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F.M. FOX & ASSOCIATES, INC
4765 INDEPENDENCE STREET
WHEAT RIDGE, COLORADO 80033
(303) 424-5578 — FMFOX

Marcr. 30, 1979

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 1ailing Dam No. 1 and No. 2., Job No. 1-1371-3454.01,
revision Date June 16, 1378.

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

{ailing Dam No. 2, Job No. 1-1371-3963, Dated November 20,
978.

L'. 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.
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1.0 GENERAL

At your request and in compliance with Nuclear Regulatory Commis-
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
given to determining site specific strength parameter: 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.

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 Plate 2 for
boring locations. All borings were advanced with a CME 55 drill rig capable
of auger drilling and sampling. Borings D-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-
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.

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

from the mill discharge for laboratory analysis.

3.0 LABORATORY INVESTIGATION

Upon completion of the field investigation, the samples were returned

to our Denver laboratory for inspection by the project engineer. Field

s
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l
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-
ial in the existing Tailing Dam No. 2 embankment. Refer to Appendix B for
laboratory tests vesults. All testing was done in accordance with appropriate

ASTM specifications.

4.0 GEJTECHNILAL EVALUATION

4.1 Subsoil Conditions

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
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.

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. Ffree
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 2one of
gravelly, silty, clayey sand at the base of the existing structure. The fluid
surface was not encountered in the foundation borings to the north of the dam.
Refer to Figure 2.0-2 for embankment soils section.

4.2 Stability Analysis

A horizontal translation stability analysis was conducted on critical

sections to determine the factor of safety against foundation failure.

12690



Minimum factors of safety of 1.5 and 4.5 were obtained from this analysis.

Refer to Figures 4.2-1 and 4.2-2 for sections analyzed and calculations. The
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 liquefaction as a result
of cyclic earthquake loading or progressive unidirectional shearing strains.
Since a tailing liquefaction potential must be considered, the embankment
which will retain the tailing must be designed and constructed to provide an
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

the retained tailing material has no strength.

5.0 SUPPLEMENTAL CONSTRUCTION RECOMMENDATIONS

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.

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
D-698. Boring data indicates that loose sands exist in the area of boring
D-23 and should be removed and recompacted. In addition, a hand Cone Peni-

trometer will be used subsequent to foundation stripping to delineate any
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additional loose sand areas not encountered in this investigation that
should be removed prior to fill placement. Calibration tests have been
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
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.

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
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
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
embankment should be placed in 6 to 8 inch 1ifts 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-
mended. Prior to construction, the existing tailing surface should pe scar-

ified and compacted to a depth of 12 inches.

6.0 SUPPLEMENTAL PERFORMANCE MONITORING RECOMMENDATIONS

6.1 Settlement Monitoring

Settlement monuments should be located at three points along the crest
of the dam and at three points along the midpoint of the downstream face.
These monuments should be evenly spaced to include the entire downstream
face of the extension. Refer to Plate 3 for proposed monument locations.

12690
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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 2ny necessary remedial action.

6.2 Piezometric Surface Monitoring

Piezometric surface monitoring within the embankment shculd be done with
eight open check wells, three in each sand tailing dike and two in the maximum
section along the downstream face of the extension. Refer to Plate 3 for
proposed well locations. Mon'*9ring 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 sampliny should be
conducted monthly for the first year of operations and quarterly thereafter
for the 1ife 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 E1. 6495 to E1. 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 tailinss (Ref. 3). Field test results
(Ref. 2, Table A-2) are less than the assumed dry density values. Provide

additional field test data which justify the assumed dry density of 100 pcf

-5-



for in-place tailings. Alternatively, provide revised capacity estimates
based on a lower dry density value.

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 miliion tons of tailing material.

Question 2:

Provide details of the proposed borrow materials to be used for embank-
ment construction. Include:

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

b. Justification that adequate quantity of suitable material is avail-
able for embankment construction.

c¢. The results of subsurface exploration of the borrow area. Include
test boring and test pit logs.

d. The results of laboralory tests on representative samples showing
the soil properties and strength parameters for ompacted fill
materials as they w 11 be used in embankment construction. Include
identification test:., 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
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
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-
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
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properties as that of the original borrow. In comparing the original borrow

