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March 15, 1982

|
|

United Nuclear Corporation,

Attention: Mr. Tom Hill
|- '113 Sixth Street, N.W.

| Albuquerque, N.M. 87102

''

EVALUATION OF
PROPOSED TAILINGS DEPOSITION,

'

SOUTH CELL
United Nuclear Corporation
Church Rock Uranium Mill

| Attached are five copies of the subject report. The report
presents the results of our consideration of the proposed south

! cell usage. The purposes of our study have been to assess the
I geotechnical safety of the proposed usage and to. develop design
| and operating recommendations.
,

! Our evaluation of the proposed south cell usage has consid-
ered slope stability, settlement sensitivity, and filter compati-
bility. Slope stability analysis indicates factors of safety in
excess of the minimums specified in NRC Guide 3ine 3.l_t. Neither
exploratory data nor settl~ement analysis-indicate a significant'
differential settlement.

In summary, the results of our study indicate that tailings
can'be safely retained within the south cell area provided that
a minimum 150-foot-wide sand beach is maintained.

-If you have any questions regarding this letter or our re-
. port, please contact us.

Yours very truly,g

( ,EYGEOTECpNICAL

]John M. Raney
Professional Engineer 7553
State of New Mexico

JRM/cah
Attachments

I 2799-8 DEL MONTE STREET * WEST SACRAMENTO. CA 95691 * TELEPHONE 916/371-0434
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EVALUATION OF

PROPOSED TAILINGS DEPOSITION

SOUTH CELL

UNITED NUCLEAR CORPORATION

CHURCH ROCK URANIUM MILL
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INTRODUCTION

This report presents the results of our consideration of

the proposed tailings deposition in the south cell area. The

purposes of this study have been to assess the geotechnical im-
pact of the proposed tailings deposition and to develop operating
recommendations.

The proposed tailings deposition is a primary feature of a |

tailings neutralization scheme. The overall scheme includes
neutralization of tailings at the mill, deposition of total tail-

ings and cyclone overflow in the south cell, recantation of por-

tions of accumulated solution, storage of decanted solution in
i

the north cell area, and recycling of solution to field dilution |

Ifacilities. J

l
The topography and orientation of the south cell area and i

confining embankments are shown on Plate 1, Location Plan. |
Authorization for this study has been provided through a con-

sulting contract between United Nuclear Corporation and Raney j

Geotechnical executed on May 1, 1981. The principal contact for. |
the study has been Tom Hill.

|
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PURPOSE AND SCOPE

The purpose and scope of this study were developed in dis-
cussions between Messrs. Tom Hill and Deb Misra of United Nuclear
Corporation and John Raney of Raney Geotechnical. In development
of the scope of work, consideration was also given to specific
written requests of the New Mexico State Engineers office pre-
sented in a letter of November 17, 1981.

In accomplishing the stated purpose, our specific scope has
included the following:

1. A field exploratory program consisting of the drilling
of 13 auger borings.

2. A laboratory testing program directed toward definition
of material volume change characteristics.

3. Review of available data collected in conjunction with
the construction and operation of the south cell.

4. Performance of engineering analysis consisting of:
(a) a review of existing field, laboratory, and design
data; (b) a review of field and laboratory data developed
by this firm; (c) performance of settlement analysis, j

(d) development of area-capacity relationships; and 1

(e) performance of computer slope stability analysis.
5. Preparation of this report. In addition to this report,

preliminary analytical data have been presented during
the course of the study.

I
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) ~ PROPOSED CONSTRUCTION AND OPERATION

The proposed neutralization scheme has been described in
detail in a letter. report to the New Mexico Environmental Division

) from UNC, dated October 12, 1981. Under the proposed neutraliza-
tian. plan, the south cell area would serve as a primary storage
area for tailings solids. During operation, tailings would be
discharged at a rate of about 800 gallons per minute. Portions

) oof.the accumulated neutraliz~ed fluid will be decanted and pumped
to'the north cell area. The solution stored in the north cell
would be allowed to further clarify prior to return to a dilution j

tank. l
1

) .. Tailings deposition would be accomplished along the embank- '

ment face by spiggotting. Additional solids may be placed away
from the embankments as cyclone overflow. A minimum 150-foot- :

wide beach would be maintained without modification to the exist- I

) ing-topography provided that the solution elevation does not ex-

ceed 6952. In practice, due to the proposed recantation, beach

elevations under the continued deposition should exceed 6960 |

within 150 feet of embankments well in advance of a solution level
) on the order of 6950. It is estimated that approximately 40,000

cubic yards of beach deposited solids would be required to create
a 150-foot-wide beach with a solution elevation of 6960 and a
150-foot-wide beach.

).
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) SITE CONDITIONS

The south cell is confined by the main tailings dam, the

breach repair, the south cross dike, and native topography. The
) minimum crest elevation is approximately 6965. The maximum

fluid capacity is in excess of 175 million gallons with a surface

area of about 52 acres.

Following the dam breach, the south cell was isolated by
}- the construction of the south cross dike. Prior to the breach,

tailings were deposited all along the face of the main embankment

and free water was commonly in contact with the embankment.
The main dam was designed as a two-zoned structure with an

) approximate ten-foot deep cut-off trench extending from the up-

stream to downstream crest in plan.1/ Exploratory data obtained

by both this firm and previous investigators appear to indicate

that the main dam is more nearly a single-zone structure.2/, 3/
) The southern portion of the main embankment is built over several

backfilled arroyos; the depth of the cut-off trench appears to

vary. The embankment crest width is about 60 feet, with upstream

and downstream slopes of 1%:1 and 2:1 (horizontal to vertical),
) respectively.

Portions of the main dam have been subject to two alterations.

Chronologically,.the first alteration was associated with a pro-

posed embankment height raise undertaken in the Spring and Summer
) of 1979. The raise construction was underway when a portion of

the embankment failed in July, 1979. Prior to the failure, the

raise construction had included the clearings of the downstream

foundation area, the placement of a tailings blanket drain from
) two to five feet in thickness, and the placement of several feet

of engineered fill over the blanket. The second alteration is

the repair of the failed embankment section. The repair is con-

fined to about a 500-foot section of the dam at the southerly
)

'

abuttment, and consists of a chimney drain and new downstream
shell.
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l
$ SUBSURFACE l

Based upon comparisons between existing and preoperational
topography, depths of retained tailings range from very shallow
to in excess of 40 feet. Consistencies range from very loose in
the upper five feet, to loose at greater depths.A/

The embankments, with the exception of the described altera-'

tions, are generally comprised of silty and sandy clays with sand-
stone fragments. Consistencies are generally at least stiff and

>
permeability very low. The uniformity of consistency appears to
indicate conscientious construction effort and field control.

The embankment foundation soils for most of the south cell
embankments generally consist of clayey sandy silts, and silty |

! and sandy clays. The foundation profile appears to be relatively I

consistent by comparison to the remainder of the 'overall tailings

area. Where uninterrupted by arroyo cutting, immediate surface

soils generally consist of slightly clayey sandy silts. These
)'

soils are typically of medium-stiff consistency. The near-surface

silty soils are generally underlain by clay-dominated soils.

These lower materials extend to depths in excess of 100 feet over !

, most of the embankment alignment and are underlain by sandstone
) bedrock. The clayey soils are generally of medium stiff consis-'

tency and are locally moderately compressible, i

For a better understanding of subsurface conditions, refer-

ence should be made to the Logs of Boring in the Appendix.

l
!

'
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)
RECOMMENDATIONS

EARTHWORK

It is recommended that south cell beach areas be modified
)

in accordance with Plate 2, Grading Plan. The primary feature of

the grading plan is the constant maintenance of at11 east a 150-

foot-wide beach. Beach modifications will be minor in the area

immediately adjacent to the embankments. For the most part,
)

material placement can be accomplished hydraulically. For a

limited area adjacent to the breach repair, it is recommended

that beach modifications be accomplished mechanically. There will q

be no compaction requirement. j
)

We understand that some mechanical tailings movement in the

beach areas of the south cell has already taken place. The exist-

ing beach level, therefore, is somewhat higher than indicated of

the topographic base map of Plate 2. The recommended minimum
)

beach dimension will be exceeded for all solution levels below

elevation 6952. At no time during the deposition should cyclone

overflow be discharged or directed toward the 150-foot-wide beach

area.
)

It is estimated that approximately 40,000 cubic yards of

solids will be required to achieve the grading configuration

shown on Plate 2.

)
OPERATION

Stage vs. capacity and surface area relationships for the

current topography are shown on Figure 1. The maximum recommended

7 operating level for the beach modified south cell area is eleva-

tion 6960. At this level, a storage capacity of about 97 million

gallons will be provided. Without alteration of the beach areas,

a storage capacity of about 37 million gallons would be provided
) with a solution level at elevation 6952.

