
7_, , c~< t- s :. - e -: .- - - - - -m - - - --:
-

3: j 9
.;sa 3,-- w e w . . e .s

.

3; - _ < . 1 p. 7, ~ ... .; .
_

.. , .

,., . :~' ' ' ; +- ; ? ;.-;,,a; ; vf y., - e < >
' ~ - y- -

;,

E s:
,1-

, ,

_.,

p; , .' ..:_.- ,
,.-m c , ,

s
,

- .s,-.,. p g.
cw

- - --

s g;; 7
- -

% 'v -
- -e

-- . ::b: ~

'- ;
'

, .

:.
- 1

~

]'.. 7'
I, M- ; W e. , , 9 1 , ,s .

r -

c' < * - -
,g.

..-v:_ s. .y.
'

, ..-
: +. .; u

m

. I E j

Y,
"

b
g

(; |-' . _b .}
''

,
-

.

l ~ ~ ^,
,

'

-|
:

<.

, a:-
_

9

~

,

.

.-. . . . . .. . . . . . ...:., - --. .. v. , - . -

, , g,' ' y .

-

. .
.

-

; :,-; . i .: < ,- x

.-
.

44 (, , ,s ..

#
.

[i 4.k ; .s
. - > s s* . -

g
-

-3 .

. , . _ .

py . .
-

* ,

! . ,' .. .
.

.

.A : -,, .,

t ;
-

,^

,_
-

,f. .

-

- ..
-

.

t =
g:.

' '% y.T!
'

. .
.

< .- -.;. ..- , r... t r' . . ex '.(.
. ~ |#'. . g Q [. -- $ ' * '' _'

.

, . .

- { -
*

.

.

_

- .~ " ' ' ~ / - '' '| ., .
'

i; - tb- .
- * - t ..

-
.

s .. _ , ..

r

.

.1
i

I
I

l

- l

'

i

i

|'

l
|
|

I i
|

-.

( F O X ) Consulting Engineers and Geologists
I

L-
p

ll

i
p.
r

8107210179 801222
PDR ADOCK 04008788.

C PDRG.
.w.

*-P'bg,-g-.i,r ge 4ph e.--+er-Spei-ggr,.we-ey -g v- g y* am wa- mg-m q .-gg er -etw--e-.swswg= a:*e w m = m e m w as.e m m ed-=-w--*-,ai.-mmaa---.--.m
. . _ . . . _ . . .

'

- ---



_ _ _ .
- --

F M FOX a ASSOCIATES. INC

F0X Consulting Engineers and Geologists w81EA'E cot 0A'oS'EE
' "'" '"

(303) 424-5578 - F MFOX

r
L

E

E
GE0 TECHNICAL INVESTIGATION

FOR THE PROPOSED HEAP LEACHING FACILITY

~ IN WEST GAS HILLS
'

FREMONT COUNTY, WYOMING

[
-

%

[
-

-

-

N

[
Prepared For

[ Union Carbide Corporation
Metals Division

[

r

i
Job No. 1-2664-3118
August 5,1980

132'13:

ALBUQUEROUE e DENVER e PHOENIX

_.



.

%

F.M. FOX & ASSOCIATES, iNC.~

4765 INDEPENDENCE STREETF0X Consulting Engineers and Geologists" WHEAT RIDGE, COLORADO E )033
(303) 424-5578 - Fh/ FOX

-

W

-

-

6

m

" Mr. William B. Paris June 30,1980
Union Carbide Corporation
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INTRODUCTION

The Metals Division of Union Carbide Corporation proposes to construct

and operate a heap leach facility at their West Gas Hills Property, Fremont

County, Wyoming. The facility will consist of two (2) below grade heaps

with associated equipment necessary for treatment of the low grade ore and

recovery of uranium from the leachate. Construction of this facility is

I planned to begin June.1981 with the operation commencing in April,1982,

The heap leach process has proven to be an environmentally and econo-

mically sound method for recovering U 038 from low grade minerals at the May-

beil, Colorado and East Gas Hills, Wyoming sites. Technology acquired at

these locations will be applied in the design and operation of the West Gas

Hills Heap Leach facility.

The Draft Environmental Statemen (DES) dated January,1979 for Union

Carbide Corporation's Gas Hills Urtnium Mill proposes a West Gas Hills Heap

Leach facility. Although the heap design is essentially the same as pro-
'~

posed ii. i..sa otS, the scope of the project has changed. The facility will

I' utilize solvent extraction instead of ion exchange for recovery of U 03 8 and
'

the facility will consist of two below grade heaps instead of one above grade

heap. The proposed heaps are:

Site K-1 - 770,000 tons

On February 25, 1976, a Dames and Moore report entitled Environmental

| Assessment, Proposed Uranium Heap Leaching Project, West Gas Hills, Wyoming

IorUnionCarbideCorporationwassubmittedtoNRCasdocumentationsupport-

ing the proposal in the DES. This report is provided as a supplement to the

' Dames and Moore report, and it provider information on site specific geolo-

gic, subsoil, and hydrologic conditions.

-1 -,

,

I
..



g
L

E
"

SITE DESCRIPTION AND PROPOSED PROCESS DESCRIPTION

{ The two proposed heap leach operations, hereafter referred to as Site

A and Site K-1, will be located in portions of Sections 31 and 32 of Town-
E-
L ship 33 No th, Range 90 West of the 6th P.M., Fremont County, Wyoming. Refer

to Figure 1 for the general site vicinity. Both proposed heap leach opera-
L

tions will be unstructed in depleted and partially backfilled pits. Refer to

{ Figure 2 for site plan view. Site A has been backfilled with mine waste to an

approximate elevation of 6,560 feet. Refer to Figure 4 for a cross sectional

view of Site A. Site K-1 has been backfil'ed with approximately 100 to 115

feet of mine waste material and to an elevation of approximately o,500 feet.
b

,

Refer to Figure 6 for a cross sectional view of Site K-1.

{ Proposed plan views for both heap leach sites are shown on Figures 3

and 5. Refer to Figure 7 for a typical cross sectional view through the pro-

posed heaps. Both proposed heaps will be constructed approximately 30 feet
,

in height and will be composed of mineral ore. The perimeter of the ore mine-

ral pile will be enclosed by an 8 to 28 foot thick layer of mine waste. The

{ heaps will be underlain with compacted clay liners, approximately 1 to 2 feet

in thickness. In addition, a compacted clay berm will be constructed in con-

junction with the liner and will underlie the waste layer. The berm will be

approximately 3 feet in height and will help to contain any seepage from the

heap to the outside face of the slope.

{ The top of each heap will be divided into equal compartments, and each

compartment will be divided by small berms to allow for leaching of specific

b compartments. These berms will be constructed to maintain a minimum 2 foot

freeboard. This will prevent overtopping of the heaps due to wave action

and any anticipated hydrological events.

{ Leaching liquor will be distributed to each compartment on top of the

-2-
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heaps by either a sprinkling or flooding system. Using this system, the flu-
i

{ id depth of liquor on top of the heaps will be limited to a few inches dur-

ing the leaching process. The heap will be leached for approximately 7 months
-

^ / ear. The entire leaching process will take approximately three

N.. . drainage system will be installed on top of the clay liner beneath

the mineral ore to retrieve the leachate. These drains will consist of 4 inch

{ diameter perforated PVC or polyethylene pipe covered by a porbus medium (i.e.,

sand or gravel), and will be spaced approximately 20 feet on center.

[ In addition to the proposed heap a'. Site A, two storage ponds will

!'e constructed at the southeast corner of the abandoned pit, (refer to UCC
[ i

drawing No. 273-1653 submitted separately, Figure 3 a'so applies). Site K-1 j

{ will include three small storage ponds, a large winter storage pond, reagent

storage tanks, miscellaneous processing equipment, and a solvent extraction

h circuit; this will be lccated immediately to the west of the proposed K-1

heap, (refer to UCC drawing No. 223-1655 submitted separately, Figure 5 also
[ applies but does not show ponds and processing facilities). There will be six

{ pipelines connecting the two proposed heap leach areas. All ponds constructed

at each site (a total of six) will be lined with a synthetic liner. Each pond

h will have a minimum 5 feet of freeboard and the sides will be sloped to the ,

bottom on a 2.5 horizontal to 1 vertical.

The flow sheet for the heap leaching operations is shown on Figure 8

The principal steps for the leaching process are as follows:

1. Water from nearby wells is pumped to the low grade surge ponds and is

b then converted to a 4-10% sulfuric acid solution by mixing with concen-

trated sulfuric acid with an in-line mixer.
[ 2. The leach solution will be sprayed or pumped to the compartments on

the top of each heap and applied by the distribution system for perco-

lation do r thrnugh the mineral ore for extraction.

[
-3-
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g 3. The leach solution is recovered in th2 und:rdrains and sent to an area
L

(site) high_or medium grade surge pond based on U 03 8 content. The

{ medium grade liquor is reacidified and recycled on the heap leach sur-

face.
r
L 4. The liquor in the high grade pond is pumped from the heap site to the

processing site. Three mixer-settlers connected in series are used tt i

extract the uranium values by an amine-kerosene solvent. The depleted

[ 1each liquor passes through a raffinate decant tank where any carry over

of the organic phase separates out. The clean solution is reacidified

and pumped to.the heap.

5. The uranium values are stripped from the loaded organic phase with a

15% sodium carbonate solution. The lean organic is recycled through

[ a surge tank to the extraction circuit.

