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March 30, 1979

4

Federal-American Partners
) Gas Hills Star Route

Riverton, Wyoming 82501 Job No. 1-1371-3765.01

Subject: Supplemental Geotechnical Investigation and Stability Analysis
for the Proposed Tailing Dam No. 2, Federal-American Partners Gas
Hills Project, Gas Hills Mining District, Fremont County, Wyoming.

)
Reference: 1. Our Geotechnical Investigation for the Proposed Extensions

of Tailing Dam No. I and No. 2., Job No. 1-1371-3454.01,
Revision Date June 16, 1978.

2. Our Revision of the Design for the Proposed Tailing Dam No.
>- 2, Job No. 1-1371-3765.

3. Our Stability Analysis for the Revised Design for the Proposed
Tailing Dam No. 2, Job No. 1-1371-3963, Dated November 20,
1978.

Dear Mr. Jackson:

At your request, we have completed the supplemental geotechnical investigation
and stability analysis for the Tailing Dam No. 2 extension. This report
presents results from our supplemental field and laboratory investigation

)' along with our geotechnical evaluations, recommendations and additional
stability analysis. Also included are answers to specific Nuclear. Regulatory
Commission questions.

We are prepared to offer technical support for the reviewing agencies to
expedite project approval as needed.

If further consultation or assistance regarding the contents of this report is
required, do not hesitate to contact us.

F. M. FOX & ASSOCIATES, INC. Revie d by:
'

EEb&*
''S

'. |
*

.
,

******** .. Donald R. Clark, P.E.Donald L. Taylor, Jr.
* * . . $* . to 5 Division Manager5:aff Engineer : .

DONALD R. i *$ j
! / i

DLT/cae [-]-- | CLARK j
)O W. 2385
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- 1.0 GENERAL
,

!

s' At your request and in compliance with Nuclear Regulatory Commis-

J sion (NRC) requirements, this supplemental report is being submitted. This

report includes additional geotechnical data relative to the proposed exten-

tion of the Tailing Dam No. 2 embankment. Special consideration has been

b given to determining site specific strength parameters for additional sta-

bility analysis.

Field and laboratory data along with geotechnical evaluations and recom-
- mendations are included in this report. In addition, Section 7.0 addresses

specific NRC questions received during an on-site inspection on March 21,

1979.

D |

2.0 FIELD INVESTIGATION

A total of thirty-six borings were drilled in the foundation area
_

; along the downstream toe of the existing structure. Seven borings were
!

drilled along the crest of the existing embankment. Refer to Plat e 2 for

boring locations. All borings were advanced with a CME 55 drill rig capable

3 of auger drilling and sampling. Borings 0-1 through D-36 were sampled with a

two inch diameter California Barrel Sampler. Borings C-1 through C-7 were

sampled with both a two inch diameter California Barrel Sampler and a Thin-

7; Wall Tube Sampler. Detailed lithological logs can be found in Appendix A.

Refer to Figures 2.0-1 and 2.0-2 for generalized sections of the foundation

and embankment along with sample types and depths.

3 In addition to the drilling program, five tailing samples were obtained

from the mill discharge for laboratory analysis.

3.0 LABORATORY INVESTIGATION

e ^''

; Upon completion of the field investigation, the samples were returned,

( !
'" to our Denver laboratory for inspection by the project engineer. Field

3 -1 -
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q

~x classifications were checked and the testing program formulated.
}

~/ The testing program was divided into two sections. The first section

includes sieve analysis and Atterberg Limit tests to determine material

classifications. The second section includes unconfined compression tests to

determine strength parameters. Special consideration was given to the mater-
~1

ial in the existing Tailing Dam No. 2 embankment. Refer to Appendix B for

laboratory tests results. All testing was done in accordance with appropriate

ASTM specifications.
-)

4.0 GE0TECHNILAL EVALUATION

4.1 Subsoil Conditions
,

|

Ig Foundation soils consist of 0 to 3 feet of stiff clay over generally
|

medium dense to dense mixtures of silty and clayey sands and stiff to very

stiff clays. An isolated loose sand " pocket" was encountered in the area of
,.

J( boring D-23 at a depth of 6 feet. Sandstone bedrock was encountered in the

area of boring D-26 at a depth of 18 feet. No free water was encountered in

the foundation borings. Refer to Figure 2.0-1 for foundation soils section.

J The existing embankment consists of erratic mixtures of clayey, silty

sands and clays with highly variable moisture contents, and densities. Very

moist, soft embankment zones were encountered in Borings C-2 and C-4. Free

J water was encountered in borings C-1, C-3 and C-6 at depths of 54, 72 and 54

feet, respectively. The water appears to be confined to a thin zone of

gravelly, silty, clayey sand at the base of the existing structure. The fluid

D surface was not encountered in the foundation borings to the north of the dam.

Refer to Figure 2.0-2 for enbankment soils section.

4.2 Stability Analysis

Om A horizontal translation stability analysis was conducted on critical

sections to determine the f actor of safety against foundation f ailure.

1gG90
8 -2-
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r Minimum factors of safety of 1.5 and 4.5 were obtained from this analysis.
'

i )
d Refer to Figures 4.2-1 and 4.2-2 for sections analyzed and calculations. The

3 strength parameters used in the analysis were obtained from the laboratory

investigation results presented in Appendix B.

4.3 Liquefaction Potential

,
' For saturated, fine to medium grained, loose sands, the potential for

liquefaction exists. Liquefaction of these materials is generally caused by

seismic disturbances or shock loads which can reduce the shear strength of

saturated soils through an increase in the pore water pressure caused by the

event. For this reason, tailing which are placed hydraulically and remain

saturated in a loose condition are generally prone to liquef action as a result
q
'' of cyclic earthquake loading or progressive unidirectional shearing strains.

Since a tailing liquef action potential must be considered, the embankment

~. which will retain the tailing must be designed and constructed to provide an
7( )
ks' adequate factor of safety against failure assuming that the shear strength of

the retained tailing has been reduced to zero by liquefaction. The horizontal

translation analysis discussed above satisfies this criteria by assuming that
q
~

the retained tailing material has no strength.

5.0 SUPPLEMENTAL CONSTRUCTI'ON RECOMMENDATIONS

~9 The following construction recommendations are presented as a supplement

to the recommendations found in our report entitled " Revision of Design

for the Proposed Tailing Dam No. 2", dated July 19, 1978, Job No. 1-1371-3765.

O 5.1 Foundation Preparation

Foundation sands with Standard Penetration resistance values less

than 10 blows for 12 inches should be removed and recompacted to 95% of ASTM

e .
0-698. Boring data indicates that loose sands exist in the area of boring

[ 0-23 and should be removed and recompacted. In addition, a hand Cone Peni-n

trometer will be used subsequent to foundation stripping to delineate any

0 -3-
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,
,

9
;

I

. additional loose sand areas not encountered in this investigation that'

'should be removed prior to fill placement. Calibration tests have been
O conducted in the field to correlate the Standard Penetration test results

from the California Sampler with that of the penetrometer. A minimum of 85

! blows for 6 inches with the Cone Penetrometer is equivalent to a penetration
|

k- resistance of 10 blows for 12 inches with the California Sampler. Cone
!

Penetrometer tests should be conducted at a minimum spacing of one for every-

5,000 square feet of foundation area.

k 5.2 Tailing Sand Dikes

Tailing sand dikes will be constructed within the existing tailing

impoundment on both the east and west sides of the structure. Refer to Plate
'O 2 for dike locations. These dikes are required for solids retention and will

not be in contact with any mill fluids. The sand dikes will be constructed of

n existing tailing material within the impoundment area. Gradations indicate

that approximately 50 percent of the tailing material is finer,than a #200 |
sieve (refer to Appendix B). Therefore, Standard Proctor curves will be used

to determine embankment compaction. The tailing material placed in the
O \.embankment should be placed in 6 to 8 inch lifts and compacted to a minimum of

95% of ASTM D-698. The upstream and downstream faces of the dikes should be

constructed with 3:1 side slopes. A minimum crest width of 15 feet is recom- )
O l

mended. Prior to construction, the existing tailing surface should De scar- )

ified and compacted to a depth of 12 inches.

O 6.0 SUPPLEMENTAL PERFORMANCE MONITORING RECOMMENDATIONS

6 ~.1 Settlement Monitoring

Settlement monuments should be located at three points along the crest

:O - of the dam and at three points along the midpoint of the downstream f ace.
i

.y These monuments should be evenly spaced to include the entire downstream

face of the extension. Refer to Plate 3 for proposed monument locations.

126906- -4-
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Monitoring should be done monthly for the first year and quarterly thereafter.

Records should be kept for future reference. If any abnormalities should

} arise, we should be contacted immediately to evaluate the conditions and

recommend any necessary remedial action.

6.2 Piezometric Surface Monitoring

) Piezometric surface monitoring within the embankment should be done with
1

eight open check wells, three in each sand tailing dike and two in the maximum

section along the downstream f ace of the' extension. Refer to Plate 3 for ;

proposed well locations. Mon'toring should be done monthly for'the first year

and quarterly thereafter and records kept for future reference. If any

abnormalities should arise, we should be contacted immediately to evaluate the

conditions and recommend any necessary remedial action.

6.3 Ground Water Monitoring
|

Ground water monitoring devices TP2-1 and TP2-2 have already been

installed. Their locations can be found on Plate 3. Water samplin;; should be- !

conducted monthly for the first year of operations and quarterly thereafter ;

'l
for the life of the project. If any abnormalities should arise, we should-be

)
contacted immediately to evaluate the conditions and recommend any necessary

remedial action.