M Geotechnical
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FIGURE 1
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> The existing embankment should be subject to a regular pro-

gram of visual surveillance during start up and continuing through

regular operation. Attention should be paid to signs of tension

cracking', slumping . erosion, and_ seepage. Records should be main-
) tained and made available to the Soil Engineer. Any areas of ;

solution encroachment into the designated beach should be repaired

immediately upon detection. The low track pressure bulldozer

recently purchased by UNC should be immediately available for this

) type of work or any other similar: emergency.

Because of the importance of proper maintenance of the beach,

it is recommended that a two-foot interval topography-of the
Isouth' cell be developed on a regular basis. A flight interval of

) about three wonths is suggested. Relocation of the discharge

should oe based upon consideration of the topographic data.

Problem areas of solution encroachment should be modified immedi-
ately upon detection.' 'I

) In accordance with NRC guidelines, the design storm series

impacting the south cell shall consist of the average annual rain-

fall less average annual evaporation, plus the PHP, plus 40 per-

cent of the PMP, plus the 100-year storm.1/ The acceptable PMP
X is a 9.5 inch one-hour point value and'the 100-year storm about

2.4 inches.5/ The corresponding storm series is about 16 inches,

-acting over a south cell catchment-area of about 71 acres.

Figure 1 indicates ample storage capacity for the resulting ap-

h proximate 31-million gallons of captured rainfall. More than two
and one-half . feet of wave ' and wave run-up- freeboard would be pro- ?)
vided during the design storm forLboth the initial and future

phase beach modifications.

)L Surface water hydrology impacting, but'outside the south
cell catchment, is considered in a separate report prepared by

Faith Engineering.

)
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) A total of 20' settlement monuments'are located about the
inside crown of'the main embankment and south cross dike. These
are S1 through S15, and SD1 through SDS. Existing survey inter-

val and reporting procedures should be continued for these monu-

) ments. Piezometers include-the Hall devices in the breach area,

300 series wells in the south cross' dike, and new 500 series

wells near the embankment toe.

)
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ANALYSIS

SLOPE STABILITY

General
)

Three critical sections were isolated for stability analysis,

one through the breach repair (Section A), one through the em-

bankment immediately northerly of the breach repair (Section B),

) and one relatively near the south cross dike (Section C). The
locations of these sections are shown on Plate 5, Monument,

1

Stability and Piezometer Locations; the sections and results of )
the analysis are presented on Plates 7A through 7C. Loading con-

t

) ditions, soil strength parameters used in the analysis, and the

results are discussed in the following sections.

Loading Conditions |

) Our analysis considered only the long-term and earthquake

loading conditions. Consideration of the end-of-construction

loading condition is considered unnecessary, since little new

load will impact embankments and foundations. The earthquake con-
) dition was analyzed pseudostatically with an acceleration of 0.1 g.

Phreatic surfaces were not established by analytical procedures

but rather were conservatively located by connecting operating

levels to drainage elements in the downstream toes.
)

Soil Properties

Most soil property data used in the analyses were derived

) from existing sources. New strength properties were developed
for embankment engineered fill and the neutralized total tailings.

The source information and soil property data have generally been
agreed upon in discussions between the New Mexico State Engineers
office and Raney Geotechnical. A relatively detailed discussion

)
of soil properties is presented in the Addendum Report for the
Design and Evaluation of the Central Cell Embankment Raise.1/

E Geotechnical
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) Results

Slope stability analyses were performed using the Slope-II
computer program with the Simplified Bishop Method option.E/

1

The results indicate factors of safety in excess of the minimums J

suggested by the NRC.E/ The results of the analyses are presented
on Plates 7A through 7C and are summarized in Table I, Stability
Analysis Results

) 4

TABLE I !

STABILITY ANALYSIS RESULTS

) LONG
STRUCTURE TERM EARTHQUAKE

Section A 2.15 1.80

Section B 2.64 1.74
)

Section C 2.49 1.86

,SE_U LEMENT

) G_eneral

Embankment settlement has been analyzed by comparison between
observational and analytical data. We separated our consideration
of embankment settlement into two categories, collapse settlement

> and conventional one-dimensional compression settlement.
^

To aid in the understanding of past settlement performance l

of the south cell, we.have, to the extent possible, developed

settlement vs. time plots for the entire life of the south cell

) embankment. Development'of these plots required considerable
judgment in the interfacing of various surveys and survey points. 1

The locations of the settlement monuments in conjunction

with this study are shown on Plate 5. It should be noted that

) !

E Geotechnical
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I the basemap for Plate 5 reflects May,1974 topography. This
method of presentation is intended to amplify the importance
of conditions prior to construction.

) Collapse Settlement

Collapse settlement requires the presence of relatively low
density and low water content soils. Our field exploration

specifically sought materials of this nature. Boring and sample
)

locations were selected to coincide with probable locations of '

collapsible soils. All samples were carefully reviewed; samples
which appeared to be potentially collapsible were subjected to ]
collapse testing as described in the Appendix. The laboratory l

)
results indicate that limited amounts of soil with generally low
collapse potential are present in the embankment foundation.

For the collapse mechanism to function, heretofore, dry
,

1soils must be moistened. Accordingly, we considered groundwater
)

and operating levels about the south cell. Historic south pond

operating levels were obtained by review of aerial photography ,

!

and are summarized in Table II.
'

Little groundwater level data are available for the period
)

prior to the embankment breach. Data since the breach do not

appear to reveal any significant trends. We have~ summarized
recent groundwater level data for the well locations shown on >

Plate 5; these data are presented on Table III. 1

Based upon our laboratcry investigation and consideration

offpast operating levels., it?is our opinion th'at storage ~of'

fluids to elevation 6960 will not induce. settlements of a magni-

)- tude sufficient to cause embankment cracking. Exact collapse

settlement magnitudes cannot be accurately assessed, but because !

of past foundation wetting are expected to be minor or nonexistent.
The performance of neutralized solution and potentially collaps- ;

) ible site soils may be superior to the performance of similar

materials in an acidic environment.

B Geotechnical
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TABLE II
SOUTH CELL W.ATER SURFACE

) AS DETERMINED FROM AERIAL PHOTOGRAPHY

DATE ELEVATION REMARKS

- 3/25/78 6933.8 North portion south cell
)

9/20/78 6944.3 |

7/31/79 6954.7

9/22/79 6952.7 Total central portion

11/6/79 6951.4 Total central portion

12/1/79 6952.6 !

2/13/80 6950.9 Total central portion ~
1).

4/9/80 6950.9 Confined to central area

6/3/80 6947.3

- 9/27/80 6943.9 Confined to central area
)

,

10/10/80 6943.5

- 12/2/80 6942.8 Confined to south central,

2/24/81.. -6942.0 ' Confined to south central- |
} |

4/21/81 6941.8 ,!

6/2/81- 6940.9 Confined to south central ;
'

11/15/81 No free water---

h: ,
,

1

|

|
|

) |
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TABLE III

SELECTED RECENT GROUNDWATER LEVELS

1

GROUNDWATER.
IDENTIFICATION DATE ELEVATION

22M 11/11/81 6904.67

); 23A 11/11/81 6888.56

333 11/25/81 6931.90
,

l

334 11/25/81 6933.59 j
i

> 335 11/25/81 6943.93 i

!

341 11/25/81 6947.58 |
1

510AD 12/30/81 6921.13
,

'

510D 12/30/81 6924.19y

512AD 12/30/81 6908.29 )
512D 11/17/81 - 12/17/81 DRY

). 513AD 12/30/81 6887.44

513D 11/17/81 - 12/17/81 DRY

HP2211t 12/30/81 6930.55

) HP1905 12/30/81 6928.86 H

HP2236 12/30/81 6931.67

HP2235 12/30/81 6928.70 ;

)"

|

|
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} Compression Settlement

Settlement data presented on Plates 6A through 6E appear
to validate laboratory test data. The effects of arroyo cross-

ings (elimination of near-surface cettlement-sensitive soils), and
)

the effects of higher surcharge (adjacency of the breach repair i

and raised central cell) are clearly demonstrated.

Consolidation and Atterberg limit data for foundation engi- )
neered fill materials are summarized on Figure 2, Atterberg Limits-

>-
Consolidation Test Results

By comparing settlement data to exploratory and laboratory
data it is possible to back calculate settlement parameters. |
In this manner, we have developed a controlling section for maxi-

)-
mum total settlement consisting of a 30-foot layer of highly plas-

tic silty clay. The layer appears to be reasonably normally con-
solidated with a virgin compression index of about 0.25. As evi- |
denced by the slow rates of settlement in the field, values of ))
C are quite small, although erratic because of the presence ofy

sand lenses.
Future surcharge of the south cell embankments will be very

.

slight. Conservatively assuming that sands will extend horizon- |
).

tally from embankment crowns at some time, a total settlement of j
approximately three inches may be calculated. Although storage j
of solution would tend to reduce effective stresses , - the initial

effect will probably induce some minor settlement prior to es- |
tablishment of equilibrium pore pressure conditions. Estimation

of this fluid-induced settlement is made difficult by variable 4

drainage conditions.