G. The sodium carbonate solution containing approximately 5% U 038 is

transported .a the mill for recovery of yellow cake in the plant circuit.

7. At the end of the operating season, the excess liquor in the system w;;i

be stored in the winter storage pond.

[ Product liquor from the solvent extraction process containing approxi-

mately 5% U 03 8 will be shipped from the proposed West Gas Hills heap leach

facility in 5,000 gallon tank trucks to the mill, a distance of approximately

12 miles. For the expected output of the heap leach facility, approximately[
130 shipments will be required annually.

.

{ Transportation Accident '

The likelihood of a truck shipment of product liquor being involved

in an accident is approximately 4 x 10-3/ year or one every 250 years, (refer

to pages 5 through 7 of the Gas Hills Final Environmental Statement dated

July,1980.) If a severe accident occurred, in which the contents of the

{ vehicle were spilled, approximately 2,700 pounds of U 03 8 representing

approximately 0.74 curies of activity would be released to the environment.

-4-
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The most likely impact of such a release would be contamination of surface

soils which Union Carbide Corporation would clean up to background conditions.

The contaminated soils would be processed thrrugh the mill.

GE0 LOGIC, SUBS 0IL AND HYDROLOGIC CONDITIONS

f33 Geology

The Gas Hills area is located in the southern portion of the Wind River

Basin adjacent to the northern portion of the Sweetwater Arch. Beaver Divide

marks the southern-most extension of the Wind River Basin. Lithologies encoun-

tered during this investigation are part of the Wind River Formation. Geo-

logical materials at the site are derived from two episodes of the Sweetwater

uplift. During the first episode in late Cretaceous time, coarse grain ma-

terial was deposited north of the Gas Hills area in the deeper portions of the

Wind River Basin. As the basin became filled with sediments, fine grained

sand and silt we-e deposited in the Gas Hills area. The second episode of

the Sweetwater uplift in early Eocine times resulted in erosion of a portion

of the fine grained sand and silts, followed by a rapid deposition of new

coarse grain materials in the Gas Hills area. These newly deposited allu-

vial Tans have become the host rock for the Gas Hills uranium.

The older lower Wind River Formation consists mainly of fine grained

sands, silts and clays with interbedded carbonaceous shale beds. This lower

fine grained member varies in thickness between 100 to 150 feet. The upper

younger Wind River Formation consists mainly of coarser grained material

with occasional beds of corolomerates, siltstone, and claystone. The Wind

River Formation is poorly undulated and vi-tually uncemented. It should

also be noted, that in this portion of the site, the Wi..o River Formation

underlies the upper cretaceous Cody Snale.

;I
.
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Site Specific Subsoil Conditions

{ -The site specific subsoil conditions for both heap leach and processing

facihties were obtained throuch a field investigation and sampling program.

The field investigation for Site A consisted of drilling seven test holes at

the locations shown on Figure 3. The field investigation for Site K-1 included

drilling 8 test holes at the locations shown on Figure 5. The test holes were-

{. advanced with either a CME 45 drill rig or a CME 75 drill rig, both capabie

of auger drilling and sampling. All test holes were advanced with 6 inch

- diameter continuous flight hollow augers, with the exceptions 'of test holes

A-6 and A-7 which were advanced with a 3 7/8 inch tricone bit. The Soil-sam-
[-

pling was conducted with a 2 inch diameter Modified California Barrel Sampler.

{ All test holes were sampled at regular intervals and lithologically logged

at the time of drilling. Standard Penetration testing was also conducted at

regular intervals in test holes A-6, A-7, Kl-5 and Kl-6 for use in the geo-

technical analyses. Refer to Appendix A, Figure A-1 through A-15 for litho-'

[
logic logs of all test holes drilled, and appropriate sampling locations. |

{ Upon completion of the field investigation, the soil samples were re-

turned to the Denver Laboratories of F.M. Fox & Associates, Inc. The soil

samples were then carefully opened, cataloged, and classified by the project

geotechnical engineer. Inspection of the samples followed the procedures
[

outlined in ASTM D-2483, " Standard Recommended Practice for Description of
|

{ Soils (Visual-Manual Procedures)". Samples were divided into groups of simi-

lar engineering characteristics for formulation of an appropriate laboratory

testing program. Representative samples of each group were then chosen for

testing. The laboratory testing program consisted of 26 Moisture-Density
[

determinations, 26 Atterberg Limit Tests, 28 Mechanical Analysis Tests, 19

{ Falling Head Permeability Tests, 5 Direct Shear Tests, 5 Unconfined Compression

-6-
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[
Tests, 5 Compaction Tests, 3 Swell-Consolidation Tests, 1 Time Consolidation

[] Test, one 3 Point Triaxial Test, and 2 Specific Gravity Tests. All labora-

_

tory. testing was conducted in accordance with the appropriate ASTM Standards.

Information obtained from the laboratory investigation is included in Appendix

{
B and is presented on the logs of test holes included in Appendix A.

Subsoil conditions encountered ~in the test holes can be classified into

(. four general groups of fill materials:

{ Group I - Sandstone fill, fine to coarse grained, slightly clayey to

slightly silty, with traces of iron staining, medium moist

to moist, medium dense to dense, yellow to brown.

Group II - Sandstone fill, fine to coarse grained, slightly clayey to

slightly silty, medium moist to moist, medium dense, gray.

{- Group III - Sandstone fill, fine to medium grained with traces of coarse

grained material, silty, slightly clayey, medium m5ist to

[ moist, medium dense to dense, brown to gray.

Group IV - Siltstone and Mudstone fill, slightly clayey to slightly
[

sandy, with traces of iron staining, medium moist, very
J

{ stiff to hard, brown to gray.

The information obtained from these test holes was used to produce a

geologic cross section of the foundation soils beneath both of the proposed

( heap leach facilities. These cross sections are shown on Figu es 9 and 10.

The _results of the field and laboratory investigations show that the

fill beneath both sites exhibits uniform engineering properties. The founda-

{
tion soils for the heaps, with the exception of the mudstones and claystones,

are generally cohesionless materials with high shear strength at their in-

[ place densities, and have moderate permeability. The mudstones and claystones

{ -7-
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are cohesive, have high unconfined compressive strength, and have low to

| Very low permeabilities.

Area Seismicity |

| Wyoming is located within a low seismic activity region with most of

I' the seismic activity occurring at the extreme western portion of the state
~

|
(S.T. Algermissen, et al). The seismic map of the United States (S.T. Alger-

| missen) indicates that the Gas Hills area is a Zone 1 seismic area. Zone

1 has been assigned as an area that can expect minor earthquake damage from

mild earthquake events. Recorded earthquakes within a 200 mile radios of

I the sites are tabulated on Table I. The earti.ctake epicenter location, date
I

of occurrence, Modified Mercalli intensity, and the approximate distance from

| the epicenter to the Gas Hills, are included on this table. The information

indicates that the highest intensity event recorded close to the s Pe occurred

in southwest Fremont County approximately 21 miles southwest of Gas Hills

on April 21, 1973. Tha Modified Mercalli intensity of the epicenter was re-

ported as V. Shoshone, Wyoming reported an intensity of IV from the event.

No :fodified Mercalli intensity was reported for the Gas Hills area. However,

it is reasonable to assume that intensity III or IV was realized. To our

knowledge, no damage to any existing structures (i.e., tailing dams, mill

sites, etc.) occurred in the Gas Hills area as a result of this event. A

second close event was recorded approximately 31 miles west of the Gas Hills

|
on March 25, 1975 with an intensity of III report?d in Jeffery City and River-

ton, Wyoming.

Tne Hebgen Lake, Montana earthquake in August, 1959, was the largest

recorded regional earthquake in the Wyoming area. The event was recorded

at 7.1 on the Richter Magnitude Scale and has been assignec a Modified Mer-

calli intensity of X at the epicenter. Refer to Table II for recorded

I -8-
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TABLE I

REGIONAL EARTHQUAKE HISTORY (200 Mile Radius)

Modifeid Approx. Distance
Approx. Epicenter Mercalli to Epicenter

Date Location Lat. Long. Intensity _ (miles)

I 1894 7-25 Casper, Wyoming 42.9N 106.3W- V 61

1897 11-04 Casper, Wyoming 42.9N 106.3W VII 16
1910 7-26 Rock Springs, Wyo. 41.5N 109.3W V 128

|
1917 12-12 Gray, Idaho 43.0N 111.3W V 193
1923 3-24 Kelly, Wyoming 43.6N 110.6W V 166
1925 11-18 N. Central Wyoming 44.6N 107.0W V 127

| 1928 2-13 Central Wyoming 43.5N 108.2W V 60
1930 6-12 Grover, Wyoming 42.6N 111.0W VI 178
1932 1-26 Western Wyoming 43.6N 110.8W V-VI 176
1933 11-02 Gray, Idaho 43.0N lll.3W V 193
1934 11-23 Lander, Wyoming 43.0N 109.0W V 62
1948 2-24 N.W. Wyoming 43.5N lll.0W VI 183
1951 2-21 W. Central Wyoming 43.0N 110.0W III 127
1953 6-04 N.W. Wyoming 44.5N 110.5W VI 191
1954 1-20 S.E. Wyoming 41.5N 105.5W V 135
1955 2-10 N.W. Wyoming 40.5N 107.0W V 108
1956 10-03 S.W. Wyoming 41.5N 110.lW IV 160

