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1

one tabor center * suite 2500 (303) 623-8317
1200 seventeenth street + denver, colorado 80202 twx 910-9312561

fax 303-5954930

December 29, 1993
I

b :

Dockato Y
Mr. Ramon Hall bN c-- M

U. S. Nuclear Regulatory Agency M N $co,,
Uranium Recovery Field Office 4 d, 04j
Box 25325 ,$ o
Denver, CO 80225 Q :

RE: Reno Creek ISL Project Source Material License S

Dear Mr. Hall:
,

Enclosed please find four copies of Energy Fuels Nuclear, Inc.
(EFNI) Application for Permit to Construct Wastewater Facilities
and supporting information associated with the Reno Creek ISL
Project. The Application for Permit to Construct has been
submitted to the Wyoming DEQ-WQD and descr site investigations.-

ands and irrigationand design of the barium chloride treatn r

reservoir associated with the project. ''t i application does not ;

include the Land Application permit for irrigation of in situ
effluent. The Land Application permit will be submitted separately
in January, 1994.

The design and operation of the Reno Creek ,o Project is'

described in the Application for Source Material 1 :ense for Reno
Creek submitted November 19, 1993 to NRC. Therefore, the attached
information is supplied to provide more detail to this aspect of
the operation.

Please call me if you have any questions regarding this
matter. i

Very truly yours,

William J. . mas

WJA/sju

Enclosures

cc: Wallace M. Mays |
Harold R. Roberts
Terry V. Wetz

'
|
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CIIAIYTER III FOR USE BY DEQ/WQD ONLY

APPLICATION FOR PERMIT TO CONSTRUCT,
APPLICATION NO'

INSTALL, OR MODIFY WATER SUPPLIES,
WASTEWATER FACILITIES, OR GROUNDWATER DA'IE RECEIVED

,

POLLUTION CONTROL SYSTEMS IN WYOMING
PROGRAM ASSIGNT.D

APPLICATION FORM

Application must contain three copies of the application form, plans, specifications, and pertinent design
infcrmation.

Reno Creek ISL Project Treatment Ponds
,

Owner, company, or corporation name Energy Fuels Nuclear, Inc.

X New permit *Location of facility: County: Campbell Type of application:

Township: 42N Range: 73W As built approval Revised permit *

Section: % Section: Standard specification Renewal of permit *SE

permit

* Previous DEQ/WQD construction permit no(s). if applicable
(modification, revision or renewa!)

Type of Project (Mark all that apply)

201 Constmetion Grant Wastewater
Trutment Plant (WWTP)

"

State Revolving Fund (SRF) WwTP
_

Public Water Supply CO or more service including ground or surface water source, transmission line, treatment plant, chlortnation or pumping

connections) system, storage facility, backflow prevention device, or laboratory

X Westewater Facility including small wastewater facility (single unit, domestic sewage, less than 2,000 gallons), domestic
sewage pond, disinfection, collection or pumping system, evaporative / containment pond, sedimentation
pond, mechanical treatment plant, oil / water separator (external to a structure), sludge facility or

laboratory

Morutoring wells (groundwater contami;.ation not determined)(P.E not required)

Land Application System including road application, land farming or one-time land application

Underground Storage Tank / Leaking
Underground Storage Tank (UST/ LUST)

Site assessment / site characteri:stion including monitoring wells, borings, etc. (P.E. not required)

Groundwater remediation/ treat- including pump and treat, bioremediation, air sparging, soil vapor extraction, oil / water separator,

ment systems recovery wou, etc,

Groundwater Pollution Control (GPC)
Program

Site assessmentisite characterization including monitoring weUs, borings, etc. (P.E. not required)

Groundwater and contamination including physical, hydraulic, etc.

containment systems

Groundwater remediation/ treat- including pump and treat, etc.

ment systems

Morutoring wells (groundwater contamination bs, been determined) (P.E. not required)

Deep anode beds
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1.0 INTRODUCTION

Energy Fuels Nuclear, Inc. (EFNI) plans to permit and construct an in situ leach (ISL) uranium

project at its Reno Creek site located approximately 10 miles southwest of Wright, Wyoming.

Figure 1.1 illustrates the project location. The process consists of injecting a carbonate

solution into the uranium ore body using injection wells and recovering the uranium enriched

solution using recovery wells. The enriched solution will then be pumped to the processing

plant for uranium extraction. A net surplus of extraction fluid will be pumped from the

wellfields during operations to ensure a positive groundwater gradient towards the extraction

wells. This prevents excursions of wellfield solution.

A net excess of 40 to 60 gpm of extraction flow has been estimated by EFN! for routing to

the primary and secondary treatment ponds. The treatment ponds provide retention time for

sedimentation to occur prior to release of the water to the storage reservoir. During the

irrigation seasons, the water stored in the water storage reservoir will be pumped to a land

| application area for irrigation.

A groundwater sweep of leached ore bodies will commence fo!!owing the fourth year of

mining operations. Groundwater sweep for restoration purposes will be concurrent with

leaching within other mining units as well as use of reverse osmosis for final restoration. The

net excess fluid to be treated and contained willincrease to 260 gpm in the fourth year. This

will necessitate increasing the storage capacity of the reservoir by phased embankment
|

construction. More detailed information describing the mining process, existing environment,

j and projected environmental impacts are contained in the Application for Amendment to Mine

Permit #479 submitted to the Wyoming Department of Environmental Quality - Land Quality

Division (WDEO-LOD)in November 1993. Reference to portions of this document are made

in this Application for Permit to Const - :.

WESTEC was retained by EFN! to design the primary and secMdary treatment ponds and the

water storage reservoir, and WESTEC is responsible for ooly the design work. EFNI is

responsible for all other aspects of the facility. These facilities will comply with the current

357o1 Welsh Engineenng science & Technology,Inc. 884.RPT
Decomt>er 1993 1
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State of Wyoming DEQ Water Quality Division (WOD) and State Engineer's Office (SEO)

regulations. A separate application is being prepared for submittal to the WDEO-WOD to

allow land application of treated wellfield solutions.

1.1 SITE LOCATION AND LAYOUT

The Reno Creek ISL Project is located in southern Campbell County, Wyoming about 40 air

miles south southwest of Gillette. Figure 1.1, Project Location, shows the general location

of the Reno Creek ISL Project. The permit area includes portions of Sections 21,22,27,28,

29,30,31,33 and 34 Township 43 North, Range 73 West. Access to the Reno Creek ISL

Project is via Wyoming State Highway 387 which cuts through the project. Secondary access

to the project is via local ranch roads and the existing gravel road to the pilot plant building

originally owned by Rocky Mountain Energy.

The 3,613 acre mine permit area lies in the Belle Fourche and Cheyenne River drainages with

the drainage divide occurring along the southern and eastern portions of the permit area.

Figure 1.2, Site Plan, shows the permit area boundary, the planned mining areas, the irrigation

site and the proposed satellite plant and water treatment locations. The existing pilot plant

building constructed and used by Rocky Mountain Energy will be used as a warehouse facility

during commercial operation. Figure 1.3, Process Area Layout, shows more detailin the area

of the processing plant and water treatment installations.

The plant site and irrigation reservoir are located in the SE% of Section 29. T43NR73W. Two

treatment ponds will be constructed to allow retention time and settling of the radium solids

formed when radium has reacted with barium chloride. The ponds are designed to operate

in series with gravity discharge to the irrigation reservoir.

1.2 OPERATOR INFORMATION

EFN! is a privately held Colorado corporation. EFNI will be the operator for Energy Fuels
Limited, holder of all mineral claims in the area.

35701 Welsh Engineenno Science & Technology. Inc. 884.RPT
December 1993 2



Energy Fuels Nuclear, Inc. address is as follows:

Energy Fuels Nuclear, Inc.
One Tabor Center, Suite 2500
120017th Street
Denver, Colorado 80202
Telephone: (303) 623-8317
Fax: (303) 534-7435

Individuals responsible for the permit application and construction / operation of the Reno Creek

facility are listed below:

Wallace M. Mays, President
Terry V. Wetz, ISL Project Manager
William J. Almas, Manager of Environmenta! Affairs

Wallace M. Mays will be the individual signing all documents and will be considered the

applicant.

1.3 GENERAL PROCESS DESCRIPTION

The uranium in situ leaching process proposed for Reno Creek has been successfully tested

and proven at the Rocky Mountain Energy pilot project and at other ISL mining projects in

Wyoming and Texas. This process, involving dissolution of uranium minerals from the host

rock consists of two steps. First, the uranium must be oxidized from the tetravalent state to

the hexavaient state with an oxidant such as gaseous oxygen. Second, a chemical

compound, such as carbon dioxide, is used to complex the uranium in the solution. The

uranium enriched solution is transferred from the production wells to the processing facility

for extraction of uranium from the solution by using ion exchange resin.

The leaching solution, or fixiviant, is composed of native groundwater from the wellfield,
l

fortified with the desired chemicals to achieve uranium solubilization and recovery. Barren ;

lixiviant is injected with gaseous oxygen as oxidant and carbon dioxide to convert existing

carbonate ions to bicarbonate ions. The natural bicarbonate levels, if required, will be

supplemented by the addition of sodium bicarbonate, sodium hydroxide or potassium

hydroxide.

The network of injection and recovery wells in the wellfields will be utilized to circulate and

recover the uranium-bearing lixiviant as it removes the uranium mineralization from the host

357o1 Welsh Engineenna science & Technology. Inc. 884.RPT
December 1993 3
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formation. The uranium-bearing solution will be pumped directly to the satellite plant for ;
'

uranium recovery, refortification, and return back to the wellfield, Figure 1.4, Satellite Plant

Process Flow Diagram. This cycle of circulation and uranium recovery will be continued until

the formation is depleted of economically recoverable uranium.

The pregnant fixiviant from the wellfields will be passed through vessels containing a bed of

ion exchange resin beads. This resin is selective to the uranium-bicarbonate complexed ion

and removes the uranyl ions from the solution. When the resin is loaded with uranium, it will

be removed from the vessel and processed to recover the uranium. Resin will be transferred

to a resin hauling vehicle, the resin hauling vehicle will transport resin to an off site facility

licensed for uranium recovery. After removal of the uranium, the resin will be returned to an

ion exchange vessel for continuation of the recovery process.

A one percent to three percent bleed stream of the total 2000 gpm flow will be taken from

the lixiviant stream after it passes through ion exchange. This bleed stream is taken to ensure

that more water is recovered than injected in the operating wellfields. This will maintain a net

inflow of water into the mining area to reduce the potential for horizontal and vertical

excursions. The bleed stream will be treated to remove radium prior to disposal by surface

irrigation. This process is described further in the Waste Water Treatment System section.

1.4 WASTE WATER TREATMENT SYSTEM

During the mining phase, the major waste stream generated will be the one to three percent

bleed stream (20 to 60 gpm). A minor amount of liquids will be generated from plant wash

down and from solutions used to flush and clean wells in the wellfield. In the groundwater

restoration phase, the flow rate of waste solutions will be increased to approximately 200

gpm, thus making a maximum project total waste stream of approximately 260 gpm. These

waste streams will be treated in the waste water treatment system, as shown on Figure 1.5,

Waste Water Treatment System Process Flow Diagram. This is a closed system and the

waste stream will only come to ambient atmospheric conditions as it is discharged into the

radium removal settling ponds.

The bleed stream from the normal production stream passes through a separate ion exchange

column. This final pass through ion exchange is done to remove any residual uranium not

.

36701 Welsh Engineering science & Technology,Inc. ' 884.RPT
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removed in the primary ion exchange circuit. The bleed stream then passes to the water

treatment building Figure 1.6, Waste Water Treatment System. Restoration water from

groundwater sweep and brine from reverse osmosis treatment also flow through the circuit
,

as shown in Figure 1.5, Waste Water Treatment System Process Flow Diagram. After

passing through the ion exchange column to remove residual uranium, the solution receives

a flocculant prior to being treated with a barium chloride solution. The barium chloride

solution is prepared in the waste water treatment building and is injected into the pipeline

discharging to the first radium removal pond. Addition of barium chloride forms a radium
precipitate.

The solutions entering the radium removal ponds traverse slowly frorn the first pond to the

second. This allows the radium solids to settle in the lined treatment ponds before the clean

water is decanted from the second pond and transferred to the irrigation reservoir prior to land
application.

The radium removal ponds will be lined with 80-mil HDPE geomembrane. The geomembrane

will be underlain by a leak detection and under drain collection system consisting of a sand j

blanket and collection piping. Beneath the leak detection system will be a minimum of one |
,

foot of reworked and compacted native clay, which will provide a secondary barrier in the

unlikely event of a pond leak. Since the ponds will be kept full to properly operate the solid

settling and water decontamination steps, opportunities for damage to the geomembrane liner

are minimal. Drawings and construction specifications for the treatment ponds are included

within Attachment 1.

The irrigation reservoir has been designed in two phases. The initial phase is designed to

store solution from the bleed stream only. The second phase of the storage reservoir is

designed to handle the combined flow (approximately 260 gpm maximum) from restoration

activities and the bleed stream. The irrigation reservoir will not incorporate a geomembrane

liner since the water it contains has already been treated for uranium and radium removal.

The irrigation reservoir functions solely to store water to accommodate the seasonal land

application by irrigation. Drawings and construction specifications for the irrigation reservoir

are included within Attachment 1.

357o1 Welsh Engineering science & Technology,Inc. 884.RPT
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~ 1.5 WASTE STREAM DESCRIPTION

Solutions to be land applied will originate from three waste streams. The solution streams are

listed below:

Bleed stream from producing wellfields*

Groundwater produced as part of groundwater sweep operations to restore thee

aquifer to its original use category.

The reject solution from the reverse osmosis units used in the treatment ofe

groundwater.

The quality r f the water with respect to Total Dissolved Solids (TDS) and the concentrations

of ions in wellfield solutions varies, depending on the solution stream. Most land application

solutions can be expected to have a greater concentration of ions than found in groundwater

in the area because of the effect of oxidation and subsequent increased solubility of the ions

within the formation.

In order to estimate the water quality associated with solutions to be land applied, EFN1 used

water quality information gathered by Rocky Mountain Energy during the Pattern 2 pilot test

for in situ leaching at the Reno Creek property.

On the basis of this water quality data, and the assumptions discussed herein, the worst case

Sodium Adsorption Ratio (SAR) and electrical conductivities for the three solution streams are

listed below.

Solution Stream SAR EC (dS/m)

Process Bleed 11.9 3.5

Groundwater Sweep 9.8 2.75

Reverse Osmosis Brine 10.2 4.25

Selenium and other trace metals may increase in concentration from the average baseline|

water quality. Selenium baseline averages 0.014 mg/ liter across the mining area. Selenium

357o1 Welsh Engineenng science & Technology,Inc. 884.RPT
December 1993 6
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' concentrations have been assumed to triple to 0.06 mg/ liter. More detail concerning

assumptions for process chemistry is provided in Section 15.10 of the WDEO-LOD Application

for Amendment to Mine Permit. 1

357o1 Welsh Engineenng Science & Technology, Inc. 884.RPT
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2.0 PROJECT SCHEDULE

A discussion of the projected mine plan and schedule is presented in detail in Section 15 of

the Application for Amendment to Mine Permit to the Land Quality Division of the WDEO.

I The schedule itself is presented in Table 15.3 of this document. The project life is ten years
1

in total. As described in the design report prepared by WESTEC (Attachment 1), the reservoir

design is two phased. The first three years assumes no restoration stream to the reservoir,

only process bleed. Since the bleed stream is only projected at approximately 40 gpm, only

96.68 acre-feet of storage is needed during the first four years of the project. Thereafter, the

dam will be raised to accommodate a design inflow of 260 gpm for the remaining six years

of the project. The 260 gpm stream includes groundwater sweep, reverse osmosis brine and

process bleed solutions.

Water will be withdrawn from the reservoir at a rate of 400 to 500 gallons per minute (gpm)

during the 7 month irrigation season. Since input to the reservoir will be less than the

irrigation rate every month during the life of the project, the reservoir will be drawn down to

the 5125 mst elevation level each year. Surface area of the reservoir at this elevation will be

0.4 acres.

.

367o1 Welsh Engineering science & Technology,Inc. 884.RPT
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3.0 ENVIRONMENTAL IMPACTS

Impacts to the environment are expected to be limited to impacts on the groundwater and

soils. These impacts are described below. No radiological impacts of significance are

anticipated since the water stored in the irrigation reservoir will be treated for radium and I

uranium prior to storage. The radium treatment ponds are double lined with a leak detection

system. Radium solids will be retained within the lined ponds. Radionuclide concentrations

will be less than effluent discharge limitations established in 10 CFR 20 as presented in Table

16.4 of the WDEO LOD Application for Amendment to Mine Permit.

Groundwater - Hydro-Engineering of Casper, Wyoming performed an analysis of the projected

impacts to the groundwater in the vicinity of the irrigation reservoir. Hydro-Engineering's
analysis is reproduced below.

,

Three drill holes exist on the northern edge of the irrigation reservoir. These drill holes are RN-

3874, RN-3876, and RN-3878. The lithology of these drill holes indicate that the Upper

Aquifer consists of a mudstone and some silty sandstone. The Upper Aquifer exists between

105'-110' below land surface at these three drill holes. The majority of the lithology between

the land surface and the Upper Aquifer is mudstone with a few feet of interbedded sands.

On the average, 80' of mudstone exists between the irrigation reservoir and the Upper

Aquifer, therefore seepage rates to the Upper Aquifer will be low, and movement of water will

take a very long time. The reservoir will be operated at varying levels during each of the nine

irrigation years due to the use of water from the reservoir for irrigation. Table 15.2 (WDEO-

LOD Application for Amendment to Mine Permit) presents the water balance for the irrigation

system and shows that the storage of water in the reservoir will vary greatly with time. A

minimum of five feet of water is planned to be retained in the bottom of the irrigation

reservoir. Therefore, a small area of approximately two acres will be covered with water most

of the time. The maximum stage of the reservoir is planned for an elevation of 5154 ft-msl.

This equates to 17.5 acres.

~

Seepage from the irrigation reservoir will probably saturate the upper portions of sediments

beneath the reservoir. A rough estimate of the seepage rates was made by assuming

s

357o1 Welsh Engineering Science & Technology. Inc. 884.RPT
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saturated flow and using Darcy's equation. A vertical permeability of 1 x 10'' cm/sec is

thought to be representative of the type of material in the bottom of the irrigation reservoir.

Permeability is based on knowledge of this type of material in the area. An average area of !

ten acres and a conservative gradient of 1 ft/ft was used for this calculation. These

parameters indicate that an average seepage rate of 6.4 gpm will discharge from the irrigation

reservoir to the groundwater. Movement through the mudstone down through the Upper

Aquifer is estimated to take 38 years. This is based on a vertical permeability of 1E cm/sec4

for the mudstone material, a unit gradient of 1 ft/ft, and an effective porosity of 0.05.

This analysis indicates little impact to the Upper Aquifer below the irrigation reservoir. Any

contribution of salts or trace metals to groundwater would be over a period of time at least

equal to the life of the reservoir (ten years). Contribution would be to a marginal groundwater

resource from a quantity and quality standpoint. Refer to Section 10 of the WDEO LOD

Application for Amendment to Mine Permit for a complete description of the hydrogeologic

environment. No exceedence of Class 3 groundwater standards is expected.

Soils - As described in Section 15.12 of the WDEO-LOD Application for Amendment to Mine

Permit, A and B horizon material will be stripped from the irrigation reservoir prior to

construction. Additionally, the material used to construct the dam itself will be subsoil

materials from the reservoir basin. These materials will be held in reserve and used as the

reclamation cover after the project is completed. The remaining near surface subsoil material

will be saturated with saline irrigation solutions over the course of the 10 year life of project.

Irrigation waters are expected to be saline and slightly sodic, as described in Section 15.10

of the WDEO-LOD Application for Amendment to Mine Permit. Near surface material will

come into equilibrium with irrigation solutions. This will result in soil salinity increasing

slightly in subsoil material. This will be a temporary effect to material not proposed as

reclamation top dressing.

l

357o1 Welsh Engineenng science & Technology, Inc. 884.RPT
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4.0 ENVIRONMENTAL MONITORING

In order to assess the extent of environmentalimpacts associated with the irrigation reservoir, ;

EFN! has already proposed, as a regional baseline well, RI-30U for groundwater monitoring on j

a semi annual basis. This wellis completed in the Upper Aquifer and is located approximately

1000 feet from the proposed dam site. The well is hydrologically down gradient from the |

reservoir. The well will be raampled for the parameters listed in Table 10.5-6 found in Section

10 of the WDEO-LOD Application for Amendment to Mine Permit. The purpose of the I

monitoring wellis to detect and quantify any change's in groundwater quality attributable to

mining or water disposal operations.

|

|

Additionally, at the conclusion of mining, earthen material within four feet of the surface will

be tested for the list of parameters contained in Table 1-3 of WDEO-LOD Guideline 1, Topsoil

and Overburden to determine the suitability of material for reclamation. Soil samples will be

taken on a 500 foot grid across the area affected by the reservoir. If excess salts or toxic

substances such as selenium are found in concentrations in excess of baseline and established

limits, a remediation plan will be developed and implemented. Remediation could be in the

form of additional soilleaching with freshwater and/or the addition of amendments to the soil.

The leak detection system for the radium treatment ponds will be monitored weekly as

described in Section 16.1.3 for the WDEO-LOD Application for Amendment to Mine Permit.

35701 Welsh Engineering science & Technology, Inc. 884.RPT
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5.0 RECLAMATION .

i

Section 17 of the WDEO-LOD Application for Amendment to Mine Perrnit describes -
i

reclamation for areas affected by mining operations. At the conclusion of mining, the dam '

;

structure will be removed, available subsoil from the dam and topsoil stockpile will be spread

over the area as a growth media, and the entire area reseeded with native grasses.
,

Reclamation procedures will be modified to incorporate a rernediation plan for the affected ;

area, if one should be necessary based on soil analytical information.
!
,

|
|

I

,

|

l
,

'

,

I

I
I

|

I

,
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TABLE A.1
PRECIPITATION DATA - CASPER, WYOMING

YEAR JAN FEB MAR APR MAY JUN JULY AUG SEPT OCT NOV DEC ANNUAL

1980 0.81 0.63 1.19 0.35 2.82 0.10 0 85 0.65 0.10 0.64 0.74 0.37 9.25

1981 0.46 0.23 0.77 1.56 3.51 0.37 1.27 0.50 0 23 0.76 0.75 0.43 10.84

1982 0.41 0.33 0.60 1.25 2.10 4.15 1.92 0.88 3.40 1.18 0.55 3.71 20.48

1983 0.42 0.35 2.29 2.28 1.40 3.76 2.61 0.78 0.20 0.88 2.72 0.78 18.41

1984 1.19 0.48 1.59 2.23 1.33 1.34 2.26 0.25 0.50 0.71 0.70 0.78 13.36

1985 0.79 0.61 0.52 1.25 1.37 1.32 1.57 0.09 1.09 0.46 1.56 1.05 11.68

1986 0.36 0.89 0.55 1.89 1.33 4.06 0 88 0.27 1.31 2.63 1.48 0.27 15.92

1987 1.42 1.42 1.43 0.35 1.40 0.70 1.93 1.80 0.59 0.55 0.77 0.63 12.99

1988 0.28 0.79 0.71 0.71 1.24 0.28 0.55 0.16 0.74 0.12 0.48 0.50 6.56

1989 0.16 1.37 0.49 0.72 2.77 1.95 0.28 1.00 3.22 1.17 0.34 0.31 13.78

1990 0.27 0.70 1.13 1.35 1.09 0.66 2.15 1.89 0.52 0.90 1.27 0.61 12.54

AVG 0.60 0.71 1.02 1.27 1.85 1.70 1.48 0.75 1.08 0.91 1.03 0.86 13.26

- - _._ _. _ _ __ - - _ - _-____-_____-____ _ __ _ - ._ _ _ _ - _ _ -. . . - - - - - . . - . . - . . - . - .



