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SECTION 1
SUMMARY

1.1 SUMMARY

Preliminary geotechnical investigations were conducted at Spring Creek
Mesa near Uravan, Colorado to determine the feasibility of constructing
an effluent pond and a dry tailings pond for disposal of uranium milling
wastes. The waste material will be produced by Union Carbide Corpora-
tion's active mill at Uravan. Geotechnical engineering services were
performed by International Engineering Company, Inc. (IECO) and are de-
scribed in the text and appendices of this report.

Results of the field reconnaissance and testing and laboratory testing
indicate that the West Mesa Area is a feasible site for construction of
an effluent pond. The site is sufficiently large for the required 250
acres of surface area of the pond that will evaporate the required
amount of effluent and store the residue from the milling process. A
near-surface shale layer and liner material at this site will provide a
barrier against seepage with a permeability on the order of 1x10-6 to
1x10-7 ¢m per sec. Excavation of the West Mesa Area will provide con-
struction materials for the ring embankment and .in impervious pond
liner. Because of the relatively impervious liner and shale foundation,
only a minimal amount of seepage will occur.

The Afrstrip Area is a feasible storage site for the 9 million tons of
future filter~d tailings. These tailings have a water content of ap-
proximately 25 percent. Excavation will provide construction materials
for the ring-type containment dike, and excavation at the effluent pond
or an adjacent borrow source must be used for impervious shale pond
liner. The tailings can be placed and contoured so as to provide drain-
age of effluent to a collection system. The effluent can then he pump ed



then be pumped to the effluent pond. Overburden removed from the site
can be stockpiled to cover the tailings in a program cof periodic recla-
mation and eventual abandonment.

Preliminary studies of the borrow area indicate that impermeable shales
are available in sufficient quantities to line the tailings pond at the
Airstrip Area. This borrow source will supplement the shale excavation
from the West Mesa Area.

IECO recommends further investigations of the Spring Creek Mesa site to
include the following:

e Additional borings and test trenches in the West Mesa, Air-
strip, and borrow areas and, particularly, in the western por-
tion of the West Mesa Area.

e Field permeability tests of foundation and pond liner materials
using water and tailings effluent.

¢ Office studies of potential seepage paths.

e Installation and monitoring of a system of ground-water wells
to acquire baseline water quality data.

® Further design studies on hydrology, environmental baseline
data, and abandonment.

1.2 AUTHORI1ZATION

At the request of Dr. T. J. Kagetsu of Union Carbide, IECO submitted a
proposal dated 22 February 1980 for preliminary geotechnical services
for evaluatin. the proposed Spring Creek Mesa tailings disposal site
near Uravan, Colorado. Union Carbide authorized IECO to proceed with
the studies with Purchase Order No. EC 615-5235 dated 24 March 1980.



























overburden averages 3 feet in thickness and consists of sandy silt allu-
vium. It is anticipated that weathered sandstone and shale beneath the
overburden can be excavated without blasting to the second shale layer
at Ei. 5840. No drilling was performed in the western portion of the
West Mesa Area; however, a visual inspection was made to confirm that
the shale layer is continuous throughout the project area.

Field water pressure tests in the foundation shale materials showed

permeabilities ranging from 1x10-3 cm per sec in TD-4 to 1x10~7 em per
sec in TD-10. Water pressure tests probably were measuring seepage and
water losses along shrinkage and fracture planes within the foundation.

Field permeability test results are shown on the logs and geologic
sections.

4.3 AIRSTRIP AREA

Foundation investigations for the proposed tailings disposal site in-
cluded seven NX drill holes totalling 194.9 lincar feet and ranging in
depth from 18.5 to 46.9 feet. Six test pits previously excavated at the
site indicated that cverburden is shallow, averaging about 2 feet. The
drill holes show that, beneath the thin soils, a 25-to 35-foot thickness
of sandstone overlies shale. The upper 3 to 5 feet of sandstone is
weathered and varies in hardness.

Field water pressure tests were performed in the foundation sandstone at
boreholes ED-3 and ED-7. Permeabilities were 1x10-5 and 2x10-4 em per
sec, respectively.
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Permeahilities of some of the compacies <L.l> sampies as tested by CTL/
Thompson were less than 1x10-7 ¢m per sec. These samples were compacted
to 97 percent of Standard Proctor Compaction.

Permeability tests were run by Harlan and Associates on relatively un-
disturbed core samples of shale material. Permeability results were
2x10-6 ¢m per sec to 6x1C-6 cm per sec and dry densities were 111 lbs
per cu ft and 120 1bs per cu ft, respectively. The dry density of
specimens used for triaxial shear testing varied from 118 1bs per cu ft
to 129 1bs per cu ft.