1 1957 11-03 W. Central Wyoming 42.5N lli.0W IV 179
1958 8-07 Fox Park, Wyoming 41.lN 106.0W IV 140
1959 12-25 Fox Park, Wyoming 41.lN 106.0W V 140
1960 8-20 S.E. Idaho 42.3N ll1.3W V 196
1962 10-06 Western Wyoming 43.6N 110.8W IV 176
1963 2-25 Westera Wyoming 42.6N 109.2W V 87

|
1963 3-05 S.E. Idaho 42.6N lll.3W III 194
1963 3-08 Yellowstone Nat'l

Park, Wyoming 44.8N 110.2W VI 193
1963 4-18 Yellowstone Nat'l

I Park, Wyoming 44.8N 110.3W V 197
1964 8-22 Eastern Wyoming 42.9N 104.7W V 142
1967 2-14 Rangely, Colorado 40.lN 109.CW V 195
1968 1-09 Central Wyoming 42.7N 106.8W III-IV 36
1969 8-27 W. Central Wyoming 42.9N 110.8W III 168
1970 4-21 Rangely, Colorado 40.lN 108.9W V 199
1972 11-24 Idaho 42.5N lll.2W IV 187
1973 4-22 S.E. Fremont

County, Wyoming 42.6N 107.9W V 21
1974 3-31 Northern Colorado 40.7N 107.lW II 145

1 1974 9-19 N. Central Wyoming 44.lN 107.4W V 91
1975 3-25 Central Wyoming 42.7N 108.lW III 31
1975 5-16 S.W. So. Dakota 43.2N 103.7W IV 196
1976 1-27 Rawlins, Wyoming 41.9N 107.2W FELT 60
1976 9-03 Kaycee, Wyoming 44.0N 106.2W FELT 109

.

Data compiled with the help of U.S. Department of Commerce,
National Oceanic and Atmospheric Administration

I
-9-
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Table II

E
HEBGEN LAKE, MONTANA EVENT - AUGUST 17, 1959

E-
EPICENTER - 44.83N, Ill.08W
RICHTER MAGNITUDE - 7.1

[- MERCALLI INTENSITY - X

Earthquake intensity file - selected locations and Mercalli
{ intensity at that location

F DISTANCE FROM DISTANCE FROM
l LOCATION MERCALLI INTENTISY EPICENTER (miles) GAS HILLS (miles)s

Hebgen Lake,
[- Montana X 0 21 6

Yellowstone Nat'l
{ Park, Wyoming VIII 51 117

Cooke City, Wyoming VI 57 196 I

- Jackson Lake Dam,
Wyoming V 112 150

[ Buffalo, Wyoming V 220 115

Cody, Wyor ; V 101 143

[ Jackson, Wyoming V 95 171

{ Pinedale, Wyoming V 150 118

Thermopolis, Wyoming V 164 69

[ Lander, Wyoming IV 181 62

Worland, Wyoming IV 163 88

Casper, Wyoming III 275 59

[
Data obtained from 1959 addition of:

[ " United States Earthquakes", U.S. Department of Commerce,
.

National Oceanic and Atmospheric Administration

E
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intensities reported at voious distances away fron, the Hebgen Lake epicen-

ter. Lander, Wyoming (62 miles from the-Gas Hills) and Casper, Wyoming (59
_

miles.from the Gas Hills) recorded intensities of IV and III, respectively |

for that event. A maximum intensity of IV is postulated to have occurrem

in the Gas Hills areas from this event.

Historical information such as that discussed above and tabulated in

{| Tables i and II for the Gas Hills area in the Wyoming region, indicates

that the Gas Hills area probably has experienced a disturbance no greater )
- than intensity IV. The largest earthquake which is likely to occur based ~

on the existing seismic data, is not expected'to exceed a Modified Mercalli

intensity of IV. Based upon these data, maximum accelerations on structures,
,

I

{ due to seismic events, have been estimated at less than 1% of gravitational

acceleration. However, on the basis of information obtained from the USGS

- (S.T. Algermissen), values of gravitational acceleration have been estimated

at less than 4%.

Area Subsurface Hydrology

[. The subsurface hydrology for both sites was investigated with the. instal-

lation of 6 cased monitoring wells drilled on or close to the proposed heap

b leach facility. In addition, previously generated data (Dames and Moore,

F.M. Fox & Associates, et al) was incorporated to produce the regional subsur-

face hydrological conditions.

{- The location of the monitor wells (designated MW-1 through MW-6), drilled

during the course of this investigation, are shown on Figure 2. The litho-

k logic logs of each 6. ell are shown in Appendix A, Figures A-16 through A-21.

These wells were advanced with a Gardner Denver 1500 W drill rig to depths

of 250 to 300 feet below the ground surface. The wells were drilled 8 ..ches
,

|

[ in diameter and subsequently cased with slotted 4 inch I.D. perforated PVC

i

[ -11
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[:
and then were subsequently gravel packed to the ground surface. Ground

.

[ water was encountered in the monitor wells at depths of 163 to 256.5 feet. -

Water samples were retrieved from these wells by pumping for subsequent back-

ground water quality analysis: refer to the section titled " Monitoring Program"

(page 18).

On the basis of the ground water data obtained for this investigation

( and from previous reports, a regional ground water piezometric contour map

.

was generated to show the regional ground water flow beneath the sites. The

ground water coutour map is presented on Figure 11. The data shows that re-

gional ground water is flowing from the southeast to the northwest, at an

approximate gradient of 80 to 100 feet per mile. The approximate elevation

.( of the regional water table at the site is 6,375 feet.
,

Site Specific Surface Hydrologic Conditions

Surface hydrology of the proposed heap leach sites will be controlled

by the grading of the pit backfill as shown by the contours on Figures 3 and

5. These maps were utilized to determine surface runoff conditions which will

[ directly affect both heap leach construction areas. More specifically, the

rainfall and surTace runoff will be controlled in two specific areas on each

site (i.e., that area outside of the base of the proposed heaps and that area

specifically within the confines of each heap).

In accordance with NRC Regulatory Guide 3.11, a design flood was used

,( to determire the surcharge capacity on both impoundment leach sites to pre-

vent overtopping, and to calculate the amount of water to be diverted away

from the outside of the impoundments. The probable maximum flood (PMF) series

.

specified by the Regulatory Guide is comprised of two flood events: the

flood produced by the probable maximum precipitation (PMP) and a flood equi-

[ valent to about 40% of the PMP occurring a few days prior to the main event.

{
-12 -
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[-
A 24 hour ~ probable maximum general storm and a 24 hour 100 year storm

{ were used to determine the inflow design floods. Tables, figures and methods

,

presented in the Bureau of Reclamation Publication " Design of Small Dams"

and National Weather Service rainfall maps were used to estimate the 24 hour

probable maximum nrecipitation and the 24 hour 100 year precipitation for
[.

the project area. The 24 hour PMP is estimated to be 14.7 inches and the

[ 24 hour 100 year precipitation is 3.0 inches. Precipitation from a storm

equivalent to 40% of the PMP is 5.9 inches.

' lata compiled from the Soil Conservation Service soil survey of the

project area and tables in the " Design of Small Dams" were used to estimate

design runoff curve numbers assuming an antecedent moisture condition (AMC)

{ of II. These data were used to determine that a runoff of 3.8 inches (SCS

Tables) can be expected from a 40% PMP storm. Assuming that rainf all from

the 40% PMP storm will cause nearly a saturated soil condition (AMC-III),

an adjusted CN (Curve Number) of 92 was usej to determine that a runoff of

13.7 and 2.2 inches will result from the PMP and 100 year storms respectively.

{ Therefore, the total rainfall excess produced by the derign flood series will

be on the order of 19.7 inches.

The proposed heap leach surface area foi Site A is approximately 20

acres. This area will receive direct rainfall assuming no losses. The water[
volume generated over this area by the PMF will be approxim;tely 33 acre-feet.

[ Therefore, the surcharge capacity for the proposed heap leach Site A must be

adequate to store a total of 33 acre-feet. On the basis of this information,

the design flood will raise the fluid elevation on top of the impoundment by

approximately 2 feet. Therefore, a minimum freeboard of 2 feet will be main-

tained at all times.

{ The overland drainage area that is contributing runoff inflow to the

-13-{
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{
base of the proposed heap leach Site A embankment is approximately 40 acres.

[ This'is a very conservative number due to the' continuous topographical changes

in the mining. area. The water volume generated by the PMF will be approxi-

h mately 66 acre-feet for the given drainage area. This water volume will.be

. diverted around the impoundment site.

On the basis of the proposed design, surface runoff outside of the im-

[. poundment area of Site A will be controlled by the slopes on the service roads

and the downstream face of the embankment. This configuration will direct

[- surface runoff by overland means to the east. Calculations show that given

the surface area outside the heap, a maximum water elevation of 2 feet can

be expected along the drainage slopes during the design flood.

[- The proposed leach surface area for Site K-1 is approximately 13.6 acres.

This area will receive direct rainfall, assuming no losses. The volume of

water generated over this area due to the PMF will be approximately 22 acre-

feet. On the basis of this information, the design flood will raise the fluid

elevation within the impoundment approximately 2 feet. Therefore, a minimum 2

{ foot freeboard will be maintained at all times. |

The overland drainage area that could eventually contribute runoff inflow I

to the K-1 site is approximately 192 acres. This is a very conservative num-

ber due to the continual topographical changes occurring in the Site K-1 area.

The water volume generated outside of the heap by the PMF will be approxi-

{ mately 315 acre-feet. This overland drainage renoff will be diverted around

the site by the slopes on the service roads (all sides except to the east),

the embankment (east only) and the pit currently being mined to the south.