] 7.0 NRC QUESTIONS AND RESPONSES

(Round One Geotechnical Engineering Questions, March 21,1979)

Question 1:

) The raising of Tailing Dam No. 2 from El. 6495 to El. 6510 will provide

storage for an estimated 1.5 million tons of tailings, based on an assumed

in-place dry density of 100 pcf for the tailings (Ref. 3). Field test results

] (Ref. 2, Table A-2) are less than the assumed dry density values. Provide

additional field test data whi::h justify the assumed dry density of 100 pcf

-5-
D
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for in-place tallings. Alternatively, provide revised capacity estimatesc

- / based on a lower dry density value.

3 Response 1:

The average dry density calculated from density tests 9 through 11

is 94.09 pcf. Refer to our report Geotechnical Investigation for the Proposed

Extensions of Tailing Dam No. 1 and 2, Job No. 1-1371-3454, Table A-2. The

available capacity at elevation 6505, allowing for a 5 foot freeboard, is

approximately 625 acre-feet. This will allow for a total capacity of approx-

' imately 1.3 million tons of tailing material.

Question 2:

Provide details of the proposed borrow materials to be used for embank-
y
"

,

ment construction. Include:

a. A location plan showing areal extent of borrow area.

b. Justification that adequate quantity of suitable material is avail-~s
7/ ) able for embankment construction.

~

The results of subsurface exploration of the borrow area. Includec.
test boring and test pit logs.

d. The results of laboratory tests on representative samples showing
3 the soil properties and strength parameters for :ompacted fill

materials as they w'll be used in embankment construction. Include
identification tests, compaction and/or maximum-minimum density
tests, permeability tests or estimates, strength tests,

e. A comparison of the laboratory test results with the values assumed
D in design stability analyses. Provide revised stability analyses if

the laboratory values are not compatible with the design criteria.

Response 2:

The original borrow material was to be removed from the western half of
O

Impoundment No. 2, refer to Section 9.3 of our report Geotechnical Investi-

gations for the Proposed Extensions of Tailing Dams No.1 and 2, Job No.

1-1371-3454. The proposed borrow area is now designated as the Sagebrush-
D
/l Tablestakes Pit. As we discussed in our meeting with the NRC, it would be'

)
# sufficient to show that the now proposed borrow has similar mechanical

D -6-
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,~ properties as that of the original borrow. In comparing the original borrow
;

j area material with that from the Sagebrush-Tablestakes extension area, both

materials were found to be similar and suitable for use as embankment material. |

Refer to the enclosed sieve analysis, Figures B1-7 through B1-9 from our '

original report Geotechnical Investigation for the Proposed Extensions of
'

Tailing Dams No.1 and 2, Job No.1-1371-3454, and Figures D-4 through D-7 |

along with our lithological logs A-3 through A-5 from our report Geotechnical

Investigation and Design for the Subsurface Disposal of Millwaste, Job No.
~

1-1371-3771.

The estimated required volume of suitable borrow material for Tailing Dam

No. 2 extension is approximately 1 million cubic yards. The available volume
~

of suitable borrow material from the Sagebrush Tablestakes Pit exceeds

this requirement, (i.e., the total volume of the pit is in excess of 12

million yards). Refer to Plate 1 of this report from our Geotechnical

Investigation and Design of the Subsurf ace Disposal of Millwaste, Job No.

1-1371-3771, for existing and proposed Sagebrush Tablestakes pit limits.

Question 3:
J

Clarify and correct the apparent inconsistency in design parameters

as provided in:

a. Reference 1, pages 2-29 through 2-31
3

b. Reference 1, page 3-17

c. Reference 2, Figure C-2

d. Reference 4, Figure 2
3

Response 3:

Refer to Appendix B in this report for the most recent detailed labora-

tory strength test results. Also, refer to Figures 4.2-1 and 4.2-2 for our

[ revised stability analysis conducted with the strengtn data presented in this
.) report.

6 -7-
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V F. M. FOX & ASSOCIATES, INC.

SUBSURFACE EXPLORATION LOG
SHEET I OF1 |

| / jROJECT: F AP WNDfuhw efara Disecul Investiaition PROJECT NO. I*I3Ih3?II
BORING NO. ST T-5>i

k.j) COLL AR ELEVATION: \6%9 feet TOTAL DEPTH: 249.25 feet
h . |
;v CATE BEOUN: lectember M.1973 DATE FINISHED: October 8. 197l1 LOGOED BY: Don Taylor REVIEWED BY: PM

C |e p -

5 O E 8 5 b k
5 d

(U
=

3 $ LITHOLOGY"U 0 i

f $ ; Ud 3d2
g a g b >- |

,.

k EU b 9 AND "$ wg O dk .
U U
O g n -w sw . h

U4 >w w I E NOTES
O go jb a5 o z

PHYSICAL CONDITION N- hg s
~

gg

* O 3
8 d d # 34

sA - .;4;p;. F RL, 5Aw, f ine to cuarse grainted wi tn
c.' !w N traces of gravel, silty and clayey in

- : part, loose to medium dense, mediwa 'IO/12
.. :. " s moist, green to brown:

0 .4-

* N -" &Odo 20 10130 2esf8 10--
'

.w d.

-

,a,a a :m:
- Wite to yellow brown, fine to coarse'g..; ''*

grained, poorly to nederately cemented
37/12

M::
"@ (clay), quart 2 sandstone, with traces

- -.f *F of silt and gravel 10/8
--6569 207 *

18' - 23'
dy..* Traces of gravel with some iron staining

-J*M;' -
_50/S

'r.
O :

',d 28' - 42*

y.$* *. frace of pyrite and iron staining -50/6.526559 30- [.
-

:
- - .i.f..y

:
.a

'

e . t,- 7.4 10 to 109.2
-j *|E .. 50/5.5
-

. . |; ',
*

.

3'

- 6549 40 f 60/5

.'p$-
bus

Oi ). 3; .
'*'

25a,,: - M|., $terted coring at 45'
;|.g i using revert, 100%- '

3y 4, circulation. 's ;;e. .

s-6539 50 - Ti 1.2r10-

$$ *E*

." 0 ~ 33.'fy -
S: N

'

Q
.

f;.,.p'
y.s-

0 n
f ,.d $9 - drilled faster8529 80 f
. . q,. <.

n g p & ed cadag down
-

. . i..y,, 3 more feet
. :

..

. .i '.
- '

7.' ; r; 30 30

i*i nore coarse grained and iron staining 0M[l.;.;16519 TO

.'f towards end of zone
-~

Q.
- sa se ,a -M Light to dark green, fine to medium

72' - dellling firmeds

JA 1.' . 48 4 60 4.9s10 to 110.0
..

s up
- -

! - 75.5' drilled faster
-

grained, silty, poorly to well sorted'
' l. ';

100 100 16' water oressure us
, ,

36509 80 *-W very weakly to moderately cenented
-

Q (clay), quart 2 sandstone, with coarse N -

grained sandstone and mudstone lenses
100,44.:- 83' - 91'-

,,

: -2 Coarse grained lense -

: .
86' - 951 circulation

O
-6499 90 -.M.-

100 q ton drilling firmed up and
,

. <: L*
-

-
Am g|. . jgg. 6 water pressure up

-

-g' Fine grained, silty, sllqhtly argilla* 91.5' water pressure
-

100 1 100
, ;g ceous, moderately to well cemented lense surge and drilling

firred up-A _

: :Js
j

- 6483 100 - ~~ im i im
i -

I
r .E XPL AN A Tf 0M
IC' HOLE TYPES
t

* STANDARD PENETRATION TFMT![ -

(\
M) -INDICATES SOLID AUGER INDIC ATE S BLOWS / FOOT: RECORDED AS. NUMBER
_A * INOICATES HOLLOW AUGER CORE RECOVERY INDICATES WATER|

\/ M' LEVEL AND DATE OF BLOWS WITH A 140 POUND HAMMER.
FALLING 30 INCHES, REOutRED TO DRIVEC * INDICATES CORE HOLE RECORDED

A = INDICATES ROTARY HOLE INDICATES A 2 INCH DIALAETER SAMPLER ONE FOOT.
CORE LOSS

!0
A-3-
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG SHEET 2 OF 3

p,
f )ROJECT: f 1.g. M111,nte subsurfue Disposal Investi14 tion PROJECT NO. I 137I 37?I BORINO NO ST F-5
\. /

249.25 feetCOLLAR ELEVATION: 6589 feet TOTAL DEPTH:

RATE BEOUN: Septaber 29, 1978 DATE FINISHED: October 8, 1978 LOOGED BY: Don Taylor REVIEWED BY: fW j

5
- i

'* > n o ~ o
dd 2 E z > > o - A

*f O a w0 "r w 0 O U. H - " * **

> LITHOLOGY P2 f $ ;" JO 30 o 3 U >3* Sj O

$$ h Og 3 h NOTESDO AND) p ~ O g. o< >w $w a O zI E -wg wg n o
w$ |o gojh o$ $ U PHYSICAL CONDITION z e w < g 3 og

w g 4 n. " " W w < 0w >,
C :l: O A a, # .a -a grU A o

5- i . | 102' - drilling firawdC - -W 100 g
- 104' - getting water
100 up

29 - -W -

:.i *.i ,

100
back flow up hole

4.: .'. . g2 3
. :~'*i'

- --6479 1107Q H
-

-@:,+/.r-
-

92 . 100
:
, .. ; B

- 114.5' - drilled faster. a
~

.

f '100 119 - water pressure- 100
'

%
- 6469 120 'N up and bit trying ton

TQ pluggg gg

) Uh ' ~

7.7a t'd 13 115.3
-e' 127' - 134.5' u 127' ' water pressure I

'' Traces of gravel 90 sog surge and drilling i

2 6459 130 -
* firn:ed up

-s..k
-k 89 h 100
: <

.

N 100 k
----

1

100 |:E ,

}. 6449 140 ; g,j,j,
d

_
j

.

100
- :y 100

:m .

-

3.