5.3 SHEAR STRENGTH TESTS

Consolidated, undrained (CU) triaxial compression tests were performed
on representative samples of fcundation shales and borrow area materi-
als. Soil cohesion (c) equaled zero and the angle of internal friction
(¢§) ranged from 17 to 20 degrees when the total stress parameters for
the borrow area impervious materials were determined. [ffective stress
parameters equaled zero for soil cohesion (¢') and 25 to 30 degrees for
the angle of internal friction (¢#'). The consolidated undrained tri-
axial compression tests on the foundation materials were inconclusive

because the core samples were fractured and marked by slickensides.

Unconfined compression (UC) tests were performed on representative sand-
stone foundation samples. The unconfined compression strength (qu) of
sandstone materials varied from 5650 1bs per sq in to 8700 1bs per sq
in. Direct shear tests were also performed on sandstone core samples.
The peak valur~s of shearing angles were more than 45 degrees and the re-
sidual shearing angles ranged from 27 to 35 degrees.



5.4 OTHER LABORATORY TESTS

Other laboratory tests, the materials that were tested, and the values
obtained are presented below.

A. Atterberg Limits

The Atterberg tests are used to determine soil consistency based on
moisture content. For the borrow materials, liquid limits (LL) varied
from 30 to 50 percent, and the plasticity index (PI) ranged from 13 to
23 percent. For foundation shales, liquid limits were 25 to 50 percent
and the plasticity index varied from 15 to 34 percent.

B. Specific Gravity

The specific gravity of borrow materials ranged from 2.62 to 2.71. For

the foundation materials, the specific gravity varied from 2.63 to 2.67.

C. Compaction Tests

Using Standard Proctor Compaction, the maximum dry density of borrow
materials that will be used in embankment construction ranged from 105
to 110 1bs per cu foot. Using Modified Proctor Compaction, the dry
density equaled 118 1bs per cu foot. Optimum moisture content varied
from 12 to 15 percent in the Standard Proctor tests and equaled 14 per-
cent in the Modified Proctor test. The in situ moisture content of bor-
row materials is dry of these optimal values.

D. Consolid tion Test

A consolidation test was performed on a remolded sample of borrow
material at 97 percent of Standard Proctor compaction and with near
optimum moisture content. Consolidation parameters are shown in the
laboratory testing data in Appendix B.



E. Swelling Tests

The swelling potential of shale foundation materials was teste to
better define the permeability of the shale. When saturated, he shale
material has a swelling potential of 3 percent of volume.

F. Visual Classification and Gradation Tests

A1l samples were visually classified. Gradation tests were performed to
confirm classifications. Based on a combined grain size analysis, the
shale borrow materials contained 3 to 10 percent fine sand, 37 to 47
percent silt, and 50 to 60 percent clay. The percent passing the No. 4
sieve was 100, and the No. 200 sieve passed an average of 97 percent.

G. Acidity - Alkalinity Tests

To determine the acidity or alkalinity of representative samples, pH
tests were conducteu. Borrow materials are slightly basic with pH

values of 7.9 to 8.6. Foundation materials are stightly basic, with pH
values of 7.5 to 8.0,

5.5 PERMEABILITY TEST RESULTS

The values of permeabilities obtained from laboratory testing of semi-
disturbed shale core samples range from 2x10-6 cm per sec to 6x10-6 em
per sec. Permeability tests performed on remolded samples of the shale
material indicate permeabilities from 1.5x10-6 em per sec to less than
10~7 cm per se~. The values of permeabilities determined for remolded
samples show that permeability is a function of the density. For ex-
ample, a sample compacted at 95 percent of Standard Proctor compaction
to a density of 102 to 106 1bs per cu ft gave permeabilities of 1.5x]0-6
cm per sec to 3x10-% cm per sec. The same shale material compacted to a
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SECTION 6
DESIGN

6.1 GENERAL

The design criteria presented in this report a-. dased on tests, field
investigations, and observations made within this scope of work. The
preliminary géotechnical investigations indicate that the Spring Creek
Mesa site is a feasible location for the proposed effluent pond and
taiiings disposal site. As described in Section 7, Conclusions and
Recommendations for Further Investigations, additional studies must be
performed before parameters can be proposed for a final design.

The uranium milling industry is regulated by Federal and State of
Colorado guidelines. Accordingly, control of radon emission levels and
seepage were considered carefully throughout this study, as described
below.

6.2 EFFLUENT POND

A. Location

Generally, the Spring Creek Mesa is an ideal disposal site because of
its proximity to the mill at Uravan but relative isolation from streams,
rivers, and population centers. The topography of the Spring Creek Mesa
separates disrosal sites from neighboring drainage channels and ground
water and virtually eliminates consideration of runoff and the need for
diversion systems.