Storm water impounded in both heap facilities will be allowed to per-

colate through the ore pile and will be subsequently recovered through the

{ underdrain system and then stored for evaporation in the holding ponds.
.

-14-
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[
GE0 TECHNICAL EVALUATION

{i Settlement Analysis

A finite element computer model was used to determine settlement char-

acteristics beneath the liner of each heap due the consolidation and addi-

tional load increases which will occur during or af ter construction of the

proposed heap leach facilities. These analyses were carried out for both

(- sites using wet densities and strength parameters determined from the labora-

tory testing as well as field Standard Penetration test results.

Site A Settlement

- Foundation settlements on the order of approximately 0.3 feet at

the outer toe of the embankment, to 0.9 feet beneath the center of the

{ heap, are anticipated. This indicates a maximum differential settlement

will occur within the outer 100 foot perimeter of the heap. The analysis

also indicates that this portion of the liner will experience higher

shear stresses due to the anticipated settlement.
[' ,

ISite K-1 Settlement I

[ Foundation settlements are on the order of approximately 0.14 feet

at the outer toe of the embankment, to 1.03 feet beneath the center of

the heap. The analysis indicates a maximum differential settlement will

occur within the outer 115 foot perimeter of the heap. The analysis also

indicates that a portion of the liner will experience higher shear

{ stresses due to the anticipated settlement. '

On the basis of these analyses and to prevent liner degradation due

to the differential settlements, the outer 100 foot perimeter of the clay

liner of both heaps will be increased to 2 feet in thickness.

Seepage Analysis

{ The seepage analysis of both proposed heaps required specific engi-

-15-{
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[
neering parameters to be tested for during the field and laboratory inves -

tigations. Specifically, the most important parameter to be defined was:the

permeability of all materials through which seepage will take place. This

required testing of ore material, the clay liner material, and the foundation

soils. All permeability tests were conducted on samples using laboratory

methods. Samples of the ore and clay liner were compacted in the lab to the

[ deasities and permeabilities which will be duplicated during construction.

The clay liner material will be obtained from a predetermined stockpile at
,

= the site. The results of the testing are shown in Appendix B and summarized

on Figure 7. The permeability testing was conducted with an actual acid solu-

tion as will be used in the leaching operation. The recommended permeability'

[ of the heap liners is n x 10-7 cm/sec.

Since seepage through the liner is likely to be the largest source of

contamination, we have included a detailed seepage analysis for each site.
- The analyses were conducted following the procedures outlined by David B.

,

McWhorter and John D. Nelson in " Unsaturated Flow Beneath Tailings Impound-

[- ments" in Uranium Mill Tailings Management, Vol. I, Proceedings of Symposium,

November 20, 1978, at Colorado State University. This paper brings together

analyses for flow through partially saturated porous media originally devel-

oped for problems in petroleum engineering, soil physics, hydrology, irriga-

tion and drainage. This paper details an analysis for a situation in which

[ there were no drains. The drains have been accounted for in this analysis

by drawing a flow net (See Figure 12) using a drain spacing of 20 feet, and

calculating the total head remaining on top of the liner midway between the

drains. No attempt was made to account for decreased permeability due to

deposition of compounds. The permeability of the liner may increase slightly

[ due to the removal of sodium ions by the hydroger ions.

{ -16-
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b
The cross section flow net used for the seepage analysis beneath the

heaps is shown on Figure 12. Actual seepage calculations were made using a

minimum hydraulic conductivity (permeability) for the liner material of 1 x

10-7 cm/sec. In addition, the seepage calculations incorporated the labor-

atory analyses of porosity, initial moisture contents, dry densities, permea-

bilities and estimated values for the residual volumetric content (specific re-

I tention). Each calculation involving the hydraulic gradient across the liner

takes into account the head on top of the liner, estimated from the flow net,

and capillary driving forces beneath the liner. It was found that assuming

a head of zero on top of the liner and a hydraulic gradient of one results

in underestimating the seepage by about one-fourth beneath the drain pipes

and by about one-tenth midway between the drains. The results given are based

on the head midway between drains and is therefore an upper limit of the total

amount of seepage. Equations and calculations for the analysis are presented

in Appendix C.

The displacement pressure of the foundation naterial found at both sites

(material underneath the liner) was estimated fron an equation developed by

| David B. McWhorter and his procedure using Darcy's equation for multiple

layers was used for estimating seepage velocities and distance traveled by

the wetting front.

Site A Seepage

During the seven month leaching period beginning when the heap leach and

liner are saturated, the wetting front would be restricted to a depth of 22

feet. The above value assumes free drainage. Since the volumetric water content

above the wetting F *nt was only slightly higher than the residual volumetric

water content, fu. er spreading of contaminated water after leaching activi-
|I ties are discontinued will be negligible. The total seepage quantity will be

approximately 0.03 gallons per day per square foot.

I -17-
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Site K-1 Seepage

[- During the seven month leaching period, beginning when the heap leach and
.

liner are saturated, the seepage would reach a depth of 12 feet. However,'the

vol'umetric water conter.t of the wetting front is almost twice the residual

volumetric water content so the water will continue to spread to a depth of
'

about 22 feet after leaching is discontinued. The total seepage quantity will

{; be approximately 0.06 gallons per day per square foot.

As_ currently. planned, a monitor drain will be placed beneath each heap
.

leach f acility in order to determine if seepage is occurring. Based upon

unsaturated flow conditions, the monitor drain will be constructed on top

of a polyethylene moisture barrier placed in a concave configuration (See

{ Figure 7).

Liner Construction

Based upon the seepage analysis, the controlling parameter fo" liner

construction will be the permeabilit) The calculations are based upon main-
[

taining a minimum permeability of 1 x 10-7 cm/sec. During construction,
.

{ additional testing will be conducted to verify that the reautred permeability

is achieved.

To prevent degradation of the liner, it will be necessary to cover the

entire liner with a minimum of 12 inches of mineral ore to help prevent deple-
[

tion of moisture content. However, if the liner is left exposed, it will be

necessary to scarify and recompact the top 6 to 8 inches prior to subsequent

mineral oie placement.

[
MONITORING PROGRAM

( The water quality monitoring program will be conducted in accordance

with Guideline No. 4 of Wyoming Department of Environmental Quality. The six
b- monitor wells installed during this investigation and previously installed

b -18-
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[
. wells '9wned by adjacent mining companies) surrounding the sites will be sam-

[.
pled quarterly for the first year and semi-annually thereafter. All samples

{7 should be taken using a submersible pump lowered to a sufficient depth to

allow continuous pumping. To insure that a sample is rc~acantative of for-

b mation water, a volume of water equal to or greater than twice-the volume

held in the well casing, when possible, will be discharged before a sample
[

is taken.

[ To insure accurate and dependable results, some field measurements and

handling of the samples is necessary. Spee.ific onductance, temperature,

and pH should be measured in the field on unfiltered : ample water. All sam-

ples should be filtered in the field using a 0.45 micron filter membrane.:

b
Samples to be analyzed for dissolved metals and radioactive elements should

{ be preserved with 6N HNO3 (5 mls 6N HNO3 per liter of sample). Samples

to be analyzed for nitrogen species should be preserved with 6N H 504 (5 mis2

6N H SO4 per liter of sample). See Wyoming Department of Environmental Qual-2

ity's " Guideline No. 4 Supportive Handout" for additional sample collection and

preservation information.

{ A complete list of constituents to be measured is presented in Table

III. This list will be adjusted after baseline water quality information

[ has been reviewed. Results of all chemical analyses will be reported to the

Wyoming Land Quality Division. The six wells which were installed in this
-

investigation were sampled in January, 1980, by F.M. Fox & Associates in ac-

{ cordance with Guideline No. 4. The samples were analyzed by Union Carbide's

laboratory in Grand Junction, Colorado. See Table III for results of the

b analyses.

[;
Seepage from the proposed heap leach sites will be monitored by an under-

drain system located beneath the compacted clay liners within the foundation

-19-
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TABLE III CHOUND CATER QUALITY PARAMETERS At:u OATA

(values represent dissolved concentrations

reported in mg/L except where otherwise noted.)

PARAMETER' HW1 HW2 'HW3 **Hn4 HW5 'HW6

pH 8.00 7.85 7.6 7.6 8.00
Tetal Dissolved Solids 1451 3290 1528 1197 1904'
Temperature (*C)
Total Heg, major cations
Tctal Heg, major anions

Ch::rgs Balance
Conductivity (micrombos/cm @ 25*C) 1512 3150 2100
Ammonia (tlH )3
Hitr1te (tl0 ) <I <I <I2
flitrate (H0 ) <1 <1 <13

Olcarbonate (HCO 192 220 412
Carbonate (C0 ) 3)3 <1 <1 <l-
Calcium Carbonate (CACO ) 158 180 3383 .

