311e.8e 635a.le

LIHE LEFT rUCHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2

SOIL UHIT WEICHT· COHESIOH • . SATURATED
1 ge eee 31 HO
2 99 8e8 31 VES

I
CIRCLE X-ORl'I V·ORD RADIUS FACTOR OF SAFETY

1415. e 634e.8 1ge.8 22.9a

• SLICE WEICHT INCLINRTIOH COHESION WIDTH EF~ WEICHT • X
1 152.1 ·3.2 eel 4.a 46.8 31 14e9.4
2", 415.6 -I.e 8e8 4.a 127.4 31 . 1413.3

. '~.3 .. , 621.6 1.3 lee 4.e 1ge.6 31 1417.3
'4 '. 77e.8 3.6 eee 4.8 236.4 .31 1421.3
5 162.9 S.9 eea 4.a 264.6 31 1425.3, 897.3 , 8.2 eee 4.13 275.2 31 1429.3
7 873.2 II.S eee . 4. I 267. 8 ~ 31 1433.2
'e 789.4 12.8- 8el 4.e 242.1 ., 31 1437.2

" '44.3 15.2 8e9 4.1 197.6 31 1441.2
18 436.1 17.6 sea 4.a 133.7 31 1445.2
11

..

162.3 29.8 eee ·.4.8 4'.8 31 144'.2

ITERATION INITIAL CALCULRTED
1 1.1008 21. USS
2. 21.1985 22.8'31
3 22.8931 22.9ge3
4 22.9883 22.9113

FACTOR OF SAFETY- 22.98 AT X· 141~ V. 634e It- sea
ERRTHQUAKE- .18

•
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w"HE" '-IUIT WEIGHT- ':.""

r'IJIHT X-ORD Y"ORD
1 I.Be 62:\l.'i
2 1278.8e 6228.8'
3 1':i:8.lll 63·U~. eo
4 "78.18 '348.01, 1~4B.ee 638B.88, 172e.18 6380.81
7 1791.88 6428.8e
8 1868.18 6428.88, 197e. ee '48e.81

18 2148.11 '4a8.8e
11 21 ",. ee ,,4e.e8
12 2218.ee '~4&.&0

13 2225.&1 5S51.II
14 31'1.le '~SO.Ol

l' 3188.le 6~61.81

16 21se.le 635S.le
17 3181. el 63SS.Ie

LIHE LEFT InCHT
1 13 14
2 1 2
3 2 1&
4 16 17

SOIL
1
2
2
2

•

SOIL
1
2

COHESIOH
aSI
eee

•31
31

SATURATED
NO

VES

CIRCLE X~ORD V-ORD RADIUS -FACTOR OF SAFETV
1286.1 6372.& 151.1 28.42

SLICE WEICHT INCLINATION ·COHESION WIDTH EFF WEICHT • X
1 133.4 -.1 8ee 4.4 4e.9 .31 128~.8

2 362.' .1. , aee 4.4 111.3 . 31 1291.2
3 '42.7 3.3 • eee 4.4 U6.4 31 1294,• .;.. 672.6 4.' soe •• 4 2e6.3 31 1298.9, 752.2 6.6 see •• 4 23e.7 : 31 13e3.3
6 . 7S1. 1 a.3 aee 4.~ 239.5 31 13S7.6
7.,.. 758.7 IS.0 aee •• 4 232.7 31 1312.e
a 6a4.4 11.7 see 4.4 2S9. " 31 1316.4, ·557.1 13.4 eee 4.4 17e.s .31 1328.7

18 375.8 15.1 see 4.4 115.3 31 1325.1
11 139.4 16.a aee 4.4- 42.7 31 1329.4

ITERATION INITIAL CALCULATED
1 1.0asa 26.2362
2 26.2362 28.4098
3 28.4898 28.4172

• 28.4172 28.4172

FACTOR OF SAFETY- 28.42 AT x- 1286 y. 6372 R- lSI
EARTHQUAKE- .10

•
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"" '51\ """. I M" I '-" I. ..: .... "

F'OIHT X"ORD Y"ORD
1 e.ee '220.eo
2 1278.80 '22e.l'8
3 1'29.10 '348.8e
~ 1578.8e '348.8e• 5 lUI.88 '389.e,, 1729.88 '3a8.88
7 1791.88 '.29.89
8 18'8••e '.28.89, 1971.88 '.88.88

18 2948.8e '.89.ee
11 21'9.ee 'S48.88
12 2218.89 ',48.ee
13 222'.e9 '"e.e8
1. 39se.ee "se.ee
IS 31ee.le "6e.ee

l' 21'8.8e 63,e.88
17 3ue.88 63,e.8e

LIHE LEFT RICHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2

SOIL UNIT WEICHT COHESION • SATURATED
1 ,e . ese 31 HO .' '.\,:

2 '8 888 31 YES
-~' ..'.

CIRCLE X-ORD V-ORD RADIUS FACTOR OF SAFETY
1367.8 '3'8.1 Ise.8 2.·6S

•• SLICE WEICHT IHCL. IHATIOH COHESION WIDTH EFF WEICHT • X
1 "1'.2 -28.1 eS8 17•• 3e48.7 31 12'6.S
2 2636' •• -2e.8 e8e 17•• 8eS6.6 31 1313.9
3 38ges•• -13.8 eee 17•• 11931. e 31 1331.4• • 7951 •• -7.e 888 17•• 1.784.8 31 1348.8
S S3726., -.3 e8e 17•• 16.76.3 31 1366.3

·1
6 ·56387.5 6 •• eee 17•• 17267.6 31 1383.7
7 5'638.7 13.2 ele 17•• 17861.1 31 1491.2
e S1488.2 29.2 eee 17.4 IS7S9.7 31 1419.6, .3472.9 27.5 eee 17•• 13331.7 31 1436.1

Ie 388'7.9 35.3 see 17•• 9463.1 .31 14S3.S
11 12294.6 ••• 8 eee 17.4 377e.3 31 1478.'

ITERRTION INITIAL CALCULATED
1 l.eeee ·2."73
2 2.5673 2.S976
3 2.5976 2.59S2

FACTOR OF SAFETY- 2.'0 AT x- 1367 V. 63,e R- l~e
EARTHQUAKE- .19

•
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"OIUT
I
2
3
4
S,
7
8
9

18
11
12
13
14
15
16
17

,<-ukD
e.ee

J278 ••8
JS28.ee
IS?'.8e
J648.'8
1720. ee
17ge.8e
186•• 8.
197e.88
2e..8.ee
215e.le
2218.88
2225.8e
38,e.ee
3188.8e
21,e.e8
3188.le

'r -Ot ~
'228.10
6228.8'
6340.8.
6348.8e
6388.8.
6388.8e
642G.'.
6428.8'
'48G.8'
6"88.88
6'4e.8e

""'.88
"S8.8.
6558.88
",e.8'
63,e.8e
6358."

•

LINE
1
2
3
4

LEFT
13

1
2

.16

RICHT
14

2
16
17

SOIL
I
2
2
2

SOIL
1
2

UNIT WEICHT
9',. COHESION

sse
se8

~

•31
31

SATURRTED 
NO

YES

CIRCLE

SLICE
1-; ,
2. "
3
4
5.,
7 ..
8 .
9 '-.

18
11 ;.'

X-ORD V-ORD RADIUS FACTOR OF SAFETY
1372.8 6382.' Ise.8 12.59 •WEICHT INCLINATIOH COHESION WIDTH EFF WEICHT •• X

418.S -4.6 888 . 6.7 146.S 31 13".9
13e2.2 -2.1 88e 6.7 399.4 31 13".6
1941.8 .5 • 8ee 6.7 591.3 31 1313.3
2415.1 3.e 8ee 6.1 148.8 31 1379.'3
27eS.4 S.6 8ee '6.7 829.7 31 . ; 1386.'
2815.8 8.1 8ee 6.7 '63.3 31 . 1393.2
2741. 6 18.7 8e8 ·6.7 848.7 31 139'.9
24ee.9 13.3 888 6.7 76e.8 31, 14e'.6
2827.6 16.8 888 6.7 621.8 31 . 1413.2
1374.4 18.' eee 6.7 421.5 31 1419.9
512.6 21.3 8ee 6.7 157.2 31 14'26.6

ITERATION
1
2
3
4

INITIAL
1. ieee

11.1'19
12.5822
12.5888

" 'CRLCULRTED
11.781'
12.5822
12.5888
12.5889

FACTOR OF SAFETY
EARTHQUAKE- .le

3.4C-xxix
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WAlEI=' VIIIT wEICHT- .; ... ~

POINT X·O~D y·oJ\n
1 '.10 '228.88
: 1271.10 62:0.88

• 3 1521.08 6304i.ee.. 157'.88 63"8.88, 1'.....8 6380.88, 1728.80 '380.ee
7 1798.e8 '''28.88
8 1868.18 '''28.88
9 1978. Ie , .. ee.ee

Ie 28.... 88 ,.e8.BB
11 2158.88 6',".8'
12 2211. ee 654e.ee
13 2225.8S 6,~e.ss

14 3S58.es 65~e.ee

1~ 3U8. IS 6"8.88
16 2158.le 6358.8S
17 3U8. ee 635S.8e

LINE LEFT RICHT
1 13 14
2 1 2
3 2 16
4 16 17

SOIL
1
2
2
2

SOIL
1
2

UNIT WEICHT
98
98

COHESIOH
ee8 .
eee

"31
31

SATURATED
NO

YES

CIRCLE X-ORD V-ORD RADIUS FACTOR OFSAFETV
1338.e '412.e 2gs.e 3.7e

• SLICE WEICHT IHCLIHATION COHESION WIDTH EFF WEICHT • X
1 4446.4 -14.4 eee 15.2 1363.6 31 1288.3
2 1283'.6 -9.9 eee 15.2 3691.2 31 1295.5
3 17957.9 -5.5 ee8 15.2 5587.1 . 31 1318.8
4' 22262. 1 . -1.1 eee 15.2 6827.1 31 1326.8
S 24978.8 3.2 ess 15.2 7657.7 31 13.1.2

·6 26B77.4 7.6 eel .15.2 7997.1 31 1356.5
7 25546.2 12.1 eee 15.2 7834.2 . ~1 1371.7
e 23389.8 16.6 eee 15.2 7148.3 31 1387.e-, 19261.6 21.2 eee 15.2 5986.9 , 31 1482.2

18 13244.6 .. 25.9 8ee 15.2 4861.7 31 1.17••
11' 5B38.3 38.9 ses 15.2 1542.6 31 1432.7

ITERATION INITIAL CALCUL.ATED
1 l.ssee ·3. ,e88
2 3.6e88 3.7789
3 3.7789 3.7827

FACTOR OF SAFETY- 3.7e AT X. 133e Y- '.12 R- 2ae
EARTHQUAKE- • Ie

• -31-



-
WATER UHlT WEICHT- 62.4'

P"IHT X-ORD Y·ORD
1 l.e8 6228••e
2 1278. e8 ~22•• 8.
3 1'2•••• 634'.8'
4 1'7'.88 634•• 8., 164•••• 6388.8e
S 1728." 6388.88
7 179'.88 6428.88
8 18S•••• 6428.88, 197e.8. 64S8.88

18 28...... 6488.88
11 21'8.'8 6'..8.8e
12 2211.8' 6'48.88
13 222'.8' "'8.11
14 3e,e.8. 6" ••••
IS 31e•••• 6"8••8
16 21,e.,. 63'8•••
17 3188.8' '3'8.88

LINE LEFT RICHT
1 13 14
2 I 2
3 2 I'
4 16 17

. ",
""- :..'.:~..

SOil.
1
2

UNIT WEICHT,e
9'

SOIL
1
2
2
2

COHESION
S8'
see

. ' '

• ' SATURATED
31 HO
31 YES

•

CIRCl.E X-ORD
1337.e

Y-ORD RADIUS FACTOR OF SAFETY
6428.8 2aa~a 14.32

3.4C-x:oci
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W"TE~ UHIT wEICHT- i~.4t

,.0 IHl X"ORD Y"ORD
1 8.eo ~22e.00

2 127'.80 6228.88
3 1520.80 6348.8e

• 4 1,7e.88 '34e.8e
~ I,..e. ee '380.ee, 1728.8e 6388.'8
'1 1798.08 '42e.ee
8 1868. ee '42e.8., l'7e ••8 , ..e8._ee

18 28"8.ee ' ..ee.le
11 21~e.ee ""8.11
12 221e.le '~..e.le
13 222:5.ee '~~8.11

14 38:58.el '~~I.le

1~ 3188.8& "'e.88

l' 21:58.88 63'B.88
17 318e.8& '3:5e.'8

LIHE LEFT RICHT SOIL
1 13 1" 1
2 1 2 2
3 2 16 2
4 16 17 2

SOIL UNIT WEICHT COHESION • SATURATED
1 ,a eea 31 HO
2 ,. eee 31 vES

•
-33-
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W"TE~ VUlT Wlle"T- , •• "0

PI) IttT X-ORD V-ORD
1 8.8' '228.8'
2 1218.8' '22e.ee
3 "28. ee '304e.88
4 IS18.8e '348.88• , 16048.8e '388.8', 1128." '388."
"I 1798••• '428.e8
8 18,e.8. 6421.le
9 197•• 8e 64S8.8e

18 28048.ee 648e.8e
11 21S8.8e 6,48.el
12 2218.8' '~4e.'1
13 2225.8e 6S5e.88
14 3858.8' 'sse.ee
IS 3188.8e ",e.ee
16 215e.e8 6358.ee
17 3188.I' 6358.8e

LINE LEFT rUCHT SOIL
1 13 14 I
2 1 2 2
3 2 IS 2
4 16 17 2

SOIL UNIT WEICHT COHESIOH • SATURATED
I 91 eee 31 HO
2 91 eee 31 YES

CIRCLE X-ORD Y-ORD RADIUS FACTOR OF SAFETY
1288.e 6322.1 18e.8 165.28

• SLICE WEICHT IHClIHATIOH .COHESION WIDTH !FF WEICHT • X
1 16.5 2.9 e8e 1.9 S.I 31 1285.1
2 .4.8 4.1 8e8 1. , 13.7 31 1287.e
3 66.' 5.1 8ee 1.9 21.5 31 1288.8
4 82.8 '.2 e8e 1.9 25.4 .31 1298.7
S 92.5 7.3 8ee 1.' 28.4 31 1292. ,, 9S.9 e.4· 8e8 1.9 29.4 31 129'.5
7 93.8 9.5 e8e 1.' 28.5 31 12".4
8 83.8 18.' e8e 1.9 25.7 31 1298.3
9 68.8 11.7 . e8e 1. , 28.9 31· 1380.2

18 45.8 12.8 8e8 1.9 14.8 31 1382.1
11 16.9 13.9 81e 1.9 5.2 31 1384.e.