TABLE A.2
PRECIPITATION DATA - GILLETTE, WYOMING

YEAR JAN FEB MAR APR MAY JUN JULY AUG SEPT OCT NOV DEC ANNUAL

1981 0.28 0.57 1.27 0.48 4.54 1.38 2.82 2.32 0.27 0.93 0.25 0.67 15.78

1982 0.75 0.27 1.82 1.73 4.82 3.65 3.34 4.39 4.38 2.15 0.54 1.78 29.62

1983 0.27 0.25 1.35 1.30 2.30 1.27 0.38 1.92 0.40 2.35 1.35 1.01 14.15

1984 0.65 0.30 1.40 3.75 1.75 3.30 0.25 0.36 0.45 0.30 1.25 0.31 13.07

1985 0.33 0.02 0.54 0.76 3.24 2.62 2.15 0.90 1.91 0.10 1.12 0.38 14.07

1986 0.31 0.52 0.92 2.01 1.93 2.10 0.70 0.33 4.41 2.79 1.11 0.22 17.35

1987 0.14 0.99 0.87 0.24 3.76 2.94 2.91 2.10 1.16 0.74 0.43 0.52 16.50

1988 0.23 0.56 0.66 0.33 1.37 1.79 2.70 1.30 1.32 0.88 0.90 0.95 12.56

1989 0.07 0.34 0.95 1.25 4.07 2.29 1.16 0.80 2.04 1.01 0.38 0.41 15.31

1590 0.28 0.26 0.68 2.55 1.17 0.82 2.28 2.35 0.80 0.75 0.37 0.05 12.72

1991 0.08 0.74 0.71 2.24 4.06 2.03 1.80 0.64 0.85 0.87 0.81 0.61 14.88

AVG 0.31 0.44 1.02 1.51 3.00 2.20 1.86 1.58 1.64 1.17 .77 .63 16.00

_ _ - _ _ _ _ _ _ - - _ - _ _ _ _ _ - - _ _ - -
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TABLE A.3
PRECIPITATION DATA - KAYCEE, WYOMING

YEAR JAN FEB MAR APR MAY JUN JULY AUG SEPT OCT NOV DEC ANNUAL

1981 0.30 0.33 1.25 0.52 4.91 1.13 1.12 0.84 0.37 0.81 0.46 0.55 12.69

1982 0.49 0.12 1.27 1.11 2.54 4.34 2 80 0.60 3.74 1.51 0 24 1.04 19.80

1983 0.12 0.11 0.90 0.95 2.23 1.87 0.57 1.58 0.20 1.73 1.29 0.89 12.44

1984 0.86 0.26 0.70 1.40 0.88 2.77 0.96 0.36 0.51 0.51 0.72 0.17 10.10

1985 0.45 0.42 0.67 1.11 3.40 1.30 0.41 0.12 1.66 0.30 1.04 0.28 11.22

1986 0.27 0.85 0.41 2.22 2.12 1.10 1.30 0.57 1.14 -- -- 0.10 --

1987 0.70 0.70 0.59 2.88 2.88 1.90 2.14 0.99 1.57 0.41 1.18 0 07 16.01

1988 0.18 0.21 0.54 0.90 1.15 0.49 0.56 0.25 0.83 0.23 0.41 0.34 6.09

1989 0.15 0.38 0.81 1.88 2.87 1.48 - 0.45 2.03 1.36 0.25 0.26 -

1990 0.21 0.23 0.55 0.84 1.02 1.42 1.39 0.56 0.61 1.21 0.43 0.36 8.83

1991 0.20 0.25 0.91 2.66 3.58 2.52 1.05 0.29 1.42 0 61 0.29 0.14 13.92

AVG 0.36 0.35 0.78 1.51 2.51 1.85 1.23 0.60 1.28 0.87 0.63 0.38 12.34

-
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|
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TABLE A.4
PRECIPITATION DATA - MIDWEST, WYOMING

YEAR JAN FEB MAR APR MAY JUN JULY AUG SEPT OCT NOV DEC ANNUAL

1981 0.36 0.48 1.34 0.73 4.58 0.24 2.27 0.38 0.56 0.95 0.65 0.38 12.92

1982 0.39 0.29 1.64 1.39 - - 2.18 1.07 3.64 1.82 - - -

1983 - - - - - - - - -- 1.51 1.63 0.85 -

1984 0.65 0.40 0.68 2.10 1.18 0.67 1.40 0.22 0.21 - 0.15 0.21 --

1985 0.29 0.48 - - 1.08 1.94 1.33 -- 1.13 0.78 - - -

1986 0.02 0.13 1.23 1.41 1.44 2.82 0.04 0 00 0.15 2.68 0.79 0.73 -

1987 - 1.50 2.27 0.14 3.01 3.46 2.57 - - - -- 0.95 -

1988 0.30 0.50 0.09 0.04 0.90 0.74 0.11 0.37 1.94 1.44 0.69 0.41 12.17

1989 0.22 0.16 0.30 1.25 2.58 1.59 0.92 0.60 2.36 1.21 0.03 0.07 11.29

1990 0.36 0.08 0.41 1.16 1.32 0.73 0.71 0.35 0.33 0.02 0.92 0.22 6.61

!1991 0.08 0.61 1.09 3.69 2.67 1.02 1.11 0.27 0.48 0.21 0.60 0.25 14.34

. AVG 0.30 0.46 1.01 1.32 2.08 1.08 1.26 0.41 1.20 1.18 0.68 0.45 11.47

_ _ _ _ - - _ ._ _ _ _ - . - - - .- .-, ... . . .-
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TABLE A.5
MAXIMUM SNOWFALL AMOUNTS (INCHES) - CASPER. WYOMING;

(FOR MONTHLY AND 24 HOUR PERIOD)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
4

MONTHLY 22.1 22.7 27.7 33.6 15.7 T T T 11.5 16.1 37.1 62.8 62.8

YEAR 1980 1987 1983 1984 1980 1990 1990 1990 1982 1986 1983 1982 1982

HOUR (24) 7.6 9.8 9.2 9.8 8.1 T T T 6.8 13.1 14.3 31.1 31.1

YEAR 1980 1990 1987 1985 1980 1990 1990 1990 1982 1986 1983 1982 1982 !
|

TABLE A.8
AVERAGE RELATIVE HUMIDITY (%) - CASPER, WYOMING

!

(FOR 1990)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR

HOUR 05 66 66 78 81 82 68 75 74 67 62 59 62 70

HOUR 11 51 51 52 50 41 32 34 30 32 39 48 54 43

HOUR 17 51 48 46 49 41 26 28 28 27 38 53 55 41

HOUR 23 65 64 74 76 70 59 61 58 51 62 58 51 63

|

.

*
3

_ _ _ _ _ _ . _ _ _ . . _ _ - _ . _ _ . _ _ . _ _ . _ . _ _ _ _ . _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ . . --.-. -.. ______ __ __ . ~ . - - , - _ - - . . . , - , __ _ . , . .,
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TABLE A.7
TEMPERATURE DATA - CASPER, WYOMING

YEAR JAN FEB MAR APR MAY JUN JULY AUG SEPT OCT NOV DEC ANNUAL
_

1980 16.4 27.5 31.0 44.2 51.6 64.4 72.2 66.4 59.7 46.5 33 8 34.2 45.7

1981 31.4 29.9 38.0 48.3 51.4 64.3 71.8 69.2 62.0 44.4 39.0 27.3 48.1

1982 20.1 25.7 36.6 41.1 51.1 60.3 70.2 73.7 56.9 45.2 32.2 23.3 44.7

1983 31.2 31.5 36.3 38.0 48.4 50.4 71.2 74.8 60.2 49.7 31.2 10.9 45.3

|- 1984 21.9 27.5 34.4 39.1 54.5 61.5 70.4 71.2 52.5 40.1 34.8 22.9 44.2

| 1985 16.1 19.7 33.3 45.5 55.3 61.3 71.6 66.7 53.4 45.3 20.3 21.3 42.5

1986 31.6 28.5 42.8 44.4 50.9 67.4 69.0 69.3 55.5 45.9 32.0 26.2 47.0

1987 23.1 28.4 32.4 49.7 57.5 64.8 70.7 66.2 58.7 46.7 35.5 23.8 46.5

1988 20.3 27.4 32.0 46.0 54.2 72.6 73.5 69.8 58.0 49 8 34.0 26.3 47.0

1989 26.1 11.9 35.6 44.9 54.0 61.2 73.4 69.0 48.2 46.3 37.3 24.1 45.2

1990 29.1 27.9 35.4 44.3 50.5 64.6 69.8 68.5 63.2 46.3 36.9 15.8 46.0

AVG 24.3 26.0 35.3 44.1 52.7 63.0 71.2 69.5 58.0 46.0 33.4 23.3 45.7
t

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ - , -~ , _. - .- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-
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TABLE A.8
TEMPERATURE DATA - GILLETTE, WYOMING

YEAR 'JAN FEB- MAR. APR MAY JUN JULY AUG SEPT OCT NOV DEC ANNUAL
,

1981 31.4 29.9 38.0 48.3 51.4 64.3 71.8 69.2 62.0 44.4 39 0 27.3 48 1

1982 15.4 24.6 32.0 39.5 49.2 57.7 68.1 70.2 55.3 44.5 30.7 23.3 42.5

1983 30.6 34.6 36.5 39.7 49.0 62.0 72.8 76.3 59.8 49.7 32.9 7.3 45.9

1984 24.6 31.2 34.2 39.9 50.9 61.3 71.8 73.2 55.2 42.7 36.2 20.7 45.2

1985 18.8 21.6 34.4 48.7 57.4 60.9 72.5 67.3 54.3 46.1 17.1 20.6 43.3

1986 30.0 24.8 42.8 43.1 52.7 67.8 70.9 70.6 54.0 47.6 29.0 25.5 46 6

1987 25.5 30.8 31.8 49.5 58.2 64.3 69.3 63.8 57.9 45.4 37.1 25.2 46 6

1988 20.0 24.4- 32.6 45.1 56.5 73.0 74.0 69.9 57.8 48.3 32.1 26.8 46.7

1989 25.2 11.2 30.8 42.9 52.2 60.7 73.2 69 6 56.8 45 8 34.7 18.9 43.5

1990 26.4 25.8 33.8 42.2 50.5 63.5 69.4 70.0 64.7 44.7 37.3 14.2 45.2
'

1991 17.0 34.7 35.8 41.5 52.4 63.5 70.4 72.3 58.9 42.8 28.3 27.8 45.5

AVG 22.4 26.7 34.8 43.7 52.8 63.5 71.3 70.2 57.9 45.6 3.22 21.6 45.4

. . _ _ _ _ _ _ _ _ _ _ - . . _ _ _ . . _ _ _ _ _ _ _



TABLE A.9
i

TEMPERATURE DATA - KAYCEE, WYOMING
:

YEAR JAN FEB MAR APR MAY JUN JULY AUG SEPT OCT NOV CEC ANNUAL

1981 32.3 29.7 38.6 49.0 52.9 63.6 73.3 69.5 61.8 46.0 39.7 27.0 58.6

1982 17.8 27.8 36.1 41.6 51.0 59.5 69.5 72.9 56.0 45.6 32.9 26.1 44.7

1983 32.2 33.7 37.7 39.9 49.5 62.2 71.3 74.1 59.9 50.2 33.1 8.5 46 0

1984 24.6 31.0 35.8 40.7 55.0 63.0 72.6 72.1 54.8 42.6 36.0 22.9 45.9

1985 16.4 22.9 34.8 47.7 57.1 63.0 71.6 67.5 53.4 45.9 16.7 20.9 43.2

1986 32.9 27.8 43.8 45.8 52.2 68.3 - 69.5 55.8 -- - 26.4 --

1987 PS.1 30.7 34.7 48.7 57.6 65.7 69 9 66 0 58.9 47.3 38.1 25 6 47.4

1988 21.2 27.6 34.4 45.6 56.2 72.8 74.5 70.3 57.6 49.3 33.4 26.5 47.5

1989 24.8 11.1 45.5 46.7 54.6 62.7 - 69.3 58.2 45.8 37.1 22.4 --

1990 31.1 27.4 36.0 42.5 51.1 65.0 71.7 70.5 63.4 45.3 37.2 14.1 46.3i

1991 16.8 36.4 36.3 41.4 52.3 65.6 70.6 70.7 57.7 43.0 28.2 28.4 45.6

AVG 25.0 27.8 36.7 44.5 53.5 64.7 71.7 70.2 57.9 46.1 33.2 22.6 46.1

_ _ - _ . _ _ _ - - - - - _ _ _ _ _ _ - - _ - . - - _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -. _ .._ - _ . _ _ - _ _ _ _ _ _ --



TABLE A.10
TEMPERATURE DATA - MIDWEST, WYOMING

YEAR JAN FEB MAR APR MAY JUN JULY AUG SEPT OCT NOV DEC ANNUAL

1981 33.3 31.1 39.7 20.9 54.0 66.1 73 6 70.2 63.8 47.0 40.6 29 0 49.9

1982 20.8 28.6 37.7 43.9 - -- 72.3 75.8 58.1 47.8 - - -

1983 - - - -- - - -- - -- 51.7 33.9 10.4 -
,

1984 23.2 28.6 35.8 41.1 55.7 63.9 72.6 73 0 57.3 - 37.2 24.2 -

1985 20.6 23.9 37.3 - 58.4 63.4 73 3 -- 55.9 48.5 16.7 21.4 -

1986 31.8 26.7 43.3 44.8 52.3 70.0 70.9 72.4 57.0 47.5 33.9 36.9 49 0

1987 27.7 33.8 35.7 53.2 61.6 67.3 71.5 -- - -- -- 24.7 -

1988 20.0 23.5 33.4 46.4 56.0 73.5 74.8 69.1 56.9 50.7 33.0 26.0 47.4

1989 25.8 13.2 37.0 44.6 55.1 62.0 73 6 69.3 57.3 47.3 36.3 22.8 45.4

1990 31.8 28.6 37.2 43.3 52.0 64.9 70.3 70.7 63.8 45.8 35.5 11.6 46.3

1991 18.1 34.3 37.8 41.0 52.5 64.7 70.8 71.3 60.2 44.3 30.5 27.8 46.1

AVG 25.3 27.7 37.5 42.1 55.4 66.2 72.4 71.5 58 9 47.8 33.1 23.5 47.4

. . _ _ _ _ _ - _ _ - _ _-__ .-__ . _ _ _ _ _ _ _ _ _ _ - _ - - _ - _ _ _ _ _ - - _ - - - - - - - - - ____ _ - _ _ __
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LCG CF TEST F!T NC. WrP-1
i
i

LCCAT CN Collection Ponds - West Side (300 ft W. of BH 3877) !

SUFFACE CCNCITICNS Grass and Sage Brush (all sites) ELEVATCN:

3 >

!g
a e ;

E 3 CEICRIPTICN @ REMARKS-5 5
rt i se E 2 :C < CC > >

,'=E a so 02
-

Topsoil, Clayey, Organics, Dry to Moist,~.

Dark to Light maown- ~-

,~-

1 - '' '

l'
'

Clay (weathered claystone), Sandy, Easily_

/ Excavates to Sand and Clay Sizes, Stiff i

t Very Stiff, Slightly Moist, Brown (CL) |2 -

-

_

/
/ (Residual Soil)3 /

-

/-

!EC
NOTE: Case 580C Backhoe.4 -. '

_

5- -

| t

.

/
-

6- V
5 {6.5' <

'I5.5'

'/' Claystone, Hard to Very Hard, Silty and )j ;,
17- - Sandy, Excavates to Sand, Gravel and |

Cobble Sizes, Moist, Gray (Bedrock).
l - ' jj . ;

-
T

7.8'8-

.

ads. . . -- = 35701 M-

V W E .~ 3 E h ;.

w. ^33 (3 - t |
_

,,,,8/19/93 |
:

|

| |
'

.



LCG Ci: TEST FIT NC. WTP-2

,

LOCA ~ICN Collection Ponds - East Side (200 ft E. of Wrp-1)

SUFFACI CCNCGCNS E ~/ATICN:

8 3

u s. c .c- ~C
=E 3 ?G CEICMIPTICN 3 REMARKS-

h at C

h_4 $ cc >
y~

~ -

c= m sc ; ca

Topsoil (see WrP-1)v

~-
l' l'1 - - - - - - -

A Clay, Stiff to Very Stiff, Silty,
/ Slightly Moist, Light Brown (CL)-

/2
BAG (Residual Soil)y

~

/
3- /

,
\/

3.5' / 3.5'
-

A [ Claystone, Hard to Very Hard, Silty and4_
f Sandy, Moist, Gray (Bedrock)

-

/
5- /. (Gradually Harder to Excavate with

EAC Depth)
~

:/

6- -

i 'I
/

.

t y f
-

7_ 7'' 7'

8 ~l
.

ads- - --- a r?S701 N8-
V WV CJ:|> I C%, !.

any. M 6- 7._ I
~

-

g,,,8/29/93



.. . . - __ _ ______-______ _________

LCG CF TEST .:IT NC. W-3

f.CCA ;CN Collection Ponds - North Side (100 ft E. and 100 ft N. of WTP-1)

SURFACE CCNCGCNS E.5VATICN:

" >.
Ed e a

:U f $5 3 CEICMTICN @ REMARX3

Et $ $$ @ 2
u_ < CC w >
cm a 10 us

~

" Topsoil
w-

Iv
1- 1.2' '

..

Sand, Medium Dense, Silty and Clayey, Fine-
.,

' Grained, 6" Calcareous Layer (White) at.,

2- 2' Depth, Slightly Moist, Brown (SM),

,

.

- ,

.

*

3-
.

* 3.5'.
_

7 ..

Claystone with Siltstone and Sandstone
4 ""

/ Lenses, Medium Hard to Very Hard with
Depth, Slightly Moist to Moist, Gray,
Brown (Bedrock)~

i

/ 1

5~ }
1:c_

Py
6- -

p
,

'

6.5'_
.

i
7-

8-

.

mAur.- - - = _j5701 nouna-

'
V WW E|:D E h,

w.AJB g_3
-

.

,,,,8/19/93:

- - _ - _ ____--__-_______ __-___ - --__--_-____-__ __- -___ _ __ _ __ - - _ - _ - _
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1

LCG CF TEST FIT NC. wrP-4

' LCCA ECN Dam Site Left Abutment 200' S. of WrP-5 on Ridgeline

St.|FFACS CCNCCCNS E.IVATICN:

Y >
3!w c 1

a i

::0 $ k5 3 CESCRIPTICN @ REMAAXS I

It i sE E 2
u < CC w >
25 e 2c : c2 ;

l

* Topsoil
-

N
|

~ 4

|1- l' l'/^ Clay, Medium Stiff to Stiff, Slightly
/-

Meist to Moist, Sandy, Brown, Gray (CL)

2-

3- /
/

_

4-

BAG /
5- /

-

0~ /,

' /
-

.

i
7-

/;
-

<
8- gr

3.5' 8.5'
.

m&m. . .- 35701 M- ay
V W ED1C%~.

'

aner. AIP- g-g
e.e /19/938

:
1

!

_ . - _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ - _ _ - _ _ -



LCG CF TEST FIT NC. WrP-5

LCCAUCN Dam Site va11ev Pcttom at Dam Axis

SUFFACE CONCITICNS E.E/AUCN:

3 >
$$ C a

E b=5 E CESCRPTICN @ REMAAXS?., e
_a s ca 2-u - -- -
u ,,, < cc w >.cm a 1a v2

~ Tcpsoil
~

~
1-

1 l'//\ Clay, Medium Stiff to Stiff, Sandy,-

- / Mixture of Transported Bedrock Pieces,
Meist to Very Moist with Depth, Gray,

2- Brown (CL)
'

-m j
3- 7

-

4- 4' p/
/-

5-
.

/ 5-

/6-

>-
,

7- /
r

-

8- /
/ R'

.

m&s. . .- , 35701 mama_ wmV WV ED E C%,
w, MB~'

.

6-5
on. 8/19/92

1
2

!
I

.

_ _ _ _ . _ _ _ _ - _ _ _ ._ . ._ _



LCG CF TEST FIT NC. WrP-6

LOCAECN Dam Site - Right Abutment At Dam Axis on Ridgeline
(50 ft E. of BH 3876)

SUFFAC3 CCNCQCNS EL~/ATICN:

3 >Ud C 4

Ca; 5 3*
CEECRIPTICN @ REMARK 3.

A Et 2-w 2 2--

G < CC * >
_

cs a 2c : "

" Topsoil
- M

~
1- l', ,

' Sand, Medium Dense to Dense, Silty_

(Residual Soil), Slightly Moist, Gradual,

' Transition to Bedrock, Brown (SM)2- ,

.
=* i

e

3- c. 3'
e

Sandstone, Medium Hard to Hard, Silty.,

~ with Siltstene Lenses, Crumbles in Hand
to Sand and Silt Sizes, Fine Grained,*

4- * Moist, Brown (Bedrock)

# ,'~

S- *

,1

. - ,,

! 4

6 e ,
..

i.? P *

o
~

:
*|i ,

7-
.

n

t e o

.*
8 8*

__

m&s- - - --, _ w ,57013 nama
V WW E|||| ~|||||> I E||||%.,-

taer.D
,

'

6 - (.
o. 8/I9/93

_ - - _ _ _ - _ - - _ _ _ _ . __ -- -



LCG CF TEST FIT NC. WTP-7

LCCAUCN 500 ft SE of WTP-4 on I. aft Ridge of Reservoir

SL*FFACE CONCGCNS ELE /A*;CN:
i

!

3 |>-

EN C a |

=0 3 G 3 CESCRIPTICN 9 REMARK 3
-a se ,. t 9. $ i

,
*

e
t' i E5 c >
c3 e 2c| C n

Topsoil%

~ ~

-

1 l'-

Sand, Medium Dense, Silty, Clay IaTes,*

Fine Grained, Slightly Moist, Tan, Brown..

(Residual Soil) (SM)
2- *

.

** .

3- .
o

- .

.

4~
.

.

*
.

'

5- '

'
d?/~

li;'. Claystone, Hard to Very Hard, Sandstone
and Siltstone Lenses, Moist, Gray, Brown,.

yg-|;[ (Bed a k)6-
!

-
.

1 _ >

t j<

i 7- as ,
.. |4,

. r. . -
_j 7.5' I

- ' 2-
,

8-

- )
i

es.ma IanAm . - . .-- w .,35701-
v vv c::a a c::s,- ).