Calcium (Ca) 240 530 360
Chloride (Cl) 19 104 5 <1 18

Boron (B) <1 <1 <1

Flouride (F) <1 <1 <1 <1 <1

Hagnesium (Hg) 71 166 54
Potassium (K) 16.7 28.8 16.7
Sodium (fla) 43 88 90

Sulfate (SO ) 1957 983 964 632 5684
. Aluminum (AI) <0.1 <0.1 <0.1
'Aresnic (As) ppb <4 <4 <4

Dariua (Ba) <0.10 <0.10 <0.10
Cadmiua (Cd) <0.01 <0.01 <0. 01 - 0.01 <0.01

Chromiumm (Cr) <0.01 <0.01 <0.01
Copper (Cu) <0.01 <0.01 <0.01
Berrylium (Be)* <0.01 <0.01 <0.01
Iron (Fe) 1.93 0.73 0.05
Lead -210 (Pb-210) pC1/L* 38.86 + 8.51 41.38 + 8.56 31.27 + 8.38

-20-
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TABLE III CRoutiD HATER QUALITY PARAtlETERS AllD DATA

(values represent dissolved concentrations

reported In mg/L except where otherwise noted.)

Mal tG2 ilW3 *HW4 MW5 Mn6PARAftETER
_

Lead (Pb) <0.02 <0.02 <0.02 <0.02 <0.02
11aqanese (Hn) 2.23 2.38 1.63
Zinc (Zn) 0.04 0.01 0.01
Mercury (Hg) ppb <1 <1 <l
Thorium 230 (Th-230) UCI x m0-6/ml* 0.002 + .002 0.002 + 0.002 0.015 + .004

Ilickel (til ) <0.01 <0.01 <0.01
Polonium -210 (Po-210) pC1/L* 0.00 + 2.9 0.0C + 2.9 0.00 + 2.9

"
Selenium (Se) <0.02 <0.02 0.02 <0.J1 0.13
Uranium (U) Oli x 10-5/ml 0.0005 0.0009 0.0009
Uranium (U) Suspended UCI x 10-5/ml 0.1720 0.0142 0.0284

Molybdenum (Ho) <0.03 <0.03 0.03 <0.03 <0.03
Vanadium (V) <0.06 <0.06 <0.06

Radium -226 (Pa-226) pCL/L 39.73 + 1.65 7.80 + 0.75 1.18 + 0.28 3.34 + 0.44 16.99 + 1.09

Analysis not required by the Wyoming Department of Environmental Quality*

** flM was not developed at the time the initial samples were taken
riote: All samples were collected January 1980.

-21-
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[
material . The drain system will consist of 4 inch diameter perforated PVC or

[f polyethylene pipe which will be covered with a porous medium (i.e., sand or

Seepage, if any, will be entrapped by the drain system and will begra .

recovered for subsequent testing. Refer to Figure 7 for construction details.

Since the heap facility will be covered with mine waste fill, no speci-

fic monitoring program for windblown particulates will be required.

b

[ -
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[
Figure A-1

~
.

O



- ..

L -

P F. M. F2X & ASSUCIATES. INC.
L SUBSURFACE EXPLORATION LOG

SHEET T OF 1

PRO JECT: 'Jaica f arUde "e*P l'4ch Site A PROJECT NO. 1 2664-1118 BORING MO. A-2
g

L. COLLAR ELEV ATION: 6565 A'l TOTAL DEPTH: 4 P 5"

John M etrier pgyggggg gy bn Taylor
OATE BEQUN: I2#I3/79 D ATE FINISHED: I?/II/M LOGGED BY:

I
- cL

0 g on h U C $ $5 -z 3d sd a 5 e >> uTHOLoor cz ! g ;o_ Sa 'a

I.h
$, h NOTESfh.h !! kU U3; O.

0U AND
-. o e. o a< zw .w z e -w -

L a
,'<.$ h C

=5 g*go *t o2 % PHYSICAL CONo TION 2z g . e-
= a = ar=> > = < w o ,.

_
- o * O = . , ; z-o s a

$A*664aas #'
<*: 2:i: "*a-"***

F'II. 5+ad5 tea'. 'ia'aye*"toir 'd

.e:: to coarse grained. slightly cl y
'' sltantly silty. redium moist to rotst.

, ,,

sedtum dense to dense, gray 14st[14.4 0 26 103; -
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.
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.
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.?.v., statning. sedtss moist to motst. medtum *
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EXPlaNaTlOM ,
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IN I S TER
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-' C = IMOICATES CORE MOLE RECCROED
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1 644* $ /12

.

- 109
' **** I 2

4
. j

.
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I -- em
. v.- 35

~
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1 ::: 7 7/8' bit

[ 1 s::''
=t 6 . le ~

Sand, fine grained with traces of)
f gravel, silty, slightly clayey, some

f ron stainifig noted, brown to blue-
,

h se .e5 Ortiling very slow -
changed to a lont,er

} toothed bit

[ .

..;3 ..
.

,

-

%

,.
.

.. l . ..,

7

, . . s

" Sandstone, fine grained with traces of.

coarse grains. tilty, clayey with

[ . traces of iron staining and angular
-

~

j quartz crystals maakly to well
cemented, blue to trown

,,

[
| ~

72-101 feetu tsa. I

f
earcer drilling

[ coeglorerate,

Sandstone, coarse grained, si tgntly* *

1 0 silty with quartz gravel =eakly* ; cemented, blue to bro =n
soyts,.

[ . ,

:

e. e.:

EXPLANatt04

tiOLE TYPf.3 e STAND /dD PENETR ATidN TFMT
SA - INDIC ATES SOLID AUGER INDIC A TE S BLOW SIFOOT: RECORDED AS. NUWBER

[ HA a lNDIC ATES HOLLOW AUGER E LEVEL AND DATE
FALtlNG 30 INCNES. REQUIRED TO DRIVE

C * sNDICA".S CORE MOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT.

Q. INDICATES ROTARY ttOLE CO E SS

Figure A-20
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I F. M. FOX & ASSOCIATES. INC.
L SUBSURFACE EXPLOAATION LOG , g, 3

paOggCT: Uaton Careide - Wso tesca PROJECT NO. 1-M64 - 3119 80 RING NO. W *5
7
1

'

COLLA % ELEV ATION: !!5Lf! TOTAL DEPTH- 250 feet

CATE StwwN: ?!4/?O D ATE FINISHED: I!8/90 6000ED SY: Ulve h iiss REvtEWED Sy:_0c uld 9 Clark

5' ;. > -. . #W Z E z > > o a~
-

_a w
*t 0 Oo u o 2. >. n >- W

x.t > LITHOLOGY C2 f $ ; .4 o 3o e 3 t >O#W

3gg og z 3 3 0I OO ;; z; ",, ,& a o ,, o NOTESq
$" *f o af E TwN $$9 $i* NU E e u z

h h >o WD E PHYSICAL CONDITION g

0 I O & & # a 3 g> & Of
I a .53 44. .

; Sandstore, coarse gratned, sligntly
73, <

- silty with quartz gravel, weakly
Cemeted, blue to brown 110 feet . f aster

drillino; -

[ ..5s...
:
.

...j- _ e ...

: :
v

- ;
.

~ W,.8. ... s

.

[ ;

4 .... ...

$4ndstone, fine gratped with traces Of
coarse grains, silty. Clayey atth

[ tracas of tron statning and anqutar
quarts crystals, neakly to well
'emented, blue to trc=n

7t. it.-

[
4 .. . . .

[
~

u.. ...:

[ 4

4 ..

[
'

i.*

e... . . . . -

g

E * PL A N A T10N

tlQkEllfU e ST AND ARD PE NE TR ATION TE R{;

SA - IN0iC A TE S SOLIO AUGER f **01C A TE S SLOW SiF OOT: RECORDED AS. NuuBER

[ RE RECOVERYHA * INDtC ATE S HC.I.OW AUGE R m,3, LEVEL AND DATE
F ALLING 30 INCHES. REOUIRED TO drive

C = INDIC ATES CORF HOLE RECORDED
A 2 INCH DIAMETER S AMPLER ONE FOOT.

N* IN0iCATES ROTARY MOLE

[
Figure A-20

~
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F F. M. FOX & ASSOCIATES. INC.
L SUBSURFACE EXPLORATION LOG

SHEET 1 OP A

PR 3JE CT: UnMn CarbMe - Heap teac% PROJECT NO. 1-2664-311e SORING NO. "W *$
r

i

L COLLA 2 ELEV ATION: 6591 M TOTAL DEPTH: 750 feet

CATE BEQUM: 1/4/80 D ATE FINISHED: 1/4/80 LOQQED sy: Dave b at.11 REVIEWED Sy: Occald 9. C hrt

I
L 5;. > -e, ,

f &Z E z > > oU
-wa O 0 t. >. ce > -a w;u f g ; so 30 a 3 t >n w

*H o > LITHOLOQy z
2

h$ mEU 2 3 g
f jO EE *E U g4 o u. o NOTES

K "f O g & N dwN $7- $ o zUI 4 zw
$h 2h "< $

E yWO $3 o3 % PHYSICAL CONDITION 2$ g w e

$ 0$"t U7 E* ww >> 0 * * , a 3 g--
O

I . .

w 66. 464
4 $andstone, fine nretned with traces of
8* Coarse gratas. stity. Clayey with
j traces of iron statning and angular

quarts crystals. weekly to well
I Cerented. blue to brown,, a .mL

F

L 4 .. ..e

h.. ..el

,.. . . . . . _ .

;

[
4 ..4

- :

w

2.... ...

1

[
4.... ..4
.

hs... . 4-[

<.... ...:

I .

|

I: .... ...

