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Dear Recipient:

This enclosed environmental report supplement, prepared by
Kaiser Engineers, rcpresents Federal-American Partners' proposal
for its subsurface tailings disposal program.

This proposal represents a revision of the first submittal
for subsurface disposal of millwaste in order to address the
current status of operations at FAP and the more recent technology
for uranium tailings disposal.

In view of the finite storage capacity in our, existing tailings
impoundment, we request that the review process proceed as ex-
peditiously as possible. In this regard, we are prepared to
cooperate fully toward the goal of license acquisition.

%> If you have any inquiries, do not hesitate to contact us.

Very truly yours,
Prepared by:

s.e.smw./fi.eu,,.
John F. Spisak

| Chief. Metallurgist

Approved by:

| V.p.We4cr 0.81%
i Ken H. Wright
| General Manager
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1. INTRODUCTION
r3
*''J

l.1 PURPOSE OF REPORT

This report presents a design for the proposed subsurface
tailings disposal facilities at the Federal-American Part-
ners (FAP) Uranium Project, Gas Hills Mining District, Fre-
mont County, Wyoming. The report supplements the " Environ-
mental Report for Federal-American Partners" issued in De-
cember 1979 and prepared by Kaiser Engineers, Inc. of Oakland,
California.

1.2 REFERENCE REPORTS

The design is also based on the following reports by F. M.
Fox and Associates, Inc. of Wheat Ridge, Colorado:

" Baseline Geotechnical Investigation for the Sub-o
surface Disposal of Millwaste," January 1979.

o " Request Response, August 24, 1979 U.S.N.R.C.
Request."

" Additional Geotechnical Investigation and Designo
for the Subsurface Disposal of Millwaste."

) 1.3 BACKGROUND SUMMARY

Mill tailings are presently being pumped to an existing dis-
posal pond formed by a peripheral earth dam. This is desig-
nated as Tailings Pond No. 2 and is shown in figure 1.1.
Free liquid from Tailings Pond No. 2 is collected in a decant
sump and pumped to a solar evaporation pond shown in figure
1.1. Tailings Pond No. 2 is projected to be filled to its
approximate maximum capacity by late 1981. This may neces-
sitate the closure of the mill unless an alternative disposalsite can be prepared.

Disposal of tailings in the Sagebrush-Tablestakes pit, shown
in figure 1.1, was studied in 1979 by F. M. Fox and Associ-
ates. The study presented results of a subsurface investiga-
tion and included alternative designs for disposal of tail-
ings. At the request of the United States Nuclear RegulatoryCommission (U.S.N.R.C.), additional information was presented
in a Request Response along with a subsequent report entitled
" Additional Geotechnical Investigation and Design for the Sub-
surface Disposal of Millwaste."

Based on these documents, a pit design was developed in con-
formance with regulatory requirements of the U.S.N.R.C. Thisdesign is presented in the following sections. The design j

requires additional testing and investigation which is pres- ;

| (),

ently being undertaken by Dames & Moore, Inc. Salt Lake City,

! l-1
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Utah. Their investigation consists of an evaluation of avail-
able groundwater data to provide an estimate of the ground-O water surface which will occur after mining operations cease,,

and testing of clay soils at borrow areas in the vicinity of
the FAP property to evaluate their suitability for use as a
lining material in the disposal pit. The results of this,

study are included in the Appendix. An additional investi-
gation will be done later to include an analysis of seepage
from the pit bottom and pit wall. During this time, de-
tailed drawings and construction specifications will be
prepared and submitted for approval, along with the seepage
analysis.

,

!

1.4 ALTERNATIVES STUDIED
.

Five alternative pit designs have been studied and are as
follows.

1.4.1 Alternative No. 1 (Proposed Alternative)

The pit would be clay lined with the bottom lining located
at the mined-out pit elevation and a clay lining on the
sidewalls extending 10 feet above the estimated historical
groundwater table. The sidewall lining would be supported
by coarse tailings solids.

1.4.2 Alternative No. 2
: (^)

. This alternative is the same as alternative No. 1 except that
the sidewall lining would be supported by an earth embankment '

(2 to 1 slope) instead of deposited tailings.
1.4.3 Alternative No. 3

Alternative No. 3 consists of a clay-lined pit in which the
pit would be backfilled to 10 feet above the estimated his-
torical groundwater table and then lined on the bottom only.

i

1.4.4' Alternative No. 4.

! Alternative No. 4 would consist of a disposal site in the
vicinity of the Sagebrush-Tablestakes pit formed by
excavation.

1.4.5 Alternative No. 5

Alternative No. 5 would consist of a disposal site in a
mined-out pit in the Gas Hills Mining District other than
the Sagebrush-Tablestakes pit.

These alternatives are described further in the following
sections. A table of the comparative costs and volumes is

! presented in section 5.

1-2
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2. ALTERNATIVE NO. 1 (PRIMARY ALTERNATIVE)

O
2.1 PRESENT CONDITION OF PIT

The Sagebrush-Tablestakes pit is almost completely depleted of
uranium ore. When mining operations are complete, in April
1980, the pic sill have a volume of 6.5 million cubic yards
and will be 175 feet deep at the eastern end. The bottom of
the pit will slope to the east at a grade of approximately
3 percent. The north and east walls of the pit consist of
benches cut into the sandstone bedrock with 1/2 to 1 side
slopes. The horizontal benches are 20 feet wide and 80 feet
apart measured vertically. The south and west walls of the
pit, when finished, will consist of mine waste oackfill
placed to a maximum elevation of 6500 by the Union Carbide
Company. The area geology, seismic conditions and hydrology
are discussed in the reports referred to in section 1 and in
the Appendix.

2.2 PROSPOSED CONSTRUCTION

2.2.1 Pit Bottom

The pit bottom would be graded and compacted to eliminate
surface roughness and a 3-foot liner of compacted clay soil
would be placed over it. The bottom liner would be extended

(] up along the sidewalls in vertical increments. The clay
liner would be watered at intervals as required to maintain
a minimum moisture content to prevent shrinkage and cracking.
The pit bottom limits are shown in figure 2.1 and a typical
section of the pit is shown in figure 2.2.

2.2.2 Underdrain System

An underdrain system would be installed along the perimeter
of the pit bottom as shown in figure 2.1. The system would
include a perforated polyethylene pipe surrounded by concen-
tric layers of crushed stone and coarse and fine sand. The
underdrain pipe would extend eastward to a gravel collection
sump. Vertical pipes would extend upward from the sump and
through the tailings. Pumps would be set into the vertical
pipes which would pump the underdrainage out of the pit.
The purpose of the underdrain system would be to remove
entrapped liquid from the tailings in order to prevent the
liquid from seeping out of the pond and also to consolidate
the tailings so that construction equipment would be able
to travel over the surface for reclamation.
2.2.3 Sidewall Construction

The clay liner would extend upward along the side of the pit.
:construction of the liner would consist of placing incremental !s

2-1
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,

lifts of clay and earth fill as shown in figure 2.3. The
(]} width of the clay liner would be 10 feet because the material

; would be deposited by scrapers with an 8-foot width. The'

earth fill placed alongside the liner would provide struc-
tural support for the clay, and would in turn be supported
by coarse tailings. The coarse tailings would be deposited
by settlement from the discharge of tailings into the pit,

] through spigots in a pipeline running along the earth fill
; embankment parallel to the pit wall. The sidewall liner

would be constructed in stages so that the surface of the
liner remains within an upper and lower limit. The lower
limit would be necessary in order to provide a minimum free-
board of 5 feet above the beach of coarse tailings. The

.

upper limit would be necessary to provide a stable earth
structure. The clay liner would terminate when the surface
of the liner reaches an elevation of 10 feet above the esti-
mated pre-mining groundwater elevation as shown in plate 5
in the Appendix.

2.3 SURFACE DECANT SYSTEM

Liquid collected of the surface of the pond would normally
by allowed to evaporate. If a significant amount of water
accumulates on the surface of the tailings, decant pumps
mounted on floating platforms would be used to remove the
water and pump it back to the mill for reuse.

() 2.4 COST OF DISPOSAL SYSTEM
'

The overall cost for the alternative No. 1 disposal system
is shown in the following table:

Item Cost

1 Clay bottom lining $1,040,000
Clay sidewall lining 325,000

,

'

Earth fill on sidewall 87,000
1 Dewatering system 116,000
; Underdrain system 809,000'

Monitoring wells 72,000
Reclamation 1,286,000

i Total $3,898,000
i
'

2.5 EFFECTIVE STORAGE VOLUME
,

The storage capacity of the Sagebrush-Tablestakes pit would,

be somewhat reduced by the volume of the lining materials
placed on the bottom and sides. The estimated volume of
these materials is 276,000 cubic yards. This would re ducethe storeage capacity of the pit from 6.5 million cubic
yards to 6.2 million cubic yards. This would provide stor- '

age of tailings for 6.7 years of plant operation at 1 million
Oi

i

2-2
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short tons per year, assuming an in-place dry density of
tailings of 80 pounds per cubic foot.