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 Bi1-7 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 Subsurface Disposal of Millwaste, Job No.
1-1371-3771, for existing and ;roposed Sagebrush Tablestakes pit limits.
Question 3:
Clarify and correct the apparent inconsistency in design parameters
as provided in:
a. Reference 1, pages 2-29 through 2-3]
b. Reference 1, page 3-17
c. Reference 2, Figure C-2
d. Reference 4, Figure 2
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 ~onducted with the strength data presented in this

report.
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SUBSURFACE EXPLORATION LOG
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) BeAiger witer pressure up
d 5 AN "~ 1 91.6"'- water pressure
oo Fine grained, silty, s)ightly arqgilla- 100 100 surge and drilling
LN " ;|
T ceous, moderately to well cemented lense firmed up
- NIET 100 }§ 100
84890100
XPLAKAT
HOLE TYPES * STANDARD PENETRATION TEST:
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COLLAR ELEVATION:

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

e § ! isposal Investigation PROJECT NO.
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F. M. FOX & ASSOCIATES. INC,
SUBSURFACE EXPLORATION LOG
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ROJECT: F AP, Millwaste Subsurface Disposal Investigation pROJECY NO.

OLLAR ELEVATION:
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SUBSURFACE EXPLORATION LOG
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Question 4:

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

Response 4:

The height of this section can be clarified by designating the final
crest elevation for Tailing Dam No. 2 at 6510 feet,

Question 5:

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.

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. Liguefaction 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-
tion on Design Features for Tailings Dams, dated September 28,
1978, as attached.

Response 5:

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

stability analysis with existing embankment and foundation strength para-

meters. Also, refer to Appendix A for lithological boring logs along with

-8-



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

loose foundation material will be removed and recompacted, refer to Section
5.2 of this report.

The liquefaction potential of loose sands 1s addressed in Section 4.2
of this report.

Question 6:

At what locations are settliement monuments to be provided? The applicant
must provide a commitment to monitor monuments monthly for the first year and
annually thereafter. The readings must be evaluated by a competent engineer
who must notify the Fuel Processing and Fabrication Branch, NMSS, NRC, by
phone, if any unusual behavior is observed. All records must be available at
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.

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, NMSS,
NRC, by phone if any unusual behavior is observed. All records must be avail-
able at the site for NRC inspectors.

Response 7:

As we discussed at our meeting, the porous stone piezometers will be
eliminated and replaced with open check wells. Refer to Section 6.2 of
this report.

Question 8:

Groundwater monitoring devices numbers TP-2A and TP-28B are to be installed

9.



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

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 maturials. Provide details of the proposed inspection and testing
of compacted fill,

Response 9:

Refer to Section 5.0 of this report for supplemental construction
recommendations. We have been contracted by Federal-American Partners to
conduct the field density testing and subgrade material inspections during

construction of the Tailing Dam No. 2 extension,

NRC REFERENCES

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 Tailing Dam No. 2, Federal American
Partners, July 19, 1978, prepared by F. M. Fox & Associates, Inc.,
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

by letter to W. Gammill, NRC, from R. Burnett, U.S. Army Engineers,
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8.0 REVIEW AND CONSULTATION

. This report contains supplemental geotechnical data and analysis for the
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 fu-ther consultation in this matter do not

hesitate to contact us.

F. M. FOX & ASSOCIATES, INC.

-—-f‘»'—:'—.
f@;ﬁ/ﬁ /7%%
Donald L. Taylor, J¥ ¢

Staff Engineer

Donald R, Clark, P.E.
Division Manager
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F. M. FOX & ASSOCIATES, INC
SUBSURFACE EXPLORATION LOG

Suoplemental Stability Anglysis and Investination

PROJECT:

for Proposed Tatling Dam No, 2
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F. M. FOX & ASSOCIATES, INC.
SUBSURFACE EXPLORATION LOG

sHEEY ! oF |

Supplementa! Stability Analysis and Investigation
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLORATION LOG

sunnlerental Stahility Analysis and lnvestigation
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F. M. FOX & ASSOCIATES. INC.
SUBSURFACE EXPLOKATION LOG