.s'Y' |QQ h }& |
- W n - 150' - drilled faster I-e 150 101 circulation |,,

-O@
1

100 1 100 -a lost 380 gallons
= - 858'O water level 83' down:

,

] -g
.! e0 155' - lost all circu.

from top of collar
.v'-: 158' - 162' 60

;M29160 - Slightly arenaceous (fine grained), -

64 27 30 128.6 lost M gaMons
mudstone lense

.

lost 200 gallons,"
- . . . . . ""'

g3 q 100 162' drilled faster- -&
' ~

$ -- lost 200 gallons j,,

~

'Y 300 i too _ 168' - barrel started
'.T 169' - 185.5'. :

~6419 170; Coarse grained lense
- to freezea

lost 240 gallons
-W 10 10 170' - used some boras

,*
|-g lost 190 gallons |

,

w ,
- - I

: N 6
! ' . . !

-84M 180 --@ j lost 220 gallons |
:@ 100 1 100

: :M 185.5' - 191' ~
|

@G
Traces of gravel

iD
- -

: i+; '" 'a

e!N $ai;
' 3'< 191 - 249.5 53 58 !

! 61 27 35 lost 480 gallons i

Sitghtly arenaceous (fine grained), - Inst 350 gallons
'

- mudstone lense i
,.

60 i 100
|

n89 200 1 -

]i

E X PL AN ATION |
[S Ii.9.LE TYPE S S STAND ARD PENETA ATION TEMT

f ) SA -|NDICATES SOLID AUOER INDICATES BLOWSIFOOT: RECORDEO AS. HUMBER'

CATES ATER
\d HA -INDICATES HOLLOW AUGER CORE RECOVERY OF BLOWS WITH A 140 POUNO HAMMER.as

FALLING 30 INCHES. REQUIRED TO DRIVE i
C - INDIC ATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLER ONE FOOT. |
|NOICATES IR- INDICATES ROTARY HOLE '

CORE N
,i

|

A-3 |
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g F. M. FOX & ASSOCIATES. INC. )
? SUBSURFACE EXPLORATION LOG |
| SNEET 1 OF 3 |

|
f% PROJECT: r. A p. Millunte tubefice Discoul investicallon PROJECT NO. 1-1371-3771 80 RING NO. Si T-5 1

/ \ Ir

k. ' COLLAR ELEW ATION: 6589 feet TOTAL DEPTH: 249.25 feet
Ni

C. . BATE BIOUN: lff.[eeber 29, 1978 DATE FINISHED: October 8, 1978 LOGGED BY: Qm Twine REVIEWED BY: MV |
l

* * S "e od I E $> ' .
*

H k N k "
I.a w Z > o &U Z W O . W
|u O8W Oo > LITHOLOGY EE f $ g 30 3ds o j D > |

|

S$ b 9 AND 37 8 $ HOTESG

$w<g >w I E O g e gw O zy- - aw- . ogh he- O 5 ot PHYSICAL CONDITION g

r o 3: O a a as a 3 gy
O L o

C - -.]
M I

100 l2 TsE With secondary pyrite and more sand 100 g
- 204' . water pressurewith depth '

4 I surge and bit trying |
100 p 100 to plug j

ggg; j 203' - running straight i

Q ( g water no revertg

:
- j

.

-
ssr4 sis

' - ,w
3

,00 1
- -

Light to dark green, fine to medium ; I? .-

26369 2202U grained, silty, poorly to well sorted, I
' "M very weakly to moderately cemented 60 a 60

-'N (clay). quartz sandstone, with coarse '

-Q grained sandstone and sudstone lenses ? I

.O ;w too > 100 '

. .m
-6359 230 - :/. V -

.y
~

'$ 100 j 100 6s10

|M a
~

|'T t.

IN 100 1 100

f6349 2405N, . . . . . .
.

f% . .M 100 1 100 '

v i

g ;..

Ih 100 d 100 -r
9?. V 7.5110 32 116.9

-s um,rs14ue- - d
- Bottom of hole

' :

P.v
-

:

:

.'

?O . .

: -

. .

"

'O - :

.

"

.

'

. .

,

'

E XPL ANATIONi

|Q HOLE TYPES * STANDARD PENETR AftaN TEMTi
'

A SA -INDICATES SOLIO AUGER INDICATES BLOWStFOOT: RECORDED AS, HUMBERs
[ INDICATES WATER

( HA * INDICATES HOLLOW AUOER CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER,
* 28 LEVEL AND DATE

F ALLING 30 INCHES. REQUIRED TO DRIVE'
C * INDICATES CORE HOLE RECORDED--

A 2 INCH DlAMETER SAMPLER ONE FOOT.
INDIC A TESR= INDICAT1!S ROTARY HOLE

CORE LOSS

O
A-3
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' F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

SHEET 1 O P_L,,,

~' P2 O JE C T: F A.P. Mill nte Suhurf ace Olswal Investiqtlion PROJECT NO. I-I37I-377I BORING NO. $f F-6
;

, COLLAR ELEVATION: 6604 feet TOTAL DEPTH: 2II IC'I

OATE DEQUN: October 76, 1918 CATE FINISHED: Octob e 30. 1978 LOOGED BY: Don Taylor REVIEWED BY: P//M#

- E
$ b EZd O a w z > >0 a W '- a e-2 w ~o o

0 ;- Ud >d 3 U
-

3 *d,,*3 o > LITHOLOGY 2 -, o >
O w -w 2 >w <<a

oO NU [z - dm$< >w w I E O g e -w - D.aC h 3 3 NOTES2 w LJ AND f$ 0; 3# 0 <
O zw- n ag w w-

hj wo D ob PHYSIC AL CONDITION g y w

* 0 I $
4> a # g 3 g

sA ..b64 wi te to yellow brown. #ine to cvarse

',1*3aej4* j rained, poorly to moderately ceeented
fclay),quartzsandstone,withtracesI.

'g of silt and cravel
.u

. O' - 10'
') 65M 10

b. ,j. , Sandstone conglomerate with clean lenses.

::n:r 2o,,

.

i's'.| r-.,i...

1 8' - 32'.

j';?;; Fine grained, silty lense with sone iron26 207
.

e. .Q
. statning

'.. .

.J
' r. '.;; ., .

;
I * ' ' ' '

-50/7.5 1005 circulation
.

started rotary at 23'
? /'f4,..

R --
3'' J 6574 30 - ..?,- usinq quick qel

-2. V: |

-g*. .* tron stained with depth
.

H .':. s.R,,.- |

M.|."G
\-- . .

|/ x -654 40 - -

m
|-) - -

' 'i -50/7.5 43' . d.* filing firmed. \

-7*.'. * ,* :* uo using standard
'

ca .:.r.? barre 1
'

1 6554, 60 -',*
s .'.y.

M).i |:
m . ; ry. |

V . . '.;f; $3.5 ' - 68 '
._5C 4.75 I

'

|

;6544 60lk[f. Traces of gravel
'

.. . . *:.
-?, ;.w .-.

' N dg.
:.:. .y;;.

1 :; .. .
m

~6ua -

:.f).:
J ..?*

.-60/4
. .Q*. ,.

.i:.

..'4.~ ~ . ' . -
*

.

.4;2. .|'
.

76524 ao -

-
'.s:* 2

4
'': ..

- ' , * * 08' - drilling firmedr-
'e514 90 i', '',q

. . . ,

-
60/3 uo

**
, , . .

. ;s,

: esos o. :4
;Q' ' see next page for sample description

.6504.100 <..-

E XPL AN A TIONcs
J HOLE TYPES -n, e ATANDARD PENEfetATION TERT,

/ 'SA - INDIC ATES SOLIO AUGER > (NDIC ATE S BLOWSIFOOT: RECORDED AS. NUMBER
t p

CORE RECOVERY OF BLOrtS WITH A 140 POUND HAMMER.
INDICATES WATER

HA - |NDICATES HOLLOW AUGER " LEVEL AND DATE/ y FALLING 30 INCHES. REQUIRED TO DRIVE%

C INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETE A hFOOT.INolCATESR- INDICATES ROTARY HOLE

CORE W u
O -
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F. M. FOX & ASSOCIATES. INC.
i

SUBSURFACE EXPLORATION LOGi

SHEET.? _ O F1ys

/ 'i PROJECT: L A P '4111'"te Wurf ace Discoul .nves tination PROJECT NO. 1 1371-1771. BORING NO. SI F-6
I,

j COLLAR ELEVATION: 604 feet
TOTAL DEPTH:

DATE BEQUN: Oct Wer 26. 1979 DATE FINISHED: October 30, 1978 LOOGEO BY: Don Taylor REVIEWED BY: ,.f4/

N $ > > 'E 2e a Z w

U 3 LITHOLOGY h h d $d h h [-.
I --

h NOTES_
j g E AND gy $7 3 y "*a0

p* o jh ab I U PHYSICAL CONDITION Nh b
~

j $ O> p
> W E 4 Wg g M E E M U Oy

$" O I O U E #A

C- Light to dark green. fine to medium started coring with

2 [* -M grained. Slity, poorly to well sorted. ,_50/4 100 W K revert at 103'. 951!F

y very weakly to moderately cemented W circulation
:M (clay). quarta sandstone, with coarse '3 43

0' 4.4. . , ,0 -g or.ined sandstone and medstoee ienses

:M 43 43:W i _

-Je 116' - 147' '

'" 'Coarse getined lense 40 40
." -g 119.5' - lost circu.
-6484 120 -,. e

- 3
lation

.T 0:

pJ -
m

-g
,+-- 0 0

'' '' 'I"9
-

6414 130- v .4 . . . washed out-W 15
-

- 15 129.5' - drilling
$ - firmed up

-4

. :M * *

O(
- ***' '*o M
'

:Y 0 0 13)* - drilled faster
:T 144.5' - drilling
4 +.--; firmed up

- .--- 60 60

k 64S4 150 (
~

27 0 0
. ,

155' - traces of pyrite
]

.