E IPL A N A TlON

tiOLE TYPES e jf AND ARD PENETR ATION TF17:

SA - IN0lC ATES SOLIO AUGER INDICATES SLOWSiFOOT: RECO*DEO AS. NUW8ER
CORE RECOVERYHA IN0lCATES HOLLOW AUGER ans EVEL AND DATE F ALLING 30 INCHES. REOulRED TO C*'vE

C IND. CATES CORE HOLg RECORDED A 2 INCH DI AWETER S AMPLER ONE F OO f,
'

n . INDIC ATE S ROT ARY NOLE CO

Figure A-20
-
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F F. M. FOX & ASSOCIATES. INC.
L SusSunrAce exptonArioN too

SMEET 1 OF 1

PR OJE!T: Union Carbide - Meap Leacn PROJECT NO. 1-75f4-3118 BORING NO. f*W 86

k C'gLiAR ELEVAtlON: 6611 3 4 TOTAL DEPTH: 250 feet

CATE CE4UM: III/E0 DA TE FINISNED: 1/S!B0 LOOGED BY: Daw Ocuglass REVIEWED BY: 00"8I8 'l CI8'k

L :-,

8 d oU 5 U. U k5 t
*$ --4 3 ; 30 3d

s$
*** LITHOLOGY E2 8 o 5 >

2 s !!? !!E !S ! E!s :[ !! !! !5 1 3 ~ '"^~o
2{5 oO gPHYSICAL CONDITION 2 ggo

E # 3 E$ C E O U 6

.

m o

s. : Sand, fine gratned with traces of 7-7/8" bit
gravel, stlty, s1199tly clayey, som g g,9 gjf

- 6rcn statning noted, brown to btwe 1 b y Loloss

[ 4 ..i..

:

[ 4.... .4
.

,- . . . . ..-
~

Sandstone, fine grained with traces of,

coarse grains, stity, clayey =tth<

* traces of iron statning and angular

[ quartz crystals, weakly ta well
cemented, blue to crown

,

[
"'8 ''

E2-76 feet - very hard
drt11tng

[ ,

i tss. ... Sandstone, coarse grained. $11gntly
stity with quartz gravel. =eatly
cemented b he to brown j

j

3.s.. ..

1[ M -

4

4...
..;

[ - -

i ..i.s. ,

: as.. . . . .

EXPLANAflON
MOLE TYPES e STAND ARD PENETR ATION TERT:

SA -INDIC ATES SOLID AUGER INDIC Af g g BLO W S/ FOOT: RECORCED AS. NUW8ER
v INDICATES WATER

[ MA -(NDICATES HoliOW AUGER CORE RECOVERY OF BLOWS WITH A 140 POUND MAWWER.was LEVEL AND DATE
FALUNG $0 lNCHES. REOWRED TO DRIVE

C * ikDICATES CORE HOLg RECORDED
A 2 INCM DIAMETER S AMPLER ONE POOT.

A- INDICATES ROTARY HOLE
C ss

[ -

Figure A-21
-
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f F. M. FOX 4 ASSOCIATES. INC.

L SUBSURFACE EXPLORATION LOG SHEET ? OF 1

g PR 2JEC T: Union Carbide weep teacM PROJECT NO. 1-2 W -3119 80 RING NO. W e6

|
' CELLA 2 ELEVATION: 'Att 'a TOTAL DEPTH: '***

CATJ CEQUM: I/"/60 DATE FINISHED: I!!/80 LOGGED Sy: Dave % glass REVIEWED SY: conald e u art
g

-

1 3 - o' * * e o - f
-

> > o aZ E zw$ O *a 0 Wo o >. a >
w EZ -f $

-
~.

O *10 e 3 D >2 O-2 > LITHOLOGY$ Z 3 $ 21 s o U- 0 N me$CE *O N $$ noggg

@'[s$U U E c $O $f $ "wy $$] $o AND * o z
<

g jo du g< *
Wt oi PHYSICAL CONDITION z c" ogo g
a

j 3 yE' o * ara
$ o E o a 3

2 , aass u a - Sandstone, coarse grained sitsntly
silty with quartz gravel. eatly7 },,1

- cemented blue to brown*

< Sandstone, f tr.e grained with traces of
1 ccarse grains, silty, clayey with

[- traces of iron statning and angular-42643 II ,,
quartz crystals weakly to well-

: _ amented, blue to brown

Sandstone, coarse grained, slighty

[ q
s11ty with quartz gravel. =eaklyu,, ,,
cemented. blue to broma

laterbedded 511tstcre and Claystcne,
sandy, moderately to well cemented.

[-
. blue

!-
'

2 ss sae

Sandstone, fine grained with traces of
coarse grains, silty. clayey with

[ ,

73 a.e. cenented, blue to brown

traces of iron statning and angular
quartz crystals, weakly to = ell

[
4 .. .se

[
4 s. ..e

.. ,,.

[ .:
4

2s stel

[
'

.. ,, -:

l .... .ee
E x PL AN A TlON

HOLE TYP11
e STAND ARD PrwrtpAtiow Tr st:

8LO W SJ FOOT: RECORDED AS. NUWBER
SA a lNNC ATES SOLID AUGER INDIC ATE S

CORE RECOVERY 5as '

[ HA * INDICATES HO LOW AUGER EVEL AND DATE FALLING 30 INCHES. REQUIRED TO DRIVE -

RECORDED
C * INDIC ATES CORE HOLE A 2 INCH DIAMETER S AMPLER ONE FOOT.

'
R* BNDICATES ROTARY HCLE CO 88

Figure A-21
- .

_ _ . . _ _ _ _ _



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

.

- F. M. FOX & ASSOCI ATES. INC.
SUBSURFACE EXPLOR ATION LOG SHEET 1 OF 1

EB PROJECT: 'e"ca r$ He -Fansten" PROJECT NO. 1-2f64-1118 80 RING NO. N 86
'

6611.54 TOTAL DEPTH: .?M 'aet
CCLLAR ELEVATION:

i CATE BEQUM: 1/5/B0 DATE FINISHED: I/5!M LOGGED By: Dave h qiast REVIEWED SY: 00"did 8 CI876

5Io 3 ;. > .
y y g > > f o .

-
2 E " &

I N e OoJ =
t.a o.

,
a >>o. g

O $ LITHOLOGY Gz f, 30 e i g g3w j , ; *
a o. o 3 =EN z s - a N o n.S,g e;: z ;: 3 :'

z 2 AND e. m j$NO = ' ' N t!f N WW U Z<z <w -
.. . z = wa wa s s a - e w

go g g gg w= eo e g 'g y ; moa PsVSiCAL CONDifica z e o

I g , O : 6 = , a s e- .
o & a>

6462 240 -3

'\k .
Sandstone, fine grained witn traces of

I coarse grains. $11ty, clayey alth
traces of tron statning and angular
quartz crystals. meanly to well
cemented blue to brown

h64es sie

I
~.. ..e.

.

... ..

3
- 6s7 see

.I .

f ases as-

I - -

.

I =

1

'I 1=

*

.

I :
.:

I
'

.

.

E XPL AN A TION

. 11QLE TYPES 9 STAND ARD PENETR ATION TFMT:
8LO W Ss FO OT: RECOROED AS. NUM8ER

SA - INDICATES SOLID AuGEH INDIC ATE S

CORE RECOVERY nas
HA - INDICATES HOLLOW AUGER EVEL AND DATE F ALLING 30 INCHES. REculRED TO DRIVE

RECORDEDC * INDIC ATES CORE HOLE A 2 !NCH DIAMETER S AWPL ER ONE FOOT.

I R. tNDICATES ROT ARY HOLE

Figure A-21
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F.M. Fox & ASSOCIATES, LNC.

CF0X Consulting Engineers and Geolog. ts

-

4765 INDEPENDENCE STREETF

is * Ear niocE. cotoaAoo soo22L
-

_ (303924-s57s - Furox

r

L

COMPACTION TEST RESULTS

b HOISTURE - PERCENT OF DRY WEIGHT .
,

1 2.75 5 in 18; 21 25
150

[
__

g2.70 Ox--

' \z 2.65 \ \

Z 0i2.60 \
' Y'm

I \ ( \
.

\

[ \ \ 't \

140 \' X\
\ \'Qs

[ NANN
N'ce- s

[ @
130

N N' Cs
' '' '

8 \\'U, ZERO AIR VOIDS CURVES AT

$ \\\,\ 100% SATURATION
s . xs

5 \'CU,..
"- ,' N N 'QQs
8 120 ' ' ' ' \ \'

g / \ DQ'' \
N s

/ ANJQNo. -
s

. / ,x x xx x

[ Vs' QUs''
>.
H < x xx x s
G ' N N NN N

' '

5 110 'C 2,ys.

[ o .\ xs x x

$ N N x
a w x xs

)N sN
' QQx,X

100 N N'

's'-

[ 90

MAXIMUM DRY DENSITY (PCF) 123 PROCTOR NUMBER

[ OPilMLN M0ISTURE CONTENT (%) in

AMOUNT OF MATERIAL FINER THAN 1200 SIEVE 60.7-745

[ ATTERBERG LIMITS: LL 30 PL 26 pg 4

-5
.PERMABILITY TEST RESULTS: 6 X 10 cm/sec Ramn1ded to 90% modified.

-

[ SAMPLE DESCRIPTION Clay Liner flaterial

FRCH COMPACTION TEST PROCEDURE AST'101cC7
CHECX POINTS PCF 0 % PCF 9 %

PCF 9 i PCF 9 %

FORM NO. 45-3 PCF 9 ____.% PCF 9 % FIGURE B-1
.

,e- e '**,,
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T' r u. Fox a Assoc:ATES. INC.
[ FOX Consult.ing Eng.ineers and Geolog. ts

47&5 INDEPENDENCE STaEET
t is *En aiDcE. cacam smu

(303) 424-5578 - FMFOX

COMPACTION TEST RESULTS

MOISTURE'- PERCENT OF DRY WEIGHT .