ITERATION IHI TIAl CALCULATED
1 1.leee '151.9435
2 151.9435 165. 1ges
3 165. 1ges 165.1982
4 1'5.1982 165.1983

FACTOR OF SAFETY- 165.Z8 AT x- 1281 y. '322 R- lee
EARTHQUAKE- 8.ee

•
-35-



WATER UHIT WEICHT- .2.41

POINT X·ORD Y-ORD
1 I .•• '22'."
2 127'.8' 622••••
3 1~2•••• 63•••••

• 1~71.18 4341."
S I""." 638••••, 1728••• 63"."
7 1791." 642••••

• 186•••• '.28."
9 1978.'8 ,......

18 - 28.'.8' '48••••
11 21S'.88 6S•••••
12 2218.88 6S4••••
13 2225.'8 6SS8.· ••
14 315'.'8 6S'••••
IS 311'.88 6S&••••
16 21~I.e8 63S8••e
17 3ue.8. 63S8.ee

LINE .LEFT RICHT
1 13 14
2 1 2
3 2 16.. 16 17

SOIL
1
2
2
2

.. . ..
•

, .

•

SOIL
1
2

UNIT WEICHT
9.
9.

COHESION
888
888

•31
31

SATURAT£D
HO

YES

. .

CIRCLE X·ORD Y-ORD. RADIUS FACTOR OF SAFETY
1388.8 6328.8 188.8 18.6'

.: '.

SLICE WEICHT IHCLIHATIOH COHESION WIDTH IFF WEICKT • X •1 .'4.3 -8.' e88 s., ISl.6 31 '1284.S
2 1342.S -S.S 888 s.,· ·411.7. 31 1299.4
3 2886.8 -2.2 .8e8 s., 61S.4 31 129'.2.. 248'.4 1.2 88e· s.', 763•• 31 1392.1
5 2798.' 4.6 88e ' S •.9 8SS ..7 . 31 13e8.e, 2988.S 7.9 e88 S.' 891,.9 : . 31 '1313.8
7 283'.8 11 •• ' e88 S.. 9 ' 878.9 . 31 . 1319.7
e 2578.6 1•• 8. eee S., 7'8~e 31 . . 1325.5 ., 2116.7 18.3 eee S.' 6 ..';f 31 1331 ••

18 1442.8 21.' 888 S.' 442~' ··31 1337.3' ,
11 541.7 25.6 888 S., 166.1 31 1343.1

ITERATION INITIAL CALCULATED
· 1 1.8e8e 17.36S8

2 1'7.36S8 18.646'
3 18.646' 18.6536

• IS.6S36 18.6536

FACTOR OF SRFETY- 18.6S AT X. 1388 y. 6328 R. 188
EARTHQUAKE- e.ee

•
3.4C-xxxv
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W~T[~ UHIT WEICHT. ~~ ••e

"'OINT X-ORD \"-ORD
1 '.8e '228.eo
2 1271.88 '220.80
3 1$28.'8 6'48.8e
4 1578.8. 6'48.8e• 5 164'.80 6,eB.8B, 1721.88 6'88.e8
7 17,.. ee 6428.8B
8 1868. eB '''28.8B
9 1978.88 '488.8e

II 2e48. Be '48e.ee
II 2158. Be " ..e.ee
12 2218.e8 "4e.ee
13 2225. ee ",e.ee
14 ,e'8.ee 6"e.ee
15 3188••e 6'68.e8
16 21'8.SS 63'S.ee
17 '188. SS '3$8.88

LIHE LEFT RICHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2

SOIL UHIT WEICHT COHESION • SATURATED
1 98 eee 31 HO
2 98 see 31 YES

CIRCLE X-OIU) Y-ORD RADIUS FACTOR OF SAFETY
1415.' 6341.1 111.1 31.62

• SLICE WEICHT ;HCLIHATIOH COHESION WIDTH EFF WEICHT • X
1 152.8 -3.2 18e 4.1 46.S 31 14e9."
2 41S.6 -1.1 eee 4.1 127.4 31 1413.3
3 621.6 1.3 lee 4.e 191.6 31 1417.3
4 778.1 3.6 lie 4.8 236.4 31 1421.• 3
5 8'2.9 5.9 see 4.1 264.6 31 142'.3
6 897.3 8.2 8ee 4.1 275.2 31 1429.3
7. 873.2 , II. S eee 4.8 267.e 3"1 1433.2
I 789.4 12.8 eee 4.1 242.1 31 1437.2
9· 644.3 lS.2 ", 8ee 4.1 197.6 31 1441.2

Ie ..36.1 17.6 eee 4.8 133.7 '31 1445.2
11· 162.3 28.' sle 4.8 ·4'. I 31 1449.2

ITERATIOH INITIAL CALCULATED
1 1.eeee 35.6891
2 35.6e91 38.6e83
3 38.6083 38.6157
4 38.6157 3e.6157

FACTOR OF SAFETY- 38.62 AT x- 1415 y- 6348 R- lee
EARTHQUAKE- I.Be

•
3.4C-xxxvi
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CIRCLE X-ORn Y-ORD RADIUS FACJOR O~ SAFETY
1286.8 6372.8 1'8.8 4'7.81 '

LINE
1
2
3
4

SOIL
1
2

LEFT RICHT SOIL
13 14 1

1 2 2
2 16 2

16 17 2

UNIT WEICHT 'COHESION • ' SATURATED -
'8 see 31 HO
,e 8ea 31 YES

. "

SLICE WEICHT 'INCLINATION COHESION, . WIDTH EFF, WE I'CHT • ·x •. 1 133.4 -.1 8ae· 4.4 4e., 31 128~.8
·2 362.' 1.6 888 4.4 111.3 31' 12,e.2
3 '42.7 3.3 . aee 4.4 166.4 31 ' 12'4.6
4 672.6 4 •.9 ' see . 4.4 2e6.3 31 12'8.'
5 7~2.2 6.6 eee 4.4 .23e.7 31 1313.3
6 781.1 8.3 ele 4.4 23'.5 '3t 1387.6
7 758.il 18.8 eee 4.4 232.7 '31 1312.a
e 684.4 11.7 eee 4.4 289.9 . 31 1316.4'
9 55?i 13.4 see 4.4 17e.8 31 1321.7

18 375.8 1~.1 ' S88 4.4 115.3 31 132~.1
'11 ' 13'.4 16.8 ee8 4.4 42.7 ,31 1329.4

ITERATION INITIAL CALCULATED
1 1.88ee 44.8878
2 44.8878 47.8e61
3 47.8861 47.8136.. 47.8136 47.8136

.FACTOR OF SAFETV- 47.81 AT x- 1286 v- 6372 R- I~e

EARTHQUAKE- 8.8a

-38
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""TEr: vulT WEIGHT- ..:.4(\

paltlT >:·ORD '(-\)~D

I '.ee '220.18
2 121•• ee 6220.8'

• 3 1'21.80 6348.88
4 1578. ee 6348.88, 16.... Ie 6388.88, 1728. Ie '380.88
7 1791.8e 6428.18
8 1861.18 6428. ee, 1918.IB 648B.8'

11 2848. ae 6488,88
11 21S8.8e 6'4e.'8
12 2218. II 6'48.8'
13 2225.18 6"8.88
14 3858.88 6"8.88
l' 3U8. II 6'68.88
16 21". ee 6358.8'
17 3188.8e 63'8.88

LIHE LEFT RICHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 :2

SOIL UNIT WEICHT COHESION • SATURATED
1 ge eee 31 HO
2 91 eee 31 YES

CIRCLE X-ORD Y-ORD RADIUS FACTOR OF SAFETY
1367.e .63S8.B Ise.e 4.68

• COHESION EFF WEICHTSLICE WEICHT INCLINATION WIDTH • X
1 "IS.2 -2e.l ee8 17.4 384e.7 31 12',.S
2 263"." -28.8 eee 17.4 a886.6 31 1313. ,
3 38985•• .-13. e .888 17.4 11931.8 31 1331.4
4 4795e.-4 -7.e 8ee 17.4 14784.e 31 1348.8
S 53726. , -.3 8e8 17.4 16476.3 31 13".3
6 '63e7.S 6.4 8ee 17.4 17267.6 31 1383.7
7 SS638.7 13.2 881 17.4 17e61.1 31 ....81.2
8 51488.2 28.2 eee ~7.4 15789.7 31 .... U.6, .3472.9 .. 27.:5 ee8 17.4 13331.7 31 ....36.1

18 3e8S7. , 3S.3 88e ·17.4 '463.1 31 1453.5
11 12294. , 44.1 e8e 17.4 3778.3 31 1478. ,

ITERATION INI TIAL CALCULATED
1 l.eeee 4.4'18
:2 4.4'18 4.5'''8
3 4.S94e 4.S'S7

!

FACTOR OF SAFETY- 4.6e AT x- 1367 y. 63S8 R- Ise
EARTHQUAKE- e.ee

•
3.4C-xxxviii
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.."TER VUlT WEICHT- '2 ....
: ; ~';" ~Ioo.

." .
POIHT X-ORt. ,"-ORD

1 •••• 4i221.'1
2 1278." ~22e•••
3 1~2'." ~3"'." •... 1~78." 63..... 88
~ U"'S." 63e8.88, 172'••8 ~3e'.'8
7 17'8.8' ' ...2••••
8 1861." ' ...2 ••••
9 1971." ' ..e •••• ~

l' 28..1 ••• ' ..e ••••
11 21~1 ••1 '~.....I
12 221 •• 8. '~"'.I'
13 222~.e• c~~I .. e.
14 . 38~I.'8 '~~' .. 88
IS 3188. '1 CSC' .. 8'
lC 21~8.88 C3SI.le
17 318•••• '3~e.88

LINE LEFT RICHT SOIL
I 13 .... 1
2 1 2 2
3 2 16 2
4 16 17 2

SOIL UNIT WEICHT. COHESION" fI SATURATED
1 'I e•• 31 NO
2 ,. e•• 31 YES

CIRCLE X-ORD Y-ORD RADIUS FACTOR OF SAFETY
133'.8 C·412.8 281.' 6.~8

SLICE WEICHT INCLINATION COHESION WIDTH EFF WEICHT • " x •1 4446.4 -1".4 e8e lS.2 1363.6 31 1281.3
2 12836.6 -,., eal .15.2 3C91.2 31 1295.S
3 1?'~7.' -s.s • all 15.2 s~a7.1 31 1318. a
4 22262.1 -1.1 81e 15.2 6827.1 31 1326. I
~ 24971.a 3.2 8a, 1~.2 76~7.7 31 1341.2, 26877.4 7.6· 888 lS.2 7"7.1 "31 13~6.5

7 2'~46.2 12.' . 888 . 15.2 7834.2 31 1371.7
8 233".8 16.6 8e8 15.2 71"8.3 31 1387.8, 19261.6 21.2 eee IS.2 5986.9 31 1482.2

II 13244.6 2~.' e8. 15.2 4861.7 31 H17.4
11 S838.3 38.' ell 15.2 1$42.6 31 1432.7

ITERATION INITIAL CALCULATED
. 1 1.1888 6.1468

2 ';1468 6.4'77
3 C.4977 6.'126

FACTOR OF SAFETY- 6.S8 AT x- 1338 y- 6412 R- 211
EARTHQUAKE- e.la

•
3.4C-xxxix
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W~Tt~ UHIT WEICHT- ':.46

"1,)1 HT ;;·ORD V-ORtl
1 8.Ie £228.80
2 1218.8e ~22e.el

• 3 1'28. II 6348.88.. 1'18.18 '348.11, 1641.88 £381.88, 1728.18 '380.81
7 . 1798.8' 6428.88
8 1868.18 '428.81
9 1978. II 6488.11

18 284e. ee 6488.ee
11 2158. II 6'48.88
12 2218. el 6'48.8e
13 222'.88 6'50.8e
14 3858.88 6'58.ee
I' 3188.18 6'6e.8e
u 2158.18 63'8.e8
17 3188.88 63'1.88

LIME L.EFT RICHT
1 13 14
2 1 2
3 2 16.. 16 17

SOIL
1
2
2
2

SOIL
1
2

UNIT WEICHT

'I'8
COHESION

8ee
aee

•31
31

SATURATED
NO

YES

•

CIRCLE X-ORD Y-ORD RADIUS FACTOR OF SAFETY
1337.' '428. e 281.8" 24.1'

3.4C-xL
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PO I ti r
I
2
3..
5,
7
e,

18
11
12
13
14
lS
16
17

X-ORD
8.88

1278.88
1528.88
1:178.88
16"8.88
1728.88
17'8.88
1868••8
1'78.8.
Z8"8.11
2158.11
2218.11
2225.18
385•• 1.
3181.18
215a.88
3188.18

Y-ORt
622••••
6228."
634••••
634••••
63•••••
63e••••
642••••
' ..2••••
64e••••
6 ..e8••'
6'''8••'
S'4••••
6558."
6SS8."
SSS8•••
6358.'8
6358.81

•

LIHE
1
2
3
4

LEFT
13

1
2

16

RIeHT
14

2
16
17

SOIL
1
2
2
2

SOIl.
1
2

UNIT WEICHT,.
"

COHESION
eee
88e

fI
31
31

SATURATED
HO

VEs

CIRCLE X-ORD
1272.'