2.6 STORAGE OF TAILINGS POND NO. 2 MATERIAL

The Sagebrush-Tablestakes pit could be used for storage of
a portion of the tailings presently stored in Tailings Pond
No. 2. The total volume to be moved and the contaminated
dams and soil, would be approximately 6 million cubic yards.
Of this amount, 1.6 million cubic yards could be placed in
the Sagebrush-Tablestakes pit. The remaining 4.6 million
cubic yards of storage space in the Sagebrush-Tablestakes
pit which would allow storage of tailings from mill opera-
tions for 5.0 years.

2.7 RECLAMATION

. Reclamation of the Sagebrush-Tablestakes pit would be part
: of the overall reclamation plan described in section 9 of

the Environmental Report referred to in paragraph 1.1 of
this supplemental report.
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3. ALTERNATIVE NO. 2
O_s

3.1 PREPARATION OF PIT BOTTOM

The pit would be prepared and lined on the bottom as described
for alternative No. 1.

3.2 UNDERDRAIN SYSTEM

An underdrain system would be installed as described in al-
ternative No. 1 except that the underdrains would De aligned
in the center of the pit instead of the perimeter of the pit
bottom. This can be done because the use of an earth embank-
ment would make it unnecessary to provide a supporting layer
of coarse tailings against the sidewall liner.

3.3 SIDEWALL CONSTRUCTION

A clay liner would be constructed along the side of the pit
along with an earth embankment designed to support the liner
without coarse tailings placed against it. This would permit

i the construction of the liner in a single stage at the begin-
ning of the project. A typical section of the embankment is
given in figure 3.2.

73 3.4 SURFACE DECANT SYSTEM
'y.

A surface decant system would be provided as described for
alternative No. 1.

3.5 COST OF DISPOSAL SYSTEM

The cost of the alternative No. 2 disposal system is similar
to that of the alternative No. 1 system except for the cost
of placing 180,000 additional cubic yards of earth fill against
the sidewall liner. The resulting cost would be as follows:

Alternative No. 1 $3,898,000
Additional earthwork 435,000

Total $4,333,000

3.6 EFFECTIVE STORAGE VOLUME

The storage capacity of the alternative No. 2 pit would be
reduced from an initial volume of 6.5 million cubic yards to
6.1 million cubic yards by the embankment and lining materi-
als placed in it. The volume of the pit would provide stor-

, age of tailings for 6.6 years of plant operation at 1 million
| short tons per year and an in-place dry density of tailings
! of 80 pounds per cubic foot.

("T
| (~)
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r'% 3.7 STORAGE OF TAILINGS POND NO. 2 MATERIAL
d

The Sagebrush-Tablestakes pit could be used for storage of a
portion of the tailings presently stored in Tailings Pond No.
2 as discussed in section 2, paragraph 2.6. For alternative
No. 2 however, the volume available for the material is 1.5
million cubic yards. The remaining 4.6 million cubic yards
of storage would provide for 5.0 years of mill operation.

3.8 RECLAMATION

Reclamation of the Sagebrush-Tablestakes pit would be d a
as part of the overall reclamation plan described in seccion
9 of the Environmental Report referred to in paragraph 1.1
of this supplemental report.
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4. ALTERNATIVE NO. 3
f%
\-)

4.1 PREPARATION OF PIT BOTTOM

The pit bottom for alternative No. 3 would be backfilled to
10 feet above the estimated historical groundwater table using
an estimated 2.2 million cubic yards of overburden soils which
had been removed from the pit during mining operations. Back-
fill operations would be done with conventional earthmoving
and compaction equipment. The pit bottom would then be cov-
ered with a 3-foot lining of compacted clay soil. The clay
lining would be maintain at proper moisture content to pre-
vent shrinkage and cracking. The pit bottom contours are
shown in figure 4.1 and a typical section of the pit is shown
in figure 4.2.

4.2 UNDERDRAIN SYSTEM

The underdrain system for alternative No. 3 would be similar
to that of alternative No. 2. The coarse tailings would be
deposited in the center of the pond because there is no need
for coarse material to be placed against the sidewall.
4.3 SURFACE DECANT SYSTEM

A surface decant system would be provided as described for() alternative Nos. 1 and 2.
4.4 COST OF DISPOSAL SYSTEM

The cost of the alternative No. 3 disposal system would be as
follows:

Item Cost

Backfill on pit bottom $3,762,000
Clay bottom lining 1,142,000
Dewatering system 250,000
Underdrain system 630,000
Monitoring wells 72,000
Reclamation 1,286,000

Subtotal $7,142,000

Additional pit storage
to provide 6.2 years of
tailings storage 6,912,000

Total Comparative Cost $14,054,000

4.5 EFFECTIVE STORAGE VOLUME

The storage capacity of the alternative No. 3 pit would be
| (~] reduced from an initial volume of 6.5 million cubic yards

v

!

I 4-1
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to 4.1 million cubic yards by backfill and lining materials
(~T placed in it. The volume of the pit would provide storage
\_/ of tailings for 4.4 years of plant operation at 1 million

short tons per year and an in-place dry density of tailings
of 80 pounds per cubic foot.

The loss of tailings storage volume could be made up by
using an excavated pit with a similar clay lining. It is
estimated that this' additional pit would cost $6,912,000.
This additional cost has been added to the estimate in
paragraph 4.4 to provide a cost which may be compared with
the cost of alternative Nos.1 and 2 as follows:

Years of
Alternative Storage Cost

1 6.2 $ 3,898,000
2 6.1 $ 4,333,000
3 6.2 $14,054,000

4.6 STORAGE OF TAILINGS POND NO. 2 MATERIAL

Because of the limited storage capacity available in the
Sagebrush-Tablestakes pit under alternative No. 3, material
from Tailings Pond No. 2 could not be stored in it without
using the additional excavated pit discussed in paragraph 4.5.
The amount of material from Tailings Pond No. 2 would be

,f s limited to 1.6 million cubic yards in order to leave space
'') for 4.6 million cubic yards of tailings from future milling;

operations. The material from Tailings Pond No. 2 would be
distributed to both the Sagebrush-Tablestakes pit and the
additional excavated pit depending on the operations schedule
and haul distances. The use of larger excavated pits for
s'torage of all of the material from Tailings Pond No. 2 is
discussed in the following section.

Os-
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5. ALTERNATIVE SUBSURFACE DISPOSAL SITES
,_)(-

5.1 ALTERNATIVE NO. 4

5.1.1 Alternative Excavated Pit

Tailings could be disposed of in a pit formed completely by
excavation at a site near the existing mill. This would re-
quire acquisition of new property and initiation of a new
site investigation similar to the present investigation for
the Sagebrush-Tablestakes pit.

5.1.2 Construction R'equirements

A new site would require an enormous capital investment for
pit preparation as well as cause damage to a presently un-
disturbed 150 acre area. Construction would require clearing
and grubbing, stripping and stockpiling of topsoil, excavation
of a pit, deposition of spoil, and a clay lining as described
in previous sections of this report.

5.1.3 Estimated Cost

The following table gives the estimated cost for an excavated
pit with a volume of 6.2 million cubic yards. A conceptual

gg sketch of the pit is given in figure 5.1.
(.J

Item Cost

Clearing and grubbing S 150,000
Stripping and stockpiling topsoil 368,000
Excavation of pit 13,500,000
Clay lining (5-mile haul) 3,570,000
Underdrain system 630,000
Monitoring wells 72,000
Reclamation 3,215,000

Total $21,505,000

5.1.4 Schedule for Pit Preparation

The preparation of an excavated pit would conform to the '

following approximate schedule:

Task Date

Submit supplemental environmental report March 1980
to reviewing agencies and obtain per-
mission to enter on the site

,

5-1
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Task7- Date
(^ >

Initiate new site investigation May 1980

Prepare new report and submit to December 1980
reviewing agencies

Submit construction drawings and June 1981
specifications and seepage analysis to
reviewing agencies and obtain property

obtain permit August 1981

Obtain property rights, begin con- March 1982
struction and install monitoring wells

Complete construction March 1983

Begin tailings deposition May 1983
.

5.2 ALTERNATIVE NO. 5

Tailings could be disposed of at other mined-out pits owned
by Federal-American Partners. An example of this would be
the Sunset pit which is projected to be completed in the
summer of 1980. Use of any pit other than the Sagebrush-

p/ Tablestakes pit would require several additional pumpingg,

stations to transport the tailings slurry over long dis-s_

tances and return the underdrainage to the mill.