The West Mesa Area is the preferred location of the effluent pond be-
cause of the relatively impermeable shale foundatinn. There is little



potential for seepage losses, contamination of ground water, or degrada-
tion of surface waters at this site. Figure 5 shows a schematic cross
section of the effluent pond and protection against seepage.

B. Design

The area of the effluent pond was sized to evaporate the effluent waste,
which is transported from the mill at a rate of 510 gallons per minute.
Based or an annual average net evaporation rate of approximately 2 gal-
lons per minute per acre, 250 acres are required for evaporation. The
depth of the effluent pond was estimated at 15 feet to provide for the
accumulation of precipitants during the 17-year project life. Five feet
of freeboard were provided for rainfall (Probable Maximum Precipita-
tion), wave height, and runup. The design of the effluent pond will be
a zoned embankment with an impervious pond liner. The embankment will
completely surround the effluent pond.

Although the shale foundation will limit seepage, an impervious liner
will provide additional protection acs'nst seepage and percolation of
water. Based on test borings snale foundation is believed to be
continuous at the proposed ponu site.

The maximum height of the embankment is approximately 45 feet with up-
stream slopes of 3H:1V and 2.5H:1V downstream (Figure 6). The estimated
volume of the embankment is 1.5 million cubic yards of shell and transi-
tion material and 400,000 cubic yards of impervious zone material. The
pond liner is estimated at 1.25 million cubic yards of impervious and
675,000 cubic yards of protective covering material over the impervious
Iiner.

The effluent pond area will be excavated to about E1. 5840 within the
thick shale layer. This excavation will result in 7.3 million cubic
yards of sandstone, shale, and overburden that can be used for con-
structing the embankment and pond liner and for reclaiming the pond.

6 - 2
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facilitated by the ground elevation at this site and by the required
impervious l1iner which would allow collection of drained liquid. This
method of placement of tailings is illustrated in Figure 5. Periodic
corering of tailings with earthfill would also prevent infiltration of
precipitation, reduce potential seepage losses, and minimize wind ero-
¢fon. Frequency and thickness of covering should be uetermined in
further design studies. Final placement for reclamation is estimated to
be 4.5 feet of clayey shale and a 1.5-foot thick layer of overburden
material to prevent erosion.

The possibility of excavating an underground tailings disposal site was
considered in this study. Subsurface disposal is advantageous in that
tailings are completely contained. At this site, however, extensive ex-
cavation into sandstone would be required and an impervious liner would
be necessary throughout the pit. Placing the impervious liner against
the blocky, irregular surface of the sandstone excavation would be
difficult, and the rate of seepage would not necessarily be improved.

Rath processes would probably be cost prohibitive with little or no
benefit gained.

Unlike the West Mesa Area, construction materials for the tailings pond
and impervious liner are not available from required excavation. Over-
burden that averages 2 feet in thickness would be stockpiled for eventu-
al reclamation of the pond. Construction materials for the embankment
would be imported from excavation of the effluent impoundment and from
the borrow area. The required quantities of construction materials are
available within reasonable haul distances.

The upper 3 tc 5 feet of sandstone is weathered and of varying hardness
and can be used for reclamation. The foundation sandstone can then be
covered with impervious shale liner materials to prohibit seepage.



Ce Seegage

The filtered tailings will be placed so that the water drains toward
collection areas and can be pumped to the effluent pond if required.
This method of placement will result in a minimal amount of water pres-
sure on the l1iner and minimal seepage through the liner.

D. ﬁzgndonment

Tailings disposal and reclamation would be a progressive operation as
indicated. The final reclamation would require 5H:1V slopes outside the
embankment and a contoured covering such that a minimum 1 percent slope
is provided for surface drainage. These specifications are based on
existing regulations for abandonment of hazardous waste deposits and
will be subject to revised regulations at the time of abandonment.

The embankment and tailings area will be covered with overburden, and
vegetation will be established to stabilize the final ground surface.
The integrity of the embankment must be assured by final reclamation
work. With proper covering and grading to prevent infiltration of pre-
cipitation into the dewatered tailings, shear strength would increase
over time and the tailings could become stable. Wind erosion must be
controlled by protective covering over the tailings disposal area.
Local sandy silt and sandstone material would be suitable for the pro-
tective cover.



SECTION 7
CONCLUSIONS AND RECOMMENDATIONS
FOR FURTHER INVESTIGATIONS

7.1 GENERAL

[f the Spring Creek Mesa is selected as an alternative for further
study, [ECO recommends that mo. ¢ detailed field investigations and pre-
liminary design studies be perfcrmed. Our conclusions and recom enda-
tions are presented below.