Y-ORD RADIUS FACTOR OF SAFETY
'''72.8 2se.e 92.5S

SLICE WEICHT INCLINRTION COHESION WIDTH EFF WEICHT fI X •1 '2.6 - 3.7 el8 4.8 1'.2 31 128S.3
2 178.2 4.7 saa 4.e S2.2 31 1292.3
3 2S4.3 S.6 • sae 4.8 7S.8 31 129'.3
4 314.7 6.S 8ae ".8 '6.S 31 13a8.4
s 351. S 7.4' e81 4.a 187.8 31 1384.4, 364.3 e~4 881 4.8 111.7 31 1318 •.4
7 353.2 "9.3 ee8 4.a 18S.3 31 1312.4 :
8 317.e 18.2 eel 4.8 ,97.4 31 1316.4:' . 257.' 11.2 see 4.S 7'.1 31 1328.4

18 173.5 12.1 SBB ' 4.e 53.2 31 1324.4
11 64.1 " " 13.1 SSB 4.' 1'.7 31 1328.5

ITERATION
I
2
3
4

INITIAL
1.88e8

85.1348
92.5376
92.5454

CALCULATED
85.1348
92.5376
92.54'4
92.5454 -,

FACTOR OF SAFETY
EARTHQUAKE- 1.8B

,2.5S AT x- 1272 V~ 6472 R- . ~S8

3.4C-xLi
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~I\." \,,,, I Mtl'"'- ,,~ ••O

F'(' lilT :'--Or.D y-C,1'
1 '.O~ ':28.80
.... 1218.'0 '2:0.08..
3 15:0.8. '348.8'• .. l,fe.tlll '348.18, 1'48.'. 6388.8'
6 1728.8' '38'.8e
7 1798. a. '428.8'
8 1868.8' 6428••e
9 1'78.88 '488.e8

to 2848.81 6488••e
11 21SI.I. 6S4e.88
12 2218.88 'S41.ee
13 2225.88 'S51.Ie
14 38'8.e. 6'5e.e.
15 31le.ee 6'6e.11
16 21SI.ee 635e.le
17 3111.ee 6351.81

LINE LEFT RICHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2

SOIL UHIT WEICNT COHESIOH • SATURAT£D
1 ,e lee 31 HO
2 ge see 31 YES

CIRCLE X-ORD Y,;,ORD RADIUS FACTOR OF SAFETY
13.4.8 '-478.' 258.' 13.39

• SLICE WEICHT INCLIHATIOH COHESION WIDTH EFF WEICHT • )(

1 1387.1 -4.5 S8e 11.8 488.8 31 1284.2
2 3555.8 "2.8 S88 11.' 1898.2 31 1295.3
3 5317.3 .• 5 888 11.8 1631.6 31 1386.3
4 6594.8 3.1 888 11.8 2822.4 31 1317.3
:5 7385.4 S.6 8e8 11.8 2264.9 31 1329.4
6 7684.3 8.1 888 11.8 2356.5 31 1339.4
7 7483.5 18.7 888 11.8 2294.9 31 1359.5
8 6771.7 13.3 88e 11.8 2e76.6 31 1361. :5
9 " 5533.S 15.' 888 11.1 1697.8 31 1372.5

18 3758.8 18.6 "S81 11.e 1158.3 31 1393. ,
11 1398.6 21.3 888 11.8 428.9 31 1394.6

ITERATIOH IHITIAL. CALCULATED
1 1.8888 12.439'
2 12.4399 13.3835
3 13.3S35 13.39'3
4 13.3983 13.3"3

FACTOR OF SAFETY- . 13.39 AT x- 1384 y- 6478 R- 2se
EARTHQUA!<E- 8.ee

•
3.4C-xlli
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D"T~ FILE 'P~SLOP'

seee
sele
SG~8

se,e
se,s
:5e?8
seee

,
,." ~ t -.

,- , ... ,. ....- ... .'. . - .-. .- _. .... ! ..,:.. .... ".- •.. .. ~

. t· . _ , ..
DATA PRICE RIVER COAL - SLOPE ST~JILITV I FILE ·PRSLOP· _
DATA e,'2~4,.1 ". .',' •
DATA 17,8,6228,1278,6228,1:528,6348,1:578,6348,1648,6388,1728,63S8,1798,6429
DRTA 186',6428,1'78,6488,2848,6488,21:58,6548,2218,6:548,222:5,6SS8,38se,'5~O

DATA 3188,6:568,21S8,6358,3188,63:58 .
DATA 4,13,14,1,1,2,2,2,16,2,16,17,2
DATA 2,9',888,31,1,'8,888,31,8

. "

•
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•
A slop•• ta~il Ity pr09ra. utili:ln9 tht Il~pl,ri.d or -.odir,td

S'shOp- •• thod.
Tht pr09ra~ was writttn by John P. CrOSI, P.E., PrOCtlsin9 "ana~fr

of STS Consultants, Northbrook, Illinois. This progra. was printtd in th~

Octobtr 1~82 ilsut or -CIYIL EHCIHEERIH'.-

Thi. y~rsion w&. COpitd rrO. -CIYIL EHGIHEE~IHC- and tdit.d tor tht
Hewlttt-Packard ~S4S dtsk-top co.put~r by Horroct. Engint~r. in narch
1~S3. The ror.at ror th~ input and the output W&. changtd fro. tht
original v.rsion, howtv.r, tht progra. i\.t1r was not changtd.

HORROCKS ENCINEERS
ONE ~EST MAIH STREET
~MERICAH FORK, UTAH 83Se3
TELEPHOHE (881)7S6-7628

•

42
44
46
4$
S0
:;2
S4
S6
S8
6e
62
64

"'8
78
72
74
>;

OPTION BASE 1
OYERLAP
PRIHTER IS 16
PRINT -SLOPE STABILITY ANALVSIS-
DIM p(:;e,2),L(Se,3>,S2(S,4>,A(S8>,FCS8,7),Z(S8,4>,HSce8l,Sbi\S(8:1>[3l
IHTECER Logo(2)
Sbi\S(1)~- HO-
Sb; \S(8) ~-YES-
$'-18
J6·8
OUTPUT ,; -R-
EHTER ,;n.D,Ti •• '
Datts.YAL'Cn),-/-,VALS(D),-/83
PRINTER IS e
PRIHT --,LIN~4>,TABC88-LENCD.\ts»;Dat.S,LIHC8>;

COSU) Logo ! P~IHT HORROCKS ENCIHEERS' LOCO
PP.IHT LIHCS>,TAJ(2S>~-SLOPE STABILITY AHALYSIS-,LIHC2>,TAB(38).-ror-~LIH(2

••• IHPUT OF PROCRAM YARIABLES •••

78

7'
82
lS6
1'~
191
1-;'~

21!l~

Zel
ze~

210
211
231~

::5(,
27u

• .;:·:.tt

311)
311
~; 15
:::~':1

.;:;: 1

INPUT -EHTE~ THE DATA FILE HA"E-,Fil~S

INPUT -EHTER THE PROJECT HUMBER-,PnS
INPUT -EHTER THE USER'S IHITIALS-,Us~r'

LINK FiltS,~e9Q

READ HI
PRINT TAJ(~e-LEN(Hf.)/2>;HI

PRINT LIHCS9>,TAJ(38),-DATA FILE: -'CHR'(34)'Fi1~SLCHR'C34>.LINC1>

PRINT TAB(2'>,-PROJECT HUMBER: -'Pn'.LIN(I>
PRIHT TAJC37>,-by: -'Us.r'
PRINTER IS 16
READ sa
IF sl!I .. e THEN Z7e
READ S6
REAII $7
JeEA[1 W~

REACt £1
~:EHII ~'1

F'r;~ltHEp. 1$ 1~

PRINT -POIHT X-ORD Y-ORD-
F(I~: 1=1 TO PI

PP It IT SF'';'':: '0. I ; 3.4C-xIxiii
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3~1,)

311
388
4ee
..el
.. e2
"Ie
..21
44'
ofa8
498

'1~
Sl1
'12
'28
'31
"e
618
629

1".1';'£ J:<. ~ '. :"'0 •.,)1). 2;;1
READ P<I.I>.P<I.:~

PRIHT USIN'332;P<I,1>,P<I,2>
NEXT I
READ Ll
PRIHT LIH(I>,-LIHE FRO" 'TO SOIL BEHEATH-
InACE 3X,2(4D,3X>,2X,2D
FOR I-I TO Ll

prUNT I:
READ L(I,1),L(I,2>,LCI,3)
PRINT USIHC 4e2:L(I,I),LCI,2>,LCI,3)

NEXT I ~

READ 'Sl
PRINT LIN(1),·SOll: UNIT WEICHT COHESION -'CHRSC218>'-
I"ACE 3X,4D.DDi2X,9D;3X,3D,3X,3A
FOR I-I TO SI

PRINT I:
READ S2(1,1),S2(I,2>,52(1,3>,S2(1,4)
PRINT USINC S12;S2(I,I>,S2(1,2>,S2(I,3),Sbf\S(S2CI,4»

NEXT I

.
SATURATION-

•

••• CIRCLE DEFIHITION •••

649 F9-9
641 PRINTER 'IS 16
6'8 PRINT -CIRCLE DEFIHITION·
6'8~ INPUT -EHTER THE X-ORD, V-ORD, AND RADIUS OF THE FAIL SURFACE 'FORMAT X,Y,
R'~~X,Y,R ,"

.!+ CHECK TO SEE IF,CIRCLE EXCEEDS TOP LINE END POIHTS •••

738
7of8
7'9
769
779
7Se
7'9

i sea
81B
829
838
848
8,a
86B
87a

Ul-Pl
FOR 1-2 TO PI

IF (P(I,I)(P(I-l,I» AHD (Ul-Pl> THEH 778
CO TO 788 .
Ul-I-1

NEXT I
JI-R.R-CPC1,2>-Y>~2

J2-R.R-(P(Ul~2>~Y>A2 "
IF'J1C-a THEH 838 -
IF (Jl>a)RHD"<PCl,I»X-SQRtJl» THEN 868
IF J2<-. THEH sse .
IF (J2>8> AHD CP(Ul,1>CX+SQRCJ2» THEH 86e•COTO 888
DISP ·CIRCLE EXCEEDS TOP LIHE EHD POIHTS·~-
COTO 4388

•

*** DEFINE INTERSECTION OF CIRCLE UITH LINES •••

8ge
gee
919
929
939
'He
,sa
9.::e

',_ 97G
-;oea
996
ll)«lj

FOR I-I TO Ll
Xl-P(LCI, 1), 1>
YI-PCL(I,I>,Z>
X2=P(LCI,2),1>
Y2-P(L< 1,2>,2>
IF XZ-Xl THEN 9,a
corD ~1El

$=9.~~Ele

IF X2<)Xl THEN -,~a

COTO 181,)9
S-,V2-Yl)/(X2-XI)
IF ~SS(S)~I.GE-' THEN 11~O 3.4C-xLix

-50-
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:S.4C-L

,,-XI-Yl.·S
':&-1,'$":·1
C3.~tCl'$-2tX'$-2tY

C4eCl-2-2tXtCI.XA 2·Y-2-R A 2
CSeC3-2-4'C2tC4
IF cs< e THEH 1888'
COTO 18,e
Z<I,1)-'
IF CS(I THEN 1'38
al-(-C3·SQR<CS»'(2tC2)
a2-(-C3-SQR(CS»'(2tC2)
a3-01'S.Cl
a4.Q2'S.C 1
CQTO 1248
C~-R-2-(Y-Yl)"'2
1" CS<8 THEN 118e
COTO 1198
ZeI,1>-e
IF CS<. THEN 1638
Q3aX.SQR (CS)
Q4-X-SQR (CS)
al-Y1
Q2-Yl
Jl"
J2"
IF (ABS($)<-9.99E9) AND (Q3)-Xl) AND (Q3(-X2) THEN 1288
COTO 1298
Jl-1
IF <AIS<S)(-9.99£9) AND (Q4).Xt> AND (Q4<-)(2) THEN 1318
COTO 132&
JZ-l
IF ($<-9.99E9) AND (Q1 >-V2) AND (Ql<-VU ..TMEN 1348
COTO 1358
Jl-1
IF'($(-9.99£9) AND (Q2)-Y2) AND (Q2(-Yl)TH£N 1378
COTO 1388
.12-1
IF <$)9.99£9) AND (;I)-Yl> AND (Ql(-Y2) THEN 14.8
COTO 1418
Jl-1
IF <$)9.99E9) AND (Q2)-Yl) AND (Q~~-Y2) THEN 1438
COTO 1448 .'. .-
J2-1
Z<I,1)-Jl+J2
IF Jl-l THEN 1478
COTO 1488
ZU,2)-Q3
IF Jl-1 THEN 1589
coro 1518 .
Z<1,3)-Q1
IF (JI-9) AND (J2-1) THEN 1539
COTO IS48
%U,2)-Q4
IF <JI-9) AND (J2-1) THEN IS68
COTO 157.
ZU, 3) -C2
IF (Jl-1) AND <J2-1) THEN IS98
COTO 168e
ZO. 4 )-Q4
IF (Jl-l) AND (J2-1) THEN 1628
COTO 1638
Z<1.3)-;2