In addition, a .ew site investigation similar to the present
investigation for the Sagebrush-Tablestakes pit would have -
to be initiated. This would cause a serious delay in the
preparation of a disposal site for tailings.

At present, an in-depth study of alternative mined-out pits
has not been done due to the disadvantages outlined above.
5.3 COMPARISON OF ALTERNATIVES

The volume and costs for five alternative pit designs are
listed in the following table:

Volume
Alternative (Million Cubic Yards) Cost ($)

1. Sagebrush-Tablestakes 6.2 3,898,000
; pit with clay-lined
j sidewalls

! 2. Same as above with 6.1 4,333,000
earth embankment sup-,

(- [) port for - sidewalls
,

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

Volume
Alternative (Million Cubic Yards) Cost ($)3

; -

3.A Sagebrush-Tablestakes 4.3 7,142,000
-pit with backfill to
elevation 6445

3.B Same as above with 6.2 14,054,000
additional pit ex-
cavation included

4. Completely excavated 6.2 21,505,000;

Pit
.,

5. Other mined-out pit (not available) (not available)
,
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6. TIME SCHEDULE FOR COMPLETION
e
\,_m.)

6.1 SCHEDULE REQUIREMENTS

As discussed in paragraph 1.3, it is essential that the
Sagebrush-Tablestakes pit be prepared to be available for
tailings disposal by late 1981. The time schedule for final
design of the pit, review by regulating and licensing agen-
cies and construction is therefore extremely critical. In
addition, the climatic conditions at the pit allow little
flexibility in construction scheduling.

6.2 PROPOSED SCHEDULE

The proposed schedule is as follows:

Task Date

Submit supplemental Environmental March 1980
Report to reviewing agencies

Prepare final submittal August 1980

Obtain permits November 1980

l () Install pumping / monitoring wells December 1980
,

Begin construction of pit liner February 1981
i and underdrain system

Complete construction September 1981
,

Begin tailings deposition August 1981

.,

:

d
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7. OPERATING PROCEDURES
'

E ()
7.1 BASIC OBJECTIVE

The primary objective of the proposed subsurface disposal
system is to provide an acceptable method of disposing of
tailings that conforms to all agency requirements. The main
design objective has been to minimize operational require-

; ments and maintenance, and mitigate adverse impacts over the
j short and long term.

7.2 SLURRY SYSTEM
e

The slurry transfer system would consist of slurry pumps
located at the mill, an 8-inch slurry pipeline and a distri-

'

bution system. Underdrainage and decant liquid from the pit
would be returned through an 8-inch return line. Tailings '

*

would be pumped to the pit as a slurry with the following
approximate composition by weight:

Sand 9%
Slimes 21%

2 Liquid 70%

The tailings slurry line and return line would be placed in
a trench with moderate embankments to contain any leaks that() may result from line failure or wear. A continuous tailings

,

discharge monitor would be located at the discharge point on4

the tailings line to provide a warning in case of any inter-
ruption in tailings flow which would indicate a failure.,

The lines would be made of polyethylene with flanged joints
at 120 foot intervals to allow periodic inspection and re-
placement of worn sections.

7.3 PROCEDURE FOR PIT DISPOSAL

Tailings slurry would be discharged initially at the end of;

the pit near the underdrain tower. Discharge would be di-
rected over the underdrains to allow the coarse material to<

. settle out over the filter material. The coarse material'

would be placed at the periphery of the pond for alternative
No. 1 in order to support the clay liner. For alternative
Nos. 2 and 3, the coarse material would be placed in the

| center of the pond. As adequate coarse tailings are pro-
) vided for the center filter drainage blanket and the slimes
i begin to migrate away from the tower, the tailings slurry
; discharge point would also be moved away from the tower

along the underdrain. Future shifts of the tailings slurry
discharge point would vary as required to maintain a suffi-
cient sand covering on the drainage blanket..

(:)- -

,
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7.4 TAILINGS DEWATERING SYSTEM

() The tailings dewatering system would consist of an under-
drain system, a collection sump, four stainless steel stand
pipes, pumps, and decant lines pumping into the return water
pipeline. The collection sump and level control system for
the pumps would be designed to keep to underdrains flowing
partially full at all times.

7.5 DECANT SYSTEM

Pumps mounted on floating platforms would also be provided
to remove any excessive quantities of liquid from the sur-
face of the pit. The liquid removed would be pumped into
the return water pipeline where it would return to the mill
for re-use along with underdrainage.
7.6 SPECIAL ENVIRONMENTAL CONSIDERATIONS

Routine supervisory inspections would be made of the entire
system and entries would be mad e in the shift log. Overall
management responsibility would be assigned to an operations
superintendent. In the event that dust is generated at the
tailings disposal site, dust suppression measures, such as
sprinkling and chemical agents, would be used.

,
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8. MONITORING WELL SYSTEM-.s

.)
'

8.1 GENERAL REQUIREMENTS

Monitoring wells would be installed around the Sagebrush-
Tablestakes pit as shown in figure 8.1. The wells would be
installed prior to commencement of tailings deposition to
obtain background information. They would then be used
throughout the life of the system to obtain samples of
groundwater and measure the groundwater elevation.

8.2 SCHEDULE OF SAMPLING

New monitor wells would be sampled monthly for a millimum of
three months. After the first three months, the wells would
be sampled quarterly for chemical analyses and annually for
radiological analyses.

8.3 ANALYSIS OF SAMPLES

Samples taken from monitoring wells would be analyzed for
the following constituents:

Quarterly
O
(/ pH Magnesium

Conductivity Ammonia as N
Arsenic Nitrate as N
Chloride Lead
Cyanide Selenium,

Iron Sulfate
Manganese Total dissolved solids

Elevation

] Annually

Gross Alpha Lead 210
Radium 226 Polonium 210
Thorium 230 Uranium - Natural

!

.

[)
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9. CONTINGENCY PLAN FOR GROUNDWATER CONTAMINATION

9.1 PURPOSE,

The purpose of this section is to describe a plan of action
in the event of groundwater contamination resulting from the
use of the Sagebrush-Tablestakes pit for tailings disposal.

9.2 PROPOSED PLAN OF ACTION

In the event that the monitor wells detect contamination
that exceeds the applicable water quality standards, the
following action would be taken:

o Regulating ;;2nsies would be notified.

o Qualified consultants would be retained to define
the extent of the contamination and prepare design
recommendations for controlling the contamination
to the maximum extent reasonably achievable,

If necessary, additional wells and pumps would beo
installed to recover contaminated liquid.

J

|
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10. RECLAMATION OF THE PIT

10.1 PIT SURFACING MATERIAL

After completion of milling operations, the tailings pit
would be used to deposit non-salvageable equipment, building
material, and contaminated ground. Overburden soils would
be placed on top of the pit to a depth sufficient to reduce'

! the radon gas emanation to twice the natural background
rate. The overburden soils used for this surfacing would
have the following contents:

Clay 20%
Silt 18%,

Sand 62%

10.2 GRADING

The surface of the pit cover would be graded to slope away
from the center at a grade sufficient to cause water to
drain freely without depressions where water would collect.

10.3 REVEGETATION

After placement of stockpiled overburden, the upper surface
would be treated with soil amendments, fertilized and seeded.

(]) Tilling operations would be conducted in a direction per-
pendicular to the predominant south-southwest winds. The
seed mixture given in table 9.3-2 of the Environmental Report
would be drilled at a rate of 15 pounds per acre. Opera-
tional monitoring of vegetation, water and air quality would
continue into the post-operational period until bond release.

.

! 10-1

!

, _ _ _ _



. - - - _ _ -

|

,

'

O
;

|

t

|

h
9@-

|
9 s'O

,

|

Appendix

O ,

,

1

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



O

REPORT

GROUND WATER AND CLAY SOURCE INVESTIVATION
PROPOSED SUBSURFACE DISPOSAL PROJECT
WEST CAS HILLS, WYOMING
FOR FEDERAL AMERICAN PARTNERS

,

.

O

i

|

DAMES & MOORE
Salt Lake City, Utah

Job No. 10500 J03-06

February, 1980

O;

i
1

1



N
INTRODUCTION

'

\

Federal- American Partners is currently evaluating the feasibility of
' disposing mill waste (tailing) below grade in the Sagebrush-Tablestakes open

pit mine. The location of the proposed disposal area is shown on Plate 1,

Vicinity Map. Feasibility of the subgrade disposal alternatives requires the

evaluation of two related environmental concerns:
e

1) An estimate of the pre-mining regional ground water level

in the vicinity of the proposed disposal areas. An esti-

mate of the pre-mining ground water level will allow as-

sessment of possible ground water impacts of the proposed
subgrade disposal alternatives.