7.2 CONCLUSIONS

The field investigations and laboratory testing program provided engi-
neering data for evaluation of the Spring Creek Mesa location for ef-
fluent and tailings disposal ponds. The studies show that the effluent
pond and the tailings pond can be constructed with local materials and
that minimal seepage would occur. The West Mesa Area is the preferred
location for the effluent pond because relatively shallow shale layers
within the foundation would help to control seepage losses. The tail-

ings pond would be located in the Airstrip Area.

The construction of an impervious barrier and a seepage water collection
system over the sandstoie in a progressive manner would allow expansion
of the tailings disposal area and could reduce initial construction
costs. The Airstrip Area would allow for disposal of 9 million tons of
tailings during the 17-year life of the project.

These investigations show that suitable materials are locally available
to construct both the effluent pond and tailings disposal facilities.



7.3 FIELD INVEL/IGATIONS

We recommend that a more detailed field investigation be performed to
further define the quality and quantity of borrow material. Material
from the Brushy Basin Shale member could be investigated during final
design if additional materials are required.

Methods of excavation for construction should be determined in future
work. Additional foundation explorations should be conducted based on
Nuclear Regulatory Commission and State of Colorado requirements for

sampling and depth and spacing of boreholes orce the alignment of the
embankment is determined.

Field investigations to confirm foundation conditions in the western
part of the West Mesa Area are necessary prior to final design of the
effluent pond. The thickness, location, and type of shale materials
that will be excavated during construction would provide information for
the effluent pond design.

The permeability after saturation and swelling of the shale foundation
in the West Mesa Area should be studied. The design criteria for seep-
age analysis is most critical and permeability coefficients under field
conditions are »ecessary. Alternative methods of contrelling seepage
can be considered when permeabilities in the field under anticipated

operational conditions have been determined.

Observation wells should be installed to monitor ground-water condi-
tions. Monitoring data should be recorded from installation of the
wells until crastruction of the ponds to establish baseline water
quality conditions. Observation wells should be located within the San
Miguel Syncline trough and at locations along the maximum potential
seepage gradients toward Spring Creek and Atkinson Creek.



We recommend that extensive field permeability tests be performed as
part of the next phase of study to thoroughly evaluate the potential
seepage. Prelimiqary permeability tests indicate that the campacted im-
pervious shale material has a coefficient of permeability of about
1x10-6 to 1x10-7 em per sec. lLarge scale permeability tests of founda-
tion areas should be investigated to determine the permeability and the
effect of swelling of the shale. Tests should be run with water and ef -
fluent from the mill. The Bureau of Reclamation falling head permeabil-
ity test (USBR Earth Manual E-19) is one method that could be used.

The tendency of the shale to air slake, as mentioned in Section 3 on

Site Conditions, should also be investigated, although this tendency is
not expected to be detrimental because the shale will be protected from
air by the embankment shell, impervious liner, and tailings or effluent.

7.4 OFFICE STUDIES

We recommend additional geotechnical office studies to supplement field
investigations in the areas of hydrology, environmental studies, and
seepage control. Aligrments of the embankments should be determined so
that detailed foundation investigations can be planned. Embankment sec-
tions and preliminary design parameters should be selected to confirm
required construction quantities. Finally, the thickness of the im-
pervious liners should be established, a monitoring program should be
developed, and reclamation and abandonment plans should be devised in
keeping with e-isting regulations. Seepage studies should be undertaken
in final design.
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DRILL LOG

b

SAMPLE DATA

|

REMAR KS |

S——
e —

rrosect Union Carbide Corp-Spring

ags and Effluent Disposal | 2C'4

T

|

0 T »]
S« x| WATER LEVELY |
2o len R4 WATER RETURN | ELEVATION | F
| Ye g s < ORILLING FLUID =
ol w CASING DEPTH o
283 HE
p— — t 1 7h
| | (s
|
| g
r- r—-d 33U
! —
}_
34
r- |
- |
a
—
> )€
o
b 3
3
4
= A
-
! +
4
= 1:
a
Lo |
- ! o -
r | ’
| }
| b= .k
i
Riing 1 | . — - . |