_Q q
--

:n 02 100 154.5' - drilling

160 {h 161' - 188* -
' " " '

$ 6444

:C Coarse gratned lense to 20;g 164.5' - drilled faster,
~ IN
. :m 0 0

n -
6434 170- . :. c

-

.V - l'E 25 30 -e 174.5'- -&'
3 ~ 3.81t0 32 103.5 drilling firmed up

.*''' "

EM 65 65 I?$'
i642416oh,% s=11 of qas noted

- .- 0 0
: :M
.

O i .' . . ,J 88 4 **
- 6414 te0-p -

;McAvac 100 i 100 189.5' 10/29/73-h 4
| no water in hole

[ 100'' Wi

i 3 6404 200- - ' ' fL R "- -*=~ 193'
stieted rotice

O E X PL AN A TION

tLQL(TYPES7 w STAND ARD PENETR Af f 0N TE RI;[ I SA -lNolCATES SOLID AVOER
i INDICATES BLOWS / FOOT: RECORDED AS. HUMBERi i,

/HA -INDICATES HOLLOW AUOEA CORE RECOVERY INDICATES WATER'L/ " LEVEL AND DATE OF BLOWS WITH A 140 POUND HAMWER.
FALLING 30 INCHES. REQUtRED TO DRIVEC - INDIC ATES CORE HOLE RECORDED

S - INDICATES ROTARY HOLE INOlC ATE S A 2 INCH DIAMETER SAMPLER ONE FOOT.
CORE LOSS
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F. M. FOX & ASSOCIATES. INC.

SUBSURFACE EXPLORATION LOG

SHP.ET 1 OF APROJECT: f,A P Milbas te Subsurf ace. Disposal I._rt''SJ11on PROJECT NO.-1-1371-177I
BORING NO. ST FJ {COLLAR ELEVAff0N: UM feet

O
_ TOTAL DEPTH: 219 feet

DATE eEOuN: **r ir tw DATE FiNiSNED *ve by 7.1973
LOooED ev:- ooa Tavior neviEWED sY: >w .jw

*5 O a >2 w z o 3 ~

> 0 w e z > o#$ o 3 g> o -"0
f"

O *LITHOLOGY I 2
g

Sk 9
H ' * **.

o ;: 30 3d o' 3 I* b -

4 >w w I E AND 0
'

8g $
- o NOTES -

O = O' $5 aS *a
w - o e so ;; wPHYSICAL CONDITION .aw$e g [hgh <e 5 5 $

3 w g < o zz w
0 3 e c

i
g

0 , w w 4 og a 3g g1 M O a 3 gA
5AND, fine to coarse grained with traces[ o4"

-

af gravel, slity and clayey in part, some
h, Iron staining, loose to medium dense. -08#I2

+

$ :aedium moist to inof st, brown to yellow
~44/12'& E brown

s.oe101:-8 .

: uwwt.-
'

t- '

Unite to yallow brown, f toe to coarse _* g;.: grained, pocrly to moderately cementedD, 3
-

(clay), quartz sandstone, with traces ,of3,3i :Q af silt and gravel/

ie588 20i ')
.

:-
, 34, - 35.5'

Sandstone conglomerate with slean lenses
.

-

(

. ? 50/'L5.s*
.

~ 6
-8578 30-r ' . T6rto.:s v

~N:%[j ~50/8.5
**
, . . .

g essa 40f .

C ~ 1:tNX ,

94
13' coring with r vert

*
.

2t 50/5.5 e

.w aample being washed out
k655860i;'.f. ,;*'

- -
,-

' :'. .*'
,':. |- 0 0

D Y*
3*..Y.

.--

.xi o 0
6548 60 f 7@

r'Qx' 55' - 69'.;.

F. ;. i * T
-

races of gravel with a trace of fron O O 2' - dellling firmed up
ta fning.;,.;.7 s,-

_
; ;- ,6* - dr illing firmed up,E6538 TO 90 90 16dth to i

' ,

. . ....%
-

:
Wy.. -

: ; '{.g?' 100 100I

A
'.!, ' . . * _l

' 6528 80 - Y* OJ Y m
:}$; ~

f.{E $00'a 100 '
,

:
'

: : e ',a1* :(65 10 90 [
~ 7:;;;;

~

100 : 100-

[ ..

*
~

. .k*sace se
-6508 100-JFi a '

.

J.

HOLE TW E XPL ANA TION _

9 HA = SNDICATES HOLLOW AUGER
,

SA a lNDICATES SOLID AUGER
INDIC ATE S * STANDARD PENETRM1QH TEST,

| CORE RECOVERY BLOWS / FOOT: RECORDED AS. NUMBERw3.
C * JNDICATES CORE HOLE I EVEL AND DATE *

RECORDED FALLINO 30 INCHES. REQUIRED We DRIVER= INDICATF'1 ROTARY HOLE
A 2 INCH DlAMETER SAMPLER ONE FOOT.

-
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F. M. FOX & ASSOCIATES, INC.

SUBSURFACE EXPLORATION LOG
SHEET 2 OF 3

L

(STiOJECT: F. A.P. Nilleste hsbsurface Disposal Investigation PROJECT NO. I-I37I*1771 SORING NO. 5T F-7

-OLLAR ELEVATION: f,608 feet TOTAL DEPTH: 219 feet'-

yv
I OATE BEOUN: W-e I? WA DATE FIN:8HED: Monsber 7.1978 LOGOED BY: Den Tavi ne REVIEWED BY: Ped

5* > e o ~ o
fW 2'.; w E z > > v -- atf r w 9o8 o t: H " H- W ~

. .

3 > p> LITHOLOOV P2 8., p Jo 30 o -i
-

e# 5'] o >0 0 W -WW << z 2~~

ok <U [r aU
,

AND E$ 0; O $$# g 3 E NOTES2 U *' 0 M' *8
w<g >W w I E O g ,, e g j wg o 0, os zw wg

yO jD ob $ $ PHYSICAL CONDITION 2w a w y du jo { y 5 o
i > w 2 4 o, E E W w < 0w y
l o R O A g # a j g, ,.

U L o
-

Lignt to dark green, fine to medium
100|

C
'
. .. .W. j -77 grained, silty, poorly to well sorted,

[ 100
l -

! 2T yt very weuly to moderately cemented 1 -

' ;wE+ (clay), quartz sandstone, with coarse 24 27 127.4
399 ,gg

-G arated sandstone and sudstone lenses
2N -26468 190 ,

ht) naceous(finegrained). ( - 116.5' - water pressure:M rodstone lense
~D 100 up

100g

26488 1202 ; i-||; trace of pyrite - 119.5' - drilled faster

( .@ 00 100 3,gdo' 104.2:
~

. . .

)- :M' 125' 140' - lost circulation
' -d -+ Fine grained, silty, slightly argilla. 100 i 100

.-N- ceous, moderately to wil ces.ented lense ;
~

26478 130."M
100|

'

:C. 100
:-

|M.. 135' - lost circulation;

| ;@ 100| 100 out boras down hole
-+ + -

6468 140$$M 140' - 187.5' - lost 150 gallons

[w ,,

Coarse grain +d lense
100 100

|
'

:M 100
'

/ . . . . , ;

- lost 360 gallons
! 100

.w r
- lost 90 gallons[

"';6458 150 ~

.M..,,
' I 30 30

. . .. . lost 100 gallons

.U.I 0 0.-

.6448 teoli4b. '?- lost 135 gallons.'
- a
..~. t. 9. . . $5 35

. ,

1 - lost 135 gallonst . r

i
t -. . . . . . 60 ' 60

( - a4aa170 ~&* - lost 135 gallons
'

"

r

) : ~ ' L
100

. . 100 || .. . - lost 225 gallons
'

. .g 22 22

2 - lost 180 gallons6428 too .. . . .
1o ,,

i.

, . ..
l : :M ~ lost 230 gallons

* IN 38 38
- ...i

' l eats igol2Q did not use revert

N Go | lost 135 gallonsM

. :m -

YW to 20
- " ': ' 1ost 250 gallons- - * --

e40R 900- - - mined mee rev.rt

E x PL AN A TIO1
gf.QLE TYPES e STAND ARD PENETRATION TEftT!

SA * INDICATES SOLID AUGER INDICATES 8 LOWS / FOOT: RECORDED AS. NUMBER
INDICATES WATER

HA = INDICATES HOLLOW AVOER CORE RECC #ERY OF DLOWS WITH A 140 POUND HAMMER.
ms EVEL AND DATEL

\ FALLINO 30 INCHES. REQUIRED TO DRIVE
C - INDICATES CORE HOLE RECORDED

A 2 INCH DIAMETER SAMPLEf1 OWE FOOT.INOlC ATE Sfl = INDICATES ROTARY HOLE
CORE LOSS

h
~
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F. M. FOX & ASSOCIATES, INC.
,

SUBSURFACE EXPLORATION LOG
SHEET 3 M 3 4

PROJECT: r3.P. Millwnte Subsurface Otsposal Investination PROJECT NO. 1-1371-3771 BORING NO, ST F-7 )7
/ i

) (v)OLLAR ELEVATION:
M09 feet TOTAL DEPTH: 219 feet

DATE BEOUN: Simptember 12. 1978 DATE FlHISHED: hoventer 7.1978 LOGGED BY: Dnn T wine REVIEWED BY: #4M |
|

'.
'

e >
"

-

$ $ d N.d.-
Z

e a W E > >
z w Oo . W o g, p. , a p.