2) An evaluation of clay sources. All of the proposed sub-

surface disposal alternatives utilize low permeability

materials as liners to restrict seepage. Source identi-

fication, as well as estimates of quantities and geo- a

l technical parameters are required.

SCOPE

Ground Water Investigation

The purpose of the ground water investigation is to determine, as accu-

rately as possible, the ground water levels that e..isted in the Sagebrush-

Tablestakes area prior to commencement of mining operations. Data by which
,

the pre-mining ground water elevation was estimated are as follows:

1. Review of ground water and well information in the' area
,

<

from the U.S. Geological Survey, U.S. Department of

Energy (DOE), and the Wyoming Office of the State En-

gineer.

2. Review of on-site piezometer and monitoring well data,

; boring logs and mineral exploration drill hole data,

wbare applicable.-( )
<
!
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,

~ () 3. Review of the history of mining operations.

4. A brief field study of the pit area

i

On the basis of our review of items 1, 2 and 3 above, it was concluded that a

mathematical model to calculate pre-mining ground water levels requires more

detailed data than is presentl: available. Pre-min 1ng ground water levels

,
) were, therefore, estimated on the basis of historical data.

'

4

Clay Source Investigation

A preliminary estimate of the low permeability lining material required

to initiate one of the proposed disposal alternatives is on the order of

250,000 yds 3 (Personal Communication, Mike Jones, Kaiser Engineers). The pur-

pose of the clay source investigation is, therefore, to identify whether a

source area (s) capable of providing the required quantity exists and to esti-

mate the quality of the material available. Data collection consisted of the

following:

_,/ 1. A field exploration program. The field survey consisted

of identifying existing stockpiles, estimating quantities,

and obtaining representative soil samples for laboratory

testing. Frozen ground precluded backhoe exploration in

some areas.

2. Soil samples obtained in the field were tested in the
i

laboratory for compaction characteristicc3 Lydraulic con-

;_ ductivity, gradation and chemical suitability.

3. Review of geophysical logs in areas to be stripped and

mined in the near future.

,

GEOLOGIC SETTING

General

The rolling plain and badland topography of the area has resulted from
'

the erosion of thick sequences of non-marine Tertiary sediments which once

-2-
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.

( ,%) . formed a broad mantle over the entire region. In some areas, the Tertiary

strata have been entirely removed by erosion, exposing the underlying Mesozoic
rock. At the site, where most of the Tertiary sediments have been removed,

:the Wind River Formation is the only Tertiary stratum exposed. It is from the-

t

Wind River Formation that all uranium deposits are mined in the Gas Hills Dis-

trict. Younger Tertiary formations outcrop in the Beaver Rim south of the site.

Plate 2, Local Geology, presents the principal geologic features in the vicin-
,

ity.

Stratigraphy'

The lithologic and water bearing properties of rock strata ir.9the vicin-

ity are summarized on Plate 3, Stratigraphic Description. The site is under-

lain by the Wind River Formation which has been divided into two primary mem-#

bero: a lower fine-grained unit and an upper (Puddle Springs) arkose member.
-The thickness of the Wind River Formation varies with the irregularities of the

i
j erosion surface upon which it was deposited. The Puddle Springs arkose member,

consisting of massive, yellowish-gray, fine-to-medium-grained arkosic sandstone

with occasional beds of conglomerate, siltstone and claystone, underlies the,

site. The sandstones and conglomerates are uncemented or weakly cemented with

iron oxide. The lower fine-grained member which is compcsed of variegated silt-

stone and claystone, very fine-grained sandstone sad a few carbonaceous shale

beds, lies at a depth of 50 to 100 feet at the site. The lower fine-grained

member varies from 150 to over 200 feet thick. The Wind River Formation is

i poorly indurated and only slightly cemented. The contact between the formation

and the thin residual soil developed upon its surface is gradual and indistinct.

r anium deposits in the Wind River Formation occur in three north-r
,

trending belts about six miles in length and three miles apart. The site is

in the vicinity of the westernmost belt. The uranium ore occurs in lenses of
'

j permeable sandstone often below the water table.

The Wind River Formation rests unconformably upon Mesozoic strata. Pre-

Tertiary formations are shown on Plate 3, Stratigraphic Description.

Stratigraphically, above the Wind River Formation is a series of younger
,

\m / Tertiary formations composed primarily of non-marine siltstones, claystones

-3-
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() mudstones, sandstones and conglomerates. Bentonite is also present in tts Ter-

tiary sequence. These strata are exposed south of the site in the Beaver Rim

area. Unconsolidated sediments of Quaternary age in the vicinity are alluvium,

colluvium, landslide debris and terrace deposits.

Structure

The Gas Hills area lies along the southern margin of the Wind River ba-

sin, an elongate east-trending structural basin, and along the northern margin

of the east-trending Sweetwater uplift. The Sweetwater uplift is gently in-

clined southwestward along its northern flank.

The Wind River Formation unconformably overlies progressively older

strata southward across the area. Subjacent rocks, ranging in age from Paleo-

cene to Precambrian, were folded during the Cretaceous or early Tertiary and

deeply eroded prior to deposition of the Wind River Formation. In the site

vicinity, the Mesozoic sedimentary strata underlying the Wind River Formation

dip in a northerly direction 10 to 20 degrees. The Wind River Formation dips

(v'') one to three degrees in a southwesterly direction. A system of east-trending

normal faults and fra tures and a number of northwest-trending gentle folds

were developed in the strata during late Tertiary time. Structural features

in the site vicinity are shown on Plate 2, Local Geology.

Site Soil and Bedrock Conditions

The Sagebrush-Tablestakes open-pit mine is excavated entirely through
the upper arkosic member of the Wind River Formation and partially through the
lower member. Excavation generally ends at the top of a relatively thick clay-

stone lense 200-250 feet below original grade at approximately elevation 6,390.
Overburden and stripping wastes are stockpiled enerally to the north of the

Sagebrush-Tablestakes pit and, at present, overburden is being placed in the
Bullrush open-pit mine (Plate 1).

The Wind River Formation at the site ccasists of light brown, soft, fine

to medium sandstone and brown to greenish-brown, soft, sandy claystone. The
sandstone, which represents the upper part of the Puddle Springs arkose member,

f~) is uncemented, friable, and unfractured. The upper surface of the lower member,

v

1
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(} is irregular but generally slopes southwestward. The lower member is green

silty clayey sandstone to sandy claystone.

Previous studies by F. M. Fox (1979) indicate that the hydraulic conduc-

tivity of the in- 01 ace materials is low. Results of pack tests predominantly

displayed a range in values of 1 to 8 ft/yr and .6 to 10 ft/yr for the upper

and lower facies of the Wind River Formation, respectively. These values agree

qualitatively with values obtained by Dames & Moore for othey studies in the
- Gas Hills vicinity.

The Sagebrush Fault is an important structural feature at the site. The

fault is located on the north end of the Sagebrush-Tablestakes area, as shown
,

on Plates 2 and 4. The downthrown side is to the north with an estimated 120-
foot offset.

GROUND WATER INVESTIGATION

Sources of Data

() Data available prior to the beginning of mining operations is scarce.

j A report entitled " Ground Water Conditions and the Relation to Uranium Deposits
) in the Gas Hills Area, Fremont and Natrona Counties, Wyoming" (Marks, 1958)
I presents ground water levels in the Gas Hills region prior to most of the cur-

i rent mining activity. Ground water data for the report were obtained from open
; drill holes.
,

Elevation control consisted of field location by air photo and
U.S.G.S. 7 -minute quadrangle maps (Personal Communication, L. Y. Marks). Con-

tour intervals for the U.S.G.S. quadrangle maps in the vicinity are 20 feet and,
therefore, acceracy of the estimated ground water elevations in the report is
i10 feet. A copy of an original work map prepared during Marks' field studies
was obtained from Federal American Partners.

Locations of wells filed with the Wyoming Office of the State Engineer
are displayed on Plate 1, Vicinity Map. Table 1 summarizes the well log data

obtained.