HOLE NO
TD =1

Creek Mesa JOB NO

2

MATERIAL CLASSIFICATION

PHYSICAL DESCRIPTION

GRAPHIC LO
[BOX /SAMPLE

-
-
-

26.8-30.2 shale, tan,
y L)
bentonitic, 3 fr

Y

weathered,

|
i
3

weathered,
1 30" and 6 fractures with
3" most partings Fe
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INTERNATIONAL ENGINEERING CO., INC. F
v PSS - s e v
SRILL LOG |77 Unfon Carbide Corp-Spring, Creek Mess |
! T 3 on e a E4E€Y 54 + ~nea) ZUl8 | U=
L . i _Jailings and Effluept Disposal L | ¢
SITE BEGUN MPLETE HOLE SIZE ANGLE 7 ROM HORIZ BBEARING
ct M A vo 3/19/8 3/19 ) NX v ti1Ca
. AIed\- Alﬁﬁd t\LL.d ’ A v 4 +
COORDINATES EPTH/EL GR ND WATER ROUN t DEPTH/EL TOP OF ROCK
INA '/’ 6 |
DRILLING CONTRACTOR CORE RECOV LENGTH/ Y% SAMPLES RE BOXES [DEPTH/E. BOTTOM OF HOLE
Custom Auger Drilling 34 14.
DRILL MAKE AND MODEL LOGGED BY
“ME K&
- vJ . M. v »
L o . 1
F R : =
SAMPLE DATA . | Z A Y - " Y,
et REMARKS - MATERIA A FICATION
J = -
O « zz @ WATER EVELS I a
adl XNlw sy R p - . - .
P& 28 S|y WATER RETURN ELEVATION| * < PHYSICA ESCR N
w glalO]| ORILLING FLUID w a
e z -S> o g - < -
> < wis!lw| CASING DEPTH v x c
- 20 4« = > | @
L § Tt it il } T
| s .
| . rburden - sand
- + . + - _ll v J
t 1 "‘ ne¢ 4 4 re Vey 1
1 ! [ 4 S ¥ i
L1 tains. L  bedd
]
-
—— \ = Rt
! « 14 r -Arayv :
J Vel f { f 1, L
.w +
- s 3 4—
wE N
i 4 ) e
=



INTERNATIONAL ENGINEERING CO,, INC. sweer 1 __of 1

DRILL LOG [""°'ec™ Union Carbide Corp-Spring Creek Mesa 1408 no, ‘T'«O'ﬁ)ng 1
- —Tailings and Effluent Disposal | 201 | L
UTe | BEGUN I’,OMPLE TED INOLE SIZE ;VANG'\F FEOM HORIZ BBEARING
100 an N Y / 3 ~ |
| _West Mesa Area | 3/20/80 [3/20/80 | Nx  lvertical _ |
COORDINATES [DEPTHM/EL GROUND WATER | GROUND EL |DEPTH/EL TCP OF ROCK |
] | [ !
e A1 RN | NA ANES, DO - ¥ R
ORILLING CONTRACTOR 'CC.‘E RECOV LENGTH/ Y| SAMPLES ; CORE BOXES l’.‘-E‘—YN EL BOTTOM OF HOLE ‘
__Custom Auger Drilling 1 9.95/11 = 90% | | __}19.25 i
| OP'LL MAKE AND MODEL LOGGED BY , I ;
! E :\“ A C. !
B e et —— = o et o e = - el
[ sampLr pata _T iy _ | [ T.1% A ; ' |
11, | REMARKS ol MATERIAL CLASSIFICATION |
e ’ I > . |
' o4 |®E] x| WATER LEVELS |z e
B3 83,: ‘;‘! WATER RETURN ELEVATION | | PHYSICAL DESCRIPTION
wo Ezlel S| DRILLIKG FLUID w a | <
> Z U3|3|w| casing DEPTH ° =!8 |
> 3n «) G_L N )
rv -— - % sman Sna ! - —_— — » S . $r—vd - B - - —
| {lti 0.0 - 3.5 overburden -sandy silt -
| { - d
! | ——— |
= ] 1
| 1 - e g —— Ty 4
, L || — | Sandstone not recovered -
s - ] ]
o r ‘ 1 1
— . s "N N - - e : p
‘ { Hf 1 B8.25-10.55 Sandstone, tan-bLrown, b
B | R = - T“_ weathered, fine-grained, hard 1
F~4 i "___..__m: _l;h:/.f-‘;ai_i,l;:.-..- L]
, ] 10.55-16.5 shale,black,weathered,very |
e broken (0 RQD) below 14.0 Fe stained, 1
L gy bedding ~ 5". Baked by drill 4
. S ] gction 15.85-16.5 d
[ | SR —— 4_ 1
L =] ressure Test Jean AR 1 ¢ ) ]
HZO p S u'e S : }‘\ < l . o J.’ﬁ? = 1_’7 "t
) - Waterways blocked :
5_‘;{30 PSI = -
oK=4 x 10 Lo anl -
" = i 5C Vi IRIEN : i
. | '«Qcm/sec 1 16.5-19.25 shale,gray,bentonitic, 1
— E A - 4 weathered, Fe stains,16.5-16.65 baked tzy
o ] 8— Lo b d . . : ‘
> 4 drill action previous run, broken 1
| A i 2~ RQD 1.2/2/75 =44 1
e -+———'-—-+l=p—- — LS CESSINESSIE G—— —:o——:q e —— —— 4
! | 2 ok e -
_ 20 Total Depth 19.25 ]
| o ! 4
| |
i 1
L z L i "1
i 1 1
" ‘ s
| | | 4 1
| | « 4
| | | L 5 !
: t | | -t 1
| |‘ { | { hrissmesell
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INTERNATIONAL ENGINEERING CO.,,

INC.