Supplemental Stability Analysis and lavestigation
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b o with mudstone chips and traces of tron
] j;:‘I‘\"i staining, very stiff, medium moist to o4 !
R j:': O very muist, brosn to green brown to
] < yellow brown (CL-ML)
e4rs 20- i
[ |
b ATAR
1 23 - by
R p SAND, fine to medium grained, silty,
b poorly yraded with traces of iron
3 staining, medium dense to dense, v
~|B465, 30~ slightl; moist to moist, yeilow brown 3
e ~.lto white (SP-SM)
"‘,'f:-‘»?‘ 32 - 3N 2
Fansdl  [SAN0 & GRAVEL, medium qraded, sliantly
' . \clorey. medium moist to moist, mediun
b B dense to dense, yollow brown (SP-GP) K <
8458 403 3—'-—8'{5—13-&—&7. R34 100 |
; SANDSTURE BLDROCK, medium hard to very | |
o ey nard, fine to coarse grained, waakly Moe
cemented, sliahtly silty, with traces
y: " of fron staining, medium noist to
aaes! 80 22 moist, yellow brown to white L-"’
.,l( ¥ =
! b 17
— — e —— ..—.._____—-—-,’-
~{0438| 60 59.5' - Bottom of Mole 240
] b
b 1
] 3
3 b
- d
- -
] p
-4 -
3 ]
b b
- B
p -
- -
] 3
4 1
3 4
B -
4 |
EXPLANATION
HOLE TYPES # STANDARD PENEIBATION TESYL
8A - INDICATES SOLID AUGER INDICATES o ACATEE WATON BLOWS/FOOT: RECORDED AS, NUMBER
CORE HRECOVERY OF BLOWS WITH A 140 POUND HAMMER,
MA - INDICATES HOLLOW AUGER ™ LEVEL AND DATE
RAEOHOSS FALLING 30 INCHES, REQUIRED YO DRIVE
€+ INOICATES COAR HOLE s ke ; A 2 INCH DIAMETER SAMPLER ONE FOOT,

o Y HOLE
R - INDICATES ROTARY HOL CORs LOSS
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F. M. FOX & ASSOCIATES, INC.

SUBSURFACE EXPLORATION LOG

sHEET ! _ofF ! _

Supplesental Stability Analysis and Investigation
PROJECT: _for Prougsed Tailing Dam Mo, 2 PROJECT NO. 1-1371-3765.01 BORING NO, _C-6

OLLAR ELEVATION: 6495 feet TOTAL DERPTH: __ 60 feet

B P V]
CATE BEQUN: __ Margh 10, 1929 DATE FiNiSHED: March 10, 1979 LoGGED By: Don Taylor = REVIEWED BY: s 224

LiTHOLOQY
AND
PHYSICAL CONDITION

NOTES

TYPE AND SIZE
OF HOLE
ELEVATION
iFEET)

BEPT
(FEET)
GRAPHIC LOG
WATER LEVEL
PENETRATIONY
RESISTANCE
R QD (%)
CGRE RECOVERY
%

TEST SECTIONS
FIELD
PERMEABILITY
CM./SEC.
LAB
PERMEABILITY
CM.ISEC.

% PASSING 200
PLASTIC LIMIT (%)
LICUID LIMIT (%}
DRY DENSITY (PCF)

L
>

0- 10 ]

FILL, SAND, silty, slightly clayey,

fine to medium groined, with traces of |

iran staining, mediun dense to dense, !

wed fum moist to moist, brown (SP-5M) |‘ g - 23

-~
s

Jazasaaaas

possible weak rone
10" - 23’

FILL, sthty, ¢t “iently sandy,
with mudstone wes of iron !
staining, very stit # moist to |

very moist, brown tu brown Lo . ;
yellow brown (CL-ML) |

23 -

FILL, SAHD, silty, sliantly clayey,
fine to medium grained, with traces of
fron staining, medium dense to dense,
medium motst to moist, brown (SP-SM} 20
32" - A2
FILL, SAND, clayey, slightly silty, 1
with traces of fron stalning, very
stiff, moist to very moist, brown to
liaht brown (SP-5C)

asdasasasszalansasasasa

Laxsasiax

42" - 48’

FILL, silty, clayey, slightly sendy,
with mudstone chips and traces of iron
staining, very stiff, medium moist to
yory swist, brown to green brown to

‘%\ ‘\Ti&i‘?ﬁggfﬂ"_ﬂlzl;f&.‘,,A,-.__-_,. -
s

A i SAND, fine to coarse grafned, clayey,
# i stightly silty, loose to dense, slightly !
3NN mist to very moist, yellow brown Lo

\rru;nn ( (.) s S —— }
£ A 7 -

80 “ SAND & CRAVEL, medium graded, stightly
tlayey, medium moist to moist, medium
gense to dense, yellow brogn (SP-GF) |

adasssssassdasaanasia

Mwww“du.‘)& 1AL
s sassasstasassaaaalasassaaaadiaarasass

56 -« b0
SAND, fine to medium grained, silty,
| puorly graded with traces of fron
| staining, medium dense to dense, | |
stiuntly mois® to moist, yellow brown |
to white (§P-1)
| 60" - Bottom of fole