HEXT I
)(4-,
:<5-9.99£20
11-'
FI)F: I-I TO LI

1~1(l

113:~

U~C\

18·48
lG~&

10'&
le7&
leS8
18'&
1188
111&
1128
1138
1148
U5&
1168
1178
118&
11'&
1299
1218
1228
1238
1248
1258
1268
1278
1288
1298
138&
'1318
1328
1338
1348
1358
13'8
1379
1389
1398
H88
1418
1428
1438
1448
14:18
146'
1478
1488
149&
1:188
1519
152&
1538
1548
15:18
1568
1579
1~89

1598
160'11
1619
1620
1639
1648
1658
1660

•

•

•
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1 i,$O IF :d,IJ,;-1 THE .. I:"~~

1~';'Q ':OTO 171Q
170S ".; J 1)·Z \ I , 2 )
1718 IF 2<1,0)-1 THEN 1738
1728 COTO 174&
1738 11-11+1 •1749 IF 2<1,1>-2 THEN 17'8
17'8 cora 1778
17'9 AC I 1>-ZO, 4)

1779 IF 2<1,U-2 THEH 179&
178e COTO 188&
1799 U-U+l
188e HEXT I
1818 IF 11-1 THEH 1838
1828 COTO 184'
1838 PRINT -CIRCLE DOES HOT IHTERSECT SLOPE-
1848 IF 11-1 THEN 4388

... SET UP SLICE ARRAY •••.

," ~.+ DEFINE SLICE BOUND~RIES •• ~

18&9
1878
18S8
1898
1988
1919
1928
1939
1949
1958
196&
1978
198e
1998
2ell
28Ht
2821
2838
2848
2959
2869
2878
2888
2998
2188
2119
2128
2138
2149
2158
2168
2178
21$0
2198
2200
22te
2220

FOR I-I TO 11-1
IF ACI»X4 THEH 1890
COTO 1988
X4-A(I)
IF ACI)(XS THEH 1928
COTO 1938
X:S-A( I)

HEXT I
FOR 'I-I TO PI

IF (P(I,I)(X4) AHD (PC1~1»XS) THEN 1978
COTO 1988
AeI 1>-PO, I)
IF"(PCI,I)(X4) AND CPC1,1»XS) THEN 2888

"" COTO 2918
U-Il+l

HEXT I
11-11 .. 1
FOR I-I TO 11

FOR J-l TO 11-1
IF RCJ+l»A(J) THEN 2898
Jl-ACJ+I)
A(J+l>-ACJ)
R(J)-Jl

HEXT J
HEXT 1
Ul-8
fOR t-l TO 11-1

IF ACI)(A(I+l) THEN 21S8
caTo 2169
U1-Ul+1
IF ACI)CACI+l) THEH 2188
COTa 2198
ACUl>-A.<I)

HEXT I
Ul-Ul+1
tH U1) sA C11 >
Il=lJl

•

•2240 QI-A<Il)-A<l)
22~C' 02=01 ..... S?
2~'::(1 '-'1'"11



~~':-\' ~ \.~ I-I H· III - I
~:"$\I O~.A(J·I) ..A,J~
'At ~~'" Q.-IHT (03,Q2).\......
~300 CI-Q3"04
231$ C2-AC J )

• 23Z~ FOP. J-I TO O<c
233$ IF J(Q4 THEN 2350
2340 COTO 236'
2358 11-11·1
2368 IF J(04 THEN 2388
2378 ,OTO 2398
2388 A(II)-C2·Cl
23'39 IF J(O" THEN 2"19
2488 COTO 2..28
2.. 18 C2-C2+CI
2..29 NEXT J
2..38 NEXT I
2.... 8 FOR I-I TO II
2"'9 FOR J e l TO 11-1
2..69 IF A(J.l »A(J) THEN 2'99
2479 JI-A(J+l)
248' ACJ+I)-A(J)
24" A(J)-Jl
259' HEXT J
2'19 NEXT I

fff DEFINE SOIL PARA"ETERS FOR EACH SLICE ff.

3.4C-Lii

•

•

2538
2S48
2"9

'2'6'
2'79
2'88
2"9
2699
2619
2628
2639
26"9
26'8
2668
2679
2688
26'9
2799
271'
2729
2730
2749
27,e
2769
2779
2789
27!t9
2899
2819
2&20
2839
28.. e
23,e
2S6G
2e71)
2e~G

Fl-U-I
FOR I-I .TO F.l

F(I,4)-A(I+I)-ACI)
X'-F( 1,4)
F(I,7)-CA(I+l)+ACI»/2
)(3-F<1,7)
Vl-V-SQR(R~2-(A(I)-X)~2)

Y2-Y-SQR(R~2-(A(I+I)-X)~2)

AS-ATHCAJSCY2-Vl)/F(I,4»
IF Y2(VI THEN 2649
COTO 2"8
A'--AS
,FCI,2)-A' .
IF AS-8 THEN 2688
COTO 2699
F(I,2)-1.8£-'
Y3-Y-SQR(R~2-(X3-X)~2)

1"-8
FOR J-l TO LI

LS-L(J,1>
L6-L(J,Z)
IF (P(LS,2)(-Y3) AHD (P(L6,2)(-Y3) THEN 284'
IF (PCL',I)(X3) AHD (P(L6,I)CX3) THEN 2849
IF (P(L'"I»X3) AND (P(L6,1»X3) THEN 2849
Y'.P(LS,2)+(P(L',Z)-P(L6,Z»/CP(L',I)-P(L6,1»f(X3-P(LS,I»
IF V6e-Y3 THEN 2849
14-1 .. +1
Z<14, t>-Y6
ZCI",Z)·LCJ,3)
'I·e
E-9

NEXT J
IF 14-1 THEN 2'79
FOR J-l TO lot

FOR Jl-l TO 14-1
IF Z<Jl,I».Z<Jl+l,l) THEN 29~~

L~·Z<J1, I)

-53-
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3.4C-Uii
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L.-:\)I.;·
:<Jl.I>·:<JI.l.l~

Z<JI,2>-Z<JI+I,2>
Z<JI+I,I>-L'
Z<JI+l,2>-l'

NEXT Jl
NEXT J
I4-H+l
Z< 14,1 >-V3
FOR Jl-l TO 14-1

IF (I-I> AHD (Jl-1> AND (X3)-S6> THEH ~82'

COTO 3838
I6-S8-Vl
IF (I-Fl> AHD (Jl-1> AND ~X3)-S'> AHD (X3(-S7>"THEH 39'8
COTO 386e
J6-S8-V2
W-W+(Z<Jl,I>-Z(Jl+1,1».X'+S2(Z(Jl,2>,I>
IF (Z(Jl,I>(S9) AND (X3)-S6> AHD (X3(-S7) THEH 3898
COTO 3189
w-w+(se-Z(Jl,I»+X6+W'
IF S2(Z(Jl,2>,4»." THEH 3128
COTO 313e
£4-S2(Z(Jl,2>,I>
IF S2(Z(Jl,2>,4)(." THEN 31"
coro 31'9
E4-S2(Z(Jl,2),I)-We
E-E+(Z(Jl,I)-Z(Jl+l,I».X6+[4

NEXT Jl
F(I,I)-W
F(I,S)-£
F(I,3).S2(Z(14-1,2>,2)
F(I,6)-2+PI.(S2(Z(14-1,2),3)/369>

HEXT I
NORMAL
IF F'-' THEH 336'
PRINT USINC 32:se;CHRS(21e)
IMACE -SLICE WEICHT INCLINATIOH COHESIOH WIDTH

x·
0-369/C2·PI>
FOR I-I TO Fl

PRINT USIHC 3328:I,F(I,I),F(I,2).0,FCI,3),F(I,4>,F(I,'>,F(I,6).0,F(1,7)
IMACE 3D,19D.D,1D.D,12D,'D.D,11D.D,7D,7D.D

NEXT I - •
PRINT
D-9.
PRINTER IS e
FOR I-I TO Fl

D-D+FCl,l).SIN(ABS(F(I,2»).(F(I,2)/ABS(F(I,2»)
D-D+El+FCI,1>.COSCABS<FCI,2») .

NEXT I
IF 16>9 THEN 3439
COTO 3448
17-W9+I'.16.CR-I6/3)/(2*R)
IF 16>9 THEH 34'9
COTO 3478
D-D-SCNC»,.I7
IF (16)9> AND (F'-I) THEN 34'9
CO TO 3'18
PRIHT USIHC 3599:17
IMACE -DRIVINC FORCE COUHTER BALAHCE OF·,t9D.2D
IF Jo>9 THEN 3530
COTO 3548
I7·~a*J6.J6*CR-J6/3)/C2.R)

IF J~>0 THEN 3569
cora 3579
D= D+SGtH D>* I"
IF (J';:>~) itHD <FSO-O THEtl Z';:9(t

-

;..:-....)
:"?I\)
~~:\)

2'38
2'''0
2"8
2'08
2'78
2'88
2"9
3989
3en
3928
3838
3""8
39"
3968
3978
3889
3990
3199
3118
3129
3139
3149
31:59
3109
3179
3199
3199
3299
3219
3229
3221
3239
3249
32:9

32a8
3299
330S
3329
3349
33:50
3369
3361
3379
3399
3399
3499.
3419
3428
3439
3449
3459
3469
3479
34813
3490
3~eo

3510
3520
3~39

3:;49
3SS&Z4
35t;l!t
;;;~~,)
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4It ••. ITERATIVE SOLUTION FOR FACTOR OF SAFETY •••

•

3'2"J
36311
3640
3,~e

3"9
3678
3688
36'9
3788
3710
3720
3730
3748
3758
3768
3778
3788
37'9
3888
3819
3828
3838
3848
3858
3868
3879
3888
38'8
3'8e
3'91
3982
3993
3994
3985
3'19
3929
3'39
39"9
3'58
3'~1.

3'68
3961
3978
3999
3'91
"939
4849
4941
4eS9
496"
49;09
4&-:'"1
40$0
4e~e

41 ',e
411 e
41ze
413';
~ I ~(,

Fe-I
R.. -e
l6-e
FOR t-l TO F 1

Rl-F<I,3).F<I,~)+F(I,S)tTAH(F(I,6»

R2-1/COS(ABS<F(I,2»)
R3-1+TAH(F(I,6»tTAH(F(I,2»/Fe
R4·R••Rlt(R2/R3)

HEXT 1
F2-R4/D
16-16·1
IF F9-1 THEH 3758
CO TO 3829
IF 1'-1 THEN 3778
COTO 3888
PRIHT
PRINT USIHC 3798
I"ACE -ITERATIOH·,11X,-IHITIAL·,lex,-CALCU~ATED

PRIHT USIHC 3818:I6,F8,F2
I"ACE 3X,3D,13X,3D.4D,12X,3D.4D
IF 1'>18 THEH 384'
GOTO 3858
PRINT -WILL HOT CLOSE
IF 1'>18 THEH 3978
IF AJSCAISCF8)-AISCF2»(.e9S THEH 3998
F9-AISCF2)
R4-'
COTO 365e

!
IF HOT F9 THEH

PRINTER IS 16
ELSE

PRINTER IS e
EHD IF
PRINT
PRIHT USINC 3938jF2,X,Y,R
I"RCE -FACT~R OF SAFETY- -,SD.2D,- AT x- ·,.D,- y. ·,4D, • R. -;4D
PRIHT USINC 39SejEl
I"RCE -EARTHQUAKE. -,2D.2D
IFF' THEN 4389
PRIHT
A'---
IHPUT -DO YOU WISH A FOR"AL PRINTOUT C!/H)-,A'
IF UPCSCASCl,IJ).-H- THEN 4328
PRIHTER IS e
I"ACE '-WATER UNIT WEICHT--,3D.2D
PRINT USIHC 4e3~;we

IF S8 THEH
PRINT
InAGE ·SUBMERCEHCE AT -3D.2D,- FRO" -,3D.1D,· TO ·,3D.II
PRINT USIHC 496G;Se,S6,S?