2.75 5 in is 20 25150 '__ T

{ - cd2.70 ys
= = 2.65 m

xs x.__

Z S 2.60 .\'s\
( \ \\\

140 \' \\

[
_. x Nqgs

N ANNxm-

@
130

NXN'
s
^ i' '

S 'AY, ZERO AIR VOIDS CURVES ATy \\'h 100: SATURATION
\\\Us, e

I g \x x .

X X \%

| $ 120 'yQQs '

/ xQN -- '

I }CDUx'-

I t wx x.

m NxN N N
5 110 *Q, N x

' lC Nx
1

g - x xxx
' DNx

| x xNx
l A,

| 100 'N
'

|
|

90

| MAXIKJM DRY DENSITY (PCF) 118.5
PROCTOR NUMBERt ,

I
OPTIMili HOISTURE CONTENT (2) 14.0 -

ANUNT OF PATERIAL FINER THAN #200 SIEVE 65.7-82.3

ATTERBERG LIMITS: LL 34-36 21-23 13pt pg

SWELL / CONSOLIDATION RESULTS: Liner material
SAMPLE DESCRIPTION

~ ~
'

FROi
COMPACTION TEST PROCEDURE ASTM 0-1557

| CHECX POINTS PCF @ PCF 9 i
PCF @ PCF 9 :

RM NO. 45-3 PCF 9 : PCF 9 : FIGURE B-2 -

| - *
,

- - - -
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CF0X Consulting Engineers and Geolog. ts
F.M. FOX & ASSOCtATES. INC.-

4765 INDEPENDENCE STREET*

is vmEAT mocE. CetCuoO s=n

1
.

(303) 424 5578 - FMFOX

COMPACTION TEST RESULTS
'

MOISTURE - PERCENT OF DRY WEIGHT

I
.

,

2.75 5
150 '_ . in 18; 21 25

x

g2.70 Ox
'--

z 2.65 s'JsI Z 052.60 W,.
.

\ \\\,

l 140 \\\\
'

's \'Ys
N' JsN

| \\'s\.-

g s w, ,

130 ' '' ' '

j M \\Y, ZERO AIR VOIDS CURVES AT
e E N 'Uk 100% SATURATIONo

\'YUN=

1
e \m
m \ A \\

g 120 T'Q N"

f

I k / 's'NUx
' N'Qcx,

NCUds>-
b w x x xI E 110 ND"

s
E NQ'

x
'g !;: NQ x

1 DDx''
x

, N

5 100 N
Q2
x

1

MAXIMUM DRY DENSITY (PCF) 120.5 PROCTOR NUMBER _

OPTIHlH N0!STURE CONTENT (%) 13

AMOUNT OF MATERIAL FINER THAN #200 SIEVE 82.3% -

ATTERBERG LIMITS: LL 36 PL 23 pg 13

PERI 1 ABILITY TEST RESULTS 6d0 cm/sec. Remolded to 95% modified.
~~

SAMPLE DESCRIPTION Renolded Clay Liner Material
:

FROM
COMPACTION TEST PROCEDURE ASTil D-1537

CHECK POINTS PCF 9 % PCF 9 %
g PCF 9 % PCF 9 %
FORN NO 45-3 PCF 9 % PCF 9 % FIGURE B-3''

,
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SIEVE ANALYSIS
I Gravel Sandr. m .

'
~~ l cowse { fine coarse I medium | fine

( Clear Square Openings' U.S. Standard Series
I* 3* 1* I U2* 3'"L' 3'8* "4 *1 a!6 *10 af0 *100 m200100

90 !! ample of si1ty SAND

El'I
30 from test hole

- c. 70 -
at depth' 9 $ 10 set.

2 l

3 60 - Atterberg !!mits:

50 Liquid Limits

2 40 Plasticity Index NP

i Classification: Unified SM
30 N
20 . AASHTO A-2-4~-

10 Group Index 0

0 ,

100
cTayey SAND

90 Sample of

50 from test hole Kl-1
g

\ at depth 34 feet.70

$ 60 Atterberg Limits:

50 Liquia Limits 23

' 40 Plasticity In d e x 18

Classification: Unified SC-SM30

. A 20 AASHTO A-1-6
s

10 Group Index 0

0'
100

90 .

Sample of siltv SAND
K1-2 .

SO from test hole

\ at depth 19 feet.S 70
1-

$ 60 / - Atterberg Limits:

50 Liquid Irtmits 23
_

,

W 40
'

N NPZ !
\ Plastiency Index

SM30 Cla s sific a tio n: Unified
| N'

A-1-6'

20 AASHTO

10 Group Index 0

0
200 127 76.2 38.1 19.1 9.32 4.76 2.33 1.19 .590 .297 .149 .074

Grain Size in Millimeters -

M E C H A N IC A L A N A L Y sis C H A R T |)cb No: 1-2664-3118{
Date: 5/20/80FOX Consulting Engineers and Geologists
Fi ure B-20
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Gravel Sand,.m.~-
coarse | fine coarse | medium | fine j

-~

[ Clear Square Openings'- U.S. Standard Series
100.l* 5* 1* 1 D2" 3/4* 3/8" e4 *8 *16 e30 e?0 *100 *200

-%

| . Sample of clavey SAND ;
90

| \| |
_ _

from test hole KI d80
4

p c. 70 at depth feet.
t Z

G 60 Atterberg limits:

26
50 Liquid Limits'

\s | || 8
$ 40 Plasticity Index'

%

i Cla ssifica tion : Unified SC
30

20 AASHTo A-4
| Group Index I

10

{ 0
100 %

Silty, SAND
90 Sample of

30 from test hole El'' t
\

70 - \ at depth 9 feet.

{ $ 60 Atterberg Limits:

50 Liquid Limits 22

>- 40 Plasticity Index '2
'

\ Classif! cation: Unified SM30

20 AASHTO A-I-I '"

'
O

10 Group Index

0 ,

[ 100

90 Sample of Silty, SAND
N

I \ from test hole El-7
80

N at depth 89 feet.j 70

h 60 Atterberg Limits:I

50 Liquid Limits 18

b Plasticity Index NP40

30 Cla s sific a tio n: Unified SM

l20 AASHTO A-1-6

10 Group Index 0

0
200 127 762 38.1 19.1 9.52 4.76 2.33 1.19.5$0 .297 .149 .074

Grain Size in Stillimeters

htECH ANIC AL AN ALYSIS CH ART Job k. 1-2664-3118[
Date: 5/20/80FOX Consulting Engineers and Geologists,

Fisure B-21
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F.M. FOX & ASSOCIATES INC.

FOX Ccnsu1 ting Engineers and Geolog ts
4765 INoEPENoENCE STREET

is * Err nicoE. CaCaAoo soas3f (303) 424-5578 - FMFOX
u

r
L DIRECT SHEAR TEST RESULTS

.

8r-

L + = 35.s de9 -
.

t Cohesion = 0 ksf -
/^

$ 6 - ,/
.

Tan 4 = 0.71 /.

/
[ m-

-

4 / i
E V '

M /

b 2
5 /.

/

[ /

/
~

2 4 6 8 l0

NORfiAL STRESS c, (ksf)

[
Boring fio. A-1 at Depth T9, 24 & 39 feet.

Sample of silty SAND .

Type of Test Remolded-Natural ::oisture .

'
% Passing

Il 4_ N 10 No.40 fio. 200-

"
7 LL = NP PI= NP

( m; / Test No. l

6 / Hei9ht (in.) H .997 .992 .991og / Area (in.2) Ao a 3 4G S /[g Natural Water y,.
Content (%) 9.2 9.2 9.2

"

W 4 Dry Density (pcf) Ydo 94 94 9*,

[" / - Consolidation a
3 / / Pressure (ksf) c 2.73 5.02 10.3

/// flormal Stress (ksf) a 2.73 5.02 10.0

[ . [ Stress (ksf) T 2.21 3.90 6.49
2 flaximum Shear-

1 / Residual Shear
[ f Stress (ksf) r

T 2.21 3.90 6.49
Strain Rate (in/ min.) .0026 .002a .0022

0 .05 .1 .15 .2

HORIZONTAL DISPLACEMENT (in.)

FIGURE - B-30.

_
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F M. FOX & ASSOCIATES. INC.

CF0X
4765 INCEPENCENCE STREET

Ccnsult.ing Engineers and Geolog. tsis . EAT aimE. Cotcaiw amnr
(303) 424 5578 - FMFOXL

DIRECT SHEAR TEST RESULTS
,

'

8
/

4= 37.0 deg. / *

Cohesion = 0 ksf - /
5 Tan 4 = 0.75 [

,
" /( E' 4 /

3 /
[g /-2

5 /
1 /

/

/
1 2 3 4 5 6 7 8 9 10 11 12 13

NORtiAL STRESS c, (ksf)

Boring flo. A-2 at Depth 19,24 & 29 feet.

Sample of silty SAND
.

{ Type of Test Renolded-flatural ;ioisture .