Differential thickness of compressible soil deposits over
7

sloping bedrock near the south abuttment have been studied by

others.2/ The failure of the embankment clearly denionstrates the ;

importance of bedrock geometry. The breach event appears to

identify the completion of primary consolidation for the embank- |)
taent . Some conrinuing settlement of the breach repair should be '

,
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) -expected; however, this settlement will be uneffected by the
{

proposed south cell usage. Calculated projected compression
settlements are expected to occur over relatively long periods
and should allow for plastic adjustment of the embankments. I

)

FILTER PROPERTIES

The embankment and retained total tailings and similar new
neutralized tailings are generally incompatible as protected.

)
material and filter, respectively. That is, these materials do

not. fit within filter design guidelines commonly developed with

D85 and.D15 ratios. The filter incompatibility is considerad

appropriate, however, since the function of the sand beach should-
)

be to fill potential cracks. The suitability of total tailings

for this purpose could only be determined by some knowledge of.
crack width.

Following the breach, and during the ensuing investigation,
) ,

tailing sands were observed in embankment cracks.1/ This experi- |
ence appears to demonstrate the function of a total tailings ;

beach.

)

o0o

): i

)

|

|

).

E Geotechnical

E:) .-
m

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



| | | || 11 ! l | 1li ||I1 | | ||| ,1 i |I.I i!j| !i I\J

'

- NT ON N IE I S
I G S 5 7 8 1CR E v 3 2 5 0I I R # 2 1

-
2

- -
2

-
- - - -

F V P CF M 0 0 0 0E F OOO
C C

- L
P

T O
N I
E S
I S 4 3 0 4C F E r 6 9 5 6I R - - - ~ -O c 0 0

-
0

- - ' 0F P -
F MC
E O 0 0 0 0

: -O C
C Uv -

Y -

-T -

I -XC E 7 6 9 2 1 6 1
-I

T D 3 0 3 - 2 2 2 4S N 1 1 3 2 2 1 1IS AT I
L P

v U
S
E
R

T D TI 2 0 5 9 4 8 5S I
E U - *

T Q M 2 7 6 - 6 7 8 1II 4 2 6 4 4 2 3L LN
O

v I _

_T _

2 A -

D L ER TI
E L A N

E) 9 5 0 0 8 6 3 2R U *R O T
U S U T% 4 3 3S 2 5 5 7 2

N T N( 2 2 2I 2 1 3 2 2G O A O O .

M C _.I C N
_F - _

v S
T
I
M
I
L HT T 0 5 5 5 5 5 0 0

*
EG P 6 1 3 0

R E E 1 1 1 6 2 3 2 5
E D F 1 1 2 1

B
R

v E
T
T
A

GR
NE 3
I B 3 9 9 1 1 l 7 1
RM T T T T T T T TOU
BN

v

N
O D

E S
I TRT

v P E L L I
I SE LI O OR N I

I F S P
C EGS
E N D
D E

v

E Or E:3_O -ro
y-
e
nv a
R

||| \||



_ _ _ _ . ._. _ _ _ _ _ _ _ ______ _ ____ _ - __ _ -_-__-______ _ __ _ _ _ _ ___

)

-14-
.

) The following plates are attached and complete this report: ;

i

Plate 1 Location Plan-

Plate 2 - Grading Plan )
) Plate 3 - Embankment Foundation May 1974

Plate 4 - Topography May 1974
Plate 5 - Monument, Stability, and Piezometer Locations

Plate 6A - Monument Data S1 - S3 |
) Plate 6B - Monument Data S4 - S7

Plate 6C - Monument Data S8 - S10
Plate 6D - Monument Data Sll
Plate 6E - Monument Data S12 - S13
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TERIAL PROPERTES NOTES *

Y t c' c
(PCF) (PSP) 4' tPSP) $ 1. EMBANKMENT CONFIGURATION DETERMINED

120 0 36 200 16 POULS TOPO DATED 5/5/81; BOHANNON-

@ 135 450 26 270 25 HUSTON TOPO DATED 5/74; KAISER ENGI-

120' O 40 0 40 1976; Shb STABILITY AND INTEGRITY *

120 0 30 0 30 ASSESSMENT, VOLUME 3, DATED AUGUST
' #

125 190 41' 190 41 DRAWINGS DATED 6/25/80; AND RANEY
125 400 21 400 20 GEOTECHNICAL BORINGS THIS STUDY.

2. MATERIAL PROPERTIES DETERMINED FROM
THE FOLLOWING SOURCES: TAILINGS AND
STARTER EMBANKMENTS, THIS STUDY;
NATIVE SOIL, ZONE V AND FILTER, CSI
REPORT, "AS BUILT STABILITY", DATED
10/28/80; COMPACTED TAILINGS, RANEY
GEOTECHNICAL REPORT, " DESIGN AND
EVALUATION CENTRAL CELL EMBANKMENT

. RAISE, DATED AUGUST 24, 1981.

APERTURE 3. enar^ tic SuRr^ce cowScavnTzvetY
g ASSUMID AND BASED ON A MAXIMUM 6960

; OPERATING LEVEL. HALL PIEZOMETERS
PRESENTLY INDICATE HEAD LEVELS OF<

Also Available on ABOUT 6930.
Aperture Card

4. EARTHQUAKE ANALYSIS PERFORMED WITH
TOTAL STRESS PARAMETERS AND A PSEUDO-
STATIC ACCELERATION OF 0.1 g.

5. TRUE SCALE, HORIZONTAL = VERTICAL,
1" = 20'.

> . 9804300087 10
$ *hM_Yo"Ndn?2khW QFM h ow a -

y I

I
:bd4

,

1:'y ALMSS

@ /2

, NGINEERED FLL *"

[:
:;

..

ie

k .

OL Geotechnical
ym mN SLOPE STABILITY ANALYSIS c* 1

SECTION A ES ----

PLATE 7A
_ _ _ _ _ - _ _ _ _ _ - - - _ _ _ _ - - - - - _ _ - _ - - - _



_ _ _ _ _ . _ _ _

'

C

DESCRIPTION
h

~

TAILINGS @@
ENGINEERED FILL @@g

@ I COMPACTED TAILINGS @$O

%y Q NATIVE SOIL @
-

Y

se n.

.t <
'. Q

)

Y

.c
Q ,

4-
h.# EART03

,

x FS ='

.. 6

4

y'8 4.%.

2 s
a

..
- ' esso - tonc 7eyg

FS = 2.@

)
m
0
0
i esso -

(: fu
N%O n)

ih

;.j.

.N M ~ '.;;:
'O D . . .

.
*' ' ** s'

* '

4EREBRMEMMieks@@Rgesj@. " '

"'"{"i
..

"'* "
. _

m;;.p!.hf!!!a.S.$:)w)!:$...y:|;};M$w tr$b..>.j:.d,:.f'E $.:a.I. ''#
ye sw. .. s :.s w .w p -

.
0SW5I..Niii.,a:. .: . wATue so

l$e;q.3 cuo.m@eoru.9.p. eoz.$iff5i::... 1
: . ..

5
.A

.h . .

5S i.'U.'$.'u:is::#'''y.f!,|OE'F 2}0'.).?y!'iY i !:::<.-:. :.:).:.:0;b'?..yk:.f. ? ::~.0::.c:: :.c.
".'t.h''

..
'$:':.l{ MM~ t. |?

. .: ..tW c: :.. .:
'T@.: . ':Q!$ ?@.T.:v0?'dq:.c :.ye.

n: ,.;. ; .; e::
V i ;}? : '. :...e;?'

+ h?:1 9 6: $'"M.1)dFi).,'is/;:,'y::Mfp .- w. y

' \\%%%Nw%\gsg

-

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



_ - _-_____-______

|

l
1

,TERIAL PROPERTIES NOTES: )
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ASSUMED AND BASED ON A MAXIMUM
6960 OPERATING LEVEL.
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FERIAL PROPERTES NOTES:

U
1. EMBANKMENT CONFIGURATION DETERMINEDpp pg 1, p 1 FROM THE FOLLOWING SOURCES: KOOGLE

120- 0 36 ' 200 25 & POULS TOPO DATED 5/5/81;
BOHANNON-HUSTON TOPO DA'mD 5/74; i3 135 450 26 270 16 KAISER ENGINEERS DESIGN REPORT I

120 0 40 0 40 DATED FEBRUARY 1976; SHB STABILITY j

AND INTEGRITY ASSESSMENT, VOLUME 3, !
125 400 21 400 20 DATED AUGUST 31, 1979; AND RANEY I

GEOTECHNICAL BORINGS, THIS STUDY.