; U.S.G.S. publication entitled "Grupud-M,cer Resources and Geology of
the Wind River Basin Area, Central Wyoming" (Whitcomb & Lowry, 1969) containsO

-5--
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StraAAf of WELL LOG BatA
(WitNIN S MILil Of litEl

Dese Of Total Repor t ed $ set te Water f et test ed

Ref. Well Septh field level Depth Elevation Of
N WAl Completten (F t . ) JCPM) Malg M e1 (Ft.) Water l# k*ll
A

laJ B Peddle Sprin8e 17/3 175 S Wlad River Fm 33 6.180*

$ 2 Puddla Spsin8e 17/1 150 S Wind River Fa 40 6,245*

O 3 Lucky Mc #8 6/58 1,500 80 Cleverly to 392 6,020*

4 Lec b y He f 4 7/S6 Ill 300 Cat er Twd 28 6,482*

Z $ Loc a y Mc f) 6/57 995 330 Cleverly Fe 100 6,190*

6 Lecky Mc fit 8/37 2,160 120 Cloverly Fe 186 6,340*

7 Luc k y Mc # 7 8/17 1,720 150 Cloverly Fe 28 6,350*g
La# > 8 Lucky Mc #1 $/S4 to 10 Allevt e? 30 6,480*
LJ S

9 tecky Me #6 1.340 350 Cleverly Fe $3 6,380*

10 tecky Mc 89 1,362 625 Pheophorta 6 26 6,4958
Tenateep Pos

il Lucky Mc #2 10/S$ 110 350 Wind River Fe 20 6.43%*

12 Jer #1 12/S6 204 100 tand s t one 80 6.440*

ll Ceorge #1 130 410 Wind River Fe Open Pit

14 Minar #2 4/61 110 30 Qal er Twd 40 6,370*

iS Minar #3 7/61 110 30 Qal or Two 40 4,370*

16 Mtear #1 6/61 110 30 Cat er Tvd 40 6,4018

17 Federal #8 8/$9 270 100 Wind River Pe 70 6.388

18 Fedesel #6 7/S9 415 100 Wind River Fe 70 6,402

19 Federal #13 11/68 350 123 Wlad River Fe 7 6.330*

20 FeJeral f 3 6/S9 289 f Wlad alver Fe SS 6.342

21 Federal fil 11/61 200 100 Wind alver Fe 130 6,381*

' ' 22 Federsi f16 360 ? Wind River Fe 170 6,320*

23 54sebrush #1 1/$7 ISO 70 Wind Asver Fe 126 6,414*

24 Federal #1 2/58 371 ? Wlad River Fe 125 6.392

AS Federal #3 2/58 260 t Wind elver Fe 140 6.361

26 Federal #2 2/18 28g 7 Wgnd pgver Fa 90 6,431

27 Fvderal #7 7/S9 215 35 kind River to 01 6,401

13 U.C.C. Sher 32/74 35$ 25 Wind atver Fe 170 4,414

LeJ 34 CR.1 12/76 193 Wind River Fe 137 6,484
J

- 35 Lucky Me. No.14 4/79 1,482 502 Tensleep Fe 70 6,470
Le,

16 Lec ky tic. No.12 9/75 1,4 51 400 Teneleep Fa 80 6,480

37 White alJge No. 4 1973 143 20 Wind River Fa 63 6,438

38 Peach #2 7/77 240 W'nd River Fe 136 6.650

39 Peach # 3 8/77 400 Wind elver Po 204 6 S$4

40 Feach f 4 7/77 290 Wind River Fe 137 6,642

41 Peach #$ 7/77 420 Wind River Fm 159 6,618

42 Pesca #6 8/77 460 Wind River Fe 149 6,611

43 Peach #7 7/77 310 Wlad Slver Fe 123 6,671

p' 44* teach #8 8/77 420 Wind River Fe 133 6,781

el Feach #9 8/77 400 Wind Enver Fm 150 6,577$
44 reach Ples, A 10/77 452 Wind River Fe 75 7,366

47 Feach Ples. C 1/79 470 44 Wind River Fa 42 6,758
p
E 40 reach Pter. D 1/79 $50 11 Wind River Fe 209 6,711

49 Pesch Fles. I 11/78 420 6 Wind River Fa 32 6.768
O
gas $0 Peach Fles. F 11/76 400 Wind River Fe 41 6,673

h St Peach Ples. C 1/79 750 Wind River Fe III 6,888

APPtTCATIM ST

l S U 28 s.ssebrush 1 250 22% Wind esver Fe Open Pit
,

29 Tablestakee 1 200 22% Wind River Fe open Pat
j

WrtLs unrit ra cro,tri

O ,. ...r W,,,.. ,,.... 0r.. . d.t. .... .. .

34 Near Coyote Cre, . me date avattable
32 As Ceee8e u mees .d - ne date ave ttable

| *ste .t se . ..t te.ted my lecetina es uscs 7%' q draa81e espe.
anamese a mooosee

|
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,

a map displaying ground water elevations in the Wind River Formation region- |

ally but contours are conspicuously missing in the Gas Hills vicinity. The
,

ground water elevations agree relatively well with those obtained by Marks
,

down gradient of the active mining area.

A network of piezometers was irtstalled around the Sagebrush-Tablestakes3

and Bu11 rush open pit mines (F.M. Fox, Inc., 1979). This network was monitored
for approximately two months after installation. Results of the monitoring are

; presented in Table A-1 in the Appendix. A network of piezometers was installed
around the tailing ponds but was not reviewed as a part of this project.

! No detailed records of ground water conditions encountered during min-

ing are kept by Federal American Partners (FAP). However, the following in-

formation was obtained from discussions with FAP personnel:.

1. Ground water was first encountered at the south side of
;

the Sagebrush-Tablestakes pit between elevation 6,435-
>
'

6,440 in April, 1967.

O.

| 2. Ground water was first encountered in the Bullrush pit

at approximately elevation 6,350 in April, 1969.

j 3. Approximately 130 gpm is being pumped from the Sagebrush

| pit at the present time.
;

The field review of the pit area consisted of visual observations and

measurement of water levels in piezometers still in existence in the pit area.,

| In addition, the following observations were made:

1. A visible seepage face was present along the southern

face of the pit wall. The top of the saturated zone

was approximately at elevation 6,390.

; 2. Mudstone lenses could be seen at various elevations

on the pit wall. Small amounts of perched seepage

were observed above these lenses.

'

O
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Most of the piezometers installed by F. M. Fox have subsequently been
destroyed by the mining operation. Ground water levels were recorded in pi-,

; ezometer ST-F10, ST-F14 and ST-F15. The data are presented with previous moni-

toring results in Appendix B.

History

Uranium mining has been active in the Gas Hills region for over 20
years. The chronological sequence of events related to mining activities near
Federal American Partners' Sagebrush-Tablestakes open-pit mine aid in under-

standing the changes to the pre-mining ground water system.

Mr. L. Y. Marks concluded the field work for his ground water project
,

'

in October, 1957. At that time ground water in the vicinity of the Sagebrush-

Tablestakes area was relatively undisturbed. Ground water elevations, as in-

terpreted by Marks in 1957, in the vicinity of the Sagebrush-Tablestakes area

are shown in Plate 3.

Between late 1957 and 1962 at least 11 wells were installed for culi-
nary and industrial use to supply the Federal American camp and mill. Pumping

test results reported for individual wells indicate drawdowns of 10-40 feet

for discharges of approximately 100 gpm during short duration tests (less than

12 hours). No reliable records of quantities pumped by the wells exist to our

j knowledge; however, it is reasonable to expect that drawdowns of 20-50 feet oc-

cur locally near the wells based on the reported pumping test data.

Open-pit mining and stripping in the Sagebrush-Tablestakes pit operated
in essentially dry conditions until April,1967 when ground water was encoun-

{ tered between elevations 6,435 and 6,440. Ditching along the south end of the

pit has captured seepage and directed it to a sump where it is pumped out of,

the pit as shown on Plate 6.
,

Ground water was first encountered in the Bu11 rush pit (located north of

the Sagebrush pit) in April, 1969 at approximately elevation 6,350. It should

!~ be noted that pumping from the nearby Federal wells may have resulted in a sig-

nificant drawdown in the Bu11 rush area.

!O
i

-7-
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[G Federal American Partners used an underground mining operation between1

1970 and 1974. Three portals for the mine entered sidewalls of the Sagebrush-
Tablestakes pit, as it existed in 1970. Records maintained by Federal American

Partners personnel indicate that ground water was encountered between eleva-

tions 6,422 and 6,430. Maximum pumpir.g to dewater the underground operation
was 17 gpm. These formerly active underground areas are currently being un-

covered by open pit mining.

A network of 15 piezometers was installed by F. M. Fox, Inc. during

1978. The ground water map displayed (Plate 2) in their report entitled " Base-

line Geotechnical Investigation" shows the effects of pit dewat ering and pump-
ing by the Federal American camp and mill wells. Ground water flow directions

are locally reversed in the pit areas when compared with the regional gradient

because of pumping for pit dewatering.