' w. M- g__g

o.. 8/19/92
I

.
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LCG CF TEST FIT NC. WrP-8
I(

LCCA ECN Reservoir Upoer End of Iaft Drainage at 1,000 ft Upstream
of WrP-4

SURFACE CONCQCNS E.DATICN:

3 >
Ss c ., -

- u a: c| C REMARKSCESCRFTICN35== --

-a s S :* c c
-u a = 2
w. < Cc > >:= as 2C ra

|

~ Topsoil.

n-

~
l- li 1

/\ /
Clay, Medium Stiff to Stiff, Siltyf

~

/ Moist to Very Moist, Brown, Gray (CL)
.

2-

_

/
3~g ,

-

4-

/-

r
5--

.

-

Y !6- 6'
,.

,

-
.

J

7-

/
-

f
8-

9'

.

m&c. . -- a fiol M s.sta

V W E.~3 1 h ' |.

Ener. E )
~~

'

g _ g,
n.8/19/93
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LCG CF TEST :!T NC. WrP-9

t,CCA ECN Reservoir Middle Ridgeline at 500 ft Upstream of WrP-5 to SE
|

SURFACE CCNCGCNS iES/ATICN

3 >
5!d c .

-
- a4 == c C REMARK 3

.
;:::8 "c CESCAFTICN== c e

su 2 5 :- 2-u
:

u < CC m- y
= m 20 m

Topsoil"-
~ 0.5'-

/
Clay, Medium Stiff to Stiff, Silty,

1- / Residual Soil, Brown, Gray (CL)
/-

[p2- 2

/ Claystone with Siltstone Ianses, Hard -

_

to Very Hard, Moist, Gray, Brown (Sedrock) i

l
, -

/-

4-

\ /
| /-

5-

/ ,

- . i
/

6- 6'
:<

-
.,

6
7-

1 -

.

8-.

.

ads. . -- u ,35701 nama_

V W CDEE%',

AJB,

' W- gT
oi.8/19/93
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LOG CF TEST P!T NC. WrP-10
/

'

LOOA"!CN Reservoir Right Side Valley Drainage at 1,000 ft- Upstream of
WTP-3
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LCG CF TEST :!T NC. Wrp-11

LCCA ;CN Reservoir Right Side Valley Drainage at 100 ft W. of SH 3878
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APPENDIX B.2.1

WESTEC LABORATORY RESULTS
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PREVIOUS LABORATORY RESULTS BY OTHERS
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TABLE II ,

SLW.ARY OF SHEAR STRENGTH PAR 2.E*ERS t

(
,

'

Dry Friction Type of -

Material Density Angle Cohesive Test Sample Type Hole and Depth |
(pc!) (0) (ksf) (ft.)

,

.

1

Clay 85.2- 24 0.3 CU Undisturbed 3 f 4'-0"
*

Clay . 99.2 25 0.7 CU Undisturbed 494'-0" !

-!

e
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TABLE :::*

PERCOLATION TEST RESULTS

,

"
WATER DE?TH WATER DE?TH

HOLE HOLE LENGTH OF AT START AT END DRO P IN AVE?>GE
NO. DE?TH INTERVAL OF INTERVAL OF INTERVAL VATER LEVEL PERCDLATION RATEi

(In.) (Min.) (Inches) (!nches) (Inches) (Min./ Inch.)
-

ac No. 1 28 3/4 30 8 1/8 3 9/16 4 9/16
30 8 5/16 6 2 5/16
30 6 5 1

"

30 5 4 3/8 5/8
30 4 3/8 3 15/16 7/16
30 3 15/16 3 9/16 3/8
30 6 5/16 5 7/8 7/16 .

30 5 7/8 5 9/16 5/16 96.7 Min./ Inch I

re No. 2 29 1/16 30 7 1/8 1 13/16 5 5/16
30 7 15/16 5 3/16 2 3/4
30 5 3/16 3 7/8 1 5/16 -

30 3 7/8 3 7/8 -

30 3 2 5/16 11/16
30 7 11/16 6 9/16 1 1/8
30 6 9/16 5 7/S 11/16
30 5 7/8 53/8 1/2 60.0 Min./ Inch'-

rc No. 3 25 1/8 30 6 1/2 2 13/16 3 11/16 |

30 7 13/26 5 3/16 25/8
30 5 3/16 4 1 3/16

,

30 4 3 5/16 11/16
30 3 5/16 2 11/16 5/8
30 8 6 1/2 1 1/2
30 6 1/2 5 9/16 15/16 .

I30 5 9/16 4 15/16 5/8 47.6 Min./ Inch
.

re No. 4 28 9/16 35 8 1/2 6 5/8 1 7/8
3( 6 5/8 6 1/16 9 1/6
30 6 1/16 5 5/8 7/16-

30 5 5/8 5 5/16 5/16
30 5 5/16 5 3/16 1/8
30 5 3/16 5 3/16

- 30 5 4 7/8 1/8
30 4 7/8 4 5/8 1/4 120.0 Min./ Inch

.

9

-y v



JC3 :IC . 5626W;CHEN and ASSOCI ATEI, INC.

TABLE
~

PERCCLATION TEST RESULTS

^ VATER DE?TH WATER DE?TH
HOLE HOLE LENGTH OF AT START AT END DROP IN AVERAGE

NO. DEPTrf INTERVAL OF INTERVAL 0F INTERVAL VATER LEVEL PERCOLATION RN
(In.) (Min.) (Inches) (Inches) (Inches) (Mi n./I nch. )

_

sc No. 5 28 9/16 30 6 7/16 3 1/16 3 3/8
'

30 7 11/16 5 5/16 2 3/8
30 5 5/16 4 5/16 1
30 4 5/16 3 1/2 13/16
30 3 1/2 3 3/16 5/16
30 3 3/16 2 3/4 7/16
30 6 1/2 5 11/16 13/16
30 5 11/16 5 1/8 9/16 53.6 Min./In:

rc No. 6 30 1/4 30 6 1/8 3 1/16 3 1/16 -

30 8 1/4 6 1/2 1 3/4
30 6 1/2 5 11/16 13/16
30 5 11/16 4 15/16 3/4
30 4 15/16 4 1/4 11/16
30 4 1/4 3 11/16 9/16
30 3 11/16 3 1/4 7/16
30 3 1/4 2 13/16 7/16 68.2 Min./Inc

.

e

l

.

1
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APPENDIX C

STABILITY ANALYSIS
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** PCSTABL5M **

DY
Purdue University

._____________________________ ________________________ .... . ________________

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 09-16-93
Time of Run: 4:26pm
Run By: ANDY WALSH
Input Data Filenames C:ETN.1
Output Filenames C ETN.OUT
Plotted Output Filenames C:ETN. PLT

PROBLEM DESCRIPTION DOWNSTREAM EMB. ANALYSIS, CIRCL2, STATIC

{

\

| BOUNDARY COORDINATES

6 Top Boundaries
j 8 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 38.00 100.00 40.00 2
2 100.00 40.00 180.00 80.00 1
3 180.00 80.00 205.00 80.00 1
4 205.00 80.00 214.00 77.00 1
5 214.00 77.00 302.00 48.00 1
6 302.00 48.00 380.00 54.00 2
7 100.00 40.00 245.00 43.00 2

8 245.00 43.00 302.00 48.00 2
____________________________ _ ______..____________________ ..______________

ISOTROPIC SOIL PARAMETERS

!

2 Type (s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piaz.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant surface

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 105.0 110.0 300.0 24.0 .00 .0 1

_ - _ _ -_- _ _- _ _ _ ----- ___-___ _ -- _-___ ---- _ ___ _ _ _ - -
.



: == = =_. - - =. = , - - _.

2 115.0 120.0 500.0 30.0 .00 .0 2
----..__--- .--_-__-_----------______--____-_--------____----_--___-_------

2 PIE 20 METRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit weight of Water = 62.40

Piezemetric Surface No. 1 Specified by 6 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft) ,

:
'

1 .00 38.00
2 100.00 40.00 <

3 120.00 40.50 ;

4 140.00 50.00 i

5 214.00 77.00
6 380.00 77.00 !

1

!

i

Piezemetric Surface No. 2 Specified by 5 Coordinate Points

Point X-Water Y-Water !

No. (ft) (ft) [

1 .00 38.00
2 100.00 40.00 -

3 245.00 43.00 ;

4 302.00 48.00 !

5 380.00 54.00 *

. . . - - - - _ _ . . . _ _ _ _ _ _ _ - _ _ _ _ - _ - _ _ _ _ _ _ - _ - _ _ _ . _ _ _ _ _ _ - _ _ _ . _ _ . - _ - _ _ _ _ _ - - _ - _ _ _ _ . . . . - - -

r

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

200 Trial Surfaces Have Been Generated. (

10 Surfaces Initiate From Each of 20 Points Iqually Spaced
Along The Ground Surface Between X = 100.00 ft.

and X = 130.00 ft.

i

i
Each surface Terminates Between X = 170.00 ft.

and I = 190.00 ft.

.

Unless Further Limitations Were Imposed, The Minimum Elevation *

At Which A Surface Extends Is Y = 40.00 ft.

,

|

r



_ _ _

5.00 ft. Line segments Define Each Trial Failure Surface.

- - - _ _ - . - _ - - - - - - - _ _ _ _ - - - _ _ - - - - - - - - - _ _ _ - - - - _ _ _ _ _ _ _ _ _ _ - - - - - _ - - - - - - - - - - - - - - - _ _ - - - - - -

Following Are Displayed The Ten Most Critical of The Trial
Failure Surfaces Examined. They Are ordered - Most Critical
First.

Safety Factors Are Calculated By The Modified Bishop Method * ** *

Failure Surface Specified By 21 Coordinate Points i

Point X-Surf Y-Surf
No. (ft) (ft)

1 106.32 43.16
2 111.20 42.07
3 116.14 41.33
4 121.13 40.95
5 126.13 40.92
6 131.12 41.24
7 136.07 41.92
8 140.96 42.95
9 145.77 44.33

10 150.47 46.05 ,

11 155.03 48.09
12 159.43 50.45
13 163.66 53.13
14 167.69 56.09
15 171.49 59.33
16 175.06 62.84 !
17 178.36 66.59
18 181.39 70.57 f
19 184.13 74.75
20 186.57 79.12 -

,

'

21 186.98 80.00

;

Circle Center At X = 124.0 ; Y = 111.1 and Radius, 70.2 |

*** 1.641 ***

!

.

; Individual data on the 24 slices

>

'

Water Water Tie Tie Earthquake :
Force Force Force Force Force Surcharge :

Slice Width Weight Top Bot Norm Tan Hor Ver Load
.

- - - --

- - - - - - - -



<

No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)
1 4.9 904.0 .0 .0 .0 .0 .0 .0 .0

~

2 4.9 2665.9 .0 .0 .0 .0 .0 .0 .0
3 4.8 4118.6 .0 .0 .0 .0 .0 .0 .0
4 .2 162.5 .0 .4 .0 .0 .0 .0 .0 '

5 5.0 5742.3 .0 365.9 .0 .0 .0 .0 .0 '

6 5.0 7011.1 .0 995.9 .0 .0 .0 .0 .0
7 5.0 8033.6 .0 1522.2 .0 .0 .0 .0 .0
8 3.9 7004.2 .0 1531.5 .0 .0 .0 .0 .0
9 1.0 1789.4 .0 422.8 .0 .0 .0 .0 .0

10 4.8 9276.9 .0 2227.7 .0 .0 .0 .0 .0
11 4.7 9478.0 .0 2282.9 .0 .0 .0 .0 .0
12 4.6 9412.3 .0 2227.0 .0 .0 .0 .0 .0
13 4.4 9094.2 .0 2060.2 .0 .0 .0 .0 .0
14 4.2 8545.7 .0 1783.3 .0 .0 .0 .0 .0
15 4.0 7795.7 .0 1397.7 .0 .0 .0 .0 .0
16 3.8 6879.3 .0 905.5 .0 .0 .0 .0 .0
17 3.5 5710.4 .0 309.2 .0 .0 .0 .0 .0
18 .1 126.4 .0 .0 .0 .0 .0 .0 .0
19 3.3 4733.7 .0 .0 .0 .0 .0 .0 .0
20 1.6 2051.4 .0 .0 .0 .0 .0 .0 .0
21 1.4 1511.9 .0 .0 .0 .0 .0 .0 .0
22 2.7 2111.6 .0 .0 .0 .0 .0 .0 .0
23 2.4 783.9 .0 .0 .0 .0 .0 .0 .0
24 .4 19.1 .0 .0 .0 .0 .0 .0 .0

Failure Surface Specified By 21 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 106.32 43.16
2 111.18 42.00
3 116.12 41.21
4 121.10 40.78
5 126.10 40.72
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**'PCSTABL5M **

bY
Purdue University

--Slope stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 09-16-93
Time of Runs 4:33pm
Run By: ANDY WALSH
Input Data Filenames C ETN.2
Output Filenames C ETN.OUT
Plotted output Filename: C:ETN. PLT

PROBLIM DESCRIPTION DOWNSTREAM EMB. ANALYSIS, CIRCL2, PSEUDO
,

BOUNDARY COORDINATES

6 Top Boundaries
8 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 38.00 100.00 40.00 2
2 100.00 40.00 180.00 80.00 1
3 180.00 80.00 205.00 80.00 1
4 205.00 80.00 214.00 77.00 1 ,

5 214.00 77.00 302.00 48.00 1

6 302.00 48.00 380.00 54.00 2

7 100.00 40.00 245.00 43.00 2
8 245.00 43.00 302.00 48.00 2

___________...__._________________.._________..__________________...____________

v

ISOTROPIC SOIL PARAMETERS

2 Type (s) of Soil

soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface <

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 105.0 110.0 300.0 24.0 .00 .0 1

_ _ _



. . .. - . . .

1
i

1

2 115.0 120.0 500.0 30.0 .00 .0 2 )
---------------------------------------------------------------------------n---- I

1

2 PIEZ0 METRIC SURFACE (S) RAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezemetric Surface No. 1 Specified by 6 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 38.00
2 100.00 40.00
3 120.00 40.50
4 140.00 50.00
5 214.00 77.00
6 380.00 77.00

Piezometric Surface No. 2 Specified by 5 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 38.00
2 100.00 40.00
3 245.00 43.00
4 302.00 48.00
5 380.00 54.00

A serizontal Earthquake Loading Coefficient
of .050 Bas Been Assigned

A vertical Earthquake Loading Coefficient
of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified. I

!

200 Trial surfaces Have Been Generated. )

10 Surfaces Initiate From Each of 20 Points Equally Spaced

, .
______ _ - _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _



Along Th3 Ground surface Between X = 100.00 ft.

and X = 130.00 ft.

Each Surface Terminates Between X = 170.00 ft.
and X = 190.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 40.00 ft.

5.00 ft. Line Segments Define Each Trial Failure Surface.

________________________________________________________________________________

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical |

First. I

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 21 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 106.32 43.16
2 111.20 42.07
3 116.14 41.33
4 121.13 40.95
5 126.13 40.92
6 131.12 41.24
7 136.07 41.92
8 140.96 42.95
9 145.77 44.33

10 150.47 46.05
11 155.03 48.09
12 159.43 50.45
13 163.66 53.13
14 167.69 56.09
15 171.49 59.33
16 175.06 62.84
17 178.36 66.59
18 181.39 70.57
19 184.13 74.75
20 186.57 79.12
21 186.98 80.00

circle Center At X = 124.0 ; Y = 111.1 and Radius, 70.2

*** 1.470 ***



.. -. - - . .- .- .~ ,

I

I
'Individual data on the 24 slices

:

Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 4.9 904.0 .0 .0 .0 .0 45.2 .0 .0

2 4.9 2665.9 .0 .0 .0 .0 133.3 .0 .0
3 4.8 4118.6 .0 .0 .0 .0 205.9 .0 .0

4 .2 162.5 .0 .4 .0 .0 8.1 .0 .0

5 5.0 5742.3- .0 365.9 .0 .0 287.1 .0 .0
6 5.0 7011.1 .0 995.9 .0 .0 350.6 .0 .0
7 5.0 8033.6 .0 1522.2 .0 .0 401.7 .0 .0
8 3.9 7004.2 .0 1531.5 .0 .0 350.2 .0 .0

9 1.0 1789.4 .0 422.8 .0 .0 89.5 .0 .0

10 4.8 9276.9 .0 2227.7 .0 .0 463.8 .0 .0
11 4.7 9478.0 .0 2282.9 .0 .0 473.9 .0 .0
12 4.6 9412.3 .0 2227.0 .0 .0 470.6 .0 .0

13 4.4 9094.2 .0 2060.2 .0 .0 454.7 .0 .0

14 4.2 8545.7 .0 1783.3 .0 .0 427.3 .0 .0
15 4.0 7795.7 .0 1397.7 .0 .0 389.8 .0 .0 ,

16 3.8 6879.3 .0 905.5 .0 .0 344.0 .0 .0
17 3.5 5710.4 .0 309.2 .0 .0 285.5 .0 .0

18 .1 126.4 .0 .0 .0 .0 6.3 .0 .0
19 3.3 4733.7 .0 .0 .0 .0 236.7 .0 .0

20 1.6 2051,4 .0 .0 .0 .0 102.6 .0 .0
21 1.4 1511.9 .0 .0 .0 .0 75.6 .0 .0
22 2.7 2111.6 .0 .0 .0 .0 105.6 .0 .0

23 2.4 783.9 .0 .0 .0 .0 39.2 .0 .0 t

34 .4 19.1 .0 .0 .0 .0 1.0 .0 .0
,

Failure Surface Specified By 21 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

L

3

6

'
.

- , , . - __ - - - - - - - _ _ . _ _ - - _ - . _ _ _ - - _ - - - . - . - - - - -



. - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ . _ , . _ _ _ _ _ _ . . - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ , - _ _ _ _ _ , _ _ _ _ . - _ _ , _ , _ _ . _ _ _ _ _ _ . _ _ . - _ . . _ _ . _ _ . . - _ _ _ _ _ _ _.. . - _ _ . , _ . _ -

,' + i . , ,

O
M N '
P P
9 0

l 1, @ '
-

,

e
E i !

-

"
j { I,n

.,N
.n ,

..
. .

T
I i. 3- . .

l I N
" N n,

@

.lI
'@ g IW

,

I ' g
g l com

-e -
,

3 g N#l (
Uo' |

*

A= - i' N== S)f, _ gx
wd

.MC -

A2 3
e | NC

h
,

NO '-z
UC O*

!, L,.
." -

1m ..

em s.m ,- \

m -

j g'A:7 s.-
.N ,,

s

+ '

E
I, g.,,,: M3 . "

1

l >& - ez. , . . -

\. . la. *'CZ
Z;a. W

0,-
.

r=v 8"x 3 N3_ -

W g..

. E"

iA -
C #*wo
z. Sb
h* e

{
- .

EL
30 I

eC
1 Ao I

M 'N
o 3
I ~

I T"

c
> |

M
3 g, , ' ' ' i

,
8 8 S=
a y gg ,e ,s g 3 3 g

Q
# T

N N m y
I v
>

:

__- - - ________ - ________ ____________________ _ .__ ______-__ __________________________________-______ - -



i

" PCSTABLSM "

by I
Purdue University

--Slope stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 09-16-93
Time of Run 5:20pm
Run By: ANDY WALSH
Input Data Filenames C ETN.3
Output Filenames C EFN.OUT
Plotted output Filenames C ETN. PLT

PROBLEM DESCRIPTION DOWNSTREAM EMB. ANALYSIS, CIRCL2, STATIC,

BOUNDARY COORDINATES

6 Top Boundaries
8 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 38.00 100.00 40.00 2
2 100.00 40.00 180.00 80.00 1
3 180.00 80.00 205.00 80.00 1
4 205.00 80.00 214.00 77.00 1
5 214.00 77.00 302.00 48.00 1
6 302.00 48.00 380.00 54.00 2
7 100.00 40.00 245.00 43.00 2
8 245.00 43.00 302.00 48.00 2

____. .___.._____...________ ______...._______ _ _ _ _ _ _ _ _ _ . . . . _ _ _ _ _ _ _ _ _ _

ISOTROPIC SOIL PARAMETERS

|

2 Type (s) of Soil

|
Soil Total Saturated Cohesion Friction Pore Pressure Pies. |

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant surface
;

No. (pcf) (pcf) (psf) (dog) Param. (psf) No. |

1 105.0 110.e 300.0 24.0 .00 .0 1 |
|

!

-__-___?_-_--_-__-_-_--___.--__2_--_-___--__________--_a______-__-___-_-__-_.-_ - - - _ - _ - - _ _



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

I

i

2 115.0 120.0 500.0 30.0 .00 .0 2
___. .________._____ _________ _______.______________.________._____...________

2 PIEIOMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

i
!

1

|

Piezometric Surface No. 1 Specified by 6 Coordinate Points )

Point X-Water Y-Water |

No. (ft) (ft)

1 .00 38.00
2 100.00 40.00 ;

3 120.00 40.50
4 140.00 50.00

,

5 214.00 77.00 |
6 380.00 77.00

'

!

:Piezometric Surface No. 2 Specified by 5 Coordinate Points
,

|

,

Point X-Water Y-Water
No. (ft) (ft)

1 .00 38.00 |

2 100.00 40.00
3 245.00 43.00 '

4 302.00 48.00 '

S 380.00 54.00
__________________ _______.___________...____________. .______. ._______.. ..___

t

4

1

A Critical Failure Surface Searching Method, Using A Random '

Technique For Generating Circular Surf aces, Has Been specified.
t

.I

'' 200 Trial Surfaces Have Been Generated.

10 surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between x= 70.00 ft.

and I= 90.00 ft. '

Each Surface Terminates Between x = 200.00 ft.
and X = 220.00 ft.

|

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y= .00 ft.

:

-r - , -. - -



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

5.00 ft. Line Segments Define Each Trial Failure Surface.

________________________________________________________________________________

Following Are Displayed The Ten Most critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 28 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 88.95 39.78
2 93.85 38.80
3 98.79 38.03
4 103.76 37.46
5 108.75 37.09
6 113.74 36.93
7 118.74 36.97

,

8 123.74 37.23
9 128.72 37.68

10 133.67 38.34
11 138.60 39.20
12 143.48 40.27
13 148.32 41.53
14 153.10 42.99
15 157.82 44.65
16 162.46 46.50
17 167.03 48.54
18 171.51 50.77
19 175.89 53.18
20 180.17 55.76
21 184.34 58.52
22 188.39 61.45
23 192.32 64.54
24 196.12 67.79

'25 199.78 71.20
26 203.30 74.75
27 206.67 78.45
28 207.32 79.23

Circle Center At X = 115.2 ; Y = 158.5 and Radius, 121.5
9

4

... 1,924 ...
.