EXPLANATION

HOLE TYPES * STANDARD PENETRATION TEST:
SA - INDICATES SOLID AUGER INDICATES o iiebkils et BLOWS/FOOT: RECORDED AS, NUMBER
HA - INDICATES HOLLOW AUGER & CORE RECOVERY W8 cUEL AND DATE OF BLOWS WITH A 140 POUND HAMMER,
4 i FALLING 30 INCHES, REQUIRED TO DRIVE
€ + INDICATES CORE HOLR A 2 INCH DIAMETER SAMPLER ONE FOOT,

INDICATES
R ARY HO
R - INDIGATES ROT LE CORE LOSY
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PROJECT:

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

Supplemental Stability Analysis and Investination

far Proposed Tat)ing Dam No. 2

PROJECT NO, _ 1:1371-3765.0)

sueer ! _oF_ !

8ORING NO. ___ €7

OLLAR ELEVATION: 6495 feet TOTAL DEPTH: 44 feet
DATE BEQUN: March §, 1979 OATE FINISHED: _March 9, 1979 LOGGED By: __Don Taylor REVIEWED BY: _S2745
. > [ o ; 2 t)
w ol 2w € izl > |»fe = ]2 |%
= I8 o w IR E - 9] S, B oW 21 =
e | L S 12 LITHOLOGY Fzl2 |2 IE|g29| 39 e |3 |5 | 2
aolEr|EE b selalo.jo|S2lleal 2 |5 |2 | &
Zrlew|h-wl 2 AND £ » waplulue? <<l B S @ NOTES
‘u."“a"‘ T « wgt© €< [TY 5 |Hus] @ o ) x
wolusla sl S = PHYSICAL CONDITION zGleluw [="20| 20| 2 |b |35 |8
Ll 7] x | < L€ e lul ¥ | w < | 21 »
- o | ® a2 - a | # - o &
8 o
SA 4 0 - 12
4] FILL, silty, clayey, siigntly sandy,
b with sudstone chips and traces of fron 13y
] staining, stiff, medium moist to
j‘ very mpist, brown to qreen brown to
R ci )
- yellow brown (CL-ML)
r‘” 12 - 22"
FILL, SAND, silty, sYightly clayey,
] fine to medium qrainad, with traces of r‘b
“ iron staining, medium dense to dense,
] pedium nolst to moist, brown (SP-SH) }
8478, .
3¢ 22" « '
3 FILL, silty, clayey, slightly sandy,
] with mudstone chips and traces of iron e
b staining, very stiff, medium maist to
P very moist, brown to green brown to
) PP yellow brown (CL-ML)
{8465
:‘ 3 - 44"
] FILL, SAND, clayey, siightly silty, 33
1 with traces of tron staining, very
4 stiff, moist to very moist, brown to
:“0-05& Yight brown (SP-5.)
: 1
: T2
] 44"
3 b SAND, fine to coarse grained, clayey, \
5 . siightly silty, loose to dense, slinatly |
E e moist to very moist, yellow brown to ;
‘j ] brown (5C) {
3 p 44' - Bottom of hole {
] 3 3
- B i
F P
3 3
] 4
- 3
B R
R R
p ]
— - ’ ‘
p ] ! }
B - |
- B !
o P
K -
B 4
B “
. —
] ]
3 ]
N -4
- 4
; B
p -
K R
- -
EXPLANATION
HOLE TYPES * STANDAAD PENETRATION TEST
SA - INDICATES SOLID AUGER INDICATES BLOWS/FOOT: RECORDED AS, NUMBER

HA - INDICATES HOLLOW AUGER

2 = INDICATES CORE MOLE

- INDICATES ROTARY HOLE

INDICATES
CORE LOSS

CORE RECOVERY

% INDICATES WATER
2% | EVEL AND DATE
RECORCED

OF BLOWS WITH A 140 POUND HAMMER,
FALLING 30 INCHES, REQUIRED TO DRIVE
A 2 INCH DIAMETER SAMPLER ONE FOOT,
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APPENDIX B