SHEET

e OF ]

| SITE

... .West Mesa Area

COORD'NAY!S

| DQILL ING CONTRACTOR

‘ Custom uger Drl]]lrl

s p—— — —— - i L - ' |

’ DllLL MAKE ANO MODEL

CHME_55

F SAMPLE 65:5]’“‘*” e 4

—— REMARKS

| WATER LEVELS
WATER RETURN

DRILLING FLUID
CASING DEPTH

BLOW COUN

]
N

ELEVATION

OVANCE
RECOVERY

aRSR— ,*f.______.__ S

AND DA

| TYPE TOOL
A

S —

LI

100%

, STy
3 &
1es

| | | i&H0 Pressure
; | ™ 130 PSI o
! [ | =] x 10

| cm/ .ecC

[PRoiecT [nion Carbide LOrp-opring creek Mesa
___98)}‘!"@_6_“ ——Tailings and. LﬁluEP_L Disposal | 2014

13/20/80
L NA ]

BEGUN COMPLETED \NOLE SIZE

L_me Ay

DEPTH/EL GROUND WATER | GROUND K1

| CORE RECOV LENGTH/ Y SAMPLES | CORE BOXES | 0OF
|
| | ‘
LOGGED BY

“1J08 NO

ANGLE FROM HCR'Z .OEM.N

DEPTH/EL TOP OF ROCK

5850.0. *z

I-P"Tn;wz NO i

ertical

h

BOTTOM OF HOL E‘

J."_.J,—. K

PTH/EL

o8, ¢ _ |

AP RAC 20
T T 121 —
ol® ATE DA - CIEIrAYTIA
121w MATERIAL CLASSIFICATION |
g ] QJ i
¢ = i PHYSICAL DESCRIPTION |
a x v
w a |
o 4 »
@ o
] @
- .,'. o\ R - . -
11! 10.0-2.5 overburden, sandy silt )
2 —|| —
o ——— '.Al,4. - —— - s - — - - e —
1 2.5~5.5 Sandstone - not recovered ]
a {
4 ]
. 1
e S LR — - N Ao i
1 s T shale - not re ered 1
. -
- “4
-8 =4~ 1
';—-—-—‘—.—\f‘ ———— - o 3
= I 9.0-1 Sandstone ,brown,fine- 1
10— ine ..wsths’rgd Fg stains -
o bedding~5 70° ftracture :
- j =10, ’ " in f,]ﬂ) seams ';TU ];"\ j
1 24 =13.5 -1
S RQD 4.2/5.0 = 84 1
) " R — o — 4
| 4=t ~ 1;1-.‘)-1.: j ﬁhdié' h]ar. ,weathered, J
, Fe atzxns bedding~5" 1
= - N 7 ~ 7\ 4
1~ RQD 2.4/ .4 = 100 1
= T il ]
o3 e 15.9-16.25 mnd’tune,] ay,fine-graineds
p = weathe red Fe stains hard RQD 100 1
< 16.25-18.5 SNale,black,povTracture b
’_: i 77.55-1.,.05 ",?-?]""*'v‘actur‘e”‘ 18.35 ';
1IN RQD1.9/2.25 =84% . ]
‘rfw_ 18 .&~4~.9 shale, gray, weathered, ]
N~ Fe ains 1
»1"-| RQD 100 ]
Ll ™~ —
-7 1
p—t ~ R
1
I Ll Ba Bb.Ao B & o 1
24.9-28.5 Sands tone,tan-reddish bwddm(;‘
1 - ;J“, ]ypsum, hard 1
267 RQD 2.7/3.6 = 75 gy
1 *;{D =
= ?}5 - et