- - , __ - - - , .
. - - -

- . -
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Individual data on the 34 alices

Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge j

Slice Width Weight Top Bot Norm Tan Hor Ver Load i

No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) |
1 4.9 316.3 .0 167.7 .0 .0 .0 .0 .0

'

2 4.9 896.0 .0 471.5 .0 .0 .0 .0 .0
3 1.2 294.4 .0 154.1 .0 .0 .0 .0 .0
4 3.8 1422.8 .0 558.5 .0 .0 .0 .0 .0
5 5.0 3278.3 .0 890.7 .0 .0 .0 .0 .0
6 5.0 4761.4 .0 1005.1 .0 .0 .0 .0 .0
7 5.0 6118.8 .0 1055.4 .0 .0 .0 .0 .0
8 1.3 1738.9 .0 266.7 .0 .0 .0 .0 .0
9 3.7 5610.8 .0 775.0 .0 .0 .0 .0 .0

10 5.0 8476.9 .0 963.8 .0 .0 .0 .0 .0
11 5.0 9458.3 .0 821.9 .0 .0 .0 .0 .0
12 4.9 10285.3 .0 616.3 .0 .0 .0 .0 .0
13 1.4 3076.5 .0 130.6 .0 .0 .0 .0 .0
14 3.5 7881.1 .0 216.8 .0 .0 .0 .0 .0
15 2.6 6150.1 .0 53.5 .0 .0 .0 .0 .0
16 2.2 5314.4 .0 1529.8 .0 .0 .0 .0 .0
17 4.8 11855.0 .0 3419.6 .0 .0 .0 .0 .0
18 4.7 12103.3 .0 3470.3 .0 .0 .0 .0 .0
19 4.6 12203.3 .0 3456.8 .0 .0 .0 .0 .0 t

20 4.6 12158.9 .0 3379.1 .O .0 .0 .0 .0
21 4.5 11975.4 .0 3237.3 .0 .0 .0 .0 .0
22 4.4 11659.3 .0 3031.6 .0 .0 .0 .0 .0
23 4.1 10784.8 .0 2660.2 .0 .0 .0 .0 .0
24 .2 433.1 .0 102.2 .0 .0 .0 .0 .0
25 4.2 10170.1 .0 2430.2 .0 .0 .0 .0 .0
26 4.1 8648.9 .0 2035.5 .0 .0 .0 .0 .0
27 3.9 7114.0 .0 1578.9 .0 .0 .0 .0 .0
28 3.8 5581.1 .0 1061.3 .0 .0 .0 .0 .0
29 3.7 4066.5 .0 483.6 .0 .0 .0 .0 .0
30 .9 830.7 .0 24.2 .0 .0 .0 .0 .0
31 2.6 1765.9 .0 .0 .0 .0 .0 .0 .0
32 1.7 772.0 .0 .0 .0 .0 .0 .0 .0 |33 1.7 382.9 .0 .0 .0 .0 .0 .0 .0 |
34 .7 34.4 .0 .0 .0 .0 .0 .0 .0 1

Failure Surface Specified By 29 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 85.79 39.72
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** PCSTABLSM **

I
by '

Purdue University
...--_----- - ---------------------------------------------------------------

--Slope stability Analysis-
Simplified Janbu, Simplified Bishop

or spencer's Method of Slices

Run Date: 09-16-93
Time of Run: 5:04pm
Run By: ANDY WALSH
Input Data Filename: C:ETN.4
Output Filenames C EFN.OUT
Plotted Output Filename: C:ETN. PLT

PROBLEM DESCRIPTION DOWNSTREAM EMB. ANALYSIS, CIRCL2, PSEUDO,

BOUNDARY COORDINATES

6 Top Boundaries
8 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 38.00 100.00 40.00 2
2 100.00 40.00 180.00 80.00 1
3 180.00 80.00 205.00 80.00 1
4 205.00 80.00 214.00 77.00 1
5 214.00 77.00 302.00 48.00 1
6 302.00 48.00 380.00 54.00 2
7 100.00 40.00 245.00 43.00 2

8 245.00 43.00 302.00 48.00 2
- - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - _ _ - - - - - - - - - - - - - - - - - - - - - - - - -

ISOTROPIC SOIL PARAMETERS

2 Type (s) of Soil

soil Total Saturated Cohesion Frictica Pore Pressure Pier.

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No. ,

1 105.0 110.0 300.0 24.0 .00 .0 1



- - . - -.

|

2 115.0 120.0 500.0 30.0 .00 .0 2
'

. - - - - - - - - - - - _ _ - - - - - - - - - - _ _ _ _ - _ _ - - - - _ - _ _ - _ _ _ _ - _ _ _ - _ - _ - - - _ _ - _ - - - _ - - - - - - _ _ _ _ _ _ _ _ _ _ _ ;

i

2 PIEIOMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40 '

|

4

Piezcmetric Surface No. i Specified by 6 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 38.00 t

2 100.00 40.00
,

3 120.00 40.50
4 140.00 50.00
5 214.00 77.00
6 380.00 77.00 i

Piezemetric Surface No. 2 Specified by 5 Coordinate Points

i

!

Point X-Water Y-Water
No. (ft) (ft)

!

|1 .00 38.00
2 100.00 40.00
3 245.00 43.00 j

4 302.00 48.00 '

5 380.00 54.00 |
t

.

A Horizontal Earthquake Loading Coefficient
of .050 Has Been Assigned

A Vertical Earthquake Loading Coefficient
of .000 Has Been Assigned :

Cavitation Pressure = .0 psf
------------_ . -__---__-_-----------___------------_ ----___--__---__- _-

A Critical Failure surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified. ;

t

200 Trial Surfaces Have Been Generated.
'

,

t
,

,

10 Surf aces Initiate From Each of 20 Points Equally Spaced

I;



- _ _ - _ _ _ _ _ _ _ _ _ _ _ _

Along The Ground Surfaco B3twron X= 70.00 ft.
and X= 90.00 ft.

Each Surface Terminates Between X = 200.00 ft.
and X = 220.00 ft.

1

Unless Further Limitations were Imposed, *he Minimum Elevation
At Which A Surface Extends Is Y= .00 ft.

l

5.00 ft. Line Segments Define Each Trial Failure Surface.

___ ______________________________________ _________ ___________

Following Are Displayed The Ten Most critical of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * * |

|
|

|
.

Failure surface Specified By 29 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 85.79 39.72
2 90.76 39.18j

3 95.75 38.79
4 100.74 38.56
5 105.74 38.49
6 110.74 38.56
7 115.73 38.79
8 120.72 39.18
9 1?S.69 39.72

10 130.64 40.41
11 135.57 41.25
12 140.47 42.25
13 145.34 43.39
14 150.17 44.69
15 154.95 46.13
16 159.70 47.72
17 164.38 49.46
18 169.02 51.33
19 173.59 53.35
20 178.10 55.52
21 182.54 57.81
22 186.91 60.25
23 191.20 62.82
24 195.41 65.51
25 199.53 68.34
26 203.57 71.29

- _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ ._ __________ _ _____________________- _ - -__-_-___-_________ - ____
..



.- -. . - - .

<

27 207.51 74.37
28 211.36 77.56
29 211.62 77.79

Circle Center At X = 105.7 ;Y= 200.8 and Radius, 162.3

|
|

1.685 ******

i
!
'

Individual data on the 35 slices

,

Water Water Tie Tim Earthquake f
Force Force Force Force Force Surcharge

Slice width weight Top Bot Norm Tan Hor Ver Load
No. Ft(s) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

;

1 5.0 190.1 .0 99.4 .0 .0 9.5 .0 .0
2 5.0 526.1 .0 274.3 .0 .0 26.3 .0 .0 |
3 4.3 644.4 .0 335.4 .0 .0 32.2 .0 .0
4 .7 140.8 .0 66.1 .0 .0 7.0 .0 .0 ,

5 5.0 1741.3 .0 481.3 .0 .0 87.1 .0 .0
6 5.0 3061.6 .0 513.5 .0 .0 153.1 .0 .0 ;
7 5.0 4284.9 .0 497.6 .0 .0 214.2 .0 .0
8 4.3 4559.4 .0 376.5 .0 .0 228.0 .0 .0
9 .7 847.3 .0 57.2 .0 .0 42.4 .0 .0

10 5.0 6453.1 .0 321.8 .0 .0 322.7 .0 .0
11 5.0 7412.5 .0 162.0 .0 .0 370.6 .0 .0 {
12 1.5 2418.4 .0 10.6 .0 .0 120.9 .0 .0 ;

13 3.4 5851.2 .0 1208.0 .0 .0 292.6 .0 .0
14 4.4 8140.5 .0 1855.4 .0 .0 407.0 .0 .0 ,

15 .5 903.1 .0 222.5 .0 .0 45.2 .0 .0
,

16 4.9 9710.4 .0 2419.7 .0 .0 485.5 .0 .0
17 4.8 10258.4 .0 2580.9 .0 .0 512.9 .0 .0 ;

18 4.8 10697.9 .0 2694.1 .0 .0 534.9 .0 .0 i

19 4.7 11029.3 .0 2759.3 .0 .0 551.5 .0 .0 i

20 4.7 11253.6 .0 2776.3 .0 .0 562.7 .0 .0 *

21 4.6 11372.5 .0 2745.1 .0 .0 568.6 .0 .0 !

22 4.6 11388.4 .0 2665.8 .0 .0 569.4 .0 .0
23 4.5 11304.1 .0 2538.5 .0 .0 565.2 .0 .0 - '

24 1.9 4764.1 .0 1035.3 .0 .0 238.2 .0 .0 ;
25 2.5 6189.5 .0 1328.0 .0 .0 309.5 .0 .0
26- 4.4 9766.2 .0 2140.3 .0 .0 488.3 .0 .0. |
27 4.3 8448.7 .0 1869.7 .0 .0 422.4 .0 .0 |
28 4.2 7103.7 .0 1551.9 .0 .0 355.2 .0 .0

29 4.1 5739.6 .0 1187.0 .0 .0 287.0 .0 .0
'

30 4.0 4364.7 .0. 775.5 .0 .0 218.2 .0 .0

31 1.4 1236.2 .0 171.1 .0 .0 61.8 .0 .0 |

32. 2.5 1641.2 .0 146.7 .0 .0 82.1 .0 .0 i
'

33 .6 265.6 .0 5.7 .0 .0 13.3 .0 .0

34 3.3 767.0 .0 .0 .0 .0 38.3 .0 .0 |

15 .3 4.3 .0 .0 .0 .0 .2 .0 . f,
|
!
;

Failure surface Specified By 28 Coordinate Points !

!

_ __ __ , _ _



, _ _ _ . _ . . . . . _ . .

Point X-Surf Y-Surf
No. (ft) (ft)

1 87.90 39.76,

2 92.84 38.99-

3 97.80 38.40

i

1

F

4
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** PCSTABLSM **

by
Purdue University

----------------------------------------------------------------------------.|

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 10-13-93
Time of Run: 9:07am
Run By: ANDY WALSH
Input Data Filename: C:EFN10.IN
Output Filename: C:EFN10.OUT
Plotted Output Filename: C:EFN10. PLT

PROBLEM DESCRIPTION UPSTREAM EMBANKMENT ANALYSIS, CIRCL2,
STATIC, R=0.30, RAPID DRAINDOWN ANALYSIS

BOUNDARY COORDINATES

6 Top Boundaries
8 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
. No. (ft) (ft) (ft) (ft) Below Bnd
|

1 .00 52.00 58.00 48.00 2
2 58.00 48.00 146.00 77.00 1
3 146.00 77.00 155.00 80.00 1
4 155.00 80.00 180.00 80.00 1
5 180.00 80.00 260.00 40.00 1
6 260.00 40.00 360.00 38.00 2
7 58.00 48.00 114.00 43.00 2
8 114.00 43.00 260.00 40.00 2

------------------------------------------------------------------------------ .

ISOTROPIC SOIL PARAMETERS

2 Type (s) of soil

|

Soil Total Saturated Cohesion Friction Pore Pressure Piez. |
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

'

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 105.0 110.0 300.0 24.0 .30 .0 1



- - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2 115.0 120.0 500.0 30.0 .00 .0 2
. ..____.__.___________________________ ________._________.__..._... .____.__

2 PIEZ0 METRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 7 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 52.00
2 58.00 48.00
3 146.00 77.00
4 220.00 50.00
5 240.00 40.50
6 260.00 40.00
7 360.00 38.00

.

Piezometric Surface No. 2 Specified by 5 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 52.00
2 58.00 48.00
3 114.00 43.00
4 260.00 40.00
5 360.00 38.00

____..________..... ________________________________________ ________________..

A Critical Failure Surface Searching Method, Using A Random ;

Technique For Generating Circular Surfaces, Has Been Specified. j

|
,

200 Trial Surfaces Have Been Generated.

{

10 Surfaces Initiate From Each of 20 Points Equally Spaced
Along The Ground Surface Between X= 60.00 ft.

and X= 80.00 ft.

Each surface Terminates Between X = 150.00 ft.
and X = 170.00 ft.

4

Ur.less Further Limitations Were Imposed, The Minimum Elevation

_ _ - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ _ _ - - _ _ - - _ - _ - - _ - - - _ _ _ -__ _ __ _ -



__ _ _ . . . . . _ __. __

|

|

At Which A Surface Extends Is Y = 43.00 ft.

5.00 ft. Line Segments Define Each Trial Failure Surface.

-~~-----------------------------------------------------------------------------

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical i

FLrst.
,

* * Safety Factors Are Calculated By The Modified Bishop Method * *
'

i

Failure Surface Specified By 22 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft) j

1 70.53 52.13 I
2 75.08 50.07
3 79.78 48.35
4 84.59 46.99
5 89.49 45.98
6 94.45 45.34
7 99.44 45.07 !,

8 104.44 45.17
9 109.42 45.63 L

10 114.35 46.46
11 119.20 47.66 ,

12 123.96 49.21 +

13 128.58 51.10 '

14 133.06 53.33
15 137.36 55.89
16 141.45 58.75
17 145.33 61.92
18 148.96 65.35
19 152.32 69.05

r
20 155.41 72.99
21 158.19 77.14 '

22 159.82 80.00

i
circle Center At X = 100.6 ; Y = 112.7 and Radius, 67.6 'i

i
;

I*** 1.086 *** '
i
i

,

i

[

! Individual data on the 24 s'lices

,

Water Water Tie Tie Earthquake
e

l

_. _ _ . - _ _ _ _ __ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ - - _ _ --------



. . ~ . . .. - . - - - - - . . . - -= -.

Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Hor var Load

No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)
1 4.6 890.1 .0 821.1 .0 .0 .0 .0 .0
2 4.7 2675.9 .0 2395.0 .O .0 .0 .0 .0

3 4.8 4380.8 .0 3828.2 .0 .0 .0 .0 .0
4 4.9 5957.4 .0 5112.8 .0 .0 .0 .0 .0

5 5.0 7363.4 .0 6241.9 .0 .0 .0 .0 .0
6 5.0 8562.5 .0 7209.2 .0 .0 .0 .0 .0
7 5.0 9525.6 .0 8009.6 .0 .0 .0 .0 .0
8 5.0 10230.9 .0 8638.5 .0 .0 .0 .0 .0
9 4.9 10665.1 .0 9092.7 .0 .0 .0 .0 .0

10 4.9 10823.1 .0 9369.5 .0 .0 .0 .0 .0
11 4.8 10708.1 .0 9467.6 .0 .0 .0 .0 .0
12 4.6 10331.9 .0 9386.4 .0 .0 .0 .0 .0
13 4.5 9714.3 .0 9126.2 .0 .0 .0 .0 .0
14 4.3 8882.6 .0 8688.6 .0 .0 .0 .0 .0

! 15 4.1 7871.1 .0 8075.9 .0 .0 .0 .0 .0 |
' 16 3.9 6720.1 .0 7291.5 .0 .0 .0 .0 .0 |

17 .7 1083.4 .0 1254.6 .0 .0 .0 .0 .0
18 3.0 4376.9 .0 4800.0 .0 .0 .0 .0 .0

i

19 3.4 4138.0 .0 4224.0 .0 .0 .0 .0 .0
20 2.7 2515.7 .0 2101.9 .0 .0 .0 .0 .0 |
21 .4 312.4 .0 187.4 .0 .0 .0 .0 .0 ;

22 .3 223.4 .0 129.9 .0 .0 .0 .0 .0
23 2.5 1220.8 .0 657.5 .0 .0 .0 .0 .0
24 1.6 244.3 .0 148.3 .0 .0 .0 .0 .0

,

Failure Surface Specified By 24 Coordinate Points
,

1

Point X-Surf Y-Surf .

No. (ft) (ft)
|

1 71.58 52.48

:
i

!

- , - - - . ..- - - . _ - - - - - - - - - - _ . . . _ _ . - _ . .- _.
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** PCSTABL5M **

by
Purdue University

____________________________________________..________________________________

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 10-13-93
'- d 'e of Run: 9:16am
' By: ANDY WALSH
..sput Data Filename: C:EFN13.IN
Output Filename: C:EFN13.OUT
Plotted Output Filename: C:EFN13. PLT

PROBLEM DESCRIPTION UPSTREAM EMBANKMENT ANALYSIS, CIRCL2,
STATIC, R=0.30, FDN, RAPID DRAINDOWN ANL

BOUNDARY COORDINATES
I

6 Top Boundaries
8 Total Boundaries

1

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 52.00 58.00 48.00 2
2 58.00 48.00 146.00 77.00 1
3 146.00 77.00 155.00 80.00 1
4 155.00 80.00 180.00 80.00 1
5 180.00 80.00 260.00 40.00 1
6 260.00 40.00 360.00 38.00 2
7 58.00 48.00 114.00 43.00 2
8 114.00 43.00 260.00 40.00 2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

ISOTROPIC SOIL PARAMETERS

2 Type (s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 105.0 110.0 300.0 24.0 .30 .0 1

_ - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _. . - _ ._ _ _ _ _ _ _ _ ______________ _- _____ _ ___________-_________-_ _ ___ _ -



, . -- ,

|

1

2 115.0 120.0 500.0 30.0 .00 .0 2 !

.

1

2 PIEZOMETRIC SURFACE (S) EAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 7 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 52.00
2 58.00 48.00
3 146.00 77.00
4 220.00 50.00
5 240.00 40.50
6 260.00 40.00

3

7 360.00 38.00

Piezemetric Surface No. 2 Specified by 5 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 52.00
2 58.00 48.00
3 114.00 43.00
4 260.00 40.00
5 360.00 38.00

|
|
,

I.
A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surf aces, Has Been Specified.

200 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X= 60.00 ft.

and I= 80.00 ft.

Each surface Terminates Between X = 160.00 ft.
and I = 180.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation

. .



i

i

I

At Which A Surface Extends Is Y= .00 ft. |
|

5.00 ft. Line segments Define Each Trial Failure Surface.

__________.... ______________________ ________________--_____________________

P

Following Are Displayed The Ten Most critical of The Trial
Failure Surfaces Examined. They Are Ordered - Most critical
First.

|

Safety Factors Are Calculated By The Modified Bishop Method * ** *

,

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf *

No. (ft) (ft)

1 65.26 50.39
2 70.02 48.84
3 74.85 47.55
4 79.74 46.52
5 84.68 45.76
6 89.66 45.28
7 94.65 45.07
8 99.65 45.13
9 104.64 45.47

10 109.60 46.07
,

11 114.53 46.95
12 119.39 48.10
13 124.19 49.51 |
14 128.90 51.18
15 133.52 53.11
16 138.02 55.29
17 142.39 57.71 >

18 146.63 60.37

|19 150.71 63.25
20 154.63 66.36 ~

21 158.37 69.67 i

22 161.93 73.18
23 165.29 76.89
24 167.82 80.00

Circle Center At X = 96.0 ; Y = 136.3 and Radius, 91.2 |

*** 1.076 ***

l

Individual data on the 26 slices
|
,

. - - - - )



Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Slice Width Weight Top Bot Norm Tan Her Ver Load
No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 4.8 813.9 .0 719.9 .0 .0 .0 .0 .0
2 4.8 2419.0 .0 2105.2 .0 .0 .0 .0 .0
3 4.9 3934.0 .0 3379.2 .0 .0 .0 .0 .0
4 4.9 5335.9 .0 4538.1 .0 .0 .0 .0 .0
5 5.0 6604.3 .0 5578.5 .0 .0 .0 .0 .0
6 5.0 7721.5 .0 6497.2 .0 .0 .0 .0 .0
7 5.0 8672.6 .0 7291.5 .0 .0 .0 .0 .0
8 5.0 9445.9 .0 7959.0 .0 .0 .0 .0 .0
9 5.0 10032.9 .0 8497.7 .0 .0 .0 .0 .0

10 4.9 10428.6 .0 8906.0 .0 .0 .0 .0 .0
11 4.9 10631.2 .0 9182.6 .0 .0 .0 .0 .0
12 4.8 10642.6 .0 9326.8 .0 .0 .0 .0 .0
13 4.7 10467.6 .0 9338.0 .0 .0 .0 .0 .0
14 4.6 10115.0 .0 9216.3 .0 .0 .0 .0 .0
15 4.5 9596.1 .0 8962.1 .0 .0 .0 .0 .0
16 4.4 8925.7 .0 8576.0 .0 .0 .0 .0 .0
17 3.6 6956.5 .0 6903.5 .0 .0 .0 .0 .0
18 .6 1163.5 .0 1138.3 .0 .0 .0 .0 .0
19 4.1 7168.1 .0 6807.6 .0 .0 .0 .0 .0
20 3.9 6114.6 .0 5206.4 .0 .0 .0 .0 .0
21 .4 533.2 .0 424.2 .0 .0 .0 .0 .0
22 3.4 4267.2 .0 3012.7 .0 .0 .0 .0 .0
33 2.1 2045.5 .0 1104.3 .0 .0 .0 .0 .0
24 1.5 1169.8 .0 493.3 .0 .0 .0 .0 .0
25 3.4 1750.7 .0 781.7 .0 .0 .0 .0 .0
26 2.5 412.7 .0 196.4 .0 .0 .0 .0 .0

t

Failure Surface Specified By 22 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

,

h

.

--- -- -- - -_ - -_ - _ -
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** PCSTABL5M **

by
Purdue University

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date: 09-17-93
Time of Run: 11:09am
Run By: ANDY WALSH
Input Data Filename: C:EFN11.IN
Output Filenames C:ETN11.OUT
Plotted Output Filenames C:ETN11. PLT

PROBLEM DESCRIPTION UPSTREAM EMBANKMENT ANALYSIS, CIRCL2,

STATIC

BOUNDARY COORDINATES

6 Top Boundaries
8 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 52.00 58.00 48.00 2
2 58.00 48.00 146.00 77.00 1
3 146.00 77.00 155.00 80.00 1
4 155.00 80.00 180.00 80.00 1
5 180.00 80.00 260.00 40.00 1
6 260.00 40.00 360.00 38.00 2

7 58.00 48.00 114.00 43.00 2
8 114.00 43.00 260.00 40.00 2

___________________.__________________________ _____________________________

ISCTROPIC SOIL PARAMETERS

i

2 Type (s) of soil

soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 105.0 110.0 300.0 24.0 .00 .0 1



2 115.0 120.0 500.0 30.0 .00 .0 2
........_____________......__....._..____...._....._-__.-._...._ ._____..______.

2 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 6 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 77.00
2 146.00 77.00
3 220.00 50.00
4 240.00 40.50
5 260.00 40.00
6 360.00 38.00

Piezometric Surface No. 2 Specified by 5 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 52.00
2 58.00 48.00
3 114.00 43.00
4 260.00 40.00
5 360.00 38.00

...._. ...._.......________________ ...__________ ..______.._____.__ ..________

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular surf aces, Has Been Specified.