3 o ;: du 30 o j D >> LITHOLOGY H2 f*$ o
0k 9 AND 0g 3 *0 g 5 NOTES

o z |4 >w w I E O g .,, eg w wg gwg .aw g , a
g jo goyo jb o$ $ PHYSICAL CONDITION |g < g 3 og w g

5 0 E { U U #

G

-M Coarse grained lense
-

|

n.- 202' - 209'
NX I 40 40 lost 90 gallons )
2 3"'

- W w trace of pyrite
h w ,'" lost 320 gallons >

- : s,~: ?.. y ' 0' * 20 20 i

} :p 210' - 214' | 46 22 27 114.8 207' - drilling firmedsais

210 -- Fine grained, silty, siirjhtly argilla. up,did not use revert |
22 22

-swa
.7, ceous, moderately to well cemented lense

- lost 190 gallons |
.

'

" ala %'
,

214' - 219' 1

h Slightly arenaceous (fine grained), 100 100
''

.,

. , ( ,u n tnno I m n L _
5.8x10 24 32 103.5

Rottom of hole

-

1
_ _ ~

:
.

-
i

.

- :

:
.

: :
:

. .

-

- :
-

_ _

~

.

. .

D : :
. _

. :
:

: -

|

E XPL AN ATION'} HOLE TYPES * STAND ARD PENETR ATION TFMT i

SA - INDIC ATES 8 OLIO AUGER INDICATES BL OW StFOOT: RECORDED AS. NUMBERs
N 8 TER

HA = INDICATES 10LLOW AVOER CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER. 1

FALLING 30 INCHES, REQUIRED TO DRIVE3Nj C * INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER SAMPLER ONE FOOT,

R- INDtCATLS ROTARY HOLE CO Ss iJ
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: Question 4:
!

i j# ') The height of the raised Dam No. 2 is to be about 82 feet at the maximum

)('') section according to the contours shown on Ref. 3, Fig. 1. What was the

height at the maximum section for the original design which led to the state-

ment (ref. 4, page 1) that the " revised" maximum section height is approxi-

h mately 10 feet less than the original No. 2 design height? .

1

Response 4:

The height of this section can be clarified by designating the final

crest elevation for Tailing Dam No. 2 at 6510 feet.
1

Question 5- I

The soil materials and conditions beneath the new embankment and within ;

the existing embankment have not been adequately investigated. Provide field

test data and laboratory test data which justify the design assumptions. If

necessary, provide new stability analyses based on new information obtained.

[]/ Address your response to the following aspects:
\"

a. Density, shear strength parameters and permeability of the existing
fill.

O b. Relative density and shear strength parameters of the foundation
sand materials. Field Density Tests #1 and #2 indicate that some
of the shallow sands may have a very low relative density,

c. The nature, extent and shear strength of any cohesive layers below
the new embankment.

D
'

d. Liquef action potential of loose sands

e. Densification, improvement or undercutting of foundation soils
expected to be necessary during construction. The investigation
should be performed in accordance with Geosciences Branch Posi-

'O tion on Design Features for Tailings Dams, dated September 28,
1978, as attached.

-

,

Response 5:

f- Refer to Figures 4.2-1 and 4.2-2 included in this report for our revised
m

stability analysis with existing embankment and foundation strength para-

F') meters. Also, refer to Appendix A for lithological boring logs along with,g
\ 'O

|

LD -8-
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D

Figures 2.0-1 and 2.0-2 for cross sections through both of these areas. Any

[q loose foundation material will be removed and recompacted, refer to Section

D'' 5.2 of this report.

The liquefaction potential of loose sands is addressed in Section 4.2

of this report.

Question 6:

At what locations are settlement monuments to be provided? The applicant

must provide a commitment to n.anitor monuments monthly for the first year and
B annually thereafter. The readings must be evaluated by a competent engineer

who must notify the Fuel Processing and Fabrication Branch, NMSS, t1RC, by

phone, if any unusual behavior is observed. All records must be ava'ilable at
D the site for NRC inspectors.

Response 6:

Refer to Section 6.1 of this report. All data will be reviewed by this

[~\ office after acquisition.
t ;
'"

Question 7:

At what locations are Norton Porous stone piezometers (Ref. 5) to

be provided? The applicant must provide a commitment to monitor and record

piezometric levels monthly. The readings must be evaluated by a competent

engineer who must notify the Fuel Processing and Fabrication Branch, f1 MSS,
9

NRC, by phone if any unusual behavior is observed. All records must be avail-

able at the site for t1RC inspectors.

Response 7:
9

As we discussed at our meeting, the porous stone piezameters will be

eliminated and replaced with open check wells. Refer to Section 6.2 of

this report.
9

Question 8:
o

) Groundwater monitoring devices numbers TP-2A and TP-2B are to be installed
_

G -9-



)
!

downstream of the existing Dam No. 2. Identify the locations of these devices.|g \
.

|)() Response 8:
]

Refer to Section 6.3 of this report for the locations of the previously )

installed wells.

) Question 9:

Provide the field criteria to be used during construction for approval

of subgrade materials. Provide details of the proposed inspectinn and testing

) of compacted fill. 1

Response 9: I

Refer to Section 5.0 of this report for supplemental construction

) recommendations. We have been contracted by Federal-American Partners to :
i

conduct the field density testing and subgrade material inspections during

construction of the Tailing Dam No. 2 extension.

' i NRC REFERENCES

G
1. Tailings Dike Information, Federal American Partners, October, 1977.

2. Geotechnical Investigation for the Proposed Extension of Tailing Dam
)

Numbers 1 and 2, F. M. Fox & Associates, Inc., June 18, 1978, prepared by

F. M. Fox & Associates, Inc., Denver, Colorado.

3. Revision of Design for the Proposed Talling Dam No. 2, Federal American
L*>

Partners, July 19, 1978, prepared by F. M. Fox & Associates, Inc.,
1

Denver, Colorado.

4. Stability Analyses for the Revised Design of Tailing Dam No. 2, Federal
)

American Partners, November 24, 1978, prepared by F. M. Fox & Associates,

Inc., Denver, Colorado.

5. Gas Hills Wyoming Tailings Retention Dam, SER Input Geotechnical Engin-

eering, U.S. Army Engineers, Omaha District, July 13, 1978, transmitted

)(f~%) by letter to W. Gammill, NRC, from R. Burnett, U.S. Army Engineers.

) -10-
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8.0 REVIEW AND CONSULTATION

[ ; This report contains supplemental geotechnical data and arialysis for the
9 'y../

proposed Tailing Dam No. 2 extension. Also included are answers to questions

submitted by the Nuclear Regulatory Commission regarding the above subject.

If there are any questions regarding this report, our responses to NRC

questions, or if you desire further consultation in this matter do not

hesitate to contact us.

D F. M. FOX & ASSOCIATES, INC. Revie d by:

-
/> J N} 1*

.

onald L. Taylor, J . Donald R. Clark, P.E.
Staff Engineer -

* Division Manager
s

"d.. iiii.,,,,d, ' 'DLT/cae of ESS/ ,

Copies: 13 *j'''........**.f
! / DONALD R. **. $s1
. .

-! CLARK iEj
E "3 :~) e - _x -c : rn --

) \% . 2385 im.
-a s,.

''vgir;;gG
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG SHEET I OF j

Suuplemental Stability Analysis and Investination
._

#0' " " I "" '" h"*
, . PROJECT: PROJEC T NO. 1-1371-3N 5 01 BORING NO. C-1

COLLnR ELEVATION: 6495 feet TOTAL DEP1H: 60 feet

OATE BEOUN: 3. rih 10,19N DATE FINISHED: W h 10. 1979 LOGOED BY: kn Taviv REVIEWED BY:

c-
*0 > d o # O
$d Z E Z > > 0 " A

O a w
- W9o o t* . >. a F -5 z w p3*mW O > LIT H OLO G Y >Z $ j'- du -, o o 3 -

H
>-o J 0J o 2-|gw jf h

w << -. w

SO $" *I - U "
.

1 E NOTESU C AND E$ m; 80 d<0
$w I E O a- m O Z

* wg -up swg- < >w n o) g0 uj S oS $ PHYSICAL CONDITION z
g

ho du [ $ 5 ow E w
W E < E

$ w < 9 >y6 w, a E e L # a a en o a o
_

SA - #5552 0 - 2'

4"' :$25) FILL, SAND, $11ty, slightly clayey,
ppX fine to medium grained, with traces of 34
. 0X- tron staining, medium dense to dense,

-S$$7 medium moist to moist, brown (SP-5ft)

.'.6485 10--gg$ % j
'.8'

FtLL, SAND, silty to SILf, sandy, fine-.x.:gg grained, with traces of iron staininn,: ; g4
::y::.$p medium dense, medium moist to moist, 3;

"Of brown to green to yelln. brown (5'i>1L)
.' "?$$:. 8 ' - 18 '

20;t:$$$( FILL , SAND, sil ty, sl u, al y clavey,
(6475 _.- 3.x fine to redium grained, with traces of

. ,'3)"$! tron staining, medium dense to dense,
u. ::;$Q:p sedium noist to moist, brown (SP-5?i) g7 s:4:, 18' . 24'

$$%S FlLL, silty, clayey, slightly sandy,
:25$$ with mudstone chios and traces of iron

6465 30kN@| staining, very stif f, medium moist to
-'X$$: very moist, brown to green brown to
- 9X' yellow brown (CL-l1L) -2gq::s 24' . &
::. X " FILL, SAND, slightly silty, fine to

-:f-X.
coarse grained, with traces of iron

-28
- -

]'f ;6455.40- O statning, dense, medium moist to moist,s
N : .,

29' - 40'
-23

light brown to brown (SP)
4s $5

'/ %. w FILL, SAND, clayey, slightly silty.
.* witPt traces of iron staining, very

stif f, moist to very moist brown to |6445 50- Ilght brown (SP-SC)
-

40' . 44'

, -f h FILL, silty, clayey, slightly sandy,
with mudstone chips and traces of iron
staining, very stif f, medlum moist to

- very reist, brown to oreen brown to
-72-6435'60- yellow brown (CL-ML)

- | 44'.4/*
FILL, SAND, slightly silty, fine to

-
cnarse grained, with traces of iron
staining, dense, medium moist to moist,
light brown to brown (SP)

- - ''D ' . g,7 '
SAND, fine to coarse crained, clavey,g

. silqhtly $11ty, loose to dense, slightly
- - motst to very r# t, yellow brown to

brownJC)F57 - 60'
~ ~ CLAY, silty to SILT, clayey, silahtly

sandy (flev grained), stif f to hard,
- urdium moist to very moist, dark brown,

: jellowtgontocreen{CL-ML)
t,0' - Lttom of Hole- -

G : :
_

.