2. MATERIAL PROPERTIES DETERMINED
FROM THE FOLLOWING SOURCES: TAIL-
INGS AND STARTER EMBANKMEffrS, THIS
STUDY; NATIVE SOIL, ZONE V AND
FILTER, CSI REPORT, "AS BUILT
STABILITY", DATED 10/28/80; COM-

A'ERTURE E S E S '^ "o"SA'u^
""

P "
CENTRAL CELL EMBANKMENT RAISE",

CARD DATED AUGUST 24, 1981.

3. PHREATIC SURFACE CONSERVATIVELY
Also Available on ASSUMED AND BASED ON A MAXIMUM

Aperture Card 6960 OPERATING LEVEL. OUR BORINGS
AND 510 WELLS APPEAR TO INDICATE
PRESENT FREE WATER LEVELS AROUND
ELEVATION 6920.

4. EARTHQUAKE ANALYSIS PERFORMED WITH
TOTAL STRESS PARAMETERS AND A
PSEUDOSTATIC ACCELERATION OF O.1 g.

5. TRUE SCALE, HORIZONTAL = VERTICAL,
1" = 20'.
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APPENDIX |
) l

i

FIELD EXPLORATION

Field studies were directed toward identification of poten-
). tially collapsible and settlementmsensitive native soils. Foun-

dation conditions along the downstream toe of, and beneath, the
. south cell embankments were explored by drilling 13 test borings. |
The test boring locations are shown on Plate A1, Boring Location

) Plan.
Exploratory information obtained.by others was considered

in development of the drilling program.a/, b/, c/, d/, e/ |

Selection of test boring locations was generally based upon pre-
)- existing topography. Boring elevation, fill depth, and ground-

water. level data are summarized'on Table Al, Exploratory Data. )
The borings were advanced by hollow-stem augers powered by |

a truck-' mounted CME 550. Undisturbed samples were obtained with
); a modified California sampler. The sampler was driven with a

{140-pound hammer falling 30 inches. Modified California sampler I

blow count data are. generally about 1.4 times higher than stan-
i

dard penetration sampler-blow count data. .A limited number of-
)- samples of cohesive soil were obtained by hydraulically pushing

Pitcher. tubes.

"/" Groundwater Discharge Plan for. United Nuclear Corporation
)

-

Northeast Church Rock Mill", by Science Applications Incorporated,
December, 1980.

Y " Stability & Integrity Assessment Church Rock Tailings
Dam, Church Rock, New Mexico, Volume 4, Existing Dam Stability",

( by Sergent, Hauskins & Beckwith, dated 9/4/79.

Y " Stability & Integrity Assessment Church Rock Tailings
Dam,. Volume 1", by Sergent, Haushins &'Beckwith, dated 7/20/79.

d'" Stability & Integrity Assessment Church Rock Tailings-

) Dam, Volume 3", by Sergent, Hauskins & Beckwith, dated 8/31/79.

Y '! United Nuclear Corporation, Tailings Pond and Dam, Church
,

Rock Uranium Mill, Church Rock, New Mexico", by Sergent, Hauskins !

& Beckwith,: dated 5/17/76. m oeotechnical i
,, ,

-

,

) .
'

>

'
ec : j< <

i
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'

).

)

TABLE Al
EXPLORATORY DATA

)

NATURAL
' TEST- BORING GROUND GROUNDWATER-

BORING ELEVATION M ELEVATION ELEVATION h/ REMARKS
)'

1 6948 6940 6917 North of Cattle
Dam

2 6943 6931 6910

).- 3 6942 6936 6905 i

1

4 6938 6930 6906 |

5 6938 '6913 Old Arroyo--

) 6 6934 6906 -- Old Arroyo j

7 6940 6930 6915

8 6938 6928 --

) 9 6938 6903 6902 Old Arroyo

Old Arroyo10' 6930 6903 --

11 6926 6915 6878

) 12 6965 6915 -- Embankment Crest

Embankment Crest13 6965 6925 --

*/ etermined by interpolation between contours onD
)-- topographic map dated 5/5/81. :

i

5/ easured after drilling,M
!

;

>

!

W Geotechnical
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(
) The exploratory operations were performed under the direc- |

|tion of an engineer from this office. Soils were classified by

visual and textural examination in the field, and a complete log
of each boring was maintained. Each boring was checked for the

> presence of free groundwater following the completion of drill-

ing. Graphic representations of the materials encountered in

the borings are presented on Plates Al-A through Al-M, Log of
Boring. The nomenclature used to describe the soil types is de-

) fined on Plate A3. |
l

LABORATORY TESTING
|

General
)

,Undisturbed samples obtained during the field exploration |

program were subjected to various types of laboratory tests, in-

cluding moisture-density determinations, unconfined compression
tests, sieve / hydrometer analysis, Atterberg limit tests, consoli-

)
dation tests, collapse tests, and triaxial compression tests. |
The laboratory tests were performed to aid in soil classification |
and data correlation and to provide data for evaluation of the

physical behavior of the site soils during and after future south |

)
cell usage. A discussion of each type of laboratory test per-

formed and the various test data are presented below:

Moisture-Density Tests
)

Moisture content and dry density determinations were per-

formed on all physical test specimens and on appropriate other

samples to allow correlation of physical test data. The results

) of the moisture-density determinations are presented on the bor-

ing logs.

)

E Geotechnical
s'

) E
e
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)
Unconfined Compression Tests

Unconfined compression tests were performed on undisturbed
samples of cohesive soil. These tests were performed to aid in

y assessment of soil consistency and cohesive strength. Tests

were performed at a strain rate of approximately 0.05 inches
per minute. The measured unconfined compressive strengths are
presented on the boring logs.

)'

Sieve / Hydrometer Analysis

Sieve / hydrometer analyses were performed on random bulk
samples obtained from the flood plain and arroyo areas along the

) embankment toe. Grain size distribution data obtained from

these tests were used in surface water hydrology studies pre-
sented under separate cover. Sieve / hydrometer analyses were also
performed on a sample of neutralized total tailings obtained from

) the tailings discharge line in the central cell area. The re-

sults of the sieve / hydrometer analyses are presented on Plates
A4-A through A4-C.

) Atterberg Limits

Numerous Atterberg limit tests were perfo'rmed on clayey
foundation soils. -The tests were performed to accurately clas-

sify the soils and to extend consolidation test data. The re-
)'

sults of the Atterberg limit tests are presented in Plates A5-A

and AS-B.

Consolidation Tests
}

Consolidation tests were performed on the most highly com-

pressible site soils. The tests were performed to determine

the one-dimensional compression characteristics of the subject

) materials, and thereby to provide data for assessment of past

E Geotechnical

) Ei
E!
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) and future foundation settlements. The tests were performed in
Conbel pneumatic consolidometers. Samples were saturated under

a nominal seating load, and incremental loads were added every
24 hours. Deflection and time rate data were obtained for each

) load increment. The consolidation test data are presented in
the' form of e vs. log p, and square root time vs. deflection (for
a single representative load increment) curves on Plates A6-A

through A6-C, Consolidation Test Data. ;

)

Collapse Tests

Collapse tests were performed on all samples which appeared
to have collapse potential. These tests were performed in pneu-
matic consolidometers. Samples ranging from one to one and one-
fourth inches were carefully trimmed and loaded to approximately
1500 pounds per square foot. The samples were allowed to stabi-

lize under load for approximately 12 hours and compression read-
)

ings were obtained. The stabilized samples were saturated; ;

settlement readings were obtained 24 hours after saturation.
!

The results of the collapse tests are presented on Table A2.

}
Triaxi'al Compressi'on Tests. ;

Two multi-phase consolidated undrained triaxial compression
tests with pore pressure measurement were performed, one on an

)' undisturbed embankment sample and one on a fabricated sample of
neutralized total tailings. The embankment sample was tested
to strengthen a weakness in the existing UNC data base. The

neutralized total tailings, a new material, had never before been

)_ tested. A bulk sample of the tailings material obtained from-

the discharge in the central cell area was dried and fabricated

by free pouring into the triaxial membrane mold. The results of

the triaxial tests are presented on Plates A7-A and A7-B.

)
o0o

E Geotechnical
E
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)

).

) TABLE A2 1

COLLAPSE TESTS

DRY NATURAL
BORING DEPTH DENSITY WATER VOLUME_,

) N': "SER (FEET)~ (PCF) CONTENT (7.) CHANGE (7.)