200 Trial Surfaces Have Been Generated.

!
10 Surfaces Initiate From Each Of 20 Points Equally Spaced j

Along The Ground Surface Between X= 58.00 ft. |

and X= 70.00 ft. |
1

|
|

Each Surface Terminates Between X = 160.00 ft. !
'

and X = 180.00 ft.

j
Unless Further Limitations were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 43.00 ft.



. .
- _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - .

5.00 ft. Line Segments Define Each Trial Failure Surface.

i________________________________________________________________________________

Following Are Displayed The Ten Most critical Of The Trial j

Failure Surfaces Examined. They Are Ordered Most critical
First.

* Safety Factors Are Calculated By The Modified Bishop Method * **

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 64.32 50.08
2 69.09 48.59
3 73.94 47.37
4 78.85 46.42
5 83.80 45.73
6 88.78 45.33
7 93.78 45.19 '

8 98.78 45.33
9 103.76 45.74

10 108.71 46.43
11 113.62 47.39

| 12 118.47 48.62
'

13 123.24 50.11 |
''14 127.92 51.86

15 132.50 53.86
16 136.97 56.12
17 141.30 58.61
18 145.49 61.34
19 149.52 64.30
20 153.38 67.47
21 157.07 70.86
22 160.56 74.43
23 163.85 78.20
24 165.26 80.00

circle Center At X = ~ 93.7 ; Y = 136.0 and Radius, 90.9

*** 3.485 ***

Individual data on the 26 slices

_ - - _ _ _ _ _ - _ - - - . - . _ _. - _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ .
. . . .



Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Slice Width Weight Top Bot Norm Tan Her Ver Load
No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 4.8 803.5 8196.0 8630.5 .0 .0 .0 .0 .0

2 4.8 2384.0 7818.9 9053.2 .0 .0 .0 .0 .0

3 4.9 3868.9 7397.1 9392.8 .0 .0 .0 .0 .0

4 5.0 5235.7 6936.1 9648.2 .0 .0 .0 .0 .0

5 5.0 6464.4 6442.2 9818.6 .0 .0 .0 .0 .0

6 5.0 7538.0 5921.5 9903.7 .0 .0 .0 .0 .0

7 5.0 8442.2 5380.5 9903.0 .0 .0 .0 .0 .0

8 5.0 9166.2 4825.7 9816.7 .0 .0 .0 .0 .0

9 5.0 9702.4 4263.7 9644.9 .0 .0 .0 .0 .0

10 4.9 10046.7 3700.9 9388.2 .0 .0 .0 .0 .0

11 4.8 10198.2 3143.7 9047.4 .0 .0 .0 .0 .0

12 4.8 10159.8 2598.3 8623.4 .0 .0 .0 .0 ,o

13 4.7 9937.6 2070.3 8117.7 .0 .0 .0 .0 .0

14 4.6 9541.1 1565.3 7531.6 .0 .0 .0 .0 .0

15 4.5 8982.9 1088.4 6867.1 .0 .0 .0 .0 .0

16 4.3 8278.6 644.0 6126.0 .0 .0 .0 .0 .0

17 4.2 7446.8 236.3 5310.6 .0 .0 .0 .0 .0

18 .5 865.2 2.8 612.0 .0 .0 .0 .0 .0

19 3.5 5610.2 .0 3422.8 .0 .0 .0 .0 .0

20 3.9 5411.4 .0 2679.2 .0 .0 .0 .0 .0

21 1.6 1997.2 .0 746.4 .0 .0 .0 .0 .0

22 2.1 2225.1 .0 566.0 .0 .0 .0 .0 .0
23 1.5 1339.2 .0 134.2 .0 .0 .0 .0 .0

24 2.0 1365.2 .0 .0 .0 .0 .0 .0 .0

25 3.3 1272.5 .0 .0 .0 .0 .0 .0 .0

16 1.4 133.0 .0 .0 .0 .0 .0 .0 .0

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)
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|** PCSTABLSM **

by
,

Purdue University
______________________________________________________________________________

i

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

'

Run Date: 09-17-93
Time of Runs 11:27am
Run By: ANDY WALSH
Input Data Filename: C:ETN12.IN
Output Filenames C:EFN12.OUT
Plotted output Filename: C ETN12. PLT

PROBLEM DESCRIPTION UPSTREAM EMBANKMENT ANALYSIS, CIRCL2,
PSEUDO ,

BOUNDARY COORDINATES
,

6 Top Boundaries :
8 Total Boundaries

'

r

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 52.00 58.00 48.00 2
2 58.00 48.00 146.00 77.00 1
3 146.00 77.00 155.00 80.00 1 e

4 155.00 80.00 180.00 80.00 1
5 180.00 80.00 260.00 40.00 1
6 260.00 40.00 360.00 38.00 2
7 58.00 48.00 114.00 43.00 2
8 114.00 43.00 260.00 40.00 2 ;

-

1

ISOTROPIC SOIL PARAMETERS
|

2 Type (s) of soil

i

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

,

1 105.0 110.0 300.0 24.0 .00 .0 1

i

l

. ~ -_ _ .



|
.

1

2 115.0 120.0 500.0 30.0 .00 .0 2 )
--------------------------------- ...--------------------------- -------- --

2 PII:0 METRIC SURFACE (S) HAVE BEEN SPECIFIED

l
Unit Weight of Water = 62.40

I

Piezemetric Surface No. 1 Specified by 6 Coordinate Points
i
|

Point X-Water Y-Water
No. (ft) (ft)

1 .00 77.00
2 146.00 77.00
3 220.00 50.00
4 240.00 40.50
5 260.00 40.00
6 360.00 38.00

Piezemetric Surface No. 2 Specified by 5 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 52.00
2 58.00 48.00
3 114.00 43.00
4 260.00 40.00
5 360.00 38.00

A Horizontal Earthquake Loading Coefficient
of .050 Has Been Assigned

A Vertical Earthquake Loading coefficient
of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surf aces, Has Been Specified.

200 Trial Surfaces Have Been Generated.

10 Surf aces Initiate From Each of 20 Points Equally Spaced

_-_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ - - _ - _ _ _ _ _ _ _ _ -



- .-. . - . . _ _ . _ ..

;

Along The Ground Surface Between X= 58.00 ft.
iand X= 70.00 ft.

Each Surface *erminates Between X = 160.00 ft.
,

and X = 180.00 ft.
e

;

Unless Further Limitations were Imposed, The Minimum Elevation !

At Which A Surface Extends Is Y = 43.00 ft.

5.00 ft. Line segments Define Each Trial Failure Surface.

________________________________________________________________________________

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 24 Coordinate Points

.

.

Point X-Surf Y-Surf
No. (ft) (ft)

L

1 66.84 50.91 ,

2 71.59 49.36
3 76.42 48.06
4 81.32 47.03
5 86.26 46.26
6 91.23 45.76
7 96.23 45.53 |
8 101.23 45.58
9 106.22 45.89

10 111.18 46.47
'

11 116.11 47.32 i

12 120.98 48.44 1

13 125.79 49.82
|,

14 130.51 51.46 |

15 135.14 53.35
16 139.66 55.49
17 144.06 57.87
18 148.32 60.48
19 152.43 63.33
20 156.39 66.39
21 160.17 69.66
22 163.77 73.13
23 167.17 76.79

'

24 169.85 80.00

circle Center At X = 97.9 ; Y = 137.8 and Radius, 92.2 |

, - - . - . - _ . - . _ ..



. .. .. .

- - - - - _ _ _

.

2.575 ******

Individual data on the 26 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Slice Width Weight Top Bot Norm Tan Her Vier Load
No. Pt(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 4.8 816.0 7899.1 8381.6 .0 .0 40.8 .0 .0

2 4.8 2425.6 7526.9 8826.8 .0 .0 121.3 .0 .0

3 4.9 3946.3 7110.5 9190.3 .0 .0 197.3 .0 .0

4 4.9 5355.5 6655.5 9471.2 .0 .0 267.8 .0 .0

5 5.0 6633.1 6167.6 9668.6 .0 .0 331.7 .0 .0

6 5.0 7761.5 5652.9 9781.9 .0 .0 388.1 .0 .0

7 5.0 8726.0 5117.6 9810.8 .0 .0 436.3 .0 .0

8 5.0 9514.9 4568.0 9755.3 .0 .0 475.7 .0 .0

9 5.0 10119.8 4010.6 9615.4 .0 .0 506.0 .0 .0

10 4.9 10535.2 3451.5 9391.6 .0 .0 526.8 .0 .0

11 4.9 10759.3 2897.1 9084.5 .0 .0 538.0 .0 .0

12 4.8 10793.3 2353.2 8695.1 .0 .0 539.7 .0 .0

13 4.7 10641.9 1825.8 8224.5 .0 .0 532.1 .0 .0

14 4.6 10312.8 1320.2 7674.0 .0 .0 515.6 .0 .0

15 4.5 9817.1 841.4 7045.3 .0 .0 490.9 .0 .0

16 4.4 9168.7 394.2 6340.3 .0 .0 458.4 .0 .0

17 1.9 3892.3 40.9 2636.1 .0 .0 194.6 .0 .0

18 2.3 4472.2 .0 2685.4 .0 .0 223.6 .0 .0

19 4.1 7411.3 .0 3964.1 .0 .0 370.6 .0 .0

20 2.6 4230.8 .0 1881.2 .0 .0 211.5 .0 .0

31 1.4 2109.2 .0 783.9 .0 .0 105.5 .0 .0

22 3.8 4836.7 .0 1321.0 .0 .0 241.8 .0 .0

23 1.6 1648.6 .0 144.9 .0 .0 82.4 .0 .0

34 2.0 1612.8 .0 .0 .0 .0 80.6 .0 .0

35 3.4 1803.2 .0 .0 .0 .0 90.2 .0 .0

36 2.7 451.8 .0 .0 .0 .0 22.6 .0 .0

Failure Surface Specified By 26 Coordinate Points

'

Point X-Surf Y-Surf
No. (ft) (ft)

1 63.68 49.87
2 68.51 48.58

_ _ _ _ _ _ - _ _ _ _ _ .. ..



UPSTREAM EMBAHMMENT AHALYSIS CIRCL2 PSEUDOTen Most Cri tical . C:EFH12. PLT B9: ANOV HALSA 99-17-93 11:27an
249

5 5 8 I I 3 3 3

299 .
.

V kxfs ~

'

'fik .

-

V89
-

,1_________________________. j ,,
,.y 7[ sA.'

i 1 - '''
'

' 1-

is k ^ =y_- . ''yg
4g ,

2
- ' V 2- - - - - ' - - - - - 3 - - - - -- - - hg _ g ._ ~.___.____,.

g - e i e a e a a e

9 49 89 129 169 299 249 289 329 369PCSTABL5M FS Min =2.58 X-Axis (ft)

- _ _ _ - _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



. . . . _ . - . , _.. - - -- _

** PCSTABL5M **

by
Purdue University

i

!

--Slope stability Analysis--
Simplified Janbu, simplified Bishop

or spencer's Method of Slices

,

&

Run Date: 09-17-93
Time of Runs 11:52am

i
'Run By: ANDY WALSH

Input Data Filenames C ETN14.IN
Output Filename C:ETN14.OUT
Plotted Output Filenames C ETN14. PLT

I
.

PROBLEM DESCRIPTION UPSTREAM EMBANKMENT ANALYSIS, CIRCL2, |
5TATIC, fouuM770s

9

i,

BOUNDARY COORDINATES

6 Top Boundaries i

8 Total Boundaries #

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 52.00 58.00 48.00 2
2 58.00 48.00 146.00 77.00 1
3 146.00 77.00 155.00 80.00 1
4 155.00 80.00 180.00 80.00 1
5 180.00 80.00 260.00 40.00 1
6 260.00 40.00 360.00 38.00 2
7 58.00 48.00 114.00 43.00 2
8 114.00 43.00 260.00 40.00 2,

___ ______.___________..________________________ _____________________________

Y

ISOTROPIC SOIL PARAMETERS
!

2 Type (s) of Soil
|
,

Soil Total Saturated Cohesion Friction Pore Pressure Piez. i
.

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface [
No. (pcf) (pcf) (psf) (dog) Param. (psf) No. !

! 1 105.0 110.0 300.0 24.0 .00 .0 1

- _
_.

- - - - - - __ . - - _ _ . - - _ _ - _ _ . _ _ .



. . _. . _ . . _ - . . . . _ . . . . . . ._

2 115.0 120.0 500.0 30.0 .00 .0 2
________________________________________________________________________________

2 PIEICMETRIC SURFACE (S) HAVE BEEN SPECIFIED

i

\
~

Unit weight of water = 62.40

1

:

Piezometric Surface No. 1 Specified by 6 Coordinate Points
,

r

Point X-Water Y-Water
No. (ft) (ft)

1 .00 77.00
2 146.00 77.00 >

3 220.00 50.00
4 240.00 40.50 |

5 260.00 40.00
|

6 360.00 38.00
,

i
Piezometric Surface No. 2 Specified by 5 Coordinate Points '

i
,

Point X-Water Y-Water '

No. (ft) (ft)
I

1 .00 52.00 j
' 2 58.00 48.00 |

3 114.00 43.00 |
4 260.00 40.00 ;

5 360.00 38.00
;
r

!
A Critical Failure surface Searching Method, Using A Random '

Technique For Generating Circular Surfaces, Has Been Specified.

^

200 Trial Surfaces Have Been Generated.

i
10 Surfaces Initiate From Each of 20 Points Equally Spaced |

Along The Ground surface Between X= 60.00 ft.
and I= 80.00 ft.

,

Each Surface Terminates Between X = 160.00 ft. j
'and X = 180.00 ft.

Unless Further Limitations %'ere Imposed, The Minimum Elevation f
At Which A Surface Extends Is Y= .00 ft. |

|

_.



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

5.00 ft. Line Segments Define Each Trial Failure Surface.

-------------------------------------------------------------------------------

|

Following Are Displayed The Ten Most Critical of The Trial
Failure Surfaces Examined. They Are Ordered - Most critical

'

First.
!

'

* * Safety Factors Are Calculated By The Modified Bishop Method * * :

i

i

Failure Surface Specified By 24 Coordinate Points

!

Point I-Surf Y-Surf
No. (ft) (ft) I

h
1 65.26 50.39 -

i

2 70.02 48.84
3 74.85 47.55
4 79.74 46.52

,

5 84.68 45.76
'6 89.66 45.28
7 94.65 45.07 i

8 99.65 45.13
9 104.64 45.47 !

10 109.60 46.07
11 114.53 46.95 !
12 119.39 48.10
13 124.19 49.51
14 128.90 51.18 '

15 133.52 53.11 -

16 138.02 55.29
'17 142.39 57.71

18 146.63 60.37 |

19 150.71 63.25 !
20 154.63 66.36 |
21 158.37 69.67
22 161.93 73.18

|
23 165.29 76.89
24 167.82 80.00

i
Circle Center At I = 96.0 ; Y = 136.3 and Radius, 91.2 ,

!
|

eee 3,473 eee ;

I

l

l
iIndividual data on the 26 slices '

.

1

- - -. - - . _ _ -_-1



. _ . _ ... _ . _ . - __ _ = _ _ .. . . . . . _ . _ _ _ .-

Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Slice Width Weight Top Bot Norm Tan Her Ver Load
No. Pt(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 4.8 815.7 8062.4 8543.7 .0 .0 .0 .0 .0 |

2 4.8 2424.4 7693.7 8987.9 .0 .0 .0 .0 .0 i

3 4.9 3942.7 7279.8 9349.6 .0 .0 .0 .0 .0 '

;

4 4.9 5347.8 6826.1 9627.7 .0 .0 .0 .0 .0 !

5 5.0 6619.1 6338.8 9821.4 .0 .0 .0 .0 .0
'

6 5.0 7738.7 5823.8 9930.0 .0 .0 .0 .0 .0 >

7 5.0 8691.9 5287.6 9953.4 .0 .0 .0 .0 .0
|

8 5.0 9466.9 4736.6 9891.3 .0 .0 .0 .0 .0
'9 5.0 10055.3 4177.4 9744.0 .0 .0 .0 .0 .0

10 4.9 10451.9 3616.4' 9511.9 .0 .0 .0 .0 .0
;

11 4.9 10654.9 3059.9 9195.8 .0 .0 .0 .0 .0
[12 4.8 10666.3 2514.0 8796.5 .0 .0 .0 .0 .0

13 4.7 10491.0 1984.7 8315.3 .0 .0 .0 .0 .0

14 4.6 10137.5 1477.4 7753.6 .0 .0 .0 .0 .0
'- 15 4.5 9617.5 997.3 7113.1 .0 .0 .0 .0 .0 i

16 4.4 8945.6 549.1 6395.7 .0 .0 .0 .0 .0

17 3.6 6972.0 141.0 4826.8 .0 .0 .0 .0 .0

18 .6 1163.5 .0 726.2 .0 .0 .0 .0 .0

19 4.1 7168.1 .0 4174.8 .0 .0 .0 .0 .0 ;

20 3.9 6114.6 .0 2866.6 .0 .0 .0 .0 .0 !

'21 .4 533.2 .0 210.5 .0 .0 .0 .0' .0
22 3.4 4267.2 .0 1303.1 .0 .0 .0 .0 .0
23 2.1 2045.5 .0 241.7 .0 .0 .0 .0 .0

24 1.5 1169.8 .0 .0 .0 .0 .0 .0 .0 3

25 3.4 1750.7 .0 .0 .0 .0 .0 .0 .0 :

{
26 2.5 412.7 .0 .0 .0 .0 .0 .0 .0

Failure Surface Specified By 25 Coordinate Points |
!

Point X-Surf Y-Surf I

No. (ft) (ft) |

1 67.37 51.09 |
2 72.12 49.53 :

!
;

!

!
!

I

|
,

,

. ..
- .
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** PCSTABL5M ** !
!

by
Purdue University

--------------------------------------.. .------- -------- --------------

--Slope Stability Analysis-- |
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

'Run Date: 09-17-93
Time of Runs 12:01pm

;
Run By: ANDY WALSH (
Input Data Filename: C ZFNIS.IN
Output Filenames C EFN15.OUT !

Plotted Output Filename C EFN15. PLT |
t
!
,

I
L

i

PROBLEM DESCRIPTION UPSTREAM EMBANKMENT ANALYSIS, CIRCL2,
.PJEub0. M a WD4 7/s.u

r

BOUNDARY COORDINATES

6 Top Boundaries
8 Total Boundaries

;

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 52.00 58.00 48.00 2
2 58.00 48.00 146.00 77.00 1 !

3 146.00 77.00 155.00 80.00 1
i 4 155.00 80.00 180.00 80.00 1

5 180.00 80.00 260.00 40.00 1
6 260.00 40.00 360.00 38.00 2
7 58.00 48.00 114.00 43.00 2
8 114.00 43.00 260.00 40.00 2

*

- _ - - - - - - . . - - - - . - - - - - . - - - - - - - - - - - - - - . - . . - - - - . . - - - - - - - - - - _ . - . - _ _ _

>

ISOTROPIC SOIL PARAMETERS

2 Type (s) of Soil I

Soil Total Saturated Cohesion Friction Pere Pressure Piet. ;

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

I 105.0 110.0 300.0 24.0 .00 .0 1 )

i
_____ _ _ ____-___.



2 115.0 120.0 500.0 30.0 .00 .0 2
___________________________________________________ - _ ____________________

2 PIEZOKETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezemetric Surface No. 1 Specified by 6 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 77.00
2 146.00 77.00
3 220.00 50.00
4 240.00 40.50
5 260.00 40.00
6 360.00 38.00

Piezometric Surface No. 2 Specified by 5 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 52.00
2 58.00 48.00
3 114.00 43.00
4 260.00 40.00
5 360.00 38.00 |

|
1

-

,

A Horizontal Earthquake Loading Coefficient
of .050 Has Been Assigned i

A Vertical Earthquake Loading Coefficient
of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

200 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each of 20 Points Equally Spaced

m.. _
_ . _ _ - - -_______ -___ __.



Along Tha Ground Surfaco Botwson X= 60.00 ft.

and X= 80.00 ft. .

Each surface Terminates Between X = 160.00 ft.
and X = 180.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At which A Surface Extends Is Y= .00 ft.

,

5.00 ft. Line Segments Define Each Trial Failure Surface.

_______________________________________________ ______________________________

Following Are Displayed The Ten Most critical Of The Trial i

Failure Surfaces Examined. They Are Ordered - Most critical
First, r

,

,

9

* * Safety Factors Are Calculated By The Modified Bishop Method * *
t

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 65.26 50.39
2 70.02 48.84 |
3 74.85 47.55 !
4 79.74 46.52 ,

5 84.68 45.76
6 89.66 45.28 !
7 94.65 45.07 |

8 99.65 45.13 |
9 104.64 45.47 '

10 109.60 46.07
11 114.53 46.95 |
12 119.39 48.10
13 124.19 49.51 )
14 128.90 51.18
15 133.52 53.11
16 138.02 55.29
17- 142.39 57.71
18 146.63 60.37
19 150.71 63.25
20 154.63 66.36
21 158.37 69.67 |
22 161.93 73.18
23 165.29 76.89
24 167.82 80.00

|

Circle Center At X = 96.0 ; Y = 136.3 and Radius, 91.2

|

--



_- -__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ .

*** 2.562 ***

Individual data on the 26 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge

Slice Width Weight Top Bot Norm Tan Her Ver Load
No. Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 4.8 815.7 8062.4 8543.7 .0 .0 40.8 .0 .0
2- 4.8 2424.4 7693.7 8987.9 .0 .0 121.2 .0 .0
3 -4.9 3942.7 7279.8 9349.6 .0 .0 197.1 .0 .0
4 4.9 5347.8 6826.1 9627.7 .0 .0 267.4 .0 .0
5 5.0 6619.1 6338.8 9821.4 .0 .0 331.0 .0 .0
6 5.0 7738.7 5823.8 9930.0 .0 .0 386.9 .0 .0
7 5.0 8691.9 5287.6 9953.4 .0 .0 434.6 .0 .0
8 5.0 9466.9 4736.6 9891.3 .0 .0 473.3 .0 .0
9 5.0 10055.3 4177.4 9744.0 .0 .0 502.8 .0 .0

10 4.9 10451.9 3616.4 9511.9 .0 .0 522.6 .0 .0
11 4.9 10654.9 3059.9 9195.8 .0 .0 532.7 .0 .0
12 4.8 10666.3 2514.0 8796.5 .0 .0 533.3 .0 .0
13 4.7 10491.0 1984.7 8315.3 .0 .0 524.6 .0 .0
14 4.6 10137.5 1477.4 7753.6 .0 .0 506.9 .0 .0
15 4.5 9617.5 997.3 7113.1 .0 .0 480.9 .0 .0
16 4.4 8945.6 549.1 6395.7 .0 .0 447.3 .0 .0
17 3.6 6972.0 141.0 4826.8 .0 .0 348.6 .0 .0
18 .6 1163.5 .0 726.2 .0 .0 58.2 .0 .0
19 4.1 7168.1 .0 4174.8 .0 .0 358.4 .0 .0
20 3.9 6114.6 .0 2866.6 .0 .0 305.7 .0 .0
21 .4 533.2 .0 210.5 .0 .0 26.7 .0 .0
22 3.4 4267.2 .0 1303.1 .0 .0 213.4 .0 .0
33 2.1 2045.5 .0 241.7 .0 .0 102.3 .0 .0

34 1.5 1169.8 .0 .0 .0 .0 58.5 .0 .0
25 3.4 1750.7 .0 .0 .0 .0 87.5 .0 .0
36 2.5 412.7 .0 .0 .0 .0 20.6 .0 .0

Failure Surf ace Specified By 25 Coordinate Points

i

Point X-Surf Y-Surf
No. (ft) (ft)

1 67.37 51.09 |
2 72.12 49.53 |

3 76.95 48.23

_ - _ _ - - - - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ ___- .