% Passing

F 8 No.4 No.10 No.40 flo.200-

L t 99 95 64 24
0 7 t t = NP PI = NP

~

7 ,

[ Test No.
~~

{$ 6 / Height (in.) H .992 .991 .983o
W Area (in.2) A 4 4 4o

{M 5 Natural Water Wnq f Content (%) 7.2 7.2 7.2
4W W Density (pcf) Ydo 103 103 103

[" -

.g Consolidation o
2.73 5.02 10.03 / Pressure (ksf) c

[ flormal Stress (ksf) o 2.73 5.02 10.0_

2 / / fiaximum Shear
Stress (ksf) T 2.48 3.61 7.47

1 / Residual Shearg
c9 ' T 2.43 3.61 , 4_iStress (ksf) r ,.

Strain Rate (in/ min.) .0022 .0025 .0013

|E *b * * *

HORIZONTAL DISPLACEf'ENT (in.)

FIGURE B-31.

|
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_

'

-l F* 0 X Consult.ing Engineers and Geolog. ts
F.M. fox & ASSOCIATES. INC.
4765 (NCEPENCENCE STBEET

is ec4T aiocE. coteuoo exas
(aoa) 424.ss7a - Furox

DIRECT SHEAR TEST RESULTS

I
-

-

$= 42.5 deg.

1 t Cohesion = 0 ksf -

6 /
**

10 Tan 6 = 0.92 /1#.

(
,/

-

|9,- 8
m

j $ 6 ,/ .__

b 4 /
5 [ 1'2

/ ij _

2 4 6 8 10

NORiiAL STRESS o, (ksf)

Boring No. A-3 et Depth 19, 24 & 29 feet.

Sample of silty SAND
.,

Type of Test Remolded-Natural :loisture>

9 ^ .

" Passing }l8 N .

No.4
t / 100-

No. 10 No.40 No. 200 J

94 43 17
-

d 7 / LL =NP pt = Np -

I Test No.
"

1
|.

m 6 Height (in.) H .938 .992 .987o A'

h- Area (in.2) A
~

o a a 4 4-G S
_ flatural Water Wnce Content (%) 12.5 12. :, 12.5 --

h 4 (A Dry Density (pcf) Ydo 112 112 11'*
f Consol ida tion o

4 3 I Pressure (ksf) c 2.73 5.02 10.0
_| 1

Normal Stre s (ksf) o 2.73 3.02 10.0
2

flaximum Shear
/ Stress (ksf) *

2.71 a.50 9.277
,

1 Residual Shear1
TStress (ksf) r 2.10 3.75 8.52

1 5 train Rate (in/ min.) .0029 .3029 .0017
0 .05 .i .15 .2

.

g HORIZONTAL O!SPLACEttENT (in.)
'

B FIGURE B-32.
;
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L

F
k

APPENDIX C - SEEPACE CALCULATIONS
.

[ NOTATION

[ f,L,t, - Subscripts denoting foundation material, liner, coarse tallings,
L respectively

n - porosity

k - hydraulic conductivity.(cm/sec) ~

|

I

{ 0 - thickness of layer (cm)

y - head (cm)
F~
L 0 - volumetric water content defined as volume of water per unit total volume

of material where the subscripts 1, f, r denote initial, above the wetting '

front and residual

hd - displacement pressure head (cm)

{ q - Darcy' flux rate (cm/sec)

T - time required for wetting front to travel a given distance (various units)

hr - head at wetting front I

M.C. - moisture content defined as weight of water per unit woight of dry soil
x 100%

A- pore size distribution index

[

[

[

[

[
[
-

L C-1
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&

M ,

L
SITE A

'

DATA

i
F
L

nr = .37
- Ky = 6.1 x 10-4 cm/sec

Kt = 5.4 x 10-4 cm/see-

L
KL = 1 x 10-7 cm/sec

F Dt = 25' = 762 cmL
D = l' = 30.5 cmL

[ D to water table = 160' - 190', 160' = 4,877 cm-

81 for foundation = .18

O for foundation estimated to be .18 so that calculations for distancer
traveled by wetting front would represent the maximum distance traveled

{ after mining operations are curtailed

y = 6.9' = 210 cm

[ Dr is the distance from the liner to the wetting front at a particular time

A is assumed to be 2

[

[

[

[

[-

[

[
C-2

-

_m . . . . . . - _ _
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g.

F-
3

DISPLACEMENT PRESSURE

p-
e

'

|. .401.

hd = -9.66 Kf- Applies only when K is in cm/sec since the
7-
L- _ nr -Or , equation is not dimensionally coresistant.

otherwise.

'

- .401-

b = -9.66 6.1 x 10-4d

[ , ,

= -96.6 cm.37 .18

-

CRITERION FOR SATURATION OF FOUNDATION

y+D2-Kf ,ID_L <h + unsaturated flowd

{ (, K ) lhd + saturated flowL
,

for KL = 1 x 10-7 cm/sec:

fD T = 210 + 30.5 - 6.1 x 10-4 30.5y+OL -Kf L

[j 1 x 10-7

[ = -1.85 x 105<bd = -96.6 unsaturated flow

{ Darcy's Flux Rate:

1-

{ 2+3A -0.125
q=y+DL-hd (9/K ) = 210 + 30.5 + 96.6 (q/6.1 x 10-4)f

D /KL 30.5/KLL

[
[ -0.125

q = 240.5 + 38.3(q )[ 30.5/KL

{ solving by trial and error:

q = 1.5 x 10-6 cm/sec for Kt-) 10-7, Q = .03 galw

day-ft.2

.

as=5

C-3
0
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k'! I'
.

v...

DISTANCE TRAVELED BY WETTING FRONT

~(After Liner is Saturated).

-

A -

2+3A

{ Or= (Nr - Or) (9/K ) + Orf

r- T = Dr (Or - 0 )1
L- .q

[ for KL = 1 x 10-7 cm/sec

{ Or = (.37 .18) (1.5 x 10-6/6.1 x 10-4).25 + .18

Or = .22 Note: Since Or =r O the distance computed should also represent.r
the total spreading after mining activities are discontinued

30 day 24 hr. 3,600 sec.
7 mos. x 1 mo. x 1 day x 1 hr 1.5 x 10-6Dr = Tq =

[ Or - 01 .22 .18 )

[ Dr =-680 cm = 22 feet

[

[

[ '

[

[

[
.

E

~

C-4
0



{ 1
,

g.
L' I

i 1

SITE K-1

- DATA-

-1

I

. Nr = .35
I
L Kt = 5.4 x 10-4 cm/sec

Kr = 1 x.10-5 cm/sec

OL = 1 x 10-7 cm/sec

[ Ot = 27' = 823 cm

0 to water table = 67' = 2,042 cm

01 for foundation = .16 -

[ - O for foundation estimated to be .16 so that calculations for distancer
traveled by wetting front would represent the maximum distance traveled
after mining operations are curtailed

[ ' y is approximately 7.0 feet = 214 cm
.

Dr is the distance from the liner to the wetting front at a particular time j

[ l.

Als assumed to be 2

F
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E

E
i
,

%
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-
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c-

DISPLACEMENT PRESSURES

-

L- .401 .401
hdf = .9.66 Kf

~

= -9.66- 1 x 10-5' = .502 cm
~

[. nr - Or
. .

.35 .16
.-

.

CRITERION FOR SATURATION OF FOUNDATION

fD' <hd => unsaturated flowy+DL-Kf L
b [j 2,hd => unsaturated flow

[-
for K .= 1 x 10-7 cm/sec and Kf = 1 x 10-5 cm/see: IL

. y+DL -Kf(D3= 214 + 30.48 - 10-5 (30.48} = -2.80 x 10-3 cmL
'

{j (10-7 j(

-2.80 x 103 < hd = -502 cm => unsaturated flow

[
DARCY'S FLUX

1-

2 + 3A .125
4

h q=y+DL-hd (q/K ) = 214 + 30.48 + 502 (q/10-5)f

D /KL 30.48/10-7L
-

~~

[ -0.125I
_

q = 244.5 + 119 g )t

30.48 x 10-8
_

{ q = 2.73 x 10-6 cm/sec, Q = 21206 q = .06 gal

day-ft.2

E

E

_ _ _ . __ _. - _ ___. . C - 6
'
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U :. -

!;

[.
DISTANCE TRAVELED BY WETTING FRONT

F
LL (After Liner-is Saturated) i

I

r
L A )

2+3A
Of =-(Nr - Or) (q/K ) + Orf

L

{_.. f = (.35 - 16) (2.73 x 10-6/10-5).25O + .16

O = .30f

[ 3,600 x 24 x 30 sec.
'

7 mos. x mo. 2.73 x 10-6D_= Tqf =

Or - 01 (.30 .16)

Dr = 354 cm = 11.6 feet (in 7 months)

[ dr=.30(11.6)=22 feet
f6 DSpreading Distance:

.16
,

1

b

[

[
.

[ -

[

[-

[

E

n
' C-7

- -
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.

O

I
L

Seepage:-

.125 -j

I.
'qay+D+DL - hd (q/Kr)t

f D \ + fDOt'
(W) (iG

I- .125
q = 30.5 + 823 + 30.5 - 502 (q/10-5)

823 30.5

{ 5.4 x 10-4 10-7+

.

q = 884 + 119q .125 1

3.07 x 108

-

h_= 4.67 x 10-6 cm/sec Q = . 10 gal

2day - ft

[-
Or = (Nr - Or) (9/K ).25 g

f

[ I

r = (.35 .16) (4.67 x 10-6/10-5).25 + .16
'

e

Or = .32

[* Dr = Tq = 24 x 3,600 x 4.67 x 10-6
Or - 01 (.32 .16)

[ Dr = 2.52 cm = 1 inch (for 24 hours)

hr[I
fe Dr = 2 inches

[L

E

E
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c-8
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