EHI! IF •
PRItIl
PRINT - POINT X-ORD V-ORD-
IMACE 4D,7D.2D,7D.2D
FOR I-I TO PI

PRIHT USINC 410G;I,P<I,I),P(I,2)
tf£>o:T I 3.4C-Liv
H~rNT
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IMAGE 3D,I~O,17D,'O,7X,3A

FOR I-I TO $1
PRINT USIHC 4229;I,S2CI,I>,S2CI,2),S2CI,3),Sbit'lS2CI,4»

NEXT I
PRIHT
PRIHT ·CIRCLE X-ORD V-ORD' 'P.ADIUS FACTOR OF SAFETY·
IMACE 12D~D,7D~D,7D~O,8D.2D

PRIHT USINC 4289;X,V,R,F2
PRIHT
PRINT
AI···

•

•

COHES,Oll

"
:. ".

UNIT WEICHT

• • • a

,4108; I,Lt I~ O;l(I,~J,L(1,3'

1/''''':'( 4'" [I'

... 'j 10' 1. 1 TI) L I
PP I NT US-. HC

NEXT I
PRlUT
F'F' JtH "SO I L

IHPUT ·00 YOU WISH A DIACHOSTIC RUH C!/H)·,A' ,
IF UPCSCASC1,1]).·N- THEN 4378
F9-1
IF UPcsCASC1,1])(>·H· THEN 729
AI.·-
INPUT ·00 VO~ WAHT TO CONTINUE CY/H)·,AS
IF UPcsCA,Cl,11)(>·H- THEH 639
DISP • FIHISHED -,
STOP

L090:PLOTTER IS 13,·CRAPHICS·
CRAPHICS
SCALE e,ss"e,4~4

LORe 2
FOR I.e TO 5-

LogoC 1>·-217~

L090(2)·-43~2

R-4~4-I

CLOAD LogoC.),e,R
HEXT I
FOR 1.' TO 14

LogoCl)·-211'
Logo(2)·-4352
R-4:4-I
CLOAD Logo(.>,e,R

HEXT I
FOR I-IS TO 21

LogoCl)·-217~

Logo(2)·-43S2 •
R-4:!4-I
CLOAD LogoC.>,e,R

NEXT I
CSIZE 15/4.54,'/15
MO .... E 27,4~9

LABEL ·HORROCKS
MOVE 27,437
CSIZE 15/4.'4,8/1'
LABEL ·EHCIHEE~S~

DUMP CRAPHICS 439,454
CCLEAR
EX IT C~.,PH I CS
RETURH

.I I ~: I.'.. : ~\..

041$1)

04 t"G
04:\).,)

.. ::19
EI)"
04:2~

04230
4~49

42'9..~'e
427e
4289
4299
4~ee

.. 319

.. 311

.. 320
4349
4369
4379
4371
4389
44e9
44'31
4419
4~2a

4:39
4549
..sse
4S6e
4~7e

45S8
4S99
'6ae
'619
'6~O

4639
4648
46sa
4669
467a
46a8
4699
4798
.. 719
4720
473a
4743'
47~e

470a
4ne
4730
47~O

4see
.. ale
4S2l)
4:3~(1

.3.4C-Lv'
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erc:tScd by the .·ci,ht of water above o~

below the exit 01 the f~ilurc sur(i1ee
from the slope.. The seconc! condition or
c:arthqu:akc: kDdin~ an be h:anul<:lJ by
inercasina the clrivinE force alcul:ued
Cor each slice br Ewcose. where E is
the c:arthqutoke Io:adine factor. ~imib~
I)' tne r~i:iotin¥ ro.lr.:: jj ~e..:rr:~~..."\l by ;,;
d,,-crc:asc in tlac DOtmal fon;c.due to the
earthquake ka:.diftl.

Followina the c::aJculation or tbe safe.
ty (Actor (ot tbis ~rc. Lbe center or
radius of the arc: is modified to lenera I e
a new Cailure ArCa=. The previously
rncntioned proccda:rc is apin followcd
with a new taC\Or or ACety heine deter·.. " . ' ..

,
1\

Oelo~or '902
3.4C-Lvi
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: (C It. X + 1'1 13n ot» ~eo; tt
I + tan'" t;an f:t

FF-

.....

Where C is the c:obesion... is the fri.;,
lion anale and the summ:ttion occurs
over each slice of the Caihlre zone. I\s
the (actor ot safety. F. occurs Oft both
aides oC the cqlUtion. An interactive
solution whue F is initially csti~led

and then back substituted until the =1.
cul:ltcd F and cstilft~tcd F close within
a specified tolerance.

The cqu~tiM an be modified I" han·
dIe t....o :additi.•n:al conlli\ions by lIo.!L1in¥
additional factors \0 the term defilli:t,
the drivinl Coree. Thae two conditiohi
arc standinl poc1s. i.e... submerlenc:c of
a portion ot the slope. and earthquake
Ioidina, For submer,encc. the 'W'Ci,ht
ot water actina above the slice is added
to t~ weilht or the slice itself. The
total driYina force .is increased or de·

7':" ;;~-;h:,.;l~~ 2:.~~!.:\.:.: :.. ~.:.:.;- .. ".,.,.~ ::7:··~~/~··~~·:"7:··-·~'" .. ..,~:.,:.~
• • • ..' ... ... • -.. :. it ...~! ".• ~ J' '" .... )".: '." . . . ". . . ..;. .•

.', ..... • f. •.••. •..d.·····, .'~' .' .'<, ! ':.' •.: eon..· •· . $_I""~' .:
'.' • "', ;,.1' '.' .:.. • 1.". • • •• ' . '. .~. I ,,;' lIP • "\. ••

' .• Polnt ... x·:' ··Y·.=·~·UlM: Left Right $011'" ;501 '.•": alon :.PH· r,1lltd:"';
: .... :. l' ::~::: O~.. !OO··~ ",:-.- , t.:- '2 3··.. :..· , ,. "'27 2000' '20 :No': ... ;
··':.·.. 2 ':-31:0 "(1)'.'- 2· :· •.. 2· 3 3 '~ '30 '000 33 No····

. 3 ·CO·'SO·· 3 3 " 2 '3 "30 'ClO:!'33 Yes: .

" 0ClCl 2ClO " " $ , .
5 100 2:.0 5 G I ,

e '000 251) I " 7 2
7 '000 2ClO 7 3 I 3
I '000 tSO

~,.~: ••.' .~-: I. li,4.••.•~'~'....'<'_ .4 '#1 pI? ' ...... t!"'.. ... '" >4 4 # •• •

': :';, •. :' :(>:.~:;;.:(.:/~~:. ::,~':<;F:·i.~::,;" :~···.::.·",·~ ..:;-f:I'~i';i :.::::.':\~..:'. :...: ::.:~ ..::.~:
....... . .. ;~ ~ ,' : ..

",.,. Z. • ~"''''lofI ~/:'WiIIp;I tII'-"" 'f'OJI'«I.~N etrn..uel.c... '", Il'l.....- .

;', ~;J~t'l:: r .;\ • I \,\~,.. : ... . .. '

Slope stabiHty program

JOHN P. CROSS, f·.E...... ASCE
Caul Ptoc.-,,,,og~. .
Pto,IclE~

STS CcnIIA~"111 .
~ooi!.~

OJ<j(}·O~~,ljIl''''OO IO·OO/Il~,(11 00

~.

FOil ",,~"'L or Z!lan·m~de slopes. the
indu of stability ~lh respect to a s"d·
den failure is known as the pfety f..ctor
01 the slope. The ufety factor mAy be
defined u the' ratio of the potential
resislinE forc:cs to the drive forces tend·
ina to cause ttIQ~ent. A slope on lhc
"erae of f.ill.r;' woUld h.YC:l slIfety be·
tor or 1.0. The an:tl~i$ or slop.: lIt.l1.iility
is. therefore. the aNalyticl procedure
of deterlllinini the most critiQl. i.e..
tbe lowest. Caetor DC safety ot aiycn or
propo$ed slope: ~ ~

ManlUl methods ot slope stability
analysis were 'd~c1or»l prior to the
advent 01 \be;. ~cctronic computer.
These approacba 'resulted in hilh aul·
,sis CGSuand consuvalivc slope co,lI'e·
• rations.ltc~tiYc·calculations lended
thcmsdns tot'c:ompuu.rizcd methods'
·.·nd numerous ~ramS exist that have .
been. writltD cor lar,c computu sys
~cms to pcrfonii ~ioPe Jtability anal)'Sis
aceO~in, to ~:Dumber ot thcoretic:a:l
methods. . ~'., •

The .simpJifiCd . or modified Bishop
method is rc:uimably tU:C:\lr~te for most
purPoses wbcre ~e slope under :analysis
can be :assumed to.tail alonl a circular
Cailu~ svC:a~Tbc.ractor of saCety is
defined ~u· tbe: ratio of tbe resistin,
momentS ·to diiVittl moments around
the Center..or the CaillAre arc. Initially. a
CfQSS,sCl:tion· or ,~e .Iope iJ drawn
det:aiJins soil ·.tra~ and piezometric
sunaces. A =tcr point is then ehO$Cft
CrOm whiCh an'arc is u ken throuSb tbe
c:foss.S«-.ioft. This "arc represents the
Cailure surface: under evaluation. This
failure zone is brokl::! down into a series
of slices which en be indiyidually cv~l·

uated tot lbci! ;,!ci;ht and strenlth
chaf2cteristic:s.:· An illustration of a
slope croU-section beinS defined by a
series of sliCb is shown in Figure I.

The forccs actinI on C2cb slice ate
iIIusttlucd i,:, Fieure I. where I1Kis tne
width of tho: slice.., W is the wci&ht of
the slice. T is the force lIcting :llong the
fnilure surfllce at the butloln of the
slice, F: is thC' elfcctiye furcr: :I~tinlt nnr·
mally to the base of the slicc lind fl is
the inclinatinn of the r:lilure surfllce n:
slice ba~. The ractur o( s:lfet)· i~

defincd :lJ:

. . . :.. ; ...~......; ~......

•

•

•
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mined. This entire sClquc...,ce is re~led
until the railure Syrraec ror the mini·
""uln ractor 0( sarcty is delumined.

The program ineludcd in this atticle
rolluws the: 5.'\mc ;cneral prucedure as
prc\'iollsl)' defin«l. The: l't0i=r;utl C:ln !3e
bro;';..:n dl,l ...·n inlO nine sc{:nll:nls. Lin..:..':
IOO·6::!O ;He inpul ruulina rur the cnlry
o{ dat:l defining the er('l~s·seclion. lin.:"
630·710 d.:fine lhe: circle that ",ill &el1'

72

crate the failure su.rrace. lina 72o-S60
perform a verifiQtion thai tbe (ailure
arc {ails (ully wilhin the cross-section
:tnd lines 8S~ I8:0 delinethe intersec
tion roints becwcen tbe line ~e&ft1enlS

:Int! Ih.: (;tilure 3re. The slie: :lrr:t)· is
S<:I up betwcen litle lSSa :lnd 2220.
with :o;lice bounc!;tric:s defined in lines
22~O· 251 O. Lines 2520·)600 incl~uc
tl'1c definition o{ the soil l':Ir;llncccrs {rtr

3. -lC·Lvii
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c:lc~ slice and the llctual ilt:rative solu
tion (or· ·the (actor of safety oc,urs
bc:twcen fines 3610 :lnd 3950. Tile
rcm:tin,ler of the prO&r;un is the rorm:ll
(lUI ~ul or lhe rc.<;uhs.

The rro;r:lm includ=:s :I di:l3"Cli : i.:
prinl,oul ..·!terc ;:lIthc sli.::.: p.1r;lnlclc:rs
c::n be c!isplayed (or ;lny &i"en (nil:.:r:
$.1Ir!;1CC. As currently confis:urcd l~e.
rr"l>ram C;ln h:ln(~1c;: me-I;; .. illclu~ins
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-U1
---------~------------------------------------------~-~~-

•

STORM :
Dist.=sCS Type 'b ' - 6 Hr
Depth = 1.40 inches
Duration = 6.00 hrs

WATERSHED :
Area = 7.05 acres

CN = 78.00
Time conc.= 0.106 hrs

------~--~-~-~~-~----------------------~--~-~----~-------

OUTPUT SUMMARY
~--------------------------------------------------~~~-~

------~-----------------------------------------~----- ---

Runoff depth
Initial abstr
Peak flow =

at time

, 0.19110
0.56410

0.95
2.530 hrs

inches
inches

cfs ( 0.13341 iph )

•
I ,

INPUT FOR: CGWS-U2

STORM :
Dist.=SCS Type 'b ' - 6 Hr
Depth - 1.40 inches
Duration = 6.00 hrs

OUTPUT SUMMARY

WATERSHED :
Area = 2.38 acres

CN = 78.00
Time conc.= 0.066 hrs

~~---------~~~-------------------------------------------

Runoff depth
Initial .abstr
Peak fl.ow =

at time

0.19110
0.56410

0.36
2.517 hrs

inches
inches

cfs ( 0.14856 iph )

•



1

• EARTHFAX ENGINEERING, INC •
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-U3A

STORM :
Dist.=ScS Type 'b' - 6 Hr
Depth = 1.40 inches
Duration = 6.00 hrs

WATERSHED :
Area = 1027.10 acres

CN = 75.00
.Time conc.= 0.710 hrs

---------------------------------------------------------

--------------~---~~~~~------~~~------------------------

.-~-------------------------------------------------------

OUTPUT SUMMARY

...
Runoff depth
Initial abstr
Peak flow =

at time

0.13224
0.66667
42.46

3.692 hrs

inches
inches

cfs ( 0.04100 iph )

INPUT FOR: CGWS-U3B

STORM :
Dist.=sCS Type 'b' - 6 Hr
Depth = 1.40: inches

.. Duration = 6.00;: hrs

WATERSHED :
Area = 172.90 acres

-eN:: 75.00.
Time conc.= 0.386 ~hrs

OUTPUT SUMMARY
-------------------------------------------------~-~-- --

----~-------------------------------------------~~-~-- ---

iph )0.04267

inches
inches

. efs (
hrs

0.13224 '
0.66667 ..
7.44

3.603

Runoff depth "
Initial abstr
Peak flow =

at time

•



EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY •
INPUT FOR: CGWS-U4
~--------------------~-----------~~~------------------ ---

STORM :
Oist.=SCS Type 'b ' - 6 Hr
Depth = 1.40 inches
Duration = 6.00 hrs

WATERSHED :
Area = 6.78 acres

CN = 78.00
Time conc.= 0.085 brs

-----------------------------------------------~---------

OUTPUT SUMMARY
-------~~----------------~---------~~----------~~~~~~~~~

-----~~------------------------------~---------------~~~~

Runoff depth
Initial abstr
Peak flow =

at time

0.19110
0.56410
0.96

2.527 hrs

, inches
inches

cfs ( 0.14100 iph )

•

•

.':; .