. ..
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1.0 SITE PREPARATION

1.1 GENERAL
|

( Site preparation includes clearing, grubbing, stripping, borrow development, required
! excavations, and foundation preparation witnin the various work areas for their designated

purpose. In general, these work areas include the Treatment Pond and Plant facilities,

Irrigation Water Storage facilities, diversion ditches and berms, designated access road

( corridors, and borrow areas.
|

The intent of these Specifications is to minimize ground disturbance beyond required work

| limits. Unless otherwise noted on the Drawings, grubbing and stripping shall extend 5 feet

beyond the required excavation and fil! limits.

1.2 CLEARING AND GRUBBING

No clearing and grubbing of vegetation is required at this site. The grass-cover vegetation

shall oe removed as part of stripping.

1.3 STRIPPING

Stripping includes removal of vegetation and organic soils (soil cover), as determined by the

Engineer. Depth of stripping shall not exceed 12 inches from the original ground surface,

unless otherwise directed by the Engineer. Material removed from stripping operations shall

be placed in designated soil cover stockpile areas for subsequent reclamation operations in

locations indicated by the Owner.

Soil cover stockpile limits shall be graded to prevent ponding of water. Exterior stockpile

slopes shall be trimmed to reasonably regular lines and stable slopes of 2H:1V or flatter.

1.4 BORROW DEVELOPMENT

The Contractor shall liaise with the Owner, as needed, to schedule and coordinate the

production and/or stockpiling of acceptable borrow materials from the borrow pit area and

other sources on and off site for the execution of the Contractor's work.

357o1 Appendix E - Technical specifications
October 1993 WESTEC E-1



Acceptable borrow areas shall be stripped in stages, as approved by the Owner / Engineer, to

minimize ground disturbance. Each stage of stripping shall be sufficient in areal extent for the

Contractor to operate conventional earthwork equipment for conditioning and excavating

materials acceptable for fill placement. Stripped cover soil shall be temporarily stockpiled for

final borrow surface reclamation by the Contractor, as approved by the Owner, or placed in

designated soil cover stockpile areas for final reclamation by the Owner.

The final surfaces of all borrow areas developed by the Contractor shall be left in reasonably

smooth, even conditions and graded to drain for long-term stability. Final surface grading shall

be by dozer or grader blade operations, as approved by the Engineer. Final cut slopes shall

be no steeper than 2H:1V. The Contractor shall replace stripped cover soil over the final

borrow cuts, unless otherwise approved by the Owner.

1.5 EXCAVATION

Insofar as is practical in the permanent construction, the Contractor shall use materials

obtained from on-site required excavations and the Owner's stockpiles which meet applicable

fill specifications. All open-cut excavations shall be performed in accordance with the

Specifications to the lines, grades, and dimensions shown on the Drawings or as established

by the Engineer. Assurned site leveling or structure excavation lines are shown on the

Drawings, but the final excavation may vary to suit field conditions.

1.6 FOUNDATION PREPARATION

The intent of these Specifications is to prepare a subbase for the placement of fill for site

grading and foundation structures. At the completion of the required foundation stripping

operations and removal of unsuitable foundation material, the final site grading cut surface of

the treatment ponds and the foundation subgrade area for the water storage reservoir

embankment shall be scarified to a minimum depth of 6 inches, moisture conditioned to within

2 percent of optimum moisture content, and recompacted to at least 95 percent of maximum

density (ASTM D-698). No fill shall be placed until the stripped and reworked fill foundation

areas have been inspected and approved by the Engineer.

Foundation preparation for geomembrane liner placement in final cut or fill areas includes

select borrow or in-place materials for liner fill, as specified in Section 2.0.

357o1 Appendix E - Technical Specifications
October 1993 WESTEC E2
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|

2.0 FILL PLACEMENT

2.1 GENERAL '

The work covered by this section of the Specifications shallinclude, but is not limited to: fill

placement for the irrigation water storage embankment area, treatment ponds, berms, drains, '

liner anchor, and runoff diversion ditches; reworking in-place foundation materials; and

earthwork incident thereto. The procedures for the construction of required fills shall be
.

discussed with and approved by the Engineer prior to fill placement. Fill placement shall

include the following material types specified herein: compacted fill; liner fill; drain fill; general i

fill; and structural fill. General placement, moisture control, and compaction guidelines are

discussed herein.

.

The distribution of materials shall be such that the fill is free from lenses, pockets, streaks,
.

or layers of material differing substantially in texture or gradation from the surrounding <

material. The combined borrow excavation and fill placement operation shall be such that the !

materials, when compacted in the fill, will be blended sufficiently to secure the best
t

practicable distribution of the material, subject to the approval of the Engineer.
t

During compaction operations. the borrow and reworked in-place materials requiring moisture

conditioning shall be maintained within the moisture content range required to permit proper

compaction to the specified density with the equipment being used. The moisture content

of the earth fill material prior to and during compaction shall be uniform throughout the
,

material.

Wherever necessary, after fill material has been placed and spread, or reworked in-place and i

moisture conditioned as specified, the layer shall be compacted by passing compaction *

equipment over the entire surface of the layer a sufficient number of times to obtain the

required density, as determined by the Engineer on the basis of field density tests and his

observation of the fill operations.
;

i

I

|

357o1 Appendix E Technical Specifications
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The Engineer shall continuously evaluate the Contractor's equipment and methods. If such

equipment or methods are found unsatisfactory for the intended use, the Engineer will require

the Contractor to replace the unsatisfactory equipment with other types or adjust methods

until proper compaction is achieved.

The Contractor shall maintain and protect fills in a condition satisf actory to the Engineer at

all times until the final completion and acceptance of the work.

2.2 COMPACTED FILL

Compacted fill shall be used to construct the irrigation water storage embankment as shown

on the Drawings. Compacted fill shall consist of inorganic soils and rock from approved

borrow areas and required excavations.

Compacted fill with less than 30 percent rock particles retained on the 3/4-inch sieve size and

a maximum 6-inch rock size shall be moisture conditioned to within 2 percent of optimum

moisture content, piaced in 9-inch maximum loose lifts and compacted to a minimum 95

percent of maximum density (ASTM D-698).

Oversized rock for the compacted soil fill shall be raked to the outside fill slopes or stockpiled

for use as rip rap material.

2.3 SOIL LINER FILL

Liner fill shall be used as a prepared soil foundation placed in two 6-inch compacted lifts to

inhibit seepage and provide secondary containment system for the treatment ponds. The soil
4liner fill will be compacted to meet 1 x 10 cm/sec permeability requirements.

Reworked in-place natural soils and weathered bedrock meeting liner fill gradation, moisture

and compaction requirements specified herein shall be acceptable as reworked soil liner fill.

Soil liner fill shall consist of the finer inorganic soils available from Engineer approved borrow

areas or in-place soils with a 3/4-inch maximum rock size adjacent to the geomembrane liner

material, a minimum 30 percent fines passing the No. 200 sieve size, and a minimum

plasticity index of 10. Non-plastic soils with a minimum 50 percent fines passing the No. 200

sieve size, or other equivalent low permeability soils shall be acceptable, as approved by the

Engineer.

.

357o1 Appendix E - Technicet specifications
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Soilliner fill shall be moisture conditioned to within 2 percent of optimum moisture content,

placed in maximum 9-inch loose lifts, and compacted to a minimum 95 percent of maximum

density (ASTM D-698).
,

The Contractor shall selectively borrow, transport, and place fill as meets the Specification

from approved borrow areas within the project area. The finished soil liner fill surface shall ,

be smooth, compacted, and free from irregular surface changes to the satisfaction of the

Engineer. Oversized rock greater than 3/4-inch in size shall be removed from the exposed

surface fill prior to smoothing and compaction. The degree of smoothing shall be that

ordinarily obtained from blade grader operations. The prepared surface shall be graded to

drain so that ponding does not occur.

2.4 GENERAL. FILL

General fill shall be used to construct controlled grades for miscellaneous lightly loaded or non- j
critical structures and subgrades for roadways and lined pond berms, as shown on the

'Drawings. General fill shall consist of inorganic soils and rock from Engineer approved borrow

areas, moisture conditioned to within 2 percent of optimum moisture content, placed in 12- .

inch maximum loose lifts, and compacted to a minimum 90 percent of maximum density

(ASTM D-698).
i

|
,

2.5 STRUCTURAL FILL-

Structural fill shall be used to construct the foundation support for heavily loaded or critical

plant structures requiring low foundation movement tolerances. Structural fill shall consist

of inorganic soils and rock from Engineer approved borrow areas, moisture conditioned to

within 2 percent of optimum moisture content, placed in 8-inch maximum loose lifts, and i

'

compacted to a minimum 98 percent of maximum density (ASTM D-1557).
t

2.6 DRAIN FILL |

The drain fill material shall be placed in the water storage embankment downstream drain
,

blanket and in the treatment pond leak detection sand layer, as shown on the Drawings.
.

Drain fill shall consist of relatively clean sand and gravel from an off site source with a 3/4-
'

inch maximum size,40 to 70 percent passing the No. 4 sieve size, and a maximum 5 percent

passing the No. 200 sieve size. The drain fill shall not require any compaction, moisture or !

lift thickness specifications and shall be placed in a manner to prevent direct dumping on the
a

,

357o1 Appendix E Technical specifications
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pond leak detection drain pipes. The drain blanket layer for the water storage embankment

shall be 20 feet wide by 40 feet long by 1-foot thick beneath the downstream toe of the

Phase 1 embankment in the valley bottom. Tne drain blanket shall be extended downstream

to the Phase 2 toe at 20 feet wide by 31 feet long by 1-foot thick.
i

l

Prior approval of the drain material by the Engineer will be required before the drain material

is delivered to site. l

|

t

2.7 RANDOM FILL i

Random fill shall be placed for the liner anchor trench and other areas outside of structure

limits, as shown on the Drawings. Random fill shall include inorganic soil and rock with no

lift thickness, moisture conditioning, or compaction requirements in the trench. The final ,

surface shall be wheel rolled by a rubber-tired front end loader with loaded bucket, or

equivalent compaction approved by the Engineer. The final random fill surface shall be graded

to drain.

,

t

h

!

:

;

l

|

!
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3.0 GEOMEMBRANE LINER MATERIAL
,

3.1 GENERAL

The Contractor shall furnish and instsll geomembrane liner materials and miscellaneous

materials incident thereto in accordance with the manufacturer's recommendations. The

intent of design is to provide flexible high density polyethylene liners for the primary treatment

pond containment systems. The high density polyethylene liners are specified for their

resistance to sunlight degradation (UV-light) and long-term exposure durability. Alignments,

lengths, and areas are shown on the Drawings. Exact locations and lengths may be varied

to suit conditions encountered in the field, as approved by the Engineer.
,

Direct vehicular contact with the liners shall not be allowed in order to prevent damage to the

liners.

In addition to field seam testing specified herein, the Contractor shall water test the top liner
,

for the treatment ponds with a minimum 5 feet of ponded fresh water (8 feet above the sump

bottom level) with no leaks in 48 hours prior to acceptance by the Owner. If 'eaks occur, the

Contractor shall find and repair the leaks for a retest as before. The Owner shall provide the

source of water for testing.

3.2 MATERIALS

The geomembrane liners shall be placed over the leak detection sand and wick drain material

in the treatment ponds to provide an uninterrupted impervious liner seepage barrier. Liner

materials for feasibility design include 80-mil high density polyethylene (HDPE) or an Engineer

approved equivalent. The liners shall have the following minimum requirements as shown on

Table 4.1, or as approved by the Engineer:

357o1 Appendix E Technical Specifications
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TABLE 3.1

MINIMUM REQUIREMENTS FOR LINER

PROPERTIES TEST METHODS MINIMUM TEST VAL 8JES

80-mil HDPE

Minimum thickness (mil) ASTM D1593 76

Puncture resistance (Ib) FTMS 101-2065 105

Tear resistance initiation (Ib) ASTM D1004-Die C 55

Tensile strength at break (Ib/in) ASTM D638 320 -

Tensile strength at yield (Ib/in) ASTM D638 190

Elongation at break (%) ASTM D638 700

3.3 PLACEMENT

The geomembrane shall be installed by crews experienced in the placement of the particular

type of liner to be installed on projects of similar size and type, according to the
manufacturer's recommendations. Experience records of the liner manufacturer and installer

shall be submitted to the Owner for review. Approval of the manufacturer and installer shall

be obtained from the Owner prior to purchase of material or mobilization of the installer.

The Contractor shall visually inspect all delivered liner materials on arrival at the job site for

damage and identification. Any damage to the liner panels caused by shipment, handling, and

placement shall be rejected. Liner panels shall remain in the shipping containers or shall be

covered and protected from the elements until ready for installation. Only liner panels for

each day's seaming shall be placed.

The liner panels shall be oriented in such a manner as to minimize stress on the factory and

field seams. To this end, liner panels shall be placed with factory seams and long field seams

oriented longitudinally with the slopes (positioned up and down slopes).

The liner panels shall be temporarily anchored and held in place with sandbags, or other

approved methods until completion of field seaming. Anchoring at the edge of the liner shall

be as shown on the Drawings. Care shall be taken to ensure that the liner panels are
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positioned in a slackened condition for conforming to the subgrade without being taut. The

liner panels shall be placed and smoothed so that the direct contact with @e liner fill is

maximized.

Sheets shall be of maximum width produced by the manufacturer. Before the adoption of a

particular seaming technique, the Contractor shall supply the Engineer with written details of

the method and equipment to be used. Operating criteria and specifications for the seaming
!

technique and equipment shall be submitted. Approval of the seaming technique shall be

obtained from the Engineer prior to its use. Such approval shall not relieve the Contractor of

the responsibility of producing the required seam. Lining sheets shall be seamed by a fusion

method according to the manufacturer's recommendations.

3.4 SEAMING

The two sheets of liner shall be overlapped to the minimum manufacturer's specification with

the two sheets pulled tightly to keep the seamed edges smooth and wrinkle free. If the area

to be seamed is not fresh and clean and free of dirt, the area shall be cleaned with
|

!
trichloroethane or other manufacturer approved cleaner. No seaming shall be performed when I

moisture resulting from either condensation or precipitation exists at the seam in quantities

sufficient to reduce the effectiveness of the seaming technique.

3.5 TESTING AND FIELD INSPECTION

The Contractor shall provide the Engineer with a copy of the manufacturer's quality control

testing for roll of each shipment or partial shipment of liner, if the entire shipment is not

covered by the testing. Such testing shall include data on the melt index (ASTM D-1238),

density (ASTM D-1504), tensile and elongation (ASTM D-638), thickness (ASTM D-1593),

and carbon black content (ASTM D 1603).

The test data shall be referenced to a shipment number. Upon placement, the Contractor

shall indicate by a plan the exact location at which the liner shipment is installed.
|

The Contractor shall be responsible for providing his own quality control personnel and testing

equipment. The Engineer will perform his own testing independent of the Contractor's

testing. At the end of each shift, the Contractor shall submit to the Engineer a written notice

indicating the areas of installation completed during that shift.
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|

. Field quality control testing shall involve both nondestructive and destructive testing. The

nondestructive testing shall determine " water tightness" of the seam, whereas the destructive

testing shall determine the strength and integrity of the seam.
|

!

Destructive testing shall be performed on dumb-bells cut with the seam centrally located

within the test specimen. Both shear and peel testing shall be performed.

A sample seam shall be made twice during each shift with each seaming machine. Samples ,

from the weld shall be tested in shear and peel, and no seaming equipment may start work

until the seaming weld has been visually approved by the Engineer.

A visual examination of all seams shall be performed. Any suspect areas, breaks, or holes in

the weld shall be recorded and marked for repair.

In addition to or concurrent with the visual inspection, the Contractor shall test all seams with

the use of a vacuum box, pressurized double-wedge air channel, or other standard techniques.

Details of the method of nondestructive seam testing to be adopted shall be submitted to the

Engineer for approval prior to its use. Any holes detected in the searn shall be recorded and

marked for repair. All repaired areas shall be retested upon completion of the repair.

Vacuum testing for the extrusion or fusion welded liners shallinvolve the use of a glass-faced

suction box, typically 3 feet long and wide enough to cover the weld, placed over a section

of the seam which has been wetted with a soap solution. Suction shall be applied to the

seam at 5 psi, as indicated on a pressure gauge mounted to the box with a sensitivity to the ,

nearest 1 psi. Any leaks demonstrated by the formation of bubbles shall be marked for repair

and retested.

Non-destructive testing of a double wedge weld consists of pressurizing a continuous open

air channel between the double welds for leaks. First, air is blown throughout the air channel' |

to check for continuity or blockage. Blocked air channels shall require weld vacuum testing

as specified above. Second, the ends of the continuous air channel seam are sealed and the

air channel pressurized with an air pump and a sharp hollow needle or other approved pressure

feed device to a specified pressure of typically 40 psi. Third, the air pressure is maintained |
over a specified time interval, typically 2 minutes, with allowance for expansion of the liner
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I

material under pressure. Further, if the seam does not hold pressure within liner expansion

tolerance, the leak is located and repaired (normally found by the sound of hissing from the

defect). Once isolated, the remainder of the seam is retested and the defective area recorded

and marked for repair. If the leak cannot be located, vacuum box testing shall be done along

the entire length of seam,
l
;

For double wedge testing the Contractor shall have an air pump with valves, mounted on a

cushion to protect the liner, and capable of generating and sustaining 45 psi of pressure. The

air pump shall be equipped with a pressure gauge accurate to the nearest 1 psi sensitivity for f

testing. Acceptable expansion tolerance for each type of liner shall be as specified by the

manufacturer and approved by the Engineer.
.
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4.0 PIPE MATERIAL

|
4.1 GENERAL |

|

Corrugated polyethylene (PE) drain pipes with perforations, Schedule 80 Polyvinyl Chloride
!

(PVC) pipe, and wick drains shall be used for leak detection in the primary and secondary
;

'

treatment ponds, as shown on the Drawings. High density polyethylene (HDPE) pipe or |
equivalent decant / siphon spillway pipe shall be installed from the Treatment Ponds to the ;

!

irrigation water storage reservoir, as directed by the Owner. !

The Contractor shall furnish and install the pipe, wick drains, and miscellaneous materials

incident thereto, in accordance with the manufacturer's instructions and recommendations. I

Layouts, elevations, and lengths of pipe and drain materials are shown on the Drawings.

Exact locations, lengths, slopes, and alignment of drains may vary to suit field conditions, as

approved by the Engineer. t

f
;

Construction equipment shall not cross over installed pipelines and wick drains. If pipeline '

materials are damaged by the Contractor's methods of installation and construction, and not
;

suitable for use in permanent construction, as determined by the Owner / Engineer, the
,

Idamaged material shall be replaced by the Contractor at no expense to the Owner.

4.2 PE DRAIN PIPE (
The treatment pond leak detection pipes shall be located in the pond bottoms to detect

leakage through the primary 80-mil HDPE geomembrane liner, as shown on the Drawings.
,

The drain pipes shall be corrugated and perforated PE pipe. The 4 inch PE pipes shall be

heavy duty highway grade pipe meeting AASHTO M 294 standards. The pipes shall be

interconnected with manufactured joints as recommended by the manufacturer and shsii be !

fitted with a polypropylene filter sock.
|

!
The manufactured drain pipe perforations shall be a minimum of 10 percent open area.

Perforations shall be evenly placed around the inner pipe corrugation for minimum reduction

in pipe strength.

!
|
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4.3 PVC PIPE

The leak detection wells placed on the pond side slopes beneath the 80-mil HDPE liner shall

consist of solid 4-inch diameter Schedule 80 PVC pipe with the bottom section slotted within

the leak detection sump areas in the pond bottoms. The top and bottom of the pipe shall be

capped (manufactured caps) and a 1/4-inch air vent hole instal |ed below the top cap.

Couplings shall be solvent welded (glued) and the top cap shall be threaded for ready access

to the detection system. The fabricated slotted section shall have 3 rows of slots spaced at

120 degrees on maximum 1/2-inch centers, or approved equivalent. The slot widths shall be

between 0.02 to 0.05 inches.
1

!

The top section of the leak detection well PVC pipes shall be caulked and clamped to the top

80 mil HDPE liner utilizing an HDPE liner boot for a water tight seal. The top of the pipe shall

extend a minimum of 2 feet above the pond liner crest level.

4.4 HDPE PIPE

The HDPE for the treatment pond inlet / outlet pipes shall be Driscopipe 1000 Grade SDR 32.5,

or equivalent approved by the Engineer. The outlet area extending through the pond liner shall

be welded to HDPE pipe boots for a water tight seal. An optional decant / siphoning system

may be provided by the Owner.

4.5 WICK DRAINS

Wick drains shall be placed on the pond slopes beneath the 80-mil HDPE pond liner on 20-foot

centers at a 45 degree angle to the slope direction and at all pond corners for leak detection.

Wick drain materials shall be placed and anchored, as approved by the Engineer, to prevent

movement daring geomembrane liner placement.

The Contractor shall furnish and install 4-inch wide fabric-enclosed wick drains, as produced

by American Wick Drain Corporation, or an equivalent approved by the Engineer. The wick

drains are capable of passing 1.5 gpm each of flow under low hydraulic heads and shall

daylight to the drain fill in the pond bottom for leak detection.
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|

5,0 QUALITY ASSURANCE

|

5.1 GENERAL
l

The following are guidelines for COA testing by the Engineer and his Quality Assurance Team j

for the earthwork construction of the treatment ponds and the water storage reservoir and

related facilities. Geomembrane liner testing and inspection are specified in Section 3. To the

extent possible, COA testing shall be conducted so as not to interfere with normal

construction operations. However, if required for any reason, the Contractor shall stop work

in the area being tested until the testing is complete or approval to proceed has been given i

by the Engineer or his appointed representative. The results shall be used to document and

verify the quality of work and the extent to which the earthwork and installations have been

completed as set forth in the Specifications and permits for the construction and operation

| of the structure.

The guidelines do not relieve the Contractor of any of his responsibilities to conduct his own

daily quality control testing or to complete in a timely manner the work agreed to under the
Specifications.

5.2 BORROW AREA CONTROL

The Contractor shall be responsible for development and/or processing of borrow materials

to meet Specifications. Representative moisture and gradation tests may be conducted by

the Engineer on borrow materials to determine the suitability of new borrow material used as

fill. It shall be the Contractor's responsibility to notify the Engineer of changes in borrow
I source locations in advance of development to allow time for representative testing without
I

unduly interrupting construction activities. Should the material prove to be unsuitable, a newi
|
'

borrow source location shall be designated by the Engineer and/or Contractor's processing

operations adjusted to produce acceptable fill materials.

|
5.3 TESTING

Testing of fill materials shall be necessary for the Engineer to verify the suitability of materials,

moisture-density relations and degree of compaction being obtained. Testir.g may include '

gradation and Atterberg Limit analyses, moisture content, permeability, compaction, and field

dens;ty determination by the Sand Cone or Nuclear Gauge Method. '
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:

TABLE F.1 HYDROLOGIC PARAMETERS FOR DIVERSION DITCH SIZING

Diversion Catchment
.