Total Depth 28.5



INTERNATIONAL ENGINEERING CO, 'AC. sHeeT _1___or ]

i B = = r—mgEraaecmzsems e ——

5 r‘,‘ < . ) o ~ * -
|"O“‘” Union Carbide Corp- uumn' Creek Mesa o P s
;,DR"'L___‘.T_OA_S; —Jailings and mfluep.. Oisposal, | <014 1TD=5 -l

| SITE | BEGUN OMPLETED HOLE SIZE ANGLE FROM HORIZ BBEARING

| W |
est Mesa Are | 4793 70¢ o v bk Wi |
L ,,A--__“_____?_. Vd - : .;\/VL’]L'JL” | ,J,'al"", 1 N '.t‘ftiwll N
| COORDINATES DEPTH/EL GROUND WATER GROUND € DEPTH/EL TOP OF ROCK
NA 5834.1 2.0
e —— i S . 1AL . . . L2Qa% .1 & el
i DRILLING CONThACYOI CORE RECOV .ENG'»-"%, SAMPLES | CORE BOXES [DEPTH/EL BOTTOM OF HOLE |
- " ‘ r . Y 3 . { A 4
| Custom Auger Drilling : ! : . 114.75 =]
| DRILL MAKE AND MODEL LOGGED BY
| 'p [ RAr
L _‘4‘[4 :)b LA B & 1 {\_l‘\L
— - - y - = Y o~ ——
SAMPLE DATA ' | z 1
[ — w REMARKS o [ MATERIAI CLASSIF ATION
| -t >, J
o « lggu N WATER LEVELS 2 "8 I
Ba 89 = ;‘i WATER RETURN ELEVATION = = ?, PHYSICAL CESCRIPTION
wo Zgpl«l® ORILLING FLUID o  1&]S
! a x > > Q| . << -
» & |w9lalw| CASING DEPTH . a
> o a x| 5| @
b B et St gl | 4 4  al ot | 4
[ -2.0 overburden - sandy silt

| {
11} i
- - R . .—J o ———— ———-a —— e v . J

< Z . - 3 \\“”\1\_'_“”,'._1;‘,f e vered
’ “_. - 1
. » 7 natle - i1 t recovered
4
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1.8 = 8 ¢ - : -
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—~ . ]
- -
bl
- o~
¢ {N)  — s et - NPTy — . e 1
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INTERNATIONAL ENGINEERING CO,, INC. sweeT ) __or__ 2
y

provecT  Union Carbide Corp-Spring Creek Mesa |Jos wo | WOLE mo !
,_QR"_L!- _L_OGJ : ———Tailings and Effluent Disposal | 2014 | _TD-6__ |

| ITE BEGUN | Co MPLETED HOLE SIZE ANGLE FROM HORIZ .Oﬁlﬂ"ﬂa{‘
|
| t Mes ) y 1OC 100 | ) g 1
r = _hW?S 'fa Are a 3/25/80 | 3/26/80 | NX Vertical
T - - 14 4
| COORDINATEL DEPTH/EL GROUND WATER GROUND E|L DEPTH/E TOP OF ROCK
i i L NA 1 sg3a | 3.5
| DRILLING CONTRACTOR CORE RECOV LENGTH/ Y| SAMPLES | CORE BOXES [DEPTH/EL BOTTOM OF HOLE
| _Custom Auger Drilling | ; | 39.0
DRILL MAKE AND MODEL LOGAED BY |
- CME 55 | RAC
~ e T e — - 3 - - E = 1
LAMPLE DATA | | [ | .13
= e REMARKS RIS MATERIA ASS | F ATION
{ 4 | ;I - | 3 J
| o« [*S5i,.1=| WATER LEVELS 1 - g
B3 gg Q > | WATER RETURN ELEVATION = .« PHYSICAL DESCRIPTION
wo [Tpla 9] DRILLING FLUID e a |*
» 5 |w9| 3w CASING DEPTH | o & |
- > < | x| | @
| 4+ - - + v .- - 4
| 1l U.0-4.0 overburden sandy silt 1
P | «% }
b
11 *
} } &L ]
. 1 4.0-8.5 interbedded Sandstone and 1
Shale -not recovered i
6
-
8.5-15.5 Sandstone, tan, fine-grained,
4 » e " + 1 1 4 ) -~
E hard, weathered, bedding ~ 5 ", broke
R . ) - : J
- with black Shale partin t I~ )
) intervals. 1
o ] ROI ]
2 ¥a : L2 ‘
. - < a4 B | §/ N *
~ 3.0-) b= 33
& i
H,0 Pressure Test W— 1 115.5-23.0 Shale, bl thered ]
4 r 4 . - ) o fa e DIdAdCK , WEaLNEred,
15.4-19 1 ctain ) t {
I | ] Fé tains, long partin , bedding
L 14 PSI ] ~- S0 becoming lightei oward 4
K= 3 X | ¥ e botto ,:
U!l,'SE‘\ ¥ 4
iy . . ﬂ\ H 7] 4
S .H?J Pressure Test 4" [ =
(‘\“) ]9.{)’2‘9.’\‘ - ‘
o120 PSI 20!
- ~ P yz £ —1
w1 x 10707 cm/sec 3 1
1 d 1
30 PSI . - ]
) 7 -l - -
- il x 107" cm/sec R T s = s i 1
b 23.8-27.5 Sandstone, brown, fine-
] grained, hard, weathered {
o - )
o ] »Q Prgpuge l
et RO /t -
{ ' 4
L -~ =28 . HOLE NO
F—— | N S SES—— ! -0
+ e )Q - : = =4