WATERSHED :
Area = .03 acres

CN = .00', - -"'l.

.. Ti conc.=- O. 098 i~l hrs

: 0.29260
0.43902
1;78

2.522 --hrs

e 'b ' ,;. 6 Hr
inches

'hrs

~~-~~-------~------~-----~~--------~~-------~~~~~
STO

Dist.=SCS
Depth = 1.4
Duration =- 6.0

OUTPUT SUMMARY



• EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-U6
------------------------------------------------------ --~

STORM :
Dist.=sCS Type 'b ' - 6 Hr
Depth - 1.40 inches
Duration = 6.00 hrs

WATERSHED :
Area = 52.11 acres

CN = 78.00
Time cone.= 0.181 brs

~--------------------------------------------------------

OUTPUT SUMMARY
-------------------~~-------------------------------~-~-

•
Runoff depth-
Initial abstr
Peak flow :=.

at time--"~

INPUT FOR: CGWS-U7

0.19110
0.56410
5.83

2.582 hra

inches
inches

cfs ( 0.11093 iph )

STORM :
Dist.=sCS Type 'b ' - 6 Hr
Depth = 1.40 inches
Duration = 6.00 hrs

WATERSHED :
Area = 5.96 acres

CN = 82.00
Time conc.= 0.108 hrs

---~-~~--~--------------------------------------~-----~--

OUTPUT SUMMARY

--------------~--~------------------------------------~--

•
Runoff depth
Initial abstr
Peak flow =

at time

0.29260
0.43902
1.48

2.534 hrs

inches
inches

cfs ( 0.24603 iph )



EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON ses CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-08
---------------------------------------------------------

/0

•

STORM :
Dist.=scs Type 'b' - 6 Hr
Depth = 1.40 inches
Duration - 6.00 hrs

OUTPUT SUMMARY

WATERSHED :
Area = 20.59 acres

eN = 78.00
Time conc.= 0.137 hrs

------------~--------------------------------------------

--------------------~-----------------------------~-----
Runoff depth
Initial abstr
Peak flow =

at time.

0.19110· inches
0.56410 inches

2.57 cfs (
2.557. .. hrs ..

0.12398
,

iph ) •

.,

.. '...

•



• EARTHFAX ENGINEERING, INC .
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-D1(A&B)

II

STORM :
oist.=scS Type 'b ' - 6 Hr
Depth = 1.40 inches
Duration = 6.00 hrs

WATERSHED :
Area = 12.60 acres

CN = 90 .. 00
Time conc .. = 0.162 hrs

-------------~----------------------------------------~~-

--------------------------------------------------------
OUTPUT SUMMARY

-------_... ------- ._._._" ...~

Runoff depth
Initial abstr
Peak flow =

at time

"0.60604
0.22222

6 .. 83
2.527 hrs

, inches
-inches
cfs ( 0.53720 iph )

•

• 'j ....

- , .



EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY •

•iph )

-----------------~~~

WATERSHED
Area 3.38 acres

CN 85.00
T' conc.= 0.046 brs

0.38991
0.35294
1.29

2.509 hrs

e 'b ' - 6 Hr
inches

hrs

Runoff dept
Initial str
Peak ow =

t tiPle

STO
Dist.=SCS
Depth = 1.4
Duration = 6.