' Time of Max. Length Average Runoff
Ditch Area Concentration,Tc of Travel,L Slope,S Curve
No. (sq.mi.) (Hrs) (ft) (%) Number,Cn

1 0.095 0.89 2,900 4.1 70

2 0.140 0.77 2,700 4.1 70
i

3 0.118 0.93 3,400 3.5 70

'
W Time of concentration (hrs), T, = 1.67 Tu,

Lag time (hrs). T,,, = L" * {(1000 - 10) + 1 }"/11900 * S"]
CN

where, L is the length of the stream channel (in feet)

S is the average watershed land slope in percent

CN = SCS Runoff Curve Number (Meadows, Good Condition, Hydrologic Group Type
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EXECLTIVE CONTROL CPERATICN ENCJCB
*d

?
*

j m

""d.2 0 XEQ 12 - 15 -9 3 03:48 RENO CREEK CATCFMEN* ANAL TCR DIVERSION DITCH SIIING-TRIAL 1 JOB 1 SL M Y
PAGE 1, .] s { REV PC 09/83(.2)

__
|_

SLTMARY TABLE 1 - SELEC*ED RESULTS OF STANOARD AND EXECbiIVE CONTROL INSTRUCTIONS IN THE CRDER PERTORMEb
l (A STAR (*) AFTER THE PEAK DISCHARGE TIME AND RATE (CTS) VALUES INOICATES A TIAT TCP NYOROGRATH

! A OUESTION MARK (?) INDICATES A HYEROGRAPH WITH PEAK AS LAST POINT.)
'I ;

SECTION/ STANDARD RAIN ANTEC MAIN PRICIPITATION PEAK DISCHAROF I

'

STRUCTURE CONTROL DRAINAGE TABLE MOIST TIME -

- RUNCFF - - - - - - - -

y
ID CPERATION AREA # .3 INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE

(SQ MI) (HR) (HR) (IN) (HR) (IN) (TT) (HR) (CTS) (CSM)

] ALTERNATE 1 STORM 1

XSECTION 1 RUNOFF .07 2 2 .05 .0 4.20 24.00 1.01 --- 12.41 39.07 558.1
y

)
i

p TR20 XIQ 12-15-93 03:48 RENO CREEK CATCHMENT ANAL TOR DIVERSION DITCH SIIING-TRIAL 1 JCB 1 SLW ARY
REV PC 09/83(.2) -

t

SUMMARY TASLE 3 - DISCHARGE (CFS) AT XSECTIONS AND STRUCTURES TCR ALL STOPES AN <} !

j XSECTION/ DRAINAGE ,

w STRUCTURE ARIA STOP3 NLTEERS.. .... !

ID (SQ MI) 1 i{
j 0 XSECTION 1 .07

, . ,

9 ALTEMATE 1 39.07 '

1END OF 1 JOBS IN THIS RUN i
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* 1

.3

.. ..... .. ..M. ..c.#..M.g o.:8 0 LIST OF INPUT CATA FOR TR-2 0 NYDRO LOGY * * * * * * * * * * * * * * * * *
y . ._

JCB TR-20 ECON SUM''.ARY NOPLOTSl TITLE 002 RENO CREEK CATCHMENT ANAL FOR DIVERSION DITCH SIZING-TRIAL 2
2 XSECTN 001 1.0
8 0. 0.0 0.0
8 1. 5.25 2.

j 8 2. 32.29 8.
8 3. 94.13 18.,

9 ENDTBL
} | 6 RL*NOFT 1 001 1 .07 70. .77 11 1 1

| 2 XSECTN 002 1.

] .
8 0. 0.0 0.0

_

8 1. 5.25 2.
'

'
8 2. 32.29 8.) 8 3. 94.13 18.
9 ENDTBL

! 6 REACH 3 002 1 2 800. 1 1 1
i 6 RUNOFF 1 002 3 .118 70. .9I 11 1 1

|} 6 ADDHYD 4 002 2 3 4 1 1 1 1
ENDATA

j 7 INCREM 6 .05
> 7 CCMPUT 7 001 002 0. 4.2 1. 2 2 01 01

ENDCMP 1
ENDJOB 2

l 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * END O F 3 0 - 8 0 LIST *******************************
~'

i

A W
t

EXECUTIVE CONTROL OPERATION INCREM
3, + MAIN TIME INCREMENT = .05 HOURS

)
*

EXECUTIVE CONTROL OPERATION COMPUT
| + FROM XSECTION 1
e + TO XSECTION 2

| STARTING TIME = .00 RAIN DEPTH = 4.20 RAIN DURATION = 1.00 RAIN TABLE NO.= 2 ANT. MOIST. COND= 2
g ALTERNATE NO.* 1 STORM No.= 1 MAIN TIME INCREMENT = . 05 HO'JRs

2
* OPERATION RUNOFF CROSS SECTION 1

3
PEAK TIME (ERS) PEAK DISCHARGE (CFS) PEAK E1EVATION(FEET)*

| 12.41 39.07 (R 7NOFF)
I-

'I TIME (HRS) FIRST HYDROGRAPH POINT = .00 HOURS TIME INCREMENT = .G*. HOURS DRAINAGE AREA = .07 SQ.MI.
10.50 DISCHG .00 .00 .00 .00 .00 .01 .01 .02 .04 .05

'
11.00 DISCHG .08 .11 .15 .20 .25 .32 .39 .47 .56 .66
11.50 DISCHG .77 .91 1.12 1.40 1.81 2.38 3.24 4.54 6.38 8.88
12.00 DISCHG 12.16 16.17 20.68 25.39 29.94 33.85 36.74 38.45 39.06 38.74

j 12.50 DISCMG 37.66 35.92 33.69 31.20 28.62 26.12 23.88 21.97 20.32 16.85
77. 13.00 DISCHG 17.53 16.35 15.27 14.30 13.42 12.64 11.91 11.25 10.65 10.11.

4

4

|
| f-8
-
I
O ! ! ? I. }

. ' i.
#*

- . t- , t :

[t ' | i ! |* ' '
4 r*

> 9 'f; . . ! i ! Ii i i i'

~

f I;I
'

i$h ' ! !
''

' I '

L !m
.e.ft- . lt

.
, ,

,

t i j. ,, , ,

.
. , ,I i 1 [-- ] | | 4

, , . ,
SM i ' a f

.g h >1 r- . g' '

q f. -_4' .
!

__
.,_

_ - _ _ - _ - _ _ - _ - - _ - - - _ _ _ . _



-

1E 13.30 DISCHG 9.61 9.17 8.76 8.38 8.03 7.71 7.41 7.13 6.87 6.63
14.00 DISCMG 6.41 6.20 6.00 5.82 5.64 5.48 5.32 5.17 5.03 4.91,j 14.50 DISCHG 4.79 4.68 4.57 4.47 4.37 4.27 4.18 4.08 4.00 3.91

j - RUNCFF VOLUME ABOVE BASEFLOW = 1.01 WATERSHED INCHES, 45.73 CFS-HRS, 3.78 ACRE-FEET; BASEFLow = .00 CFS

. _ *** WARNING RIACH 2 ATT-KIN COEFF (C) 'GREATDt THAN 0.667, CONSIDER REDUCING MAIN TIME INCREMENT *ee
3 0 *** WARNING - REACH 2 INFLOW NYDROGRAPH VOLUME TRUNCATED ABOVE BASEFLOW AT 3.91 CFS, 10.02 8 0F PEAK.

OPERATICN REACH CROSS SECTICN 2

PEAK TIME (HRS) PEAK DISCRARGE(CFS) PEAK ELEVATION (FEET)
12.47 38.88 2.11

TIME (HRS) FIRST HYDROGRAPH POINT = .00 HOURS TIME INCRD'ENT = .05 HGCRS DRAINAGE AREA = .07 SQ.MI.
1 10.50 DISCHG .00 .00 .00 .00 .00 .00 .00 .01 .02 .03

11.00 DISCHG .05 .07 .10 .14 .19 .24 .30 .37 .45 .53

} 11.50 DISCHG .63 .74 .87 1.06 1.32 1.70 2.22 3.00 4.18 5.87
a 12.00 DISCHG 8.18 11.23 15.02 19.37 23.99 28.56 32.62 35.79 37.83 38.77

12.50 DISCHG 38.75 37.91 36.38 J4.31 31.92 29.39 26.88 24.57 22.57 20.84
l 13.00 DISCHG 19.31 17.94 16.72 15.60 14.60 13.69 12.88 12.14 11.46 10.84

13.50 DISCHG 10.28 9.77 9.31 8.88 8.50 8.14 7.81 7.51 7.22 6.95

} 14.00 DISCHG 6.70 6.47 6.26 6.06 5.87 5.70 5.53 5.37 5.22 5.08
14.50 DISCMG 4.95 4.82 4.71 4.60 4.50 4.40 4.30 4.20 4.11 4.02

6 1
-

?
>

TR20 XEQ 12-15-93 05:21 RENO CREEK CATCHMENT ANAL FOR DIVERSION DITCH SI2ING-TRIAL 2 JOB 1 FASS

l % REV PC 09/83(.2) PAGE

OPERATION RUNOFF CROSS SECTION 2
7

I PEAK TIME (HRS) PEAK DISCHARGE (CFS) PEAK ELEVATION (FEET)
I 12.52 57.61 (RUNOFF)

I
< TIME (HRS) FIRST HYDROGRAPH POINT = .00 HOURS TIME INCREMENT = .05 HOURS DRAINAGE AREA = .12 SQ.MI.

10.50 DISCHG .00 .00 .00 .00 .00 .01 .01 .02 .04 .06

11.00 DISCHG .08 .12 .17 .22 .29 .37 .46 .56 .68 .81
*

11.50 DISCHG .97 1.16 1.42 1.78 2.26 2.92 3.88 5.32 7.37 10.16
3 | 12.00 DISCHG 13.79 18.22 23.35 29.05 35.07 41.04 46.52 51.03 54.39 56.52
' 12.50 DISCHG 57.50 57.47 56.58 54.95 52.72 50.04 47.05 43.89 40.74 37.81

13.00 DISCHG 35.22 32.93 30.87 28.99 27.28 25.71 24.26 22.90 21.66 20.52
13.50 DISCHG 19.47 18.51 17.61 16.77 16.00 15.30 14.64 14.03 13.47 12.94
14.00 DISCHG 12.45 12.00 11.57 11.17 10.80 10.46 10.13 9.83 9.54 9.27

14.50 DISCHG 9.02 8.78 8.55 9.33 8.11 7.89 7.69 7.48 7.29 7.11

RUNOFF VOLUME ABOVE BASEFLOW = 1.00 WATERSHED INCHES, 76.09 CFS-HRS, 6.29 ACRE-FEET; BASEFLOW = .00 CTS

| A, OPERATION ADDHYD CROSS SECTION 2
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_ _ _ - _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _

I
PEAK TIME (HRS) PEAK DISCHARGE (CFS) PEAK ELEVATION (FEET)

. 12.90 96.25 3.03J
'

TIME (HRG) FIRST NYDROGRAPH POINT = .00 HOURS TIME INCREMENT = .05 HOURS DRAINAGE ARIA = .19 Sq MI.' 10.50 DISCHG .00 .00 .00 .00 .00 .01 .01 .03 ,05 ,og
11.00 DISCHG .13 .19 .27 .36 .47 .60 .76 .93 1.13 1.3511.50 DISCHG 1.60 1.90 2.29 2.84 3.58 4.61 6.10 8.32 11.55 16.03I 12.00 DISCHG 21.97 2f.45 38.38 48.42 59.06 69.60 79.15 86.82 92.22 95.29

- 12.50 DISCHG 96.25 9:.39 92.96 89.26 84.64 79.43 73.93 68.46 63.31 58.66| 13.00 DISCHG 54.53 50.88 47.59 44.60 41.80 39.41 37.14 35.04 33.11 31.35
9 13.50 DISCHG 29.75 28.27 26.91 25.66 24.50 23.44 22.45 21.54 20.69 19.89
J 14.00 DISCHG 19.16 18.48 17.83 17.24 16.68 16.75 15.66 15.20 14.76 14.35

{ 14.50 DISCHG 13.97 13.61 13.26 12.93 12.61 . 12 '9 11.99 11.69 11.40 11.13.

RUNOFF VOLUME ABOVE BASEFLOW = 1.00 WATERSHED INCHES, 121.57 CTS-HRS, 10.05 ACRE-FEET; BASEFLOW .00 CTS=

1

EXECTTIIVE CONTROL OPERATION ENDCMP
] + COMPUTATIONS COMPLETED FOR PASS 1

1

} EXECUTIVE CONTROL OPERATION ENDJOB RECORD
1

9 .' REV PC 09/83(.2)
TR20 XEQ 12-15-93 05:21 RENO CREEK CATCHMENT ANAL FOR DIVERSION DITCH SIZING-TRIAL 2 JOB

)j SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED
i (A STAR (*) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP NYDROGRAPH
j A QUESTION MARK (?) INDICATES A HYDROGRAPH WITH Pr_AK AS LAST POINT.)

| SECTION/ STANDARD RAIN AN*EC MAIN PRECIPITATION PEAK DISCHARGE
I STRUCTURE CONTROL DRAINAGE TABLE MOIST TIME RUNOFF
| ID OPERATION AREA # COND INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE
| (SQ MI) (HR) (HR) (IN) (HR) (IN) (FT) (HR) (CFS) (CSM)

ALTERNATE 1 STORM 1
,

| XSECTION 1 RUNOFF .07 2 2 .05 .0 4.20 24.00 1.01 --- 12.41 39.07 558.1
XSECTION 2 REACH .07 2 2 .05 .0 4.20 24.00 1.01 2.11 12.47 38.88 555.4
XSECTION 2 RUNOFF .12 2 2 .05 .0 4.20 24.00 1.00 --- 12.52 57.61 488.2
XSECTION 2 ADDHYD .19 2 2 .05 .0 4.20 24.00 1.00 3.03 12.50 96.25 512.0

1

h TR20 XEQ 12-15-93 05:21 RENO CREEK CATCHMENT ANAL FOR DIVERSION DITCH SIZING-TRIAL 2 JOB 1 SUMMARY
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- _ .

!

REV PC 09 / 8 3 ( . 2 )
il

s

'
- SLW M Y TABLE 2 - SELECTED MODIFIED ATT-KIN REACH RCtn!NGS IN CRDER OF STANDARD EXECUTIVE CONTROL INSTRUCTIONS

I (A STAR (*) AFTER VOLUME ABCVI BASE (IN) INDICATES A HYDROGRAPH TRUNCATED AT A VAI,UE EXCEEDING BASE + 10% CF PEAK
.

~
] A QUESTION MARK (?) AMER CCEFF. (C) INDICATES PARAMETERS OtOSIDE ACCEPTABLE LIMITS. SEE PREVIOUS WARNINGS)

n' HYDROGRAPH INFCRMATION Rot IING PARAMETERS P1tAK

| .
' CUTFLCW+ VOLCME MAIN ITER- Q AND A PEAK S/Q ATI- TRAVEL TIME

b +
XSEC REACH INFMW CUTFMW INTERV. ARIA BASE- ABOVE TIME ATICN EQUATION LENGTH RATIO SPEAK KIN STCR- KINE-

I +
ID 1.ENGTH PEAK TIME PEAK TIME PEAK TIME FLCW BASE INCR # COEFF PCWER FACTCR C/I (K) CCEFF AGE MATIC

ij (M) (CFS) (MR) (CFS) (HR) (CFS) (HR) (CFS) (IN) (HR) (X) (M) (K*) (Q*) (SEC) (C) (HR) (HR)

ALTERNATE 1 STCRM 1

!I 2.11
+ 2 800 39 12.4 39 12.4 0 1.01* .05 1 1.31 .017 .993 144 .7?? .05 .04

+ 96 12.5
1

TR20 XEQ 12-15-93 05:21 REND CREEK CATCHMENT ANAL FCR DIVERSION DITCH SI
REV PC 09/ 8 3 ( . 2)w

;

'l SLM ARY TABLE 3 - DISCHARGE (CFS) AT XSECTIONS AND STRUCTURES FOR ALL STORMS AN
I
) XSECTION/ DRAINAGE
* STRUCTURE AREA STCRM NUMBERS........ .

ID (SQ MI) 1;
i

0 XSECTION 1 .07
I +

ALTERNATE 1 39.07

3 0 XSECTION 2 .19
0 +

ALTERNATE 1 96.25
3 1END OF 1 JCBS IN THIS RUN

1
!
I

J, ,_.,

w.
,

i

I
q r-/s

wg T , f
, ,

(, i !
'

"' " . i'
'

.'
I I

*

H i, h f! ' |g ( *
|

!t ! >e. , ; ' 4: 4 ' *

.!! +U ij
!_ ; .' ii

j i ,
,.:

Ii hI
i r-* *

,1 :
, '

T@a ..:| |i i L. |: | i; i|
'

-{.! s ,- , .^ -

si; -
>

iil | ||j e''I || i g_.
,

.

~ ~ >-4
- _ _ _ - _.



_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - - _ _

ATTACHMENT 1

i

RENO CREEK ISL PROJECT
GEOTECHNICAL DESIGN REPORT

FOR THE WATER TREATMENT PONDS AND
IRRIGATION WATER STORAGE FACILITIES

'

TO ACCOMPANY APPLICATION
FOR PERMIT TO CONSTRUCT

i

Prepared for:

Energy Fuels Nuclear, Inc.
One Tabor Center, Suite 2500

l 1200 Seventeenth Street
! Denver, Colorado 80202

|
Prepared by;

khdm1 =

TFWWCOEC%
WEISH (NG|N[[MNG SCf(NCl 6 f(CHNQ QGy |NC

WESTEC Project No. 35701
Report No. 835

December 1993

- _ _ - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ ._ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ -



ATTACHMENT 1

RENO CREEK ISL PROJECT

GEOTECHNICAL DESIGN REPORT

FOR THE WATER TREATMENT PONDS AND

IRRIGATION WATER STORAGE FACIUTIES

TO ACCOMPANY APPUCATION FOR PERMIT TO CONSTRUCT

The following geotechnical design report for the Reno Creek water treatment ponds and the

irrigation water storage facilities has been prepared by the staff of Welsh Engineering Science

& Technology, Inc. (WESTEC) for Energy FJels Nuclear, Inc. (EFNI).

This report has been prepared under the direction of, and reviewed by, Mr. Allan Breitenbach,

P.E., for WESTEC. The design criteria and prepared drawings for the water treatment and

storage facilities are presented within the limits described by the EFN1 and prepared in

accordance with generally accepted professional engineering principles and practice.

Prepared by:
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Andrew J. Walsh,'E.I.T.

Reviewed by:
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1.0 INTRODUCTION

Energy Fuels Nuclear, Inc. (EFNI) plans to permit and construct an in situ leach uranium

project at its Reno Creek site located approximately 10 miles southwest of Wright, Wyoming.

The project will consist of injecting a carbonate solution into the uranium ore body using *

injection wells and recovering the uranium enriched solution using recovery wells. The

enriched solution will then be pumped to the processing plant for uranium extraction. A net !

'

surplus of extraction fluid will be maintained during operations to ensure a positive

groundwater gradient towards the extraction wells to prevent contamination of the local ,

groundwater.
,

A net excess of 40 to 60 gpm of extraction flow has been estimated by EFNI for routing to

the primary and secondary treatment ponds. The treatment ponds provide retention time for

sedimentation to occur prior to r - tse of the water to the storage reservoir. Depending on

the time of the year, the wMe' at .ej 'a the water storage reservoir will be pumped to a large
'

irrigation site for evaporst6ng the c.xcess iluid.
\

.

A groundwater sweep of the leached ore bodies will commence following the fourth year of

mining operations. The net excess fluid to be treated and contained willincrease to 260 gpm.

This will necessitate increasing the storage capacity of the reservoir by phased embankment i

construction.

'

WESTEC was retained by EFNI to design the primary and secondary treatment ponds and the

water storage reservoir. These facilities will comply with the current State of Wyoming
.

Department of Environmental Quality (DEO) and State Engineer's Office (SEO) regulations.
t

The scope of work to be performed by WESTEC will consist of two parts. Part 1 for this-

report includes performing all the engineering work necessary to permit the Reno Creek

Project treatment ponds and irrigation water storage facilities through the DEO and SEO.

s
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2.0 PROJECT DESCRIPTION

|

The project site is located in Section 29 of Township 43N, Range 73W in Campbell County,

Wyoming, as shown on Drawing Nos. 35701-01 and -02 in Appendix D. The project

description as it relates to WESTEC's scope of work includes the treatment of over-production

and restoration solutions using primary and secondary ponds and then discharging to a water

storage reservoir.

The primary and secondary treatment ponds will be designed to maximize sedimentation of

precipitates. The containment system for the treatment ponds will comply with the State of

Wyoming regulations using a liner system and leak detection. The treatment pond layout and

details are shown on Drawing Nos. 35701-03 and -04.

The initial stage (Phase 1) of the water storage reservoir will be sized to store a maximum

over-production design flow rate of 60 gpm for an entire year. The total volume required for

storage is 31.5 million gallons (96.8 acre-feet). The final stage (Phase 2) of the water storage

reservoir will be constructed as needed after the fifth year of operations and is designed to

store a maximum over-production and restoration flow rate of 260 gpm for a period of one

half year. The total volume for Phase 2 storage is 68.3 million gallons (210 acre feet) which

includes excess water from flushing and restoring the spent in situ leach areas at 200 gpm.

The water storage reservoir and embankment layout and details are shown on Drawing Nos.

35701-05 and -06.

Disposal of the stored excess water in the reservoir will be achieved by surface irrigation

during the spring, summer and fall months when the climatic conditions are conducive to

evaporation.
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3.0 CUMATE

Climatic conditions within the' Reno Creek area can be classified as being semi-arid.

Precipitation data from weather stations around the Reno Creek area varies from location to j

location due to the relatively long distances of 45 miles or more between weather stations and

the site. Most of the annual precipitation occurs during the growing season of late spring and

summer months. Thunderstorms are a common occurrence. Monthly snowfall amounts are

relatively uniform from November through February and slightly heavier during the spring

months of March and April. Snow has occurred as early as September and as late as early

June. Temperatures vary from highs during the summer around 100' F to lows during the

winter of -40* F.
,

3.1 PRECIPITATION
t

Precipitation within the Reno Creek area has been interpreted from the four nearest weather
'stations to the site: Gillette, Kaycee, Casper, and Midwest (Earth Info 1993). During 1982,

Gillette received approximately 29.62 inches of rain while other stations around the area f
received 20.49 inches or less. During a dry year,1988, Kaycee and Casper received 6.09

and 6.56 inches respectively while Gillette and Midwest received over 12.00 inches of rain. .;
Over the last 11 years, average annual precipitation amounts for the monitoring stations are: ;

!

Casper 13.26 inches: Gillette 16.00 inches: Kaycee 12.34 inches; and Midwest 11.51 inches. !