Four of the fifteen wells installed are screened below a mudstone layer,
20 feet or more in thickness. The top of the mudstone layer is at approximate-

ly elevation 6,400. F. M. Fox, Inc. concluded, in effect, that piezometric
O
\_,/ levels below the mudstone layer are not affected by pit dewatering, that pi-

zometric levels above the mudstone layer would increase approximately 30 feet
after the Sagebrush pit had been backfilled, and, therefore, ground water above
the mudstone layer is perched.

Conclusions

Plate 5 displays our interpretation of pre-mining ground water levels.

The estimated pre-mining ground water elevations range from approximately 6,440
at the south end of the Sagebrush pit to 6,430 at the north end, corresponding

to a northerly gradient of .009.

The ground water elevations were determined by adjusting Marks' map to
conform with the observations recorded by Federal American personnel and in-
formation from wells installed prior to 1959 or wells distant from the influence

of mine pit dewatering. Comparison of water levels reported on well logs with
data presented by Marks (1958) shows that in almost all cases Marks' data are

higher by 10 feet or more. The water table surface as shown in Plate 5, al-,_
(_,I though somewhat lower, falls within the range of accuracy used by Marks to pre-

pare his water table surface map.

-8-
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!

I

t

As was indicated in the report by Marks, and the report by F. M. Fox, '

the ground water gradient changes abruptly near the Sagebrush Fault with water
levels approximately 40-50 feet lower on the downthrown (north) side of the

! fault.

The piezometric maps prepared by F. M. Fox display the effects of pit
t

dewatering. The ground water contours, except where affected by the Sagebrusht

Fault, parallel the existing open pit topography.

A mudstone layer below approximately elevation 6,400 varies in thick- |

) ness from 20 to over 40 feet in the Sagebrush-Tablestakes pit. This layer !

| will tend to direct seepage horizontally because of its relatively high hori-

| zontal to vertical hydraulic conductivity ratio.

i Monitoring of piezometers ST-F14 and ST-F15, which have screened inter-

vals below the mudstone layer, have recorded levels at an elevation of approxi-
mately 6,400. The effect of dewatering on piezometric levels below the mud-
stone layer is unknown. Water levels recorded in ST-F14 and ST-F15 (screened

.

below mudstone layer) during the field studies in January, 1980 indicated a
gradient toward the existing sump in the southeast corner of the Sagebrush pit,

j Therefore, piezometric levels in the confined aquifer below the mudstone layer
.

j may be affected by pit dewatering. It is apparent from these data, however,
that a continuous unsaturated zone below the base of the mudstone layer does
not exist.

? '
CLAY SOURCE INVESTICATION

-,

i Source Areas

i
' Possible source areas for lining materials were determined through dis-

cussions with Federal American Partners personnel, discussions with neighbor-
f

ing land owners, review of geological information available, and a field in-
vestigation. Potential source areas investigated are displayed on Plate 1 and

j are as follows:

!
1. Sagebrush-Tablestakes Pit.

. Three sources of low permeability materials are currently
|O
.

5

; -9-
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,

(a; available in the Sagebrush-Tablestakes Pit. Fine grained

lenses of the lower Wind River Formation encountered dur-

ing stripping operations are currently being stockpiled

at the location shown on Plate 6. In addition to the ma-

terial stockpiled, additional fine grained lenses will be

available for stockpiling as stripping and mining activi-

ties continue. The mudstone layer below approximately

elevation 6,400 is also a potential source of low pcrme-

ability material.

2. Bullrush Pit.

A portion of the stripping wastes from the Sagebrush-

Tablestakes Pit is being disposed in the Bullrush Pit

at the present time. Materials were checked for suit-

ability.

3. Sunset Pit.

,

() The Sunset Pit is being actively mined. A survey of the

pit area was made to determine if suitable low permeabil-

ity materials are available.

4. Clyde Bret Pit.

Open-pit mining operations are presently inactive in this

pit. A stockpile of material removed during stripping

operations is present and was examined.

5. Neighboring Mining Operations.

Representatives of Union Carbide Corporation were con-

tacted regarding availability of low permeability ma-

terials from their stripping operations.

6. Development of New Clay Sources.

The possibility of obtaining Cody Shale or other locally

outcropping units containing low permeability materials
,

( ) was briefly investigated.

-10-



Source areas 2 and 3 listed above were eliminated after field inspec-
tion. Materials stockpiled in the area consist mostly of fine to medium sand

with some silt. Small areas of finer materials exist but have not been segre-
gated from the coarser materials. Segregation at this time would not be pos-
sible.

Source area 5 was eliminated after discussions with Union Carbide Corpo-
ration (UCC) personnel. All clay available to UCC is scheduled for use on their

site.

Source area 6 is a possibility which would require investigations beyond
the scope of this report to determine feasibility as clay sources. Discussions
with American Nuclear Corporation personnel indicated two possible sources that
could be made available to Federal American Partners. Bentonite was encounter-
ed in drilling performed south of the site in the Wagon Bed Formation (Beaver
Rim area). No information was readily available regarding location of the ben-
tonite seams, estimated quantities or land ownership.

Cody Shale outcrops northeast of the Federal American site at the north-
ern edge of Sec. 21, T.33 N., R.90 W. near Sarcophagus Butte, as shown on Plate
2, Local Geology. The land oEned by American Nuclear Corporation is south of
the Cody Shale contact and has Wind River Formation at the surface. The thick-

ness of Wind River Formation is estimated as 20 to 50 feet. It is recommended
that this alternative not be pursued unless other alternatives prove complete-
ly unfeasible.

Field Explorations and Laboratory Testing

General

A field exploration and laboratory testing program was conducted for the
proposed tailing disposal project. Data obtained during the course of a pre-
vious study (F.M. Fox, Inc., 1979) were reviewed. In addition, data from this'

study were compared with data obtained in our previous studies for similar pro-

|
jects in *he area.

1

-O
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k_,) A geologic reconnaissance and a surface sampling program were conducted

for this study. Soil samples obtained werc classified by visual and textural

examination in the field, and by supplemental inspection and testing in our

laboratory.

Laboratory tests including moisture and density, grain-size distribu-

,

tion, Atterberg limits, compaction, permeability and consolidation tests, have

been performed during this study and the previous study by F. M. Fox, Inc.

(1979). In addition, clay mineralogy and exchange properties were determined

at independent laboratories. Detailed discussions of procedures and testing

results are presented in Appendix A.

In general, the materials tested exhibit physical characteristics simi-

lar to materials tested for other projects in the Gas Hills vicinity. The ma-

terials exhibit low permeability with 20% - 50% by weight passing the #200

mesh screen. The predominant mineral in the clay fraction is montmorillonite

and the materials generally exhibit a low plasticity. Soils with physical

,-~ characteristics closely approximated by the soils analyzed for this report have,

been successfully utilized in saveral similar projects in the area.--

Estimated Quantities Available

Available sources of low permeability materials for the purposes of this

report consist of existing stockpiles or areas to be strip mined in the near

future. Stockpile quantities were deternd 'ed by estimating heights and dimen-

sions of the stockpile in the field. These estimates could be better defined

by field surveys.

Estimates of clayey materials available from future mining areas were

defined by interpretation of geophysical logs supplied by Federal American

Partners. Gamma ray and resistivity logs were examined concurrently to deter-

mine clayey zones. Table B-2 in Appendix B lists logs supplied by Federal

American Partners that were used to estimate quantities of claycy materials

available from fe;ure mining areas,

g
I )
v
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O' A summary of the estimates is listed below:

Estimated Estimated
Haul Distance Quantity

Source Location (miles) (cu yds)

Stockpile Sagebrush-Tablestakes Less than .2 35,000

Future Mining Areas Sagebrush-Tablestakes, Less than .2 85,000
Sagebrush Extension

Basal Mudstone Layer Sagebrush-Tablestakes Less than .2 60,000

! Stockpile Clyde Bret 6 150,000

i
'

Total Available - 330,000
|

The quantities as estimated above are based on the following assumptions:
1

' 1) Only 30% of the clay available from future mining areas

as determined by the interpretation of the geophysical

() logs will be recovered as lining material.
'

- 2) Only five feet of material is usabic from the basal mud-

stone layer. In addition, material removed from the

basal mudstone will only be obtained from areas that are

at elevation 6,410 or lower it the present time.