OUTPUT SUMMARY

INPUT FOR: CGWS-D2G
~~~----------------------~-------~-----~-~~~~-------~~~~~

STORM :
Dist.=scS Type 'b ' - 6 Hr
Depth = 1.40 inches
Duration = 6.00 hrs

WATERSHED :
Area =~ 2.26 acres

eN == 82.00
Time conc.= 0.081 hrs

-------------------------------------------------~-------

OUTPUT SUMMARY
-------~---------------------------------------------- --

-------------------------------------------------~-----~-

Runoff depth
Initial abstr
Peak flow =

at time

0.29260
0.43902

0.59
2.516 hrs

inches
inches

cfs ( 0.25838 iph )

•



• EARTHFAX ENGINEERING, INC •
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-03(A&B)
---------------------------------------------------------

13

STORM :
nist.=scS Type 'b ' - 6 Hr
Depth = 1.40 inches
Duration = 6.00 hrs

OUTPUT SUMMARY

WATERSHED :
Area = 14.48 acres

CN = 90.00
Time conc.= 0.142 hrs

--------------------------------------------------------- >.,

---~-----------------------------------------------------.& •• , •• "•
Runoff depth
Initial abstr
Peak flow =

at time

0.60604
0.22222
7.98

2.518 hrs

inches
inches

efs ( 0.54665 iph )

INPUT FOR: CGWS-D4(A&B)

STORM :
Dist.=SCS Type 'b ' - 6 Hr
Depth = 1.40 inches
Duration = 6.00 hrs

OUTPUT SUMMARY

WATERSHED :
Area = 14.73 acres

CN = 90.00
Time cone.= 0.217 hrs

--------~-----------~-----------------------------------

---------------------------------------------------------

•

Runoff depth
Initial abstr
Peak flow =

at time

0.60604
0.22222
7.59

2.546 hrs

inches
inches

efs ( 0.51109 iph )



EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-~S

---------------------------------------------------------

;4

•

STORM :
Dist.=SCS Type 'b'- 6 Hr
Depth = 1.40 inches
Duration = '6.00 hrs

WATERSHED :
Area = 1.56 acres

eN = 85.00
Time conc.= 0.038 hrs

-
~--~---------------~------------------------------~~~~---

OUTPUT SUMMARY
------------------------------------------~------------~

, ,- '... " ~ ~ ... .
-------~~------------------------------------------------

Runoff depth
Initial abstr
Peak flow =

at time

0.38991
'0.35294

0.60
2.503 hrs

. inches
inches

cfs. ( 0.38201

•

;, ..
.: t ••

•



• EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CASTLE GATE SCHOOL HOUSE REFUSE AREA (GENERIC DITCH)
---------------------------------------------------------

STORM :
Dist.-scS Type 'b' - 6 Hr
Depth = 2.10 inches
Duration = 6.00 hrs

OUTPUT SUMMARY

WATERSHED :
Area ~ 1.67 acres

CN = 90.00
Time cone.= 0.027 hrs

----------------------------------------------------------

-------------------------------------------------~------

•

•

Runoff depth
Initial abstr
Peak flow -

at time

1.17972
0.22222
1.90

2.502 brs

inches
inches

cfs ( 1.12712 iph )



• Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

January 1995

•
APPENDIX 3.4E
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Table 3.4 Pennissible Velocities for Vegetated Channels.·

Pennissible Velocity, fps
Erosion Resistant Soils Easily Eroded Soils

(% Slope) (% Slope)

Cover 0-5 5·10 Over 10 0·5 5-10 Over 10

Bennuda grass 8 7 6 6 5 4

Buffalo grass
Kentucky bluegrass
Smooth brome
Blue grama
Tall fescue

7 6 . 5 5 4 3
..'..

NR

3

NR

4

2.5

NR

NR

4

NRt

s

3.5

Grass mixture

Lespedeu sericea
Weeping lovegrass
Kudzu
Alfalfa
Crabgrass

NR___....,... - ~ • '>", ·,i-':• Annuals for
temporary protection 3.5 NR NR 2.5 NR NR

• After Ree (1949).
t Not recommended•

...~. ,.,.,~~..... . ...

"", ' ..."r .. r', ~ ,. "".'. ,

-,
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2.00 ft
1.00:1 (H:V)
1.00:1 (H:V) ~
0.035 . SlOI-·
0.0200 ft/ft ...- r-Al (\ .
0.95 cfs

•
1

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 •••••
Left Side Slope••
Right Side Slope.
Manning's n ••••••
Channel Slope••••
Discharge ••••••••

•

Computed Results:

Depth.••••.......
Velocity•••••••••
Flow Area ••••••••
Flow Top Width•••
Wetted Perimeter.
critical Depth•••
critical Slope•••
Froude Number ••••

0.22 ft 
1.95 fp~

0.49 sf
2.44 ft
2.62 ft
0.19 ft
0.0350 ft/ft
0.77 ,(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-l max. slope

•
Solve For Depth

Given Input Data:

Bottom width•••••
Left Side Slope••
Right Side Slope.
Manning's n ••••••
Channel Slope••••
Discharge••••••••

computed Results:
i

Depth••••••••••••
Velocity•••••••••
Flow Area••••••••
Flow Top width •••
Wetted Perimeter.
Critica1 Depth•••
Critical Slope ••• ',-
Froude NUmber.'.' ••

2.00 ft
1. 00: 1 (H:V)
1. 00: 1 (H:V)
0.035 __ Ma..)( C;(o~'"
0.1000 ft/ft
0.95 cfs

."...: .. ~..

~: ;:~~s _ ,. Ho..~ Ye~O~' ~ ".
0.29 sf
2.27 ft
2 • 38ft :I -~.

0.19'ft
'0.0350 'ft/ft
1. 62 (flow is Supercritical)" •

Open Channel Flow Module, Version 3.2 (c) 1990' ",'.;;;,::,
Haestad Methods, Inc. * 37 BrooksideRd * Waterbury, et'06708

•
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Tr~pe%oidal Channel Analysis & Design
. Open Channel - Uniform flow .

1.00 ft
1.50:1 (H:V)
1.50: 1 (H:V)
0.035 , 9ol.1R,
0.0700 ft/ft - KIVl r -
0.36 cfs

Worksheet Name: Prep Plant Area

Comment: CGD~2 min. slope

Solve For Depth

Given Input Data:

Bottom Width•••••
Left Side Slope ••
Right Side Slope.
Manning·s n••••••
Channel Slope ••••
Discharge ••••••••

Computed Results:

to

•

Depth ••••••••••••
Velocity •••••••••
Flow'Area ••••• ~ ••
Flow Top Width •••
Wetted Perimeter.
Critical Depth•••
Critical Slope •••
Frou~e Number ••••

,j.

0.12 ft
2.45 fps
0.15 sf
1.37 ft
1.45 ft
0.15 ft
0.0387 ft/ft
1.32 (flow is

,II'

Supereritical)

'·f ..

.~J-.-

•

Open Channel Flow Module, Version 3.2 (e) 1990
Haestad Methods, Inc. * 37 Brookside Rd * waterbury, Ct 06708

•



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

1.00 ft
1.50:1 (H:V)
1.50:1 (H:V)
0.035
0.1000 ft/ft - H.o.:ic '£lor-e
0.36 cfs

• Worksheet Name: Prep Plant Area

Comment: CGD-2 max. slope

Solve For Depth

Given Input Data:

Bottom Width •••••
Left Side Slope ••
Right Side Slope.
Manning's n ••••••
Channel Slope ••••
Discharge ••••••••

Computed Results:

1\

Depth ••••••••••••
Velocity •••••••••
Flow Area ••••••••
Flow Top Width •••
Wetted Perimeter.
Critical Depth •••
Critical Slope •••
Froude Number ••••

0.11 ft ~ \ 12.76 fps _ M~)( e OU

0.13 sf
1.34 ft
1.40 ft
0.15 ft
0.0387 ft/ft
1.55 (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

10.00 ft
0.75:1 (H:V)
0.75:1 (H:V)
0.040
0.0600 ft/ft _ HI''' t;/oP-€-

49.90 cfs

• Worksheet Name: Prep Plant Area

Comment: CGD-3 min. slope

Solve For Depth

Given Input Data:

Bottom Width •••••
Left Side Slope ••
Right Side Slope.
Manning's n ••••••
Channel Slope ••••
Discharge ••••••••

Computed Results:

••

Depth••••••••••••
Velocity •••••••••
Flow Area ••••••••
Flow Top Width •••
Wetted Perimeter.
Critical Depth •••
Critical Slope •••
Froude Number ••••

o•71 ft- ~x .Dl61V deptv\
6.70 fps
7.44 sf

11.06ft
11.77 ft

0.90 ft
0.0273 ft/ft
1.44 (flow is Supercritical)

•

Open Channel Flow Module, Version 3.2 (c) 1990"
Haestad Methods, Inc•• 37 BrooksideRd. Waterbury, Ct 06708



Trapezoidal Channel Analysis & Design
open Channel - Uniform flow

10.00 ft
0.75:1 (H:V)
0.75:1 (H:V)
0.040
0.1000 ft/ft _ Htx~ C;lo~

49.90 cfs

Worksheet Name: Prep Plant Area

Comment: CGD-3 max. slope

Solve For Depth

Given Input Data:

Bottom Width •••••
Left S1de Slope ••
Right Side Slope.
Manning's n ••••••
Channel Slope ••••
Discharge ••••••••

Computed Results:

•

Depth•••••••••..•
Velocity•••••••••
Flow Area ••••••••
Flow Top Width •••
Wetted Perimeter.
Critical Depth•••
Critical Slope •••
Froude Number ••••

0.61 ft
7.88 fps - H.o...¥: Vet.Oe.t'+.. TA. ~
6.33 sf • cr

10.91 ft:
11.51 ft

0.90 ft
0.0273 ft/ft
1.82 (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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•
\0

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•••••
Left Side Slope••
Right Side Slope.
Manning's n ••••••
Channel Slope••••
Discharge••••••••

1.00 ft
1.00:1 (H:V)
1.00:1 (H:V)
0.035
0.0200,ft/ft
0.96 cfs

•

Computed Results:

Depth••••••••••••
Velocity.' ••••••••
Flow Area ••••••••
Flow Top Width •••
Wetted Perimeter.
critical Depth•••
critical Slope •••
Froude Number •••.

0.33 ft _ ~ d~
2.22 fps
0.43 sf
1.65 ft
1.92 ft
0.28 ft
0.0351 ft/ft..;"- ",
0.76~flow is SUb~ritic~l) ,

•
Open Channel Flow Module, Version 3.2 (c) 1990 .. ".
Hae_stad Methods, :;tnc., * 37 Brookside Rd. waterbury,Ct'06708



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow •

1.00 ft
1.00:1 (H:V)
1. 00: 1 (H:V)
0.035 'IJL
0.0650 ft/ft _ ~. <;1°1-.-
0.96 cfs

computed Results:

•
,"', ~""'"

: . "' • ~ .~' ,.,~_ .. ~ ~.l

, . ,.:~

~:~~ ~~s - ~X· \JdDu:.\tt- ;:'~
o•29 Sf-i..'.

1.46 ft
1.66ft
0.28 ft
0.0351 ft/ft

. : 1.34 (flow is supercritical) ,,',

Depth. '••••••••• ". ~ -
Velocity•••••••••
Flow Area••••••••
Flow Top Width •••
Wetted Perimeter.
Critical Depth... ..'
Critieal 'Slope... :
Froude NWnber.: ••• " .

Open Chann$l Flow Module, Version 3.2 (c) 1990.' -c;.:·~t2:'·. ,;-

Haestad Methods, 'Inc.; *' 37 Brookside Rd * WaterbUry, ct"'06108

•
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\
Trapezoidal Channel Analysis & Design

'\, Open Channel - Uniform flow

Worksheet Name: Prep Plant Area

comment: CGD- min. slope

Solve For Depth

Given Input Data:

Bottom Width ••
Left Side Slope.
Right Side Slope.
Manning's n ••••••
Channel Slope ••••
Discharge•••.•..•

Computed Results:

Depth••••••-••••••
Velooity •••••••••
Flow -Area•••••••
Flow Top Wid
Wetted Perim er.
Critical D th•••
critical
Froude .....-.,_....

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, rnc. * 37 Brookside Rd * waterbury, Ct 06708

•

•

•
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3. 4-E...-
Trapezoidal Channel Analysis & Design

, Open Channel - Uniform flow

Depth .
Velocity •••••••••
Flow Area•••••• ,••
Flow Top Width/. ••
Wetted per~ter.
critical epth•••
critica lope•••
Froude umber ••••

•

•

~p _ r-tO-l' vetou'~
sf
ft
ft

0.40 ft
0.0350 ft/ft
0.93 (flow is

Prep Plant Area

\

Comment: CGD-5

Worksheet N

Bottom Width•••.
Left Side Slope.•
Right Side Slope.
Manning's n ••••••
Channel Slope ••••
Discharge•••••.••

Computed Results:

Solve For Depth

Given Input Data:

.....~

!

Open Channel Flow Module, Version 3.2 (0) 1990
Haestad Meth9ds, Inc. * 37 Brookside Rd * Waterbury, ct 06708

•



•
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•••••
Left Side Slope ••
Right Side Slope.
Manning's n ••••••
Channel Slope ••••
Discharge ••••••••'

2.00 ft
1.00:1 (H:V)
1.00:1 (H:V)
0.040
0.0100 ft/ft

31.80 cfs

.. '

•

Computed Results:

Depth••••••••.•.•
Velocity•••••••••
Flow Area ..
Flow Top Width •••
Wetted Perimeter.
Critical Depth•••
critical Slope•••
Froude Number ••••

~¥,. .HoW depr'V\
2.04 ft 
3.86 fps
8.23 sf·
6.08 ft
7.77 ft
1.53 ft
0.0307 ft/ft
0.58. (flow is Subcritical)

•
Open Channel Flow Module, Version 3.2 (c)1990.; .. ...,"',·,
Haestad Methods, Inc_~.1* 37 Brookside- Rd * Waterbury,' ct '06708



2.00 ft
1.00:1 (H:V)
1.00:1 (H:V)
0.040
0.1000 ft/ft __

31.80 cfs

~rapeaoidai Channel Analysis & Design
Open Channel- Uniform flow

Worksheet NaIlle: Prep Plant Area

Comment: CGD-8 max. slope

Solve For Depth

Given Input Data:

Bottom Width •••••
Left Side Slope ••
Right Side Slope.
Mann~n9's n ••••••
Channel Slope ••••
Discharge••••••••

Computed Results:

•

,,~

.. ....~..:;::

Depth. '..•........
Velocity•••••••••
Flow Area••••••••
Flow Top Width •••
Wett$d Perimeter.
critical Depth••• ,
critical Slope•••

, Froucle Number •••• "

~: ~~ ~~~ _ HIJ.)l ~. Ve.lO~~·
3.51 sf .
4.25 ft
5.18 ft
1.53 ft
0.0307 ft/ft
1.76 (flow is supercritical) <;;' •

Open Channel Flow Module, Version 3.2- (c) 1990",;;;S
Haestad Methods, Inc. * 37 BrooksideRd * Waterbury, ct"06708

•
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Trapezoidal Channel Analysis & Design·
Open Channel - Uniform flow •

1.50 ft
1. 00: 1 (H:V)
1.00:1 (H:V)
0.030
0.0100 ft/ft 
0.60 cfs

Worksheet Name: prep Plant Area

Comment: CGD-9 min. slope

Solve For Depth

Given Input Data:

Bottom Width •••••
Left Side Slope ••
Right Side Slope.
M

• ,ann1nq s· n ••••••
Channel Slope••••
Discharge ••••••••

Computed Results: .

KiY\ , Slof"<-.

Depth'~ ••••••••• -••
velocity•••••••••
Flow Area••••••••
Flow [top Width •••
Wetted Perimeter.
critieal Depth •••
critical Slope•••
FroudeNumber••••

0.22 ft -~ +lD\JJd~
1.57 fps
0.38 sf
1.94 ft
2.13 ft
0.16 ft
0.0272 ft/ft
0.63 (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-9 m~x. slope

•

Solve For Depth

Given Input Data:

Bottom width•••••
Left Side Slope••
Right Side Slope.
Manning's n ••••••
Channel Slope••••
Discharge••••••••

Computed Results:

Depth ~v ~ .'.

Velocity•••••••••
Flow Area••••••••
Flow Top Width •••
Wetted Perimeter.
critical Depth•••
critical Slope•••
Froude Number ••••

1.50 ft
1.00:1 (H:V)
1.00:1 (H:V)
0.030 ~)l. stop<-
0.0920 ft/ft --
0.60 cfs

0.11 ft ,I.r '~_
3.26 fps - KO-'ll v~OCJ. 0-
0.18 sf
1. 73 ft
1.82 ft
0.16 ft
0.0272 ft/ft
1.76 (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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1/6

•
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•••••
Left Side Slope••
Right Side Slope.
M

• ,annl.ng s n ••••••
Channel Slope••••
Discharge••••••••

2.00 ft
1.50:1 (H:V)
1.50:1 (H:V)
0.030 S IU
0.0300 ft/ft - t--\i'v1 'Ol~'
7.31 cfs

Computed Results:

.......... \0

': \'"" '.
: ". ~ ,- ~ .' ¥ "

• ,J.

......;1 -

:,

0.56 ft - H~'~
4.62 fps
1.58 sf
3.67 ft
4.01 ft
0.63 ft

·0.0190 ft/ft " ':