LABORATORY TEST RLSULTS

12690



SUMMARY OF LABORATORY TESTING

Depth Unconf ined
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
c-1 59 9.1 - -- -- SP Refer to Figure B-1
C-2 19 -- 36 18 1,421 CL Refer to Figure B-5
g-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-11
C-4 39 41.2 -- -- 7,569 SP-SC Refer to Figures B-2
> and B-12
=
- C-5 4 -- -~ -- 3,140 CL-ML "¢fer to Figures B-13
. C-6 9 28.8 - - 954 sC Refer to Figures B-3
= and B-14
m




SUMMARY OF LABORATCRY TESTING

Depth Unconf ined
of Atterberg Limits Compressive

Hole Sample Percent Passing LL PI Strength Unified

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

C-6 39 -- -- -- 1,895 SC Refer to Figure B-15
c-7 14 33.9 -- -- 956 SM-SP Refer to Figure B-3

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
Miil Tailing #2 45 26 4 -- SM Refer to Figure D-1
Mill Tailing #3 a8 26 5 -- M Refer to Figure D-1
Mill Tailing #4 52 26 4 .- ML Refer to Figure D-2
Mill Tailing #5 49 27 5 - SM Refer to Figure D-2

¢ obed *{ 37avl
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GRADATION ANALYSIS

LL_HYDROMETER ANALYSIS SIEVE ANALYSIS o
CLAY (PLASYIC) TO $ILT (NOM=PLASTIC) . ":6 T Fluﬁ“tcl‘hfﬂ COBBLES
“'..' 7HR TIME READINGS US SYANDARD SERIES CLEAR SQUARE OPENINGS i
ASMIN ISMIN  GONIN IININ AMIN IMIN %200 %00 Mg W5 By w, 4 WM Y 'f Y Oy
00 //
90 e 0
Sample of SAND, // :
%oy silty to sandy / 20
e o] SILT from test hole / ”3
& | C-1 at depth 4 / z
@ sof feet, “0 E
: %0 50 ¥
z -
3 40 60 :
('S w
¥ 30 , 10 :
o
20 80
0 ~90
0 100
100 ' ' } (o]
%0 '* 10
. &4 Bl W . erd
*% Sample of SAND ‘/LF L
2 70| from test hole b 0 W
5 | C-1 at depth 59 Vi g
2 0l feet. / o o "0 -
w 80 30 :
E‘ 40 j 0w
: 7 ;
:‘ 30 / 70 :,
20 = 8
10 masay ao —t 90
1] 105
100 - p— ]
0 / 1
//
eo] Sample of CLAY, + 20
o | sandy to clayey ! / -
; SAND from test hole { z
@ | C-3 at depth 14 < “
W
: solfo8t. . &
z =
3 40 80 w
o« w
w 30 0 S
o
20 L 14
10 %0
[+]

160
001 002 008 00% O/ O3 OF4 149 2837 890 |19 230 476 B2 191 SAl T2 127 200
DIAMETER OF PARYICLE IN MILLIMETERS X
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GRADATION ANALYSIS

T—T—'—

|L_HYDROMETER ANALYSIS SIEVE ANALYSIS |
& aM0 GRAVEL
CLAY (PLASTIC) TO SILT (NON-PLASTIC) LAY T GO L LAY R TCARST COBBLES
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gml ISHIN. GOMIN (3MIN AN Tuin %200 %00 ®a0 By By 4, 4 Yo LA U (R S S
(147 { o
920 i% 0
so] Sample of SAND, %
o | silty to sandy Vs o
N z "} SILT from test hole so ¥
‘ : : %0 C—3 at depth 34 .OE
: : feet. w
J . 30 0 *
z -
" 4o % N
= L&)
& 30 70
('8
& 20 80
10 20
[¢] 100
100 / 0
90 10
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B0} . ias 20
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o ")
: 80 so ®
® ¥ -
3 40 60 :
© w
:‘ 30 70 :
[ 8
20 8
’ e i 0
o A 105
100 - — 0
%0 r/ 10
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@ 0 a0 2
a 39 feet. s W
: 80 50
k / g
3 ‘0 60 w
w w
. \: 0 70 :;
o
’ 20 80
] . 90
——
4] 100
‘ E (1] 002 003 009 019 037 Q74 4% 297 8%0 119 238 A8 952 19 380 782 127 200
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GRADATION ANALYSIS
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GRADATION ANALYSIS
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F. M. FOX & ASSOCIATES, INC.

Consulting Engineers and Geologists

UNCONFINED COMPRESSION TEST RESULTS
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Consulting Engineers and Geologists
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