Tl 11 108 13.0 +~0.02

.T2 16 84 5.5 - 1.50

> - ' T2 16.5 74 6.1 - 3.80

T2 26 109 11.0 + 0.39

T3 26 119 13.0 + 4.08

) T4 13 100 13.7 - 0.41

T6 32 104 15.4 - 0.16

-T10 41 109 9.6 - 0.74

1- Til 30.5 111 2.8 - 3.52

Til 31 108 6.5 - 0.20

T12' 52 89 10.7 -10'20.

)' - ~T12- .52.5 90- 5.7 - 3.83 ;

T12 53 107 4.9 - 0.30

i

b.

j.

E Geotechnical
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1 k:
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I The following Plates are attached and complete the appendix:

Al - Boring Location Plan

A2-A - Log of Boring, Boring 1
) A2-B-- Log of Boring,' Boring 2

A2-C - Log of Boring, Boring 3
A2-D - Log of Boring, Boring 4
A2-E - Log of Boring,~ Boring 5

k A2-F : Log of Boring, Boring 6

A2-G - Log of Boring, Boring 7
'A2-H - Log of Boring, Boring 8
A2-I -Log of Boring, Boring 9

F A2-J - Log of Boring, Boring 10

A2-K - Log of Boring, Boring 11

A2-L - Log of Boring, Boring 12
A2-M - Log of Boring, Boring 13

) A3 - Unified Soil' Classification System

A4-A - Grain Size Distribution

A4-B - Grain Size Distribution

A4-C - Grain Size Distribution
I A5-AL- 'Atterberg Limits Data

A5-B - Atterberg Limits Data

A6-A - Consolidation Test Data

A6-B - Consolidation Test Data

> A6-C - Consolidation Test 1 Data
A6-D - Consolidation Test Data

A7-A: Consolidated Undrained Triaxial Compression Data
A7-B'- Consolidated Undrained Triaxial Compression Data

y..

5
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_ _ _ _ _ -

BORING 1 !
,

DRILLED: 1/13/82
ELEVATION: 6948 + FEETg

~ b SM BROUN SILTY FINE SAND - MEDIUM DENSE IIbh

19(12.8)
5 38 ..

SP LIGHT GREY FINE SAND - DENSE,
,d 114( 9,1) 68

[[h..".3 . LIGHTLY CEMENTED (TAILINGS DRAIt!)
( 119(14.7)2.3 28 SC DARK BROWN CLAYEY FINE SAND - 4

( Q MEDIUM DENSE NATIVE
10 d

ML DARK DROWN FINE SANDY SILT - LOOSE3 N 108(13.1) 10
m ..

! N
x < -,.
B Q CL DARK BROWN SILTY CLAY - SOFT

15
96(27.0) 12 MEDIUM STIFF

b
N < ,

20 STIFF
100(24.8)O.7 19' '

-

3 p
1 S
a o

100(24.3)1.1 24 VERY STIFFo ..

5 $

0
Ed

i G 30
34 -- WATER LEVEL 1/13/82---

di SM BROuti SILTY FINE SAND - LOOSE
W)
D

-D
5 VERY LOOSE

(f)

h NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS40..

@ ONLY AT THE BORING LOCATION AND TIME DESIG-,,
,

g $ NATED.
'

g b 2. SOIL ABBREVIATIONS DEFI.'IED ON PLATE A-3.
3. UNDISTURBED SAMPLE OBTAINED WITH A MODIFIED^

-
.

b h CALIFORNIA SAMPLER.
' ~

_

$ $ $ @ 4. PENETRATION RESISTANCE IN BLOWS / FOOT, 140 LB.'

b $ $ $ IIAMMER , 30" DROP.
U$ 5. DISTURBED BULK SAMPLE.:,,,

d 'J
Pa 6. INDICATED GROUNDWATER LEVEL DETERMINED BY

$ $ 3 DIRECT MEASUREMENT FOLLOWING COMPLETION OF

$ @ $ DRILLING.
$ 8-

$ 9 5

E Geotechnical
nra. ,

g 4,aA[ , =]aLOG OF BORING

PLATE A2-A
_______



BORING 2)

DRILLED: 1/13/82
ELEVATION: 6943 i FEET

ML DARK BROWN SILT WITl! SANDSTONE FILL
INCLUSIONS - MEDIUM STIFF

)

105 26 SP LIGilT GREY FINE SAND - ?!EDIUM DENSE
5 (TAILINGS DRAIN)

"
'' ML DARK BROWN SILT WITH CEMENTED SAND-

STONE INCLUSIONS - MEDIUM STIFF
d 118( H.5) 32

)' p SM TAN SILTY FINE SAND WITH SANDSTONE
INCLUSIONS - MEDIUM DENSE.> %

Y h 41
r1 3 10

U.. .,

)N N '
'

ML LIGHT BROWN SILT - MEDIUM STIFF NATIVE'.

s8

15
ei t 3. 3)

6
79( 6.1)

) p -

CL BROWN SILTY CLAY MARBLED WIT 11 Wi!ITE
,

y -

W FINE SANDSTONE - HARDJ
3 Z 20

97(13.7) 150/10"
,

-
E i

a

N

E s
N $ 25 ^ "^ ~ " ^"

175/8"
LAYERS

) g)

DARK BROWN - MEDIUli STIFF

} <h 30

.q { 102(22.4) 26 VERY STIFF, MOIST

)T &
y Id ---WATER LEVEL 1/13/82--

w ::
@ E 35

h 102(23.7)2.1 35*

m
) NOTES:

Ge De

1. TIIE BORING LOG DEPICTS SUBSURFACE CONDITIONS

40 ONLY AT TIIE BORING LOCATION AND TIME DESIG-
NATED.

2. SEE NOTES ON PLATE A2-A. >

)

E Geotechnical
> :me < vys
E 4.4
cz; Lia;pc %w

LOG OF BORING
=<

u.:~ a)

PLATE A2-B !
. . _ _ - - - - - - - - - 1



_ _ _ _ _ _

) BORING 3
DRILIED: 1/14/82

A ON: W2 i N0

:SM YELLOW-BROWN SILTY FINE SAND WITl!
WHITE FINE SANDSTONE AND LIGHT GREY

)
CEMENTED CLAY INCLUSIONS - MEDIUM
DENSE

5
112(13.7) 21

)4 "
^CL DARK-BROWN SILTY CLAY - STIFF

]a
v

10W
| 116(22.9) 12

5 3
*

)g hc o

IIARD
15

110(16.7)9.6 51

) y LIGIIT BROk|N, FINE SANDY - VERY STIFF j,,

J E
t -

d4
111(12.8) 35 OCCASIONAL TIIIN FINE SAND LENSES |

---

G

) $
g BROVIN , NO SAND - VERY STIFF

,

j2 o
!

2 U
a 0 25 119(13.0) 111 HARD

10
) o :0 t

i
N d 30

1 tt) 109(18.7) 24 VERY STIFF, tiARBLED WHITE GYPSUM
N D STREAKS9
) ..

$..

$ E
@ j 35
G 106(19.5) 22

U
~

y P1 - - UATER LEVEL 1/14/82--

5 Y
w w

40

NOTES:

) 1. T!IE BOP.ING LOG DEPICTS SUBSURFACE CONDITIONS
ONLY AT THE BORING LOCATION AND TIME DESIG-

E Ih.33 gCQg), Cal
!2. S E IOTES ON PLATE A2-A.

dk hyk
,

LOG OF BORING
, a U6 L ai

PLATE A2-C
_ _ _ -



) BORING 4
-

|
DRILLED: 1/13/82
ELEVATION: 6938 1. FEET

O
FILLSM DARK BROWN STLTY FINE SAND - LOOSE'

..

d!k SP LIGHT GREY FINE SAND - MEDIUM DENSE
68 ii@ (TAILINGS DRAIN)

109( 5.9) DENSE
5 :yg

GREY CEMENTED CLAYEY INCLUSIONS AND34 34|. ,.* RUST SANDSTONE - f1EDIUM DENSE)g ]i::.5 U

106( 6*3) 22T
NATIVE

Y k CL DARK BROWN SILTY CLAY - STIFF
10N

.. ..

m
)

g
100(13.7) 9 MEDIUM STIFFg

s 15
d
N

)D b

'T C
{ g MARBLED WITH LIGHT GREY CEMENTED

a 20 FINE SAND - VERY STIFF-o
26

114( -- )3.7 GRADING WITH SOME LOOSE FINE SAND

>s s
m "

d"

6 25 MARBLED WITil WHITE GYPSUM STREAKS
g

I

) GRADING WITH LESS TO NO FINE SAND

0
4 A 30t g
N D 105(21.3)3.5 '32

-- WATER LEVEL 1/13/82--

) ..

ti MORE SAND BELOW WATER LEVELa

* $
h$ 35

E D NOTES:w
1. TIIE BORING LOG DEPICTS SUBSURFACE CONDITIONS

D' A ONLY AT THE BORING LOCATION AND TIME DESIG-
NATED. *

2. SEE NOTES ON PLATE A2-A.

)

E Geotechnical

a y@. .> -Q ,< . nyy
,m

g f "iLOG OF BORNG
,

w u a w,: s ,,,
)

PLATE A2-D
_ _ _ _ _ _ _ _ - _
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BORING 5 l

.