,

Recommendations and Conclusions

It is our opinion that the required quantities of suitable lining ma-

terial can be developed. However, because of the multiple sources that have

to be developed to produce the required quantities and the variations in ma-

terial properties, a high degree of quality control will be necessary during

construction. We, therefore, recommend that an experienced soils engineer be

present during construction of the liners to direct a quality control program

from source to final product.

l
|
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THICKNESS WATER BE ARING PROPERTIESm

( ) AGE SYMBOL GENERAL DESCRIPTION (FE ET) IN SITE REGION
v' _

oel AtwviuM. COLLUVIUM, StOPr wASn AND TERRAct OrPOSITS vame&olt - MAv virt0 = Af tR TO SOME
S*eALLDw wf LLS seE AR S Tete AMS

CU AT E RN A RY

| Qle | LAseDSuDE DESRIS NOT PREntNT AT StTE

NOT PRESrwi AT Seuy,y SPUT ROCK FM - wtLL SOftTED WOLC ANic SAseOSTOht utTH r20-150
SOME CONGLDMER ATE SEDS.

EROSeONAL UNCCoeFOstMtTV

I
9,,

" ' " * ' ' ' " ' ' ' ' ' "wMITE pivtm FM * DENTONITC MUDSTOhE wlTH LENSES OF 100 650
ARROSeC SANOSTcht AND CONGLDMERATE

TEATiARY EpOSiO*eAL UNCONFORMITY

Tu | WAGON BED FM - SANDSTONE, SILTSTONE AND MUDSTOht 150-700 NOT PRFSFMT AT SITE

Tode wsNo PfVfR FM - UPPER FAcif S SANDSTONE, LONGLOME R ATE O - 900 uPPygCgSyEgDSgSgtLgm n,r,L SyTwd
, AND OCC ASsOseAL MUDSTONE - LDwf R F ACITS SILTSTCreE' A TS. TvPCanV VtfLOS 30'-635 GPM,* *d3 CLAySTONE, SOME FME SANDSTchfS O*ef REPORT OF 350 GPM

,,
ANGULAR UseCOh70ftMITY

Ks CCDY SHALE - SMALE AND SAMOSDE AQueC LUDE

IKf | FisONTlfR FM - SANDSTOfeE AND SMALE $80 960 SOMr = Avr# RE PORTED eUT APPA#rNTLv
i NOT UTtu2FO (wrLLS e, 7)

I f|
~

MOwAT SMALE - SiLCtOUS SMALE wrTH SeLTSTONE AND 400-540 AGUiC LuOr
J J , , , ,

CRETACEOUS eENTcheTC sEOS

1 THERMnPOLIS SMALE - SOFT SMAL T wtTH SOME SANDSTONE, glQ.pgQ AGUBCLUDE
,,

gg} SeLTSTOhr A=0 eENTONiTc erDS

ClovrRLv AND MORRlSON FMS $JNDIFF ERENT ATED) - 290 380 uPPrR SANDsTm.E AmeD CONGtOMERATr erd
"M C# ClovERLv FM eS TNr PRemeCaP AL AaveF rRSANDSTONE, CONGLOMERATE, SMALE AND CLATSTONE

FOR DE EP wtLLS fwf LLS 3. S. 4, 7,9)

,,, .. YtELDS OF S0 TO MS ErPM RE'PORTE D

g g, SUNDANCE FM - SANDSTONE, SMALE AMO SOME LsMESTcht, 220 260 V''"''O*"

g UPPER P AR T IS GLAUCONITIC

U*CONFOftMITY
JUR ASSIC

| JR | NUGGET SANOSTcht - SANDSTONE AND SMALY SAh0STONrI70- 525 UNMhOnN

,,
UNCOhFORMITV

100-CMUGw ATER FM - SANDSTmE WITH BEDS OF UMESTONE ANO SMALL AMOUNTS OF w ATER REPORTED pe
e 1270 T>eS FORMATION fRfLL 10)I

A''
SILTStoret

T RI A S $sCy

!I
a j )g OsNWOODY FM - SANDSTOht AND SMALE, SCHE COLDMITE 60 NL,7 RNOWN TO YlELO WATER NE AR SITE

,e --

P>OSPMDRLA FM - COLOMITIC SILTSTOhr AND OOLDMITE wITH 350 P*oSPHORIA FM vitLDS rROM FR ACTuRr0]y p
SOME CNENTY AND P>OSPMATE 2CrerS DOLOMlvE IM wELL te REPO8titD verLO OF

p'
wELL IS IS E3e GPM FROM PHOSPMOftlA ANOeg

$ PE RMI A N LReCONFOsrMITY \ TrhSLEEP FORMATION$
8

'g ,_ p p, TENSLEEP SANDSTcht - SAMOSTONE wlTM SOME DOLOMITE
AND CHE RTY COLOMITE SEDS

PE NNSYLVANI AN |pg | AMSOfM FM - SANDSTcht AND SMALE wsTM LIMESTONE AND
19 0 uhapeOwn, PRosasty POoM

g | OOLDMITE SEDS

,_
UNCONFOftMITY

-

MISSIS $1PtA N | Mem | MADISON UMESTONE - UMESTONE AND DOLOMITE 320-420 ts RNOwN - CAVERNS AND SOLUTIDM
C Av1 TIES VIfLD LARGE OuANYlTIES IN
OMR PARTS & STAM

,,,,. UNCCreFORMITY

GALLATies UMESTOhE, GPOS vrNTRE FM, ApeO FLATHEAD UNRNOwSG
CA M B RIA N C SANOSTONE D.peDeFFERENTIATED) SLAUCONITC UMESTONE, 670-800

GLAUCOpelTIC SILTSTONE ANO SAMOSTONE, QU AR T24T E

.-

PRECAMORi&M P UNNAMEO - GRANITE, GNEISS, SCMeST UhKNOWNC

m
/ \
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APPENDIX A

FIELD EXPLORATIONS AND LABORATORY TESTING
|

General

A field exploration and laboratory testing program was conducted for the

proposed tailing disposal proj ect. Data obtained during the course of a pre-

vious study (F.M. Fox, Inc., 1979) were reviewed. Applicable information from2

this previous study is summarized herein. In addition, data from.this study

were compared with data obtained in our previous studies for similar projects

in the area.

Field Exploration

.

A geologic reconnaissance and a surface sampling program were conducted
'

for this study. Soil samples obtained were classified by visual and textural

examination in the field, and by supplemental inspection and testing in our

() laboratory.
,

A description of surface samples obtained during this study is presented
below:

1

Sample
'

Number * Sample Type Soil Type Comment

STDM-1 Bag Dar's Green Stockpile
Silty Clayey Sand

STDM-2 Bulk Dark Green Representative of mudstone,

Sandy Clay layer

STDM-3 Thin Wall Dark Green Representative of mudstone
Sandy Clay layer

STDM-4 Bag Dark Green Representative of coarse
Silty Sand material present in mudstone

layer

STDM-5 Bag Dark Green Stockpile
Silty Clayey Sand

() STDH-6 Thin Wall Dark Green Silty Loose material in stockpile
Clayey Sand

A-1
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|
1
1

!

|

cQ Sample,

Number * Sample Type Soil Type Comment

STDH-7 Bulk Dark Green Silty Stockpile
Clayey Sand ,

STDM-8 Thin Wall Dark Green Silty Dense material in stockpile
Clayey Sand

|
STDM-9 Bag Dark Green Silty Stockpile

Clayey Sand

STDM-10 Bulk Dark Green Hudstone lense from bench
Clayey Sand above and north of stockpile

BR-1 Bulk Dark Green,
Fine-Medium
Silty Sand

CB-1 Bag Brown Fine to
Medium Silty Sand

CB-2 Bag Green Clayey Silt Finest material in stockpile

CB-3 Bulk Olise-Brown
7- Silty Sand

O
*

STDM - Sagebrush-Tablestakes Pit

BR - Bullrush Pit
,

CB - Clyde Bret

See Plate 6 for locations.

Laboratory Tests

Laboratory tests including moisture and density, grain-size distribu-
tion, Atterberg limits, compaction, permeability and consolidation tests, have
been performed during this study and the previous study by F. M. Fox, Inc.
(1979). In addition, clay mineralogy and exchange properties were determined
at independent laboratories. Pertinent results are summarized in the follow-
ing sections.

Grain-Size Distribution

Gradation tests were performed on selected samples to aid in soil clas-
sification. The results are presented on Plates A-1 through A-4. A range of

A-2



( ,) approximately 20-50% by weight passing the #200 mesh screen was found for the

samples tested. A similar range was present in the soils tested by F. M. Fox.

Atterberg Limits

To provide additional classification data, Atterberg limits tests were

performed. The results are summarized below:

Sample Nc. L.L. P.I. Class

STDM-2 36.3 13.1 ML-CL

STDM-7 34.1 14.8 CL

STDM-8 37.2 11.0 ML

STDM-10 31.6 11.4 CL

BR-1 26.6 3.5 ML

CB-3 32.4 6.7 ML

Compaction Tests

,s Compaction tests were performed upon three selected samples. The tests

were performed in accordance with the American Association of State Highway"'

Testing Officials (A.A.S.H.T.0.) T-180 Method of Compaction. Test results are

presented on Plate A-5 through A-7.