. ."

. .

E XPL AN ATION
O RQkE TYPQ q w MANQARD PENETRAtid;l TE97:

SA = INDIC ATES SOLIO AUGER $I INDIC ATE S BLOWS / FOOT: RECORDED AS, NUMDER
'm INDICATES WATER

CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER,'

wasHA - INDICATES HOLLOW AUGER LEVEL AND DATE F ALLING 30 INCHES. REQUIRED TO DRIVE
~ C = INDIC ATES CORE HOLE RECORDED

A 2 INCH DI AMETER S AMPLER ONE FOOT.,

INDIC ATE S
R- INDICATES ROTARY HOLE CORE LOSS

* - 12690
A-1
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9 F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG SHEET I OF d

Supolemental $tability Analysis and Investigation
1-1371-3765.01 BORING NO. C*2PROJECT: for Preposed Tailinq Dam fio, 2 PROJECT NO.-

60 feet
) COLLAR ELEVATION:

6495 feet TOTAL DEPTH:

DATE BEGUH: March 10,1979 DATE FINISHED: Itarc h 10, 1979 LOOGED BY: Don 18Flof REVIEWED BY:
,

~
-

* > m o # ~ o
f'W Z 2 z > > o - aa w,a o o - w >

>d 3 t'
-n rz u oEw o y LITHOLOGY E2 d p# 3d ~.| o >

_- w << 0 0 w -w 2 Fa d

$$ $5 b- !) AND "$ 0 $ d$
-

3 G HOTESU
"

O $
"

o PHYSICAL CONDITION

o R O a n. # _s 3 ery o a o
n...

>: u - b'SA - S
hp$;% flLL, SANO, slightly silty, fine tn4"' p

*
.

>$9) coarse grained, with traces of iron-

. 9,;f$ statning, dense, medium moist to moist, 6' - 24'

:^d$$
light brown to brown (SP) weak ronehX:

|k 6' - 14'
-6

O -

10 -~6485

$){$$Op. with traces of iron staining, loose,
FILL, $A'iD, clayey, sllqhtly silty,

$
:0>3A moist to very noist, brown to

':X$$% light brown (SP-5C)
- @! > 14' 24'

. 20 75:p(:$.. fitt, silty, clayey, s119ntly sandy,
-12--8475 gp;.; c with mudstone chips and traces of iron

|'S$ p$
statning, medium stiff to stiff, medium*

.Oh moist to very moist, brown to green} :j33$$ brown to yellow brown (CL-ML)
:|:.25$ 24' - 27'

- -| >X X- FILL, SAND, clayey, slightly silty, -N-6465 30 y:$$ $' with traces of iron staining, very

'[>$ stiff, moist to very moist, brown to
_g%)iy light brown ($P-SC)-

: ' :.y.:. 27 - 4d

-;:ij;G: FILL, silty, clayey, slightly sandy,
' with mudstone chips and traces of Irco

-23
- -m-

.

36455 40I,j staining, very stif f, mediuat uoist to
'. /.;

--~

very moist, brown to green brown toi
.S) g{$: yellow brown (CL-ML)

- . .w.-
~ $?$.

48' . $9'
6445 50{ $AND, fine to coarse grained, poorly 24

: to well graded, medium dense to dense,

3
-

veri r.oist to web brown (SP-5g-

J '

, g7fr
CLAY, silty to SILT, clayey, sitchtly
sandy (fine grained), stif f to hard.. .WJ-6435 60 , medium moist to very moist, dark brown, . 30

~
Jelinw brown t j reen (CL-Mt)n

66' ~Tottom of 86Te

.

-

N
J ,

. .

. .

.

- -

.

. .

G -

:
- -

:
:

. .

. .

EXPT AN ATION
9

tiQLE TYP11 -mu e f TANDARD PENETRATION TEC

SA = lNDIC ATES SOLID AUGER INDIC ATE S DLOWSIFOOT: RECORDED AS, NUMBER
'-s' U INDICATES WATER| .. CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.

/
} HA = INDIC ATES HOLLOW AUGER '; " LEVEL AND DATE F ALLING 30 INCHES. REOutRED TO DRIVE'

C = INDIC ATES CORE HOLE RECORDED A 2 INCH DI AMETER SAMPLER ONE FOOT.
INDIC ATE S

R- INDICATES ROTARY HOLE CORE LOSS

6 _
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F. M. FOX & ASSOCI ATES. INC.
SUBSURFACE EXPLORATION LOG i8HEET I OF l i

1

$unplerental Stability Analysis and Investiqation

,
PROJECT: for Prmsed Ta H inq La ho. 2 PROJECT NO. 1-1371 3765 M1 BORING NO.

/

COLL AR ELEV ATION: M 95 feet TOT AL DEPTH: 109.5 fMt |

T -''
1

'
s '

March 7, 1979 DATE FlHISHED:
J hn Diattler REVIEWED BY: dhM*'Ch I ' "I9 LOOCED BY:DATE BEQUN:

* > c o * a u.~a

o
$d 2 E 2 > > "" g

o,g W
d O 9o ww o t, p , , p

* hj o > LITHOLOGY >2 #, ;- Jo 30 o 3 D
-az O >o 3g mgg z 3 3 t00 gg Ip j gg o o, o

a m NOTESAND u w % <<s eI I <w r a wp
$w

-
E O g -wg %g o tj o zn4 >w w I yg .,

; $o ju y ; 5 o
m g

M PHYSIC AL CONDITION zLil yo uj $ o5 w e w
w E 4 E E w w < 0g , p> o E o o. a g a 3 g,_,. o a o

SA - . ;.:e 0 - 7'
4 "' ::$$$N FILL, 5AND, silty, sliohtly clayey,

$;g?:4(9. ;iron staining, medium dense to dense,
. fine to pedium grained, with traces of }g

.

~>. medium moist to motst, tr ean (SP.5't)
|-

6485 10 (3-
I 2'
p 0 dm dWdy d%
with traces of iron staininq, very

.N:% stil'f, poist to very nuist, brown to ]g"

.' w lightbrown(SP-5C):w
.

,
.::+;i

76475 207:: N%:

j {[g;{: -20

N?
::pX 29' - 39'-

-r6465 30 -7;.;g.' F1LL, SA'tD silty, sliqhtly cla ey,r

: :::;%. fine to redium grained, with traces of
'*33

- 3:p ' iron staining and mudstone chios, |
; medium dense to dense, mediu"; pols t top? poist , brown (SP-5") .

. '^ ; 39' . 59'
pjj:: FILL, silty, clayey, silqhtly sandy,) ,e ;6455 40

' .,? with Ndit me chips and traces of irca I

' {;%:{| staining, very stif f, medium ruist to 33g( ,

N 4 very moist, broan tn green broan to
yellow trown (CL-ML)-

:$ <

- S03[.3If 32E6445

;.

.)$$ 31

O b!i5"
m+

-6435 60 -- 59' - 82' 45

: : SA.'tD, fine to coarse crained, poorly
: to well graded, redium dense to dense,

.
very toist to wet, brown (SP-5W)

6425 702 I3
8 3

~

%
1

6415 60 40

- 82' - 96'
. . SAND, fire to medluni grained, silty,
; ; poorly graded with traces of iron

g - - statning, medium dense to dense,
'6405 GOq slightly moist to moist, yellow brown ]6-

to white (SP-Sti)

- -

'"T 96' - 109'
/ see neat page for description

-. M9 5 100 - / -M

E XPL ANATION
9 HOLE TYPFd n * STAND ARD PENETR ATION TFMY;

SA -INDICATES SOLIO AUGER INDIC A TE S BLOWSIFOO T: RECORDED AS. NUMBER
W IN I TES W TER^

OF DLOWS WITH A 140 POUND HAWWER.f CORE RECOVERY wts\ HA - INDICATES HOLLOW AUQER ?< LEVEL AND DATEi

< g F ALLINO 30 INCHES. REQUIRED TO DRIVE
/ C - INDICAIES CORE HOLE RECORDED

A 2 INCH DIAMETER S ANPLER ONE FOOT.
' " ' ^

R- INDICATES ROTARY HOLE CORE LOSS

9 _.

A-3
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F. M. FOX & ASSOCIATES. INC.
! SUBSURFACE EXPLOHATION LOG SHEEy 2 op 1 _
;

| Supplemental $tability Analysts and Investination
PROJECT: for Proposed 14tilno Dan P6o. 2 PROJECT NO. 1-1371-3765.01 BORING NO. C*3!

! ' COLL AR ELEVATION: 6495 feet TOTAL DEPTH: 109.5 feet
jk/
: CATE B" GUN: turch 7,1979 DATE FINISHED: turch 7,1919 LOGOED BY: _ John Dietrier REVIEWED BY: /

U8 d
-LITHOLOGY E2 $

O' a2 .'

o 3 D >o ;- 30 3d0,*$ o >

IO 0g. O $ h
0 NOTESO AND>

4 >w w I E _ O g o o z
gw|0

.aw g e ng
w$

g

, go W5 oS $ PHYSIC AL CONDITION $O [ $ 5 $z g g,

E
9 o E O w w < 0W E A W> >E a # g 3 g-

sA - .// vo' - 109'
4a' :/ CLM, silty to $1LT, clayey, slirihtly

: Sandy (fine gralr.ed), stiff to hard,
. nedium moist to very motst, dark brown,

r . }
yellow brown to green (CL-ML)

- 105
. 76385 110 - 109.5' Bottom of Hole

.