I

DRILLED: 1/15/82
ELEVATION: 6938 + FEET

0 -

SM LIGHT BROWN SILTY FINE SAND -
MEDIUM DENSE

D

b,
' n
s g 5

. ..

! $
2 g c ,. -

E O CL DARK BROWN SLIGHTLY SILTY CLAY -
SOFT '

$

103(23.7) 18 MEDIUM STIFF

.* SM DARK BROWN SLIGHTLY CLAYEY SILTY
j g FINE SAND WITH BLACK COAL AND FINE

{ g SANDSTONE INCLUSIONS - MEDIUM DENSE l

! 4 |z
H 15

C8 = 116(14.5) 24 GRADING WITH LESS TO NO CLAY
$
g. ..

i M
3 :4

( 20 GRADING WITH SILTY C W N E S'

$ 0 107(16.8) 29

m
'O :'. 1
0 '

I

(0 ? D25 y
'-

1[) 23 RUST CEMENTED FINE SANDSTONE
; g 110(17.3) -

INCLUSIONS NATIVE

Ib !
'@
[-

E 30

$
| NOTES:fgg 1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS

ONLY AT THE BORING LOCATION AND TIME DESIG-
NATED.

2. SEE NOTES ON PLATE A2-A.
3. NO FREE GROUNDWATER ENCOUNTERED IN BORING 5.

E Geotechnical

cfjbb2.dLOG OF BORING
cc c

PLATE A2-E
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



) BORING 6 ;

DRILLED: 1/14/82
ELEVATION: 6934 i FEET

ML DARK BROWN SLIGHTLY FINE SANDY SILT
MEDIUM DENSE

)

5 I

127(11.5) 33 CEMENTED RUST FINE SAND POCKETS '

\
a

'5' ''

SP LIGHT GREY FINE SAND - DENSE
[ (TAILINGS DRAIN)
p 76 Jgi VERY DENSE

*i!,V>i... ..

)g$ d ':4 ::g
.

4

?|!
'

15
121(10.5) 30

SM DARK BROWN SLIGHTLY CLAYEY SILTY"*
FINE SAND WITH BLACK COAL AND TAN

) $ CEMENTED FINE SANDY POCKETS - )] x MEDIUM DENSE !

=

ta
M a 20

32 GRADING WITH f1 ORE CLAY

.. ..

)$ $ '

g
,

CL DARK BROWN SILTY CLAY - VERY STIFF,d

CEMENTED

$ b 25
6

*

CLAYEY MEDIUM SAND INCLUSIONS

) .r0 u
O
Q , -

' SM BROWN CIAYEY SILTY FINE SAND - NATIVE
'

Q
, 30

.
,. MEDIUM DENSE(0 -l

@N Q
.

3 104(15.4) 13 LOOSE, GRADING WITH MORE CLAY

) . . .

*,/
$ NOTES:

h2

-@ -@ 35 1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS
$ g ONLY AT THE BORING LOCATION AND TIME DESIG-

El NATED.
)gg. f| 2. SEE NOTES ON PLATE A2-A. <

a a 3. NO FREE GROUNDWATER ENC 0UNTERED IN BORING 6.

)

E Geotechnical
> 79 py~m :mr,
E pq )W:8 -LOG OF BORNG
a u : :

) E w, ,u, 'h.4%7 a

PLATE A2-F
_ _ _ _ _ .



_ _ _

) BORING 7
DRILLED: 1/14/82
ELEVATION: 6940 i FEET

ML DARK BROWN FINE SANDY SILT -
E MEDIUM DENSE

) -

,s A CL DARK GREY-BROWN SLIGHTLY SILTY CLAYr
5 yggy gprpp

' ML BROWN FINE SANDY SILT - DENSE
114(15.4) 65

se)A | .Y; : SP LIGHT GREY FINE SAND WITH RUST
$ |fh... CEMENTED FINE SANDY CLUMPS - MEDIUM39 e: DENSE (TAILINGS DRAIN)

y
Y # 104(12.8)

10] ML BROWN SLIGHTLY FINE SANDY SILT - "^rJ

.. " 104(17.8)
N b) oc cc
O Q

GRADING WITH SOME CLAY

p 15
d 101(24.3) 25

,
k' CL LIGHT BROWN SILTY CLAY - VERY STIFF

)b Z
!H

="

g GRADING SOFT TO VERY SOFT, VERY
h a 20 SANDY

|
|

P.. .

>= = ,

_

5 N
& 6"a 25 --WATER LEVEL 1/14/82--

10
_,

) g ML BROWN FINE SANDY SILT - LOOSE
4
0

D L
l' M 30

N O 9 '

't 4

) ..

$ NOTES:..

p:

[9@ THE BORING LOG DEPICTS SUBSURFACE CONDITIONS.35
ONLY AT THE BORING LOCATION AND TIME DESIG-

U NATED.
d 2. SEE NOTES ON PLATE A2-A.

)$ 3. HYDRAULICALLY PUSHED SHELBY TUBE SAMPLE. jcc
n. o.

)

E Geotechnical ,

mmp v,,pp 1

LOG OF! BORING ECLMy-
,

ccu.uy;u.p:; }a ety a -a

PLATE A2-G
__



_

BORNG 8

DRILLED: 1/14/82
ELEVATION: 6938 i FEET

ML DARK DROWN CLAYEY FINE SANDY SILT - FILL
MEDIUM STIFF TO STIFF

S

' n
) 120(11.2)

56117( 9.0)c ..

| fj , . .
SP LIGHT GREY FINE SAND - DENSE,

| g ).,:}/;,1 LIGHTLY CEMENTED,

3dy; (TAILINGS DRAIN)
"

#@#'
i RUST CEMENTED FINE SAND INCLUSIONS

NATIVE10
109(11.9) 11 ML DARK BROWN SILT .MIDIUM STIFF

RUST CEMENTED FINE SAND POCFITS

wi - ,

l '
CL DARK BROWN SLIGHTLY SILTY CLAY -

5 15 MEDIUM STIFF
110(18.3)3.3 14

j.,,,

f STIFFo ..

o > w .

d '* O a' SM YELLOW-BROWN SILTY FINE SAND -

| d MEDIUM DENSE
'

y i,

I o 20 |
15106(10.8)

. g

m
Q GRADING WITH CLAY AND COAL INCLUSIONS

i'Q
I
M 25 LOOSE3

I 107(20.3) 11

|

..

! @ NOTES:
i A |

[E 1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS |

30
;. ONLY AT THE BORING LOCATION AND TIME DESIG-

U NATED.i-

W 2. SEE NOTES ON PLATE A2-A.

. fh
' 3. NO FREE GROUNDWATER ENCOUNTERED IN BORING 8.

a.

E Geotechnical
m.ww mn,9

. C g/asw u: yE nJa W;em u nd

PLATE A2-H
. _ _ - .



) BORING 9
_

DRILLED: 1/14/82
ELEVATION: 6938 1 FEET |0 '

ML DARK BROWN FINE SANDY SILT - FILL {MEDIUM DENSE
)

DENSE

59
5 >#2; SP YELLOW-BROWN FINE SAND WITH RUST

$$ CEMENTED FINE SANDY INCLUSIONS - l

:N.. DENSE (DRAIN?))g .

} CL DARK BROWN FINE SANDY SILTY CLAY> %
WITH LIGHT GREY SANDSTONE FRAGMENTS -

Y N 1

10 MEDIUM STIFF
95(30.8)1.6 10

G &
)8 E4 :

@ $ ML DARK BROWN SLIGHTLY CLAYEY FINE
SANDY SILT WITH RUST CEMENTED FINE !

15 SAND INCLUSIONS - MEDIUM DENSE
114(15.2) 22 |

)( b
@ ;-

.-

m ' CL DARK BROWN SLIGHLTY SILTY FINE SANDY
1 z CLAY - VERY STIFF

A W 25
s

) D"
, GRADING WITH LESS FINE SAND
a o
N N
o u 25

I
) m 1

9
0
''N GRADING WITH MORE SILTMi 30 t

cy 111(18.0)5.0 22

T !