Permeability Tests

To determine the permeability characteristics of possible liner materi-

als, a series of permeability tests were performed upon recompacted samples.

Plate A-8 describes the lab permeability. Samples, with the exception of STDM-

3, were recompacted to approximately 90 percent of the maximum dry density as
determined by the A.A.S.H.T.O. T-180 Method of Compaction. The permeability
for STDM-3 was obtained from an undisturbed sample from the mudstone layer.

Samples were tested with water and with a sulfuric acid solution with an ini-

tial pH of 2. Results are summarized below:

! I)s_-
;
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.

(~ \ Hydraulic Conductivity\/ (Ft/Yr)
Sample No. Confining Pressure (PSF) Water Acid

STDM-2 2,000 3.4 .18
STDM-3 2,000 11 1.8
STDM-7 2,000 .40 t

BR-1 2,000 22 12

t Flow not measurable

Experience has shown that the hydraulic conductivity values determined
with acid are low initially but increase to values approximately the same as
those obtained for water after several weeks. Because of the immediate need
for data, percolation tests were run until stable values were obtained.

Consolidation Tests
4

Consolidation tests were performed on sampics STDM-2 and STDM-7. Pri-

mary consolidation appears to have been very rapid, possibly occurring in the() first 10-15 seconds of the test. Because of the rapid consolidation, accurate

values of the coefficient of consolidation and, therefore, permeability could
,

not be determined. Based on the assumption that 90% of the consolidation had
occurred after 10 seconds, hydraulic conductivity values on the order of .1
ft/yr were calculated for both samples.

Clay Mineralogy

The clay mineralogy of three samples was determined by X-ray dif fraction
at the University of Utah laboratory. Diffraction patterns were obtained for
each sample following air drying, vapor glycolation at 60 C, heating to 250 C
for one hour, and heating to 550 C. Semi-quantitative estimates of the per-
centage of each mineral in the clay fraction were made from integrated peak
intensity on the glycolated sample. The results are listed below:

| A-4 '
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. _ . . . .

() Sample No. Clay Mineralogy

STDM-7 Smectice 90%
Kaolonite 10%'

BR-1 Smeetite 80%
Kaolonite 20%

CB-3 Smeetite 85%
Kaolonite 15%

,

!

The above samples are in the process of having determinations of cation ex-

change capacity and exchangeable cations performed. The results will be com-

pleted by March 30, 1980. The physical characteristics and clay mineralogy
of the soils tested for this project are similar to soi10 tested for other

projects in the area, at.d, therefore, cation exchange capacities of 5-15 meq/
100g are anticipated.3

!

O

!

a

4

O
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SAMPLE NO.STDM-2 DEPTHSURFACFELEVATION 6390

SOIL SILTY FINE TO COARSE SAND

LOCATION SAGEBRUSH-TABLESTAKES, SE CORNER

OPTIMUM MOISTURE CONTENT 10.2
MAXIMUM DRY DENSITY 121,6

AASHO T-180METHOD OF COMPACTION
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SAMPLE NO..S.TQM-7 DEPTH 3' ELEVATION _14E0_
SOIL __SJt,TX FINE TO MEDIUM SAND

LOCATION SAGEBRUSH-TABLESTAKES STOCKPILE
OPTIMUM MOISTURE CONTENT 10.2
MAXIMUM DRY DENSITY 123,7

METHOD OF COMPACTION AASHO T-180
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O SAMPLE NO._DR_-l._. DEPTHSURFACEtLEVATION
SOIL SILTY FINE TO COARSE SAND
LOCATION BU_LLRUSH PIT
OPTIMUM MOISTURE CONTENT 10.0

MAXIMUM DRY DENSITY 124.9
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De quantity and the velocity

of flow of water which will es-,

i 9. i,. b . * *. . . .
| cape through an earth structure

. .

j $ 4 '
l

or percolate thrmgh soil arej
,

I

l
dependent upon the perwabilityW * * 1b t * r * ' * * * **

6-
t 4 I' O of the earth structure or soil.

, |

en The permeability of soil has I

g n :,. . . . . . . . . .

, g often been calculated by empir-
|

p ical fomulas but is best de- ' '
,u= ;,

temined by laboratory tests,

{,
, , , , , , , . . ,,

4
'

especially in the case of crrn-

pacted soils. (I k
i A one-inch lergt h of the I I
,

- . - -

| core sample is sealed in the

percolat ion apparatus, placed ' :.T '". ';

! under a confinirg load, or sur-
~

|

charge pressure, and subjected

to the pressure of a known head * * *********** * * * '

of water. The percolaticri rate

1

is cmputed frcra the ressure- I

e e s e e s e e s s, s s s s s

ments of the volume of water

which flows through the sa:nple '

W
!d in a series of time intervals. |

These rates are usually ex-
1

i

pressed as the velocity of flow

AFFARAW3 FOR FERF0FYING FERC01.ATION'i TESTS
i in feet per year under a hy-
| Shows tests in progress on eight sw las simultar.cously.

draulic gradient of one and at

a tanperature of m degrees Centigrade. The rate so expresses may te adjusted for any set of con 11tions ir.volvir.gWi

N the sane soil by anploying established physical laws. Generally, the percolation rate varies avar a wi de range at
i O

the beginning of the test and gradually approacnes equilibrium as the test progresses.

Ihring the perfomance of the test, continuous readings of the deflection of the sample are taken ty frmnq of.

O mieruneter dial gauges. De amount of ccanpression or expansion, expressed as a percentage of the original length

$ , of the sample, is a valuable indication of the ccrpression of the soil which will occur under the action of losi or
e W

ah h the expansics of the soil as saturaticri takes place.

:

D METHOD OF PERFORMING
g PERCOLATION TESTS
r

ESA94E$ S BisOOfsE
;

_ m . g- 4 -3 ,
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(Oj APPENDIX B
,

SUMMARY OF WELL AND GEOPHYSICAL LOG INFORMATION

The monitoring well system installed by F. M. Fox in 1979 has largely

been destroyed by ongoing mining operations. Table B-1 summarizes the monitor-

ing of water levels that has been performed. Elevations were obtained by tak-

ing the difference between reported collar elevations in the Fox report and

depth to water measurements. ST-F14 and ST-F15 have had risers added since
original installation. Collar elevations were obtained from Federal American

personnel. ST-F14 and ST-FIS are screened below the mudstone layer described

in the section entitled " Site Soil and Bedrock Conditions." All other monitor-
ing wells are screened above the mudstone layer.

Geophysical logs of drill holes in the Sagebrush-Tablestakes area were

,
obtained from Federal American Partners. The logs were examined to qualita-
tively estimate the amount of clayey material that exists in future mining
areas. Zones of clayey material were identified by noting a combination of,f-)

\/ low resistivity and high gamma readings. Table B-2 lists the logs that were
reviewed.

.
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| \_/
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|
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TABLE B-1

SUMMARY OF GROUND WATER ELEVATION MONITORING DATA
I FOR PIEZ0 METERS INSTALLED BY FOX

Elevation of WaterPi eter
Number 2/28/79 3/13/79 1/23/80

ST-F1 6323 6323 *

ST-F4 6383 6382 *'

ST-F5 * * *

4

ST-F6 * * *
,

ST-F7 6403 6404 *
i

j ST-F9 6404 6404 *
!

I ST-F10 6436 6441 6431O
ST-F12A 6381 6387t *

ST-F13 6384 6387t *

4 ST-F14 6389t 6389t 6401
i

ST-F15 6388t 6388t 6396

; BUL-F1 6344 6344 *

BUL-F2 6348 6348 *

. BUL-F3 6359 6359 *
i

{ BUL-F4 6350 6350 *

'

BUL-F5 6345 6342 *

BUL-F6 6411 6411 *

| BUL-F7 Dry Dry *

BUL-F8 * * *

; * Piezometer destroyed
( t Water flowing from piezometer
;

|
| B-2

.
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TABLE B-2

LISTING OF GEOPHYSICAL LOGS

SA-1919 SA-2102

SA-2003 SA-2106

SA-2016 SA-2107

SA-2020 SA-2109

SA-2033 SA-2113

SA-2035 SA-2115

SA-2037 SA-2119

SA-2044 SA-2127

SA-2047 SA-2130

| SA-2049 SA-2136
i

| SA-2071 SA-2140
t

i SA-2074 TA-499
!

SA-2075 TA-517,

SA-2077 TA-522C

SA-2080 TA-527

SA-2087 TA-530
|

SA-2092 TA-535

SA-2097 TA-538

SA-2098 TA-544

SA-2100 TA-551

B-3 WK0