-

D - *

_ _

:
.

.

3 _

-

.

'I

- -

:
-

0-
.

- -

. .

) .

: :

. .

. .

. :
*

.

:D
_ _

.

: :

E XPL AN ATlON

HOLE TYPfj. .,, e STAND ARD PENETftATroN TERT!

! SA = INDICATES SOLID AUGER tNDICATES DLOWSIFOOT: RECORDEO AS. NUM8ER
'

AT S ATER

j

, ; CORE RECOVERY Sm OF BLOWS WITH A 140 POUND HAhER.
1 HA . INDICATES HOLLOW AUGER(j e FALLING 30 INCHES. REOUtRED TO DRIVE

C = INDICATES CORE HOLE RECORDED
A 2 INCH DIAMETER S AMPLER ONE FOOT.s

INDIC ATE S
R- INDICATES ROTARY HOLE CORE LOSS

O- _

A-3
_- - - , . - - ,



x-, . . . , -

) F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

SHEET I OF I
i

Supplemental $ tat,ility Analysts and Investigation
PROJECT; for Premed f ailino Ovn No. 2 PROJECT NO. 1-IVI 3/M 01 80 RING MO. C4'

.F

COLL AR ELEVATION: 6495 feet TOTAL DEPTH: 69.5 feet

V
DATE BEGUN: E " h I' rch 7, M LOGGE0 BY; khn Dietzler REVIEWED BY: M#'DATE FINISHED;

_.

*w $U- > > oaO 0
#W O > LITHOLOGY 52

- w 6z w o o e n > -

O 0
- Ud 3d# # o 3 t' >-

Z. w << Ogw
ok 7w yU 9 AND f[ Og $ d<$ $$$ h

- 2 4~~ -w
d O dz 3 E NOTES

4 >w w I E O g. m O z
- w [- 28 G h g.

au - ew-) gO uj $ ob A U ?HYSIC AL CONDITION zU yg y
E 8' w w .c 0

w$
w K a> 0 w >Ar a # a , e ip. O

A o |

i">g$.J.
0 11'SA -

4": I FILL, sitty, clayey, slightly sandy,
> "$1: with smdstone chips and traces of iron 30 E * 24'-

RR: statning, very stiff, medium moist to wealt zone-:p:2
!(.fy$|hj yellowbrown(CL-HL) -6

very moist, brown to green brown to

)- f 6485 105
[hb!I.-.

8Ai@i:
-

::q'g;g: 17' . 24'
-:w.% Fitt, SAND, clayey, slightly silty, i

20415 20l5$$$$ with traces of iron staininq, very 16 |
'

:|jyjyh': stiff, moist to very moist, brown to |

j.X.;h': light brown (SP-50)

} M. ? 24' . 42'
$$j)){ FILL, SAND, silty, silqhtly clayey,

w+Y-: fine to medium grained, with traces of

$6465 30 1 X: Iron staining, medium dense to dense, 34
:{;j$$,' nedive solst to moist, brown ($P 5M)
.v4 . .-G>A0
V $$ 1

X 3x
'

6 +:: ki, :;, -61.6455 40-~

42' . 09.S'
_(

.

* - SAND, fine to medium crained, silty,
r,corly graded with traces of iron
statning, medium dense to dense.

06445 502 sil9htly moist to mist, yellow brown its
: to white (SP4SM)

:.
*

.

6435 60{ 100i
, . .

4 . '..

I 69.5' . Bottom of Hole

: "

. .

: '

: :
T . :
I ; ;

"

.

: :

E X PL AN A TION

HOLE _TY?P_(1 .q e STANDARD PENETRAllON TEitTi
"

SA INDICATES SOLID AUGER INDICATES BLOWSlFOOT: RECORDED AS. NUMBER .
W INDICATES WATER

CORE RECOVERY OF BLOWS WITH A 140 POUND HAMMER.HA . INDICATES HOLLOW AUGER was LEVEL AND DATE
F ALLING 30 INCHES. REOUIRED TO DRIVE

C $ND; CATES CORE HOLE RECORDED
A 2 INCH DIAMETER S AMPLER ONE FOOT.~

INDIC ATE S
R= INDICATES ROTARY HOLE CORE N

3 _

A-4



)' F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG $NEET I OF 1

Supplemental 5tability Analysis and Investigation
for Pruposed Tallinq cam No. 2 PROJECT NO. 1-1371-3765.01 BORING NO. C-5

PROJECT:

f 'COLLAN ELEV ATION: 6495 feet TOTAL DEPTH: ' 59.5 feet

DATE BEOUN; March 7. 1979 OATE FINISHED: March 7.1979 LOGGED BY: John Dietrier REVIEWED BY: N
~

n7* * ,, o
-

fW r a y > p o - gya wH o o - >-u a y a n -

o i D >O $ LITHOLOGY . E2 $ $ ;- Ud 30Ew j'
h NOTES

! AND w;U
-- O e- # ~W 0 zL

w$ jh* sw *< aw I E m o
ghwo jb $w g PHYSICAL CONDITION 4 - :; $) * z g y5

w e 4 E E w w < y0g w
o B $

> r & # g 3S gr

SA - M~~} 0 - 10'
4": ".; 4 FILL, SAND, silty to $1LT, sandy, fine

'fD grained, with traces of iron staining, g"

-X92:' medium dense, medium moist to moist,

||(MK brown to tireen to yellod brown (sit-itL)

%} k{
*

ity, clayey, slightly sandy, 26485 g,
:f with sudstone chips and traces of iron
#,q h staining, very stiff, cedium moist to 24

g $'j.i
F. ver moist, bronn to green brown to

.d yel ow browr, (CL-ftt.)

20 MS26475 l N
s9"A

-"I

:
~

""
23 - 32-

-) '

; SAND, fine to medium grained, silty,
poorly graded with traces of iron

-36staining, medium dense to dense.
-[e485 30 slightly moist to moist, yellow brown

_ N to white (SP-59)
.hi.37'

-S. SAft0 & CRAVEL, medium graded, slightly e2

:Nems clayey, medium moist to moist, medlun
5'''''" " 30026455 40 M.b U"".

I
.eq 37' 59.5].. f - . [h SANOSTONE BEDROCK, redium hard to very

y :ygr h.ird, fine to coarse grained, weakly 109
s

-
My" j cemented, slightly silty, with traces
U; of iron statning, medium riuist to

5 , ye t w wn to Me -y7ydf8445 60{
- -j%
- --i[d] -171

-

<,s

) I$k '

~4435 e0-.
'm

,240.

59.5' - Bottom of Hole

'

-

D
: -

.

.

i

:
"

_

'

g .
'

{

J _ ; 'i

*

. .

"

:

E XPL AN ATION

h tiQkE.I.Jff). q e STANQA80 PrNETR ATION TERT!i

S A - INDIC ATES SOLIO AUGER N INDICATES BLOWStFOOT: RECORDED AS. NUMBER I
ft INDICATES WATER OF BLOWS WITH A 140 POUND HAMMER.q CORE HECOVERY

HA = INDICATES HOLLOW AUGER " LEVEL AND DATE FALLING SO INCHES. REOUIRED TO drive
RECORDED

/ C - INDICATES CORE HOLE A 2 INCH DlAMETER S AMPLER ONE FOOT.\
IN01", ATE Sb

R. INDICATES ROTARY HOLE COP'd LOSS
I'

O -

|
|

A-5
.
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J F. M. FOX & ASSOCI ATES, INC.
SUBSURFACE EXPLORATION LOG SHEET I OF h

Supplemerital Stability Analysis and Investigation
PT.OJE C T: f ar Proo M T a ll i "I Dyn 'h . 2 PROJECT NO. 1-1371 W 5,01 80RINO NO. C-6

,--

60 feet6495 feet TOTAL DEPTH:JOLLAR ELEVATION;

} M-

March 10,1979 LOGOED BY: Don Taylor REVIEWED BY:
DATE BEQUN: Parth 10.1979 DATE FINISHED:

-

$ $> >Z w
d.

o > LITHOLOGY z f ;-
t. r. ~ > -

. r w ~0 - Wa 0 Oo yo 30 o 3 t >"W O g -W
00

"

[IaU 9 AND f$ O; -w<n$ U.$
- 3 **<< SWW 3 E NOTESU "

2U " w
- aw.I I O g n O z

4 >w w I E
h} O i o5 PHYSICAL CONDITION g"

O E $ g 3 gr A #a
-

__
__ _ _ _ -._O__ .

SA j X 0 - 10'

4= ;% flLL, SAND, silty, slightly clayey,
$: fine to medium grained, with traces of

,$$$$(.; tron staining, mediu.a dense to dense, 8' - 23'
gh:fp,.

wdium moist to moist, brown (SP t't)
' 5

possible weak zone
6485 10 . g, - 2 3,

, $:$, .
IlLL, silty, ci- ' htly sandy,

39M with mudstone . . aces of iron
# moist to-G. statning, very stif

? $ very r.o t st , brown tb . brown to

,j o 475i 20 .j; yellow brown (CL-tiL) I0
1 .hv
' f?X 23' - 32'

p FILL, SAND, silty, slightly clayey,
~') ,p%: fine to redium grained, with traces ofr

*%,. Iron statning, medium dense to dense,;

,;0465 30 %%%:g n.edium moist to moist, brown (SP-5'i) 30
32' . 42'-

F ILL, SAND, Clayey, sliqhtly silty.
*

,

~

with traces of iron staining, very

stif f, dolst to very moist, brown to
light brown (SP-SC).....v.

l 2,0455 40 ,, 42 - 4 o, .
21

, , . - .