) ..

d..

6 2m D 35 - U -* * 115(14*3) 12
' "

S _g.
-

NATIVESM YELLOW-BROWN SILTY FINE SANDY - LOOSE
w w

. WATER LEVEL 1/14/82 .j!- - "--

) to
- r

d
' '

w a. 1

40 i

NOTES: )

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS

) ONLY AT THE BORING LOCATION AND TIME'DESIG-
NATED.

2. SEE NOTES ON PIATE A2-A.
E Geotechnical I
u9wcm \

. LOG OFJBORNG 8 N;Elil . 3'9T
Q".IlIp a-m g

V dhJuu2j)

PLATE A2-I
,

|
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) BORING 10
DRILLED: 1/14/82
ELEVATION: 6930 g FEET !,

'

CL DARK BROWN FINE SANDY SILTY CLAY -*

STIFF
)

119(14.1) 29| VERY STIFF

h SC BROWN CLAYEY FINE SAND - MEDIUM
: DENSE)4 |

10
T 34 E: 1

y -j.I, SP LIGHT GREY FINE SAND - MEDIUM DENSE
N : ./ (TAILINGS DRAIN)i

tJ p W
" ^ OW FINE SAM SM WITH I'

15
j :i 115(14.5) 22 | RUST CEMENTED FINE SANDY INCLUSIONS
' '

)Q Q MEDIUM DENSE
c a

GRADING WITH SOME CLAY20

b
)h d

-
w z

H 25 GRADING WITH MORE CLAY, VERY STIFF
27E=

$d

8

)h 30

il lj
9 u
C U

35.116( 7.9) 2 3 '*- SM YELLOW BROWN SILTY FINE SAND - NATIVE
M MEDIUM DENSE
O
Q

b '
Mi 40 GRADING WITH CLAY LENSES

N 109( 9.6) 16 E.
1
)

't
)

f..

d' 45 NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE I:ONDITIONS,
,

:5 ONLY AT THE BORING LOCATION AND TIME DESIG- |
b NATED.

)- b 2. SEE NOTES ON PLATE A2-A.so
g g 3. NO FREE GROUNDWATER ENCOUNTERED IN BORING 10.

)-

E Geotechnical

bhhbLOG OF BORING c
a c 4

y ec e, ss ma

PLATE A2-J
- _ _ _ _ _ _ _ ._



> BORING .11
DRILLED: 1/16/82

* ' I0
,

* ML DARK BROWN FINE SANDY SILT - "ILL
MEDIUM DENSE

)

'
5 SP LIGi!T GREY FINE SAND - DENSE

| 2..i, ::
60 (TAILINGS DRAIN)

1

&oF'
SM LIGi!T BROWN, SILTY - VERY DENSE

)4 10
I N
$ 19 LESS DENSE

>.

Y M ML DARK BROWN CLAYEY SILT - STIFFcJ ~

N ~

15 'U SM YELLOW-BROWN SLIGHTLY CLAYEY SILTY, ,,

104(8.6) 15g: g FINE SAND - MEDIUM DENSE
,'l f4

T
- f

l'a.
CL DARK BROWN SLIGHTLY SILTY CLAY WITH !

MARBLED WIIITE CEMENTED FINE SAND - |20
42 HARD

e
ta

+-e w

5 25

=
0 ''

ML LIGHT BROWN SLIGHTLY FINE SANDY
O CLAYEY SILT - HARD, ,,

)D D 30 III'2-
', ' 108(6.5) 40

t, SM LIGHT BROWN SILTY FINE SAND -
A MEDIUM DENSE...s s

35 20 LOOSE

) M
O
O

d 1

3 d 40
M D
k CL BROWN FINE SANDY CLAY - STIFF
)

..

v.

19
E E
N

,h --- WATER LEVEL - 1/16/82--

kh 50 -

E
~

;- NOTES:

1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS
ONLY AT THE BORING LOCATION AND TIME DESIG-
NATED.

) 2. SEE NOTES ON PLATE A2-A.

E Geotechnical
> |www 9"n-49W iy yS N

LOG OF BORING c N e # , Lj
) E EdMLA

PLATE A2-K
_ _ _ _ _ - -
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BORING 12

DRILLED: 1/15/82
O

ML DARK BPOWN FINE SANDY SILT - FILL

MEDIUM DENSE
d.
P
p DENSE

N3

f g 10 RUST CEMENTED FINE SAND INCLUSIONS

[ '
CL DARK BROWN FINE SANDY SILTY CLAY -

! o VERY STIFF

119(13.6) 49 |

t;
d

e N
d L GRADING WITH MORE FINE SAND

U 30 y
::: SM DARK BROWN CLAYEY SILTY FINE SAND
I. WITH WHITE FINE SANDSTONE INCLUSIONS..

> N
*

121( 8.1)7.6 56|! VERY DENSE

d
[ y GRADING WITH LESS CLAYj
u 40 ,

C GRADING WITH MORE CLAY;.,

m
O
O
i u

O SO NATIVE
10 126(11.7) 106|? BLACK COAL INCLUSIONS .
9 90( 5.7) 35 33 n1gg7 ggown 71gg 33ggy 3137 _,

107( 4.7) 50 i LIGHTLY CEMENTED
di , ,SC DARK BROWN SILTY CLAYEY FINE SAND -
Sj C - I VERY DENSE
5

NOTES:
b
q 1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS
g ONLY AT THE BORING LOCATION AND TIME DESIG-
c. NATED.

2. SEE NOTES ON PLATE A2-A.
3. NO FREE GROUNDWATER ENCOUNTERED IN BORING 12.

E Geotechnical
> c rpy ,vs

LOG OF BORNG E QO Pja e gm
tr tu a E,w . _,

PLATE A2-L
- _ _ _



) BORING 13

.

DRILLED: 1/16/82 ,

ELEVATION: 6965 i FEET |
) g

CL DARK BROWN SILTY CLAY - STIFF FILL

GRADING WITH SOME FINE SAND, WHITE
)g in SANDSTONE FRAGMENTS

i 121(13.3) 31|
?
e4 ,

'

. ib [5

)$ $. 20
0 Q GRADING WITH RED-BROWN SILTSTONE <

FRAGMENTS

l

GRADING WITH MORE FINE SAND,

l =
"

4
= |

'

DARKER BROhWg ;,
40)m m a y

'

$ d GRADING LESS STIFF NATIVE

E W
o U

g].[p0.6 9| SOFT

k 'I
I (f)

N V) -

.'t 9

) 60..

,, $ ' 108(23.4) p

$:'S '

k' NOTES:

b 1. THE BORING LOG DEPICTS SUBSURFACE CONDITIONS

) 70 ONLY AT THE BORING LOCATION AND TIME DESIG-
NATED., ,

2. SEE NOTES ON PLATES A2-A AND A2-G. I

3. NO FREE. GROUNDWATER ENCOUNTERED IN BORING 13. )

)'

E Geotechnical
. >. m pm m p

E $;b3j;hsjLOG OF: BORING
g45 w=

) CE ua wauw.dd

PLATE A2-M
_ _ _ _ - _ _ _ _ _
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DESCRIPTION MAJOR DIVISIONS
,,..,

{{{{' WELL-GRADED GRAVELS, CRAVEL
RRttt: GW SAND MIXTURES, LITTLE OR NO

GRAVELmw
;;;;; FMES CLEAN GRAVELS (LIT- AND

TLE OR NO FINES) GRAVELLY' POORLY-GRADED GRAVELS, GRAV-
| | GP EL SAND MIXTURES, LITTLE OR SOILS $
| | No FINES d

m-

CM SILTY GRAVELS, GRAVEL-SAND- S**
.

. "
) ;;.yj".: SILT MIXTURES

.. SANDS WITH APPRECIA.. MORE THAN 50% $d
~

CLAYEY GRAVELS, GRAVEL-SAND-
dCLAY MIXTURES oON NO. 4 SIEVE wp

5x
) gy WELL-GRADED SANDS, GRAVELLY hh

SANDSSANDS, LITTLE OR NO FINES $
CLEAN SAND (LITTLE AND mi

OR NO FINES) SANDY d$*

gp POORLY-GRADED SANDS, GRAVELLY so1LS 8*
..jj7.

SANDS, LITTLE OR NO FINES $;;

gg SILTY SANDS SAND-SILT S
MIXTURES MORE THAN 50% @

SANDS WITH APPRECIA- 0F COARSE FRAC-
BLE AMOUNT OF FINES TION PASSING,

'

: SC CLAYEY SANDS, SAND-SILT NO. 4 SIEVE;<: -

MIXTURES) : -
-

IN0kUANIC SIL1S AND VERY FINE
ML SANDS, ROCK FLollR, SILTY OR $

'

CLAYEY FINE SANDS OR CLAYEY d
SILTS WITH SLIGHT PLASTICITY M

E
INORGANIC CLAYS OF LOW TO SILTS O

CL MEDIUM PLASTICITY, GRAVELLY LIQUID LIMIT) Ng
CLAYS, SANDY CLAYS, SILTY LESS THAN 50 .