:
,

The monthly precipitation data for the four stations around the Reno Creek Project are

presented in Appendix A, Tables A.1 through A.4.
,

|

J

The maximum snowfall amounts for the Casper station are also presented in Table A.5, !
i

Appendix A. Maximum snowfall precipitation shown on the record is 62.8 inches for the j

month of December,1982. The maximum snowfall recorded for a 24 hour period is 31.1 |
inches in December,1982. i

~

.
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' 3.2 RELATIVE HUMIDITY

The relative humidity is dependent on both the moisture content and the temperature of the

air. Average monthly relative humidity data from 1990 for Casper is presented in Appendix

A. From these measurements, relative humidity in the morning is shown to average 70 l
|percent, while the average is 41 percent in the afternoon. Yet, summer afternoons often
;

exhibit relative humidity percentages in the 20's and 30's while winter attemoons exhibit
.

humidity percentages in the 50' and 60's. The relative humidity data (percent) for the Year :

1990 is presented in Table A.6, Appendix A.

,

3.3 TEMPERATURE

Average annual temperature for the four weather stations range from 42.5 to 49.9* F. The

average for each of the stations for the past 11 years are: Casper 45.7* F: Gillette 45.4* F;

Kaycee 46.1* F: and Midwest 47.4* F.

The average monthly temperatures for Casper, Gillette, Kaycee, and Midwest are included in

Tables A.7 through A.10, Appendix A.
,

3.4 EVAPORATION
|

The closest site to the permit area where evaporation data are available is Gillette, Wyoming,

approximately 45 miles north northeast of the project site. Data from Gillette records indicate

an average annual totalloss of 43 inches which occurs predominately during the months of :

May through September. July usually has the highest total evaporation loss, averaging 9 to j
10 inches.

i

3.5 WIND

Wind roses for Casper, Wyoming are presented in Figure A.1, Appendix A. As indicated on
;

?ht, wind roses, the predominant wind direction in the Casper area is from the southwest for
;

better than 25 percent of the time. Calm winds prevail about 5.1 percent of the time

compared to Moorcroft which is calm 2.8 percent of the time. The predominant wind ,

directions irt the Moorcroft area are from the north and south southeast direction over 24 !

percent of the time. f

|

|

s
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4.0 SURFACE HYDROLOGY

I

| The project site lies within an unnamed small tributary to the Belle Fourche River. The

drainages at the site are intermittent and remain dry, except for short periods during storm

events. An open ditch diversion drainage system will divert the natural storm runoff from

uphill basin catchment areas around the irrigation reservoir facilities into the downstream

natural drainages. An open channel spillway will be constructed on the left abutment of the

reservoir embankment to divert reservoir overflows, if any, downhill of the facilities.

Operational inflows and storm precipitation stored within the reservoir limits will be pumped ~

to an irrigation site for evaporation in the spring through fall seasons.

The 100 year, 24-hour storm rainfall event for the Reno Creek Project site is 4.2 inches of

precipitation (National Oceanic and Atmospheric Atlas II,1973). This data will be used for

the evaluation of the peak flow rates for the diversion runoff ditch design (see Section 8.0).

%

N
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5.0 SURFICIAL SOILS

The predominant stratigraphic formations identified for the treatment ponds and the irrigation

water storage reservoir were Hiland-Bowbac and the Theedle-Kishona units as described by

the Soil Conservation Service (SCS) maps. The following is a brief description of the map

units.

HILAND-BOWBAC ASSOCIATION (380AB)

This map unit is on hillsfopes, fans, and low ridges. These soils have formed in colluvium and

alluvium derived from sandstone. Areas are irregular in shape and consist of approximately

50 percent Hiland fine sandy loam on lower hillslopes and fans and 35 percent Bowbac sandy

loam on upper hillslopes and ridges.

Included in this unit are small areas of Moskee fine sandy loam, Vonalee sandy loam,

Maysdorf fine sandy loam, and Forkwood very fine sandy loam. Also included are soils similar

to Hiland but with bedrock between 40 and 60 inches. Included areas make up about 15
percent of the total area.

The Hiland soil is very deep and well drained. Typically, the surface layer is brown, fine,

sandy loam about 2 inches thick. The upper 22 inches of the subsoil is yellowish brown

sandy clay loam. The lower 19 inches is grayish brown, sandy, clay loam. The substratum

to a depth of 60 inches or more is yellowish brown, sandy loam. In some areas the surface

layer is sandy, clay loam. Permeability of the Hiland unit is moderate.

The Bowbac soil unit is moderately deep and well drained. Typically, the surface layer is

brown, sandy loam about 3 inches thick. The upper 9 inches of the subsoilis brown, sandy,

clay loam. The lower 8 inches is pale brown, sandy, clay loam. The substratum is sandstone.

In some areas, the surface texture is sandy, clay loam. Depth to bedrock varies from 20 to

40 inches. Permeability of the Bowbac soil is moderate.

THEEDLE-KISHONA ASSOCIATION (177)

This map unit is on hillslopes and fans. These soils formed in residuum and alluvium derived

from interbedded sedimentary rock. Areas are irregular in shape and 150 to 500 acres in size.
s
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The slope length of this unit ranges from 100 feet to 1,000 feet. The native vegetation is
mainly grasses and shrubs.

This unit is 40 percent Theedle loam on upper hillslopes and 40 percent Kishona loam on

lower hillslopes and fans. Included in this unit are small areas of Cambria loam, Forkwood

loam, Bidman fine sandy loam, and Hiland sandy loam. The included areas make up about 20

percent of the total acreage.

The Theedle soil is moderately deep and well draineo. Typicai!y, the surface layer is light

brownish gray loam about 4 inches thick. The substratum is light yellowish brown loam about

22 inches thick over siltstone. In some areas, the surface layer is clay loam. Depth to

bedrock varies from 20 to 40 inches. Permeability of the Theedle soil is moderate.

The Kishona soil is very deep and well drained. Typically, the surface layer is light brownish

gray loam about 4 inches thick. The substratum to a depth of 60 inches or more is light

yellowish brown loam. In some areas, the surface texture is clay loam. The permeability of

the Kishona soil is moderate.
\

}

I

,

J
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6.0 GEOTECHNICAL SITE INVESTIGATION

6.1 GENERAL

A geotechnical site investigation was performed by WESTEC for both the treatment pond site

and the water storage reservoir area. This consisted of the excavation of eleven test pits,

three test pits, WTP-1, -2, and -3, which were located in the vicinity of the treatment ponds,

and eight test pits, WTP-4 through WTP 11, which were located in the water storage
reservoir area. The test pits were profiled and logged by an experienced WESTEC

geotechnical engineer during excavation. Soil samples were taken during excavation for visual

classification, laboratory gradation testing, and correlation with laboratory test results by
'

others in the vicinity of the site. Surface hand samples of soils in the water storage

embankment limits were taken by EFNI for visual classification by WESTEC.

Exploration borehole logs by EFNI in the proposed treatment pond and reservoir area were

reviewed by WESTEC to determine bedrock and groundwater conditions. The bedrock

consists primarily of sedimentary claystones, siltstones, and sandstones of the Eocene

Wasatch Formation. The groundwater levelis more than 100 feet deep in the vicinity of the

treatment ponds and reservoir impoundment based on EFN! boreholes.

The WESTEC test pit togs for both the treatment pond and water storage reservoir areas are

included in Appendix 8.1. The location of EFNI boreholes and WESTEC test pits are shown

on Drawing Nos. 35701-03 and -05 in Appendix D.

6.2 TREATMENT PONDS

The treatment pond site is located near the process plant site in an area of low permeability,

clayey foundation material, which acts as a secondary containment system in the event of a

leak through the primary geomembrane lining system.

Three test pits were excavated near the treatment pond site. Results indicate that

approximately 1-foot of clayey topsoil was present with roots and organics. Below the topsoil I

horizon, test pits WTP-1 and 2 indicated a weathered claystone and siltstone residual soil to

weathered bedrock material of thickness varying from 2.5 to 5.5 feet, while in WTP-3 the

material was identified as a weathered silty and clayey sandstone with a thickness of 2.3
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feet. Underlying the above stratigraphy, is a hard to very hard less weathered claystone

becoming more competent with depth. Summary logs of the test pits are shown on Drawing

No. 35701-03.

6.3 WATER STORAGE RESERVOIR

Two sites were considered for the location of the solution storage dam and reservoir. The

first site is located near test pits WTP-4, -5, and -6, and the second site is located

approximately 400 feet downstream of the first site near EFNI hand samples HS-1 through

5. The second site, shown on Drawing No. 35701-05, has been selected for design.

The location of the irrigation water storage reservoir at the second location described above

provides more flexibility for the treatment ponds and process plant site location. The second

site is also located downhill from the treatment ponds, and in the unlikely event that the

treatment ponds should overflow, the reservoir will provide a backup storage. Although the

upstream watershed for the second site is larger than the watershed for the first

impoundment site, the second site has been chosen as the best location from a practical

design standpoint.
,

Eight test pits were excavated for the irrigation water storage reservoir. The test pits were

alllocated within the impoundment area and are numbered WTP-4 through -11. The field test

pit logs are included in Appendix B.1. Summary logs are shown on Drawing No. 35701-03. ,

The test pit locations are shown on Drawing No. 35701-05.

Test pits WTP-4 and -5 were located on the south ridge in the impoundment and valley

bottom respectively. Both of these test pit profiles indicated a clayey topsoil depth of 1 foot
,

; thickness while test pit WTP-6, located near the right hand abutment, indicated a sandy

! clayey topsoil thickness of 1 foot. Below the topsoil horizon of WTP 4 and 5 was a sandy

clay material of medium stiff to stiff consistency from weathered in situ claystone bedrock.

Below the topsoil horizon of WTP 6 was a weathered sandstone and siltstone material which

gradually transitions from a firm to hard consistency.

WTP 7 located near the diversion retention berm in the second draw from the south, indicates

a 0.5 to 1 foot thick topsoillayer overlying a 4-foot thick silty sand layer with clayey lenses.

Below this hor;zon is a hard to very hard claystone material (bedrock) with sandstone and
%
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siltstone lenses. This soil profile varies from hole to hole. Test pits WTP-8,-9, -10, and -11,

located in the second and third draws in the impoundment, show a topsoil layer of 0.5. to

1.0-foot thick clayey material overlying a medium stiff to stiff sitty clay layer 7.0 to 8.0 feet

thick and transitions into a hard to very hard claystone with siltstone lenses.

Soil samples were taken from the test pits in the impoundment area for laboratory analysis.

All the soil samples taken during the site investigation were subjected to grain size analysis

and Atterberg limit index testing. The results of the laboratory testing are included in

Appendix B.2.1.

Hand samples HS-1 through HS-5 in the embankment area were sampled by EFNI personnel

at approximately 1.5 feet below the ground surface. A visual examination of the samples

indicate the embanUJmw foundation consists of sandy and silty clays overlying bedrock

similar to the reservoir impoundment.

:

%

.
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7.0 ENGINEERING EVALUATION

7.1 GENERAL

Additional geotechnical investigations will be performed in Part 2 of the WESTEC workscope,

including in situ borehole field permeability tests, to confirm foundation conditions at the

treatment pond and water storage reservoir sites. Monitoring of the water storage

embankment phreatic surface will include the installation of standpipe piezometers in lieu of

an internal drain system. The Treatment Pond and irrigation Water Storage Reservoir

engineering evaluations for the Part 1 workscope are included herein.

7.2 TREATMENT PONDS

During the first four years of operation of the facility, the ponds are required to process an

excess design solution flow rate of 60 gallons per minute (gpm). Following the first 4 years

of operation, restoration of the previously leached areas will commence adding another 200

gpm to the excess solution flow rate bringing the total to 260 gpm.

The pond sizes have been determined and designed by EFNI using data from previous facilities

which have operated successfully. The treatment pond bottoms are approximately 50 feet

by 150 feet with 3H:1V side slopes. The pond depths are 10 feet below the perimeter berm

crest levels with an additional 3 feet of depth in a sump area for cleanout of sediments, as

needed. The ponds include 3 feet of dry freeboard allowance. The pond area of disturbance

is approximately 1.2 acres.

A 4. inch diameter drain pipe on a 1 percent minimum grade will adequately drain the decanted

pond flows to the reservoir (ADS 1983). The treatment pond inlet and out3t details are
| shown on Drawing Nos. 35701-03 and 04 and will be finalized in the WESTEC Part 2

workscope.

The excess solution will be processed through primary and secondary treatment ponds to

settle and clarify the solution prior to discharging to the water storage reservoir. The ponds

will be double lined with leak detection between the liners. The primary lining system for the

ponds will be an 80-mil high density polyethylene (HDPE) and the secondary liner will be a

|

|
s

t

'
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clay liner. The HDPE liner permeability is generally less than 1 x 10"2 cm/sec (Federal

Register 1987). The moderam plasticity clayey soils on site compacted to 95 percent of

standard density (ASTM D-698) will generally be less than 1 x 10 cm/sec.4

The leak detection system will be installed between the primary and secondary lining systems

and consists of a sand drain layer and drain pipes in the pond bottom and wick drains on the

side slopes. The side slope wick drains allow leaks, if any, to drain to the pond bottom sand

drain layer for collection in a sump at the lowest corner of each treatment pond. A leak

detectica pipe, extending from the sump to the pond crest, allows visual observation for leaks

and pumping access, if needed, until the pond liner leak is repaired. The treatment pond liner

and leak detection details are shown on Drawing No. 35701-04.

7.3 WATER STORAGE RESERVOIR

The water storage reservoir has been designed in two phases. The Phase 1 embankment will

store excess fluids during the first 4 years of operation, while Phase 2 will accommodate

excess fluids for the following years which include the fluids from the restoration of the spent

in situ leached areas. The high and low water lines, as well as the storage capacity are

shown on the drawings.
|

_

The Phase 1 embankment includes a 15-foot crest width, 3H:1V upstream and 2H:1V

downstrearn slopes,5-foot nominal depth cutoff trench, drain blanket in the downhill valley

bottom toe area, and a temporary side hill spillway. The Phase 2 embankment will be

constructed in a downstream raise to the final level, similar to Phase 1, with the cut-off trench

and drain blanket extended and a new spillway constructed to handle the 100-yr, 24-hr storm

event. The embankment heights from the downstream toe to crest level are approximately

31 feet for Phase 1 and 39 feet for Phase 2. The embankment heights include a 3-foot

freeboard a!!owance. The temporary Phase 1 and permanent Phase 2 spillway inlet levels will

be constructed at 3 feet below the embankment crest level. Post-construction standpipe

piezometers will be installed in the embankment to confirm phreatic surface levels discussed

in Section 7.4 The storage and pool surface area versus elevation curves fer the

impoundment are shown on Drawing No. 35701-06.

The total embankment height is less than 50 feet and located in a remote area, thereby

classifying the embankment and reservoir as a low hazard facility. The area of embankment
s
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and reservoir disturbance is 15.3 acres below the dry freeboard level for Phase 1 and an

additional 9.1 acres for Phase 2. During operations, the excess reservoir fluids will be

disposed of by land application using a sprinkler irrigation system.

Based on test pit data and site observations, the reservoir and embankment seepage losses

are anticipated to be relatively low due to the natural liner characteristics of the clayey soil

and claystone bedrock. Borehole explorations in Part 2 of the WESTEC workscope willinclude j

in situ field permeability tests to confirm foundation conditions beneath the embankment and
,

reservoir.
!
:

*7.4 EMBANKMENT STABILITY EVALUATION

7.4.1 General
i

This section summarizes the results of the stability analysis for the Phase 2 embankment and i

foundation. The dam is located in the valley just south of the plant site and treatment ponds.

Analysis was conducted on the maximum dam section for circular failure modes for beth the
,

upstream and downstream slopes under steady-state hydrostatic conditions. Failure due to

rapid draindown of impoundment water was also analyzed for the upstream slope. The less ,

critical Phase 1 dam was not evaluated because higher factors of safety are related to a ;

smaller dam section.

The Reno Creek Project is situated in a low seismic zone area. The Uniform Building Code

(UBC) classifies this area as Zone I (ENR 1992). Zone I areas are usually associated with i

bedrock accelerations of less than 0.1g and corresponding pseudo-static accelerations of

0.05g which will be used in the stability calculations for this report. The STABL5 slope ;

stability program developed by Purdue University (Boutrup 1977) in conjunction with a

stability editor (STED), written by Harold Van Aller, was used to conduct the stability analysis.

Safety factors were determined by the Modified Bishop Method (Bishop,1955) for circular i

failures. A horizontal seismic acceleration of 0.05g was selected for the pseudo-static

evaluation of the dam facility.

A dam height of 40 feet (Phase 2 embankment) was used for analysis of both the

downstream and upstream slopes with 2H:1V and 3H:1V slopes, respectively. .The

foundation grade followed the natural ground conteur with an 8 percent grade beneath the

uphill toe and a 2 percent grade downgradient beneath ti e embankment. For analysis, a
,
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phreatic surface was assumed in the foundation at the natural ground surface, and a curved

phreatic surface was asst,med in the embankment starting three feet below the crest and

terminating at the downhill toe. Piezometric monitonng wells will be installed for post-

construction monitoring of phreatic surf ace levels in the embankment and foundation. For the

steady-state analysis, the impoundment water level was assumed at the maximum water level

(3 feet below the dam crest). For the rapid draindown analysis the impoundment water level

was assumed to have zero height.

The clay embankment material was conservatively assumed to have a moderate strength

friction angle of 24 degrees and a cohesion of 300 psf (Table 7.1). The foundation material

was assumed to have a friction angle of 30 degrees and a cohesion of 500 psf. The material

properties were based on available laboratory test information for the proposed Reno Ranch

Pilot Plant (Chen 1978). Soil index tests, gradings and plasticity, for the Reno Ranch Pilot

Plant project and for this report were compared for correlation prior to the use of soil strength

parameters in the stability analysis. Moist and saturated unit weights were conservatively

assumed to be 20 to 30 percent above dry density.

TABLE 7.1

MATERIAL PROPERTIES

MOIST SAT. FRICTION
SOIL DESCRIPTION DENSITY DENSITY ANGLE COHESION

[ (pcf) (pcf) (deg) (psf)

1 EMBANKMENT MATERIAL 105 110 24 300

2 FOUNDATION MATERIAL 115 120 30 500 |

7.4.2 Results

A summary of the stability analysis safety factors are given in Table 7.2 with computer files

presented in Appendix C. Results of the steady-state downstream stability analysis indicate

a minimum safety factor of 1.6 static and 1.5 for the pseudo-static case. The upstream

steady-state stability analysis resulted in a minimum value of 3.5 static and 2.6 for the

pseudo-static case. For the rapid draindown analysis of the upstream slope, a minimum

safety factor of 1.1 resulted for the static case. The likelihood of major seismic activity
~.
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occurring during a rapid draindown condition is very small, therefore, a pseudo-static analysis
|

was not performed. i

:

The minimum steady-state static and pseudo static factors of safety for high hazard water i
l

storage reservoirs are 1.5 and 1.2, respectively, as accepted good engineering practice. <

Acceptable rapid draindown factors of safety are above 1.0. The Reno Creek dam is not

considered a high hazard structure, since it is in an undeveloped and remote area with the ;

maximum planned dam height at less than 50 feet from the crest to downstream toe.

In conclusion, the minimum factors of safety obtained for the upstream and downstream f
i

steady-state analyses, the pseudo static analysis, and the rapid draindown analysis all exceed j

the minimum acceptable factors of safety of 1.5,1.2, and 1.0, respectively, thus indicating |

a suitable embankment design for the water storage reservoir, f

!

TABLE 7.2 :

I
SUMMARY OF STABILITY ANALYSIS SAFETY FACTORS '

i

ANALYSIS FACTOR OF
'

FAILURE DESCRIPTION TYPE' SAFETY |
;

DOWNSTREAM ANALYSIS:

Circular Embankment (Steady-State) Static 1.6
Pseudo 1.5 ,

Circular Foundation (Steady-State) Static 1.9 ;

Pseudo 1.7

,i

UPSTREAM ANALYSIS: (

| Circular Embankment (Steady-State) Static 3.5 |
| Pseudo 2.6 !

Circular Foundation (Steady-State) Static 3.5
Pseudo 2.6

Circular Embankment (Rapid Draindown) Static 1.1
,

Circular Foundation (Rapid Draindown) Static 1.1

Pseudo: static horizontal acceleration assumed to be 0.05g.*
i

%.
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8.0 RUNOFF DIVERSION

Section 4.0 contains a brief description of the hydrological data that will be used in the design

of the runoff diversion system for the water storage reservoir. The runoff diversion system

for the impoundment area will typically consist of three diversion retention berms and V-notch

ditches to divert the 100-yr, 24 hr design storm runoff from entering the reservoir. The

purpose of the retention berms is to reduce peak flows from the major drainages and divert

flows to the diversion ditches. The retention berm maximum height will be 10 feet with a

minimum height of 5 feet from the crest level to the downhill toe.

In general, the reservoir catchment basin is divided into three sub-basins: the southern,

central, and northern sub-basins. Three diversion ditches were sized to accommodate peak

flows from each of these sub-basins. Runoff flows from the central sub-basin are routed in

Diversion Ditch No.1 and intercept flows from the northern and southern sub-basins. Flow

is then routed in Diversion Ditch Nos. 2 and 3 around the north and south sides of the

reservoir impoundment, respectively. .The proposed locations of the diversion retention berms

\. and diversion ditches and ditch sizes are shown on Drawing No. 35701-05.

Peak flow rates for the identified sub-basin areas have been estimated using the Soil

Conservation Service computer model, TR 20, resulting from the 100-yr 24-hour storm event

of 4.2 inches of precipitation (NOAA Atlas 2, Vol 11). Channel flow parameters were

determined using the computer model, FLOWMASTER, to aid in the design of the diversion

ditches.

I
i Diversion Ditch No.1 was designed to accommodate a peak flow of 39.07 cfs at a depth of

flow of 2.2 ft, and 0.5 ft of freebor,rd was added for a total diversion ditch design depth of

2.7 ft. Diversion Ditch No. 2 was designed for a peak flow of 86.41 cfs with flow depth and

design depths of 3.0 ft and 3.5 ft respectively. Diversion Ditch No. 3 was designed for a

peak flow of 96.25 cfs at a depth of flow of 3.1 ft for a total design depth of 3.6 ft. A

summary of the hydrologic parameters used for diversion ditch sizing is presented in Appendix

F.

s
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9.0 TECHNICAL SPECIFICATIONS

The technical specifications for the materials to be used during construction are described and

specified in Appendix E of this report. Technical specifications cover excavation, subgrade

preparation, fill placement and compaction, 80-mil HDPE geomembrane liner material, and

miscellaneous wick drains and pipes for the treatment ponds and water storage reservoir

embankment.

s

i
!

.

.
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10.0 USE OF THIS REPORT

This report was prepared for the exclusive use of the Energy Fuels Nuclear, Inc. and their staff

and consultants for specific application in the preliminary design of the treatment ponds and

water storage reservoir facilities at the Reno Creek Project near Gillette, Wyoming. The

findings, recommendations, and conclusions for the preliminary design are based on results

of site investigations, and information from the owner's files, combined with WESTEC

experience on similar projects and our understanding of the project as stated in this report.

If project details change, WESTEC should be notified so that the design can be verified or

modified.

.

;
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