'

,

FlLL, silty, clayey, slightly sendy,
/

*||s

with modstone chips and trates of iron'.
:$:{:y staining, very stiff, medium moist to'

u-
w.i . very muist, brown to creen brown to

-21yellow brown (CL-ht)
6445 50 , y- 7gr-

SANO, fine to coarse grained, clayey,Q,g s
3 ,-pp y slightly silty, loose to dense, sliqhtly-

-'-)
* '.d .f.i Ull nulst to very moist, yellow brown to

\~t'rown ( C)
-80M' - 56'

64M 60 SA1D & CRAVEL, medium graded, slightly

: clajey, medium rioist to rolst, medium,

T|^~.Tr~gliow brown (SP-GP)2 d nse to dense
)

* SAND, fine to medium grained, silty.-l

- ~

poorly graded with traces of iron-

staining, medium dense to dense,n.

) slightly rois* to mnist, yellow brown
tn white (SP-01)

* * ~EU' - Dattom of Hole
. .

^

3
-

l

e :
-

.- _0
.

. .

-

I.

'

: :

E XPt. AN ATION
g

'mq * ST AND ARD PENETR ATION TERT:
11QLE TYPES

BL O W S/ F OOT: RECORDED AS. NUMBER
SA - INDICATES SOLIO AUGER INDIC ATE S

INDICATES W ATER OF DLOWS WITH A 140 POUND H AMMER,
,-x

/ \ ', CORE RECOVERf
; HA -INDICATES HOLLOW AUGER " LEVEL AND DATE F ALLING 30 INCHES, REQUIRED TO DRIVE

a

'

/ e RECORDED
C - INDIC A'ES CORE HOLE A 2 INCH DIAh4ETER S AMPLER ONE FOOT,

./
lNDIC ATE S

R- |NDICATES ROTARY HOLE CORE LOSS

O _

A6
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F. M. FOX & ASSOCIATES, INC.

SUBSURFACE EXPLORATION LOG SHEET I 07 1
Supplemental $tability Analysis and Investination

' PnOJECT; for Propo uit Talling Dam No. ? PROJECT NO. 1-1371 3765.01 SORING NO. C*I
g

A

DOLLAR ELEVATION: 6495 feet TOTAL DEPTH: 44 feet

)V DATE SEGUN: March 9,1979 OATE FINISHED: March 9,1979 LOGOED BY: Don Taylor REVIEWED BY: @M

'9 > Q ~

$ N$ 0W Z E > > *
a w

. d O 9oz w o b. >. N e -a W

#$ o > LITHOLOGY Fz 8, $ g so 30 a 3 h >O

8g 3 NOTES
<k 9 'AND e

D
o zO g. e -W - sw ->w w x K y- m o

h h {) o Wb o5
~

PHYSICAL CON 0lTION g

c 3 0 L a p a 3 g,.p o a o

-:9;w o . 12'5A .
:.$% ;. FILL, silty, clayey, slightly sandy,4"' : :

TV42: with sudstone chips and traces of iron 21
-b X staining, stiff, medium moist to
:$$ .h: very moist, brown to green brown to

26485 10 ;$.w$$
yellowbrown(CL-ML)

'

v 12' . 22'<

-M:M:] FILL, SAND, silty, slightly clayey,
$p {; fine to medium grained, with traces of h ,

:p ; iron staining, medium dense to dense,
sedium noist to moist, brown ($P 5:1)' s

h38 22' . 30'#U i

'

|'$fg':: FILL, stity, clayey, slightly sandy,
:gp with mdstone chips and traces of iron h} .

g:xf staining, very stiff, medium unist to
.

_;gg?; very motst, brown to green brown to.

26465 302 k0$ I'IIO"D'0**ICl*HL)
- -:M'M

M:M 30' - 44'

.y+$%
FitL. SAND, clayey, slightly silty, 33

-v, X- with traces of iron staining, very
~;$$M. stif f, moist to very moist, brown to

E 6455 40{k)ff$]
light brown ($P-L)

h ',

iMERE:

\ *X/h gs '
.

44'-
" $AND, fine to coarse grained, clayey,

;6445 60; slightly silty, loose to dense, silqhtly
i

- - moist to very moist, yellow brown to
1* : brown ($C) 1

'

44' - Bottom of Hole l

}
1

-
,

i

~ :
: *

-

I

. . |

: :

:
~ ~

.

) _-

. .

. :
*

. .

: ~.

E XPL AN ATION

tiOLE TYPL1 . * STANDARD PENETRATION TKtT

INDIC ATE S BLOWSIFOOT: RECORDED AS, NUMBER
S A - INDIC ATES SOLID AUGER ,< IN I ATES WATER OF BLOWS WITH A 140 POUND HAWWER.

|d
s

- CORE RECOVERY 'Q'asHA - INDICATES HOLLOW AUGER LEVEL AND DATE
6 F ALLING 30 lNCHES, f1EOUIRED TO drive

RECOROED~'
C - |NDICATES CORE HOLE A 2 INCH DIAMETER S AMPLER ONE FOOT.

INDIC AT E S
R= INDICATES ROTARY HOLE CORE LOSS

3- _

A-7
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_ TEST HOLE D-1 D-2. D-3 D-4 . "D-5 ~ D-6 D-7 D-8 D
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:
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-
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REFER TO FIGURE A-11 FOR LEGEND AND NOTES
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TEST HOLE'D;10 D-11 D-12 D-13 -14 D-15 D-16 D-17 D 'w/

-0 7
-

7 g m 0--

A b.? .'h b.

0
~ ~

/gD 4 .1 .

23/6 USI'//9 29/6 28/9 20/3
- -

n$(
- m - Pgj; .

21/12 2U9 18/12 .' 25/9 [:

o -.. m' h 0-5 . b6 m 5-

24/12 39/12 '' k 11/12' 11/12'11/12 / 28/6 27/9 21/12 / 6/12-

- w 63 o / -
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-TOPSDIL

Q MAN-MADE FILL, erratic moisture and compaction

' CLAY, silty to SILT, clayey, slightly sandy (fine grained), stiff 'to hard, medium moist to
g very moist, dark brown, yellow brown to green (CL-ML)
N SAND, fine to coarse grained, clayey, slightly silty, loose to dense, slightly moist to veryN moist, yellow brown to brown (SC);

t ,

| SAND, fine to medium grained, silty, poorly graded with traces of iron staining, medium dense
h to dense, slightly moist to moist, yellow brown to white (SP-SM),

! SAND, fine to coarse grained, poorly to well graded, medium dense to dense, very moist to wet,
brown (SP-SW)i

g :;

SANDSTONE BEDROCK, medium hard to very hard, fine to coarse grained, weakly cemented, slightly
silty, with traces of iron staining, ' medium moist to moist, yellow brown to white (SP-SM) ,,

CLAYSTONE BEDROCK, slightly silty and sandy, medium hard, medium moist - iron staining noted
in fractures, brown (CL-CH) q

g g

( SILTSTONE, sligntly sandy, hard to very hard, medium moist, light brown to white (ML) O
SAND & GRAVEL, medium graded, slightly clayey, medium moist to moist, medium dense to dense,
yellow brown (SP-GP)

m
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SUMMARY OF LABORATORY TESTING

Depth Unconfined
of Atterberg Limits Compressive

Hole Sample Percent Passing LL PI Strength Unified
No. (ft) No. 200 Sieve (%) (psf) Classification Remarks

C-1 4 53.1 -- -- 6,392 SM-ML Refer to Figures B-1
and B-4

SP Refer to Figure B-1C-1 59 9.1 -- -- --

C-2 19 -- 36 18 1,421 CL Refer to Figure B-5

C-2 39 -- 16 20 2,613 CL Refer to Figure B-6-

C-3 14 40.6 -- -- 3,370 CL-SC Refer to Figures B-1
and B-7

C-3 24 -- -- -- 2,582 SC Refer to Figure B-8

C-3 34 46.9 -- -- 8,135 SM-ML Refer to Figures B-2
and B-9

C-3 59 -- -- -- 723 SC Refer to Figure B-10

C-4 9 63.7 -- -- 2,190 SM-ML Refer to Figures B-2
and B-ll

C-4 39 41.2 -- -- 7,569 SP-SC Refer to Figures B-2
g and B-12
E
m C- 5 4 -- -- -- 3,140 CL-ML Refer to Figures B-13
~

C-6 9 28.8 -- -- 954 SC Refer to Figures B-3u
3 and B-14
m
a

. - - _ _ _ _ _ . - . . _ _ _ _ _ _ _ . - _ _ - _ _ _ _ - - _ . - - _ _ _ _ _ - - . _ _ _ _ _ - . _ - - _ -_ _--
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SUMMARY OF LABORATORY TESTING

Depth Unconfined
-

of Atterberg Limits Compressive
Hole Sample Percent Passing LL PI Strength Unified

No. (ft) No. 200 Sieve (%) (psf) Classification Remarks

C-6 39 -- -- -- 1,895 SC Refer to Figure B-15

956 SM-SP Refer to Figure B-3
C-7 14 33.9 -- --

and B-16

D-18 9 -- -- -- 1,502 SC-SM Refer to Figure B-17

Mill Tailing #1 53 26 2 -- ML Refer to Figure D-1

Mill Tailing #2 45 26 4 -- SM Refer to Figure D-1

SM Refer to Figure D-1Mill Tailing #3 48 26 5 --

Mill Tailing #4 52 ~26 4 -- ML Refer to Figure D-2

Mill Tailing #5 49 27 5 -- SM Refer to Figure D-2

$
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? GRADATION ANALYSIS
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GRADATION ANALYSIS
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| HYDROMETER AN ALYSIS SIEVE AN ALYSIS |
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