Cl.AYSCLAYS, LEAN CLAYS g
i ! dz"

i | ORGANIC SILTS AND ORGANIC o
i : OL *$

SILTY CLAYS OF LOW PLASTICITY P '

k | 0x
INORGANIC SILTS, MICACEOUS Uk

hjMH OR DIATOMACEOUS FINE SAND
OR SILTY SOILS z

g
. z a,e

LINORGANIC CLAYS OF HIGH LIQUID LIMITCH
) $[ PLASTICITY, FAT CLAYS GREATER TilAN 50

-
C S

e

OH ORGANIC CLAYS OF MEDIUM TO $
' HIGl! PLASTICITY, ORGANIC SILTS n

N) PT PEAT, HUMAS, SWAMP SOILS tlIGilLY ORGANIC SolLS
EE!!EiEi WITH llICH ORGANIC CONTENTS
!!E!EEE

E Geotechnical

UNIFIED S0IL CLASSIFICATION SYSTEM

PLATE A-3
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1

)

.

i

)

t4 50g

1 d /
G4 -

'
) tt CLAYS OFe f

40 n;c;: pt;,37:c17s -.. .,

N N /
s s CH

s8
d CLAYS OF
0 MEDIUM PLASTICITY -

) "
CL

>

gf HIGHLt ELASTIC
I ORGANIC SILTS-

7
g j MH OR OH

3< yj Y
'

2v -
CL - ML / CLAYS SILTS

,e Mr Oc nL -
.. ..

!)$ $ 0
'

'

t x 10 20 30 40 50 60 70 80 9C 100
. O
$ $ LIQUID LIMIT d)2

a u

)

CLASSIFIC.A. TION TEST RETULTS
(0

BORIt!G DEPTH LIQUID PLASTIC PLASTICITY EOIL
SYMBOL NUMBER FEET LIMIT LIMIT INDEX CLASSIFICATION,

x to

a in

y O T1 26.5 46.9 24.7 22.2 CLD

h O T3 9.5 42.2 28.5 13.7 ML..

$ @
@ Q E T4 13.0 55.7 26.7 29.0 CH
a
)Z y
d Y T7 23.0 28.8 16.2 12.6 CL

"

5 !
a. a.

)

'

Geotechnic,al
m mm.eng?h.

ec wg'|' b b*,*
Q _ |, .nQ

Ep ?7ATTERBERG LIMITS DATA
~=- ' )> -

PLATE AS-A l
- |



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

)

)

50g
a st /~ -

)d f CLAYS OF
40g ,g HIGH PLASTICITY- f

s e Cl!
o o

d CLAYS OF
0 MEDIUM PLASTICITY '

) *
CL

b
H

d h HIGHLY ELASTIC
-

h # ORGANIC SILTS
MH OR OH

g v-

- .
$ ~

/
,

CL - ML / CLAYEY SILTS
/ ML OR Oli., ..

!i$ $ '
'0

10 20 30 40 50 60 70 80 90 100q g
$ $- LIQUID LIMIT (%)o u

j CI. OSSIFICATION TEST RESULTS

0 sORING DEPTH LIQUID PLASTIC PLASTICITY SOIL
SYMBOL NUMBER PEET LIMIT LIMIT INDEX CLASSIFICATION

R 0

0 T1 31.5 47.4 25.3 22.1 CL

O T9 11.5 27.0 16.4 10.6 CL
,

a: m

i! E T9 21.5 66.5 32.6 33.9 CH
E ti

W Y T13 50.0 31.5 17.4 14.1 CLg
$ $
$. Q.

E Geotechnical
> gq

.E
9 > prr mhATTERBERG LIMITS DATA m ' ay#dd

wT L.e 1-ka%Al

PLATE A5-B
. . ..
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.

BORING 1 SPECIFIC MOISTURE DRY DENSITY PERCENT HEIGilT
DEPTH 16.5' GPAVITY CONTENT (%) (PCF) SATURATION (INCHES)

INITIAL 2.70 27.0 95.9 96.4 1.000

FINAL Assuse 20.0 115.5 -- 0.831
0.8

* - - -

I [
* w

0.7 N

)

si \
$$ 0.6 \

N s
O) N
U \
2 N
R
O

! #

d %
>

-

Q
'

0.4 ' \''

' NQ
..

.. ?$

?b o
5$ 3) gW -

O' O

) 0.1 1 10 50
M NORMAL PRESSUPI (TSF)
e
4

h $ 1400

( g l.1 - 2.4 TSF
'

"t90 ") 1500..

$ .. !!
=$ E

$i1600
m

b 4
. sc

) E 1700 '
T Ng %o. a.

1800
0 5 10 15 20 25

(TIME) MINUTES

E Geotechnical
> 7glm gepE N : # Jf4CONSOLIDATION TEST DATA

).. E sIxIMEd
PLATE A6-A

- _ _ _ - - - _ .



13ORING 3 SPECIFIC MOISTURE DRY DENSITY PERCENT I!EIGHT
.

DEPTl! 11' GRAVITY CONTENT (%) (PCF) SATURATION (INCICS) {
INITIAL 2.75 22.9 97 82.5 1.250

100.0 1.068.

,.) . 8 5

)
N

N

N
E ta' ').80 \
N D

)k h
.. .

N N
j @ '). 7 5

)

$ \
F 5 \

# O \)4
]O O

\J >

N \
,

;: s: 1)M 'C 1.60 i

5 U j

G M
a u s

%
).55 N \

N

m .G
\

).50 '

Y 0.1 1 10 50

) h NORMAL PRESSURE (TSF)
0 1300
5 1.75 - 3.68 TSF

5
t90 < 0.5 MINUTESff 1400 ,

g
a -

)Z D 5
W s h1500
$ P ac a, y

E 1600 -

-

)

1700
0 1 2 3 4 5

E Geotechnical(TIME)5 MINUTES > ,7 .

!hjk.m ta kda[i.maCONSOLIDATION TEST DATA
)

PLATE A6-B
_ _ _ _ _ _ _ _ _ _ _ _ _ -



BORING 7 SPECIFIC MOISTURE DRY DENSITY PERCENT HEIGHT
DEPTH 23' GRAVITY CONTENT (t) (PCF) SATURATION (INCHES)

IMITIAL 2.70 24.3 101.2 101.2 1.000 I

FINAL ASOUMED 21.0 115.3 -- 0.887

)
N

N
N

N
4 . 0.600 \6

t %
) .b

\
-.

I d
W 3

0.550.. ..

N N
8 8

)
R
E4

3

e \o

\>

> u s N
- -

0.450 \ \
\

L s
"

i.: N
) h 0.400 N

Q d N -

2 !2
; o O

| 0.350
) 0.1 1 10 50

NORMAL PRESSURE (TSF)
I
: N
I

@ 1600
$ 2.2 4.5 TSF
h; 90 " "t

/ O 4 1700 '

v 9,

4i -

B: . .. o

f1800
$ q[j
6 r

N' "
a

e >. a w) u- ra a 1900

$$ N '
o, o.

2000
0 5 10 15 20 25

'

(TIME) (!!INUTES)
)

E Geotechnical
x m,, r..,r-

CONSOLIDATION TEST DATA = W!N. .y m >y -c

h $. & uDy

PLATE A6-C
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) 13ORING 9 SPECIFIC MOISTURE DRY DENSITY PERCENT HEIGHT
DEPTH 11.5' GRAVITY CONTENT (4.) (PCF) SATURATION (INCHES)

4 INITIAL 2.70 15.5 111 97.0 1.250

g ,,,,
r1NxL ASSUsEO 15.1 124 75.1 1.140

i

) N @
.

U U
4 4

0.55 '
s N s % %

O
P
I \

x
N'

o
>3- N

e N
-

> N ,

0.45 N !

Y \
E

' ~ s..

s
$ ' *o w

g g
o4 N x)

I W N so u N s ~ ~ ~ ~

0.35
.1 1 10 50

) NORMAL PRESSURE (TSF)

1450
2.4 - 5 TSF

k Q t90 ' '

)8 <e
1500

&

!|
15'

\ N
&

6 W
N1600 -

) ]
B
I

| " " 1650
0 1 2 3 4 5

(TIME) MINUTES

1

CONSOLIDATION TEST DATA E Geotechnical |

>,y ne - :e m i
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