1.24 (flow is' supercritlcal).i

Depth ••••••••••••
Velocity••••••••• '
Flow Area••••••••
Flow Top width•••
Wetted Perimeter.
critical Depth•••
critical Slope•••
Froude NumbE!r •.• ~ •;;' ~•

•
Open Channel Flow Module, Version 3.2 (c) 1990- ..."
Haestad Methods, Inc., * 37 Brookside Rd * Waterbury, cto~~.~O.8·



2.00 ft
1.50:1 (H:V)
1.50:1 (H:V)
0.030 J . SIop!L
0.0500 ft/ft - .H.o...)(. , ' '
7.31 cfs

trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area

Comment: CGO·l0 max. slope

Solve For Depth

Given Input Data:

Bottom Width•••••
Left, Side Slope ••
Right Side Slope.
Manninq'sn••••••
Channel Slope ••• :
Discharge••••••••

•

Computed Results:

Depth••••••.....•
Velocity•••••••••
Flow Area••••••••
Flow' Top Width •••
Wetted Perimeter.
critical Depth•••
critieal ,slope.".~ .0

Froude Number ••'~.'"

0.48 ft
5.53.fps
1.32 sf
3.45 ft·
3.75. ft·
0.63'ft!
0.0190 ft/ft
1. 58 (flow is

- :~ .~.

•• !.

. .. ', ."
Supercritical): ; •

Open Channel Flow Module~ Version 3;~- (c) 1990 ,-rr:.::, '
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~ll min. slope

Solve For Depth

Given Input Qata:

•
Bottom Width •••••
Left Side Slope••
Right Side Slope.
Manning's n ••••••
Channel Slope••••
Discharge••••••••

Computed Results:

Depth.·•••••••••••
Velocity•••••••••
Flow Area••••••••
Flow'Top Width•••
Wetted Perimeter.
Critical Depth •••
critical Slope•••
Froud. Number ••••

3.00 ft
1.00:1 (H:V)
1.00:1 (H:V)
0.035
0.1250 ft/ft
2.57 cfs

•

Open Channal Flow Module, Version 3.2 (0) 1990
Haestad Methods, Inc. * 37 BrooksideRd * Waterbury, Ct06708

•
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0.00 ft
1.50:1 (H:V)
1.50:1 (H:V)
0.035
0.0130 ft/ft -
7.98 cfs

Trapezoidal Channel Analysis & Design
Open channel - Uniform flow

Worksheet Name: Prep Plant Area

comment: CGD~l~ min. slope

Solve For Depth

Given Input Data:

Bottom width•••••
Left· Side Slope••
Right Side Slope.
M '. ,
ann~ng s n ••••••

Channel Slope••••
Discharge ••••••••

•

I

Computed Results:

Depth. '......•....
Velo¢ity•••••••••
Flow Area ••••••••
Flow TOp Width•••
Wetted Perimeter.
Crittcal Depth •••
critical Slope•••
Frauds Number ••••

1.29 ft - H~ ~~
3.20 fps -
2.50 sf
3.87 ft
4.65 ft
1.12 ft
0.0277 ft/ft
0.70 (flow is SUbcritical) •

Open Channel Flow Module, Version 3.2 (0) 1990
Haestad Methods, Inc. * 37 Brookside Rd * waterbury, Ct06708

•



0.00 ft
1.50:1 (H:V)
1.50:1 (H:V) ~\o~

\1\" ~.II ro•03 5 r \().'I"

0.0260 f-t/ft --
7.98 efs

•
Trapezoidal Channel Analysis & Design

Open Channel - Uniform flow

Worksheet Name: Prep Plant Area

Comment: CGD-1t max. slope

Solve For Depth

Given Input Data:

Bottom width•••••
Left Side Slope ••
Right Side Slope.
Manning's n ••••••
Channel Slope••••
Discharge ••••••••

•

Computed Results:

Depth .•••••• '•••••
Velocity•••••••••
Flow Area ••••••••
Flow Top Width•••
Wetted Perimeter.
Critical Depth•••
critical Slope•••
Froude Number.~ ••

,

;:i~ ~~s - H~'i "1JVO(;.,~
1.92 sf
3.40 ft
4.08 ft
1.12 ft
0.0277 ftlft
0.97' (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

0.00 ft
1.50:1 (H:V)
1.50:1 (H:V)
0.035
0.0140 ft/ft
7.59 cfs

Worksheet Name: Prep Plant Area

Comment: CGD-13 min. slope

Solve For Depth

Given Input Data:

Bottom width ..•••
Left Side Slope ••
Right Side Slope.
Manning's n ••••••
Channel Slope••••
Discharge •••••••• -- Ki r1' "S 10fR--'

,J '

•

•

computed Results:

Depth. • • • • • . . . • • • 1. 25ft -- Ma."j(. c:i.eft"'v'\
Velocity......... 3.25 fps
Flow Area........ 2.34 sf
Flow Top Width... 3.75 ft
Wetted Perimeter. 4.50 ft'
Critical Depth... 1.10 ft, '~- ,'~

critical Slope••• ;- .. "-0.0279 ft/ft .. ,.':""
Froude Number. ~-: .-'-'." 0.72 '(flow is SUbcritical) , .. I

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708



0.00 ft
1.50:1 (H:V)
1.50:1 (H:V)
o•035 'V So loOJL. .'
O. 0300ft/ft __ ~o.: t • (- .

7.59 cfs

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•••••
Left.Side Slope••
Right Side Slope.
Mann~nq's n ••••••
Channel Slope ••••
Discharge••••••••

Computed Results:

•

Deptb, ••••••••••• •'
Velocity•••••••••
Flow.Area ••••••••
Flow' Top Width •••
Wetted Perimeter.
critical Depth•••
crit.j.cal Slope•••.~

Frauds Number••• ~~ .

1. 08 ft l J.A'~ \fekJcihA J

4.32 fps - ....""" · ~ t'
1.76 sf
3.25 ft.
3.90 ft
1.10 ft
0.0279ft/ft .
1. 03 (flow is Supercritlcal) . ' •

Open Chan~el Flow Module, Version 3.2 (c) 1990 " 'T.:!.:.-::;
Haestad Methods, Inc.- * 37 Brookside Rd * Waterbury, et06708

•



•
EARTHFAX ENGINEERING, INC.

ENGINEERS I SCIENTISTS

PROJeCT !>c, ~ 151>
COMPUTED f!AV
~."I'i) w.J If
ellE8KEB '

PAGE 38 OF _

DATE _4~t,;;.:.9'V'~ _
DATE '7/;;-"

,
f..I\.i V'I. ~W =- 1,0
Hi'{\.· TIIJ ~ l..{tD /
HI Yl - d.epTh:. 1,0 I

KIYl. 55 ~ Ll5 rt ... r V

. -
.. ~ ..~K_90pe

..

HW"\ stope -lorD

. I
,(p'? ..'
. .

. ~'-"', ... .... ' .

•

•

--~-- t-'lo.-)'-0~lO'(.{;li'=':;' .-~ 2l(P3~·lfi s .
-- . -' .._..- '- .__. -_ _. __.--'cr ._-_... ..

.. ...-t\t; .. rrpY"D-p f"-e'f)J'Y.:e. .... ,

................ ' _. ._.. , ~ ..

.. ~. _.'~



1. 00 ft
1.50:1 (H:V)
1.50:1 (H:V)
0.030
0.0100 ft/ft
3.41 cfs

Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area

Comment: CGD~14 ave. slope

Solve For Depth

Given Input pata:

Bottom width •••••
Left Side Slope ••
Right Side Slope.
Manninq's n ••••••
Channel Slope ••••
Discharge ••••••••

•

Computed Results:

Depth•••••••••••. .
Veloqity•••••••••
Flow Area ••••••••
Flow Top Width•••
Wetted perimeter.
critical Depth •••
Crit!calSlope•••
Froude Number••••

0.65 ft - HO--)( d~c.iM ~
2.63 fps-- ~¥ e . f
1.30 sf
2.96 ft
3.36 ft
0.54 ft
0.0213 ft/ft
0.70 (flow is Subcritical) •

Open Chann~lFlow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 BrooksideRd * Waterbury, Ct06708

•
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4)

~rapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area

Comment: CGD~15 min. slope

Solve For Depth

Given Input Data:

•
Bottom Width •••••
Left Side Slope••
Right Side Slope.
Mann±nq's n .
Channel Slope••••
Discharge••••••••

Computed Results:

Depth. '•.•.•.......
Velocity•••••••••
Flow Area ••••••••
Flow Top Width•••
Wetted Perimeter.
critical Depth •••
critical Slope•••
Frouda 'Number••••

1. 00 ft
1. 50: 1 (H:V)
1. 50: 1 (H:V)
0.030
0.0100 ft/ft _..-<.iV'\ Slop-
3.42 cfs

0.66 ft - t·,tO}~ deptv'\
2.63 fps·
1.30 sf
2.97 ft
3.36 ft
0.54 ft
0.0213 ft/ft
0.70 (flow is SUbcritical)

.. .~.:

... '.';" .'

•

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, et 06708

•



1.00 ft
1.50:1 (H:V)
1. 50 : 1 (H : V) c;l aL
0.030 tA-D.-'t. °r-
0.0300 ft/ft ---
3.42 cfs

•
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 •••••
Left Side Slope ••
Right Side Slope.
Manning's n.••...
Channel Slope••••
Discharge ••••••••

computed Results:

•

Depth•.•••••••••.
Velocity•••••••••
Flow Area •••••• ;.
Flow Top width•••
Wetted Perimeter.
critical Depth•••
critical Slope•••
Froude Number ••••

0.50 ft l ~3.94 fps _ ~(j.~ \Je.- 00
0.87 sf
2.49 ft
2.79 ft
0.54 ft
0.0213 ft/ft
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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0.00 ft
1.50:1 (H:V)
1.50:1 (H:V)
0.035 ~
0.0700 ft/ft - tvLu,..v O(JR-
1.78 cfs

•
Trapezoidal Channel Analysis & Design

Open Channel - Uniform flow

Worksheet Name: Prep Plant Area

comment: CGD·16 min. slope

solve For Depth

Given Input Data:

Bottom Width •••••
Left Side Slope ••
Right Side Slope.
Manning's n ••••••
Channel Slope ••••
Discharge ••••••••

Computed Results:

•

Depth....•.......
Velocity•••••••••
Flow Area ••••••••
Flow Top Width •••
Wetted Perimeter.
Critical Depth•••
critical Slope•••
Froude Number••••

o•54ft - l-tOJl- cI.a.ptV'\
4.13 fps
0.43 sf
1.61 ft
1.93 ft
0.61ft
0.0338 ft/ft
1.41 (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
Open Channel - Uniform flow •

0.00 ft
1.50:1 (H:V)
1.50:1 (H:V)
a•035 ,,&(ofl'L
0.1000 ftlft - H-~'
1.78 efs

worksheet Name: Prep Plant Area

Comment: CGD-16 max. slope

Solve For Depth

Given Input Data:

Bottom width•••••
Left ,Side Slope••
Right Side Slope.
Manninq's n ••••••
Channel Slope ••••
Discharge ••••••••

computed Results:

•,.:,... ........

..~ I ,

0.50 ft _ H1J.¥. \JtloCJ.~~.._
4.72 fps <J
0.38 sf
1.50 ft
1.81 ft
0.61 ft
0.0338 ft/ft
1.66 (flow is supercritical)":-'

Depth••••••••••••
Veloeity•••••••••
Flow Area••••••••
Flow Top Width•••
Wetted Perimeter.
Critical Depth•••
Critical Slope•••
FroudeNumber••••

Open Channel Flow Module, Version 3.2 (c) 1990'
Haestad Methods, Inc. * 37 BrooksideRd * Waterbury, Ct 1

06708

•
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

. Worksheet Na~e~ Prep Plant Area

Comment: CGD~17 min. slope
i

•
Solve For Oeptb

Given Input Data:

Bottom Width •••••
Left Side Slope ••
Right Side Slope.
Manning's n ••••••
ChanrielSlope ••••
Discharge••••••••

Computed Results:

Depth . •'•••.•.••••
Velo~ity•••••••••
Flow·Area ••••••••
Flow Top Width•••
Wetted: Perimeter.
Critical Depth.'••
critical Slope •••
Froud. Number ••••

0.00 ft
1.50:1 (H:V)
1.50:1 (H':V)
0.030 st r'JL
O. 0670ft/ft __ ~V\. 0,-
3.80 cfs

0.68 ft _ ~ .. cle-~
5.51 fps
0.69 sf
2.03 ft
2.44 ft
0.83 ft
0.0225 ft/ft
1.67 (flow is Supercritical) •

Open Channel Flow Module, Version 3.2 (e) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, et06708

•



•
Trapezoidal Channel Analysis & Design

Open Channel - Uniform flow

Worksheet Name: Prep Plant Area

Comment: CGD-17 max. slope

e'1!

Solve For Depth

Given Input Data:

Bottom Width •••••
Left Side Slope••
Right Side Slope.
Manning's n ••••••
Channel Slope••••
Discharge ••••••••

(
Computed Results~

Depth ...••.•••.••
Velocity•••••••••
Flow Area ••••••••
Flow Top Width•••
Wetted Perimeter.
critical Depth•••
critical Slope•••
Froude Number ••••

'I,

0.00 ft
1.50:1 (H:V)
1.50:1 (H:V) ~

0.030 _ .-toJ1( . t1;10 r
0.1000 ft/ft
3.80 cfs

0.63 ft . ' ':l-v\
6.41 fps -- ~, '1Jt,lOCA;,~
0.59 sf
1.89 ft
2.27 ft
0.83 ft
0.0225 ft/ft
2.01 (flow is Supercritical)

e'
Open Channel Flow Module, Version 3.2 (e) 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 ••
Right Side Slope.
Manning's n ••••••
Channel Slope••••
Discharge••••••••

3.00:1 (H:V)
3.00:1 (H:V)
0.030
0.1100 ft/ft
1.90 cfs

•

computed Results:
Depth••••••••••••
Velocity•••••••••
Flow Area ••••••••
Flow Top Width •••
wetted Perimeter.
critical Depth•••
critical Slope•••
Froude Number ••••

0.36 ft
5.01 fps
0.38 sf
2.13 ft'
2.25 ft
0.48 ft
0.0227 ft/ft
2.10 (flow is supercriti~al)

•

Open Channel Flow Module, Version 3.2 (0) 1990
Haestad Methods, Inc. * 37 Brookside Rd'* Waterbury, ct 06708

,;;.: Jl '.



'Triangular Channel Analyesis &Design
Open Channel - Uniform flow

Worksheet Name: REFUSE AREA

comment: GENERIC ROAD SIDE DITCH

5 { )f5,(

•
Solve For Depth

Given Input Data:
Left Side Slope ••
Right .Side Slope.
Manning's n ••••••
Channel Slope ••••
Discharge••••••••

3.00: 1 (H:V)
3.00:1 (H:V)
0.030
0.0600 ft/ft ~ w,.J·
1.90 cfs

computed Results:
Depth••••••••••••
Velo~ity•••••••••
FlOw'Area••••••••
Flow Top Width•••
Wett.d Perimeter.
CritlcalDepth•••
crit~cal,Slope•••
Froud~ Nmab8r •••• II

0.40 ft
3.99 fps
0.48 sf
2.39 ft
2.52'ft'
0.48 ft
0.0227 ft/ft
1.58 (flow is

;.;: .. ,

. " "'
.. ".

supercritical)

•

. .' .' -,' .:.,7." " '," . ; f":/!;':.-': .
Open Chann.l Flow Module, Version3.-2c(c)"·,1990,. ""~" "
Haestad Methods, Inc•• 37 Brookside-Rd. WaterburY,·ct 06708

•
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EARTHFAX ENGINEERING, INC.
ENGINEERS I SCIENTISTS
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT

SASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-D2F - FACE OF REFUSE PILE ONLY

4

•

STORM :
Dist~=scS Type 'b' - 6 Hr
Depth = 2.00 inches
Duration - 6.00 hrs

WATERSHED' :
Area = 0.92 acres

CN ll:I 85.00
Time conc.= 0.042 hrs-------.....-----. ......._---------------..-....-..--....-..........._-....~~....~..--_..-...-

OUTPUT SUMMARY
-------~~~~~~~~-~~-----~----_ .._-~~~~---~~---~--~-~--~~~~

-------~-----~~-----~------~-~-----~-~---------~-~---- ---

Runoff depth
Initial abstr
Peak flow =

at time

0.79513
0.35294
0.72"-

2.503 hrs

inches
inches

cfs ( 0.77889 iph)

-\.'~
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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 •••••
Left Side Slope••
Right Side Slope.
Manning's n ••••••
Channel slope••••
Discharge ••••••••

Computed Results:

Depth •••••••..•••
Velocity•••••••••
Flow Area ••••••••
Flow Top Width•••
Wetted Perimeter.
critical Depth•••
Critical Slope •••
Froude Number .'. ~ •

25.00 ft
3.00:1 (H:V)
3.00:1 (H:V)
0.030
0.3300 ft/ft
0.72 cfs

0.02 ft
1.80 fps
0.40 sf

25.10 ft
25.10 ft

0.03 ft
0.0425 ft/ft
2.51 (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
Open Channel- Uniform flow

Worksheet Name: CASTLE GATE MINE

'Comment: FLOW FROM FACE OF REFUSE WITHIN CGWS-D2F

•
Solve For Depth

Given Input Data:

BottQm Width •••••
Left,Side Slope••
Right Side Slope.
Manning's n .
Chanlllel Slope••••
Discharge••••••••

Computed Results:

Depth••••••..•...
veloeity•••••••••
Flow,Area ••••••••
Flow Top Width•••
Wetted Perimeter.
Critical Depth•••
CritiaalSlope•••
Froude Ntlmber. '•••

35.00 ft
3.00:1 (H:V)
3 • 00 : 1 (H: V)
0.030
0.4500 ft/ft
0.72 cfs

0.01 ft'
1.73 fps
0.42 sf

35.07 ft '~

35.08 ft:
0.02 ft
0.0458 it/ft
2.80 (flow is Supercritical) •

Open Chann~l Flow Module, Version 3.2 (e)' 1990 '
Haestad Methods, Inc.'. 37 Brookside'Rd* Waterbury, Ct06708
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