INTERNATIONAL ENGINEERING CO., INC

SHEET 2 __oF._2___

FDR'LL LOG eroJecT |njon Carbide Corp-Spring Creek Mesa JOB NO WOLE NO
L Tailings and Fffluent Disposal 2014 _ 10-6
SAMPLE DATA T Telg S
- s L REMARKS i S| w MATERIAL CLASSIFICATION |
e |28yl WATER LEVELS | i '
o = o Ol w { z ] L I !
-0 $ 2l > WATER RETURN ELEVATION | [ :|2 PHYBICAL DESCRIPTION |
el 212 ODRILLING FLUID | | & |a [ 3: !
> a 8l w CASING DEPTH | o |8]x]| |
- ' < .‘1 | | | ® g| |
e 8L — S
| | " -} - ¢ \ -
sg. ; 26 1 | 27.5-29.0 siltstune 1
- o Y — 1
| 4 0 5y C Rl
| ___: 100 20 14 29.0-37.3 Shale, black, weathered, 1
| | o H,0 Pressure Test Y 1 | |Fe staining, soft with a harder 1
F =K ) S zone 32.5-35.8, 30° fractures 3
‘ ~ | 27.4-39.0 ] 35.0; 35.8 and 37.3. 30.0-31.7 ]
l‘»— 1 ]| 30 PSI & . reddish, fine-grained, Sandstone, )
': K= 7 x 10 “cm/seé« 1 - hard and weathered. 3
r | (g d0PST . RQD 5.3/8.3 = 64 ]
; | |9 K= 9 x 10 “cm/seéc 4
L 3
O « 4
b 1 37.3-39.0 Sandstone, tan, hard, 3
&= 3 = weathered, near vertical fracture :
E $ et - L — 37.3-39.0 Fe stained R 1.2/1.3=71% 1
| 40 7] lotal Depth J+ -j
1 Overall Recoverv 30 19 J
L b 4
- -
- ! - 4
- - |
L ' ] .
} , - .
| " -
L] 1 1
- { 1 - _4
| | | | —
[ | - 4
5 | i | -
—~ | - “ -
5 =
- 4
- -
- 1
- -
- 4
4 | - - - -
{ j g E_NO
- U=
— — é—:...: — — = = DEETErE— 1_ ————————




INTERNATIONAL ENGINEERING CO, INC. SHEET _ | __oF___|

. . S — P R ——
[ DRILL LOG |ProsecT Unjon Carbide Corp-spring Creek Mesa | Jos wo MOLE NO. |
' 'N1A TI
‘ Sy T T h e )
et il <l -JTailings and Fffluent Oispasal R { T0-7
! SITE BEGUN ! IMPLETED NOLE SIZE ANGL" "ROM HORIZ !BEAﬂiNG;
' West Mesa Area | 3/24/80 3/24/80 NX Vertical
- S g Mt o A 4 ! gih ‘ -
COOROINATES DEPTH/EL GROUND WATER P EL DEFTH /e TOP OF ROCK
i ‘IQH | | t. l
. s Sl e e - - 1 | _—
| DRILLING CONTRACTOR CORE RECOV LENGTHN/ " SAMPLES , CORE BOXES [DEPTH/EL BOTTOM OF HOLE |
Custom Auger Drilling | 19.0
» - . 4 “+
DRILL MAKE AND M2DEL LOGGED 8Y
CME 55 E. Axtmann
F = Ty Ty -3 = T ==
SAMPLE DATA | | A s
proinieignrtgeet | REMARKS - MATERIAL LASS IF ATION
> | » | 4
° o tgiw x WATER LEVELS z : -
Pa 28/gl%| water ReTumn  ELevaTion| @ PHYSICAL DESCRIPTION
] o r ">
wa XTyla«l | DRILLING FLUID w 8 |~
s = RG22 - s D 5 < | x
> a Wil olw CASING DEPTH x
L Zoaq x| 5 D
i okt foe ) J ! 4
111 ) =4
inay s 1t , overburden 4
. |
4.
e - - - — e ——— -— S - SO U W—— -
4.5
4 ‘f nd iNndads tong " 1
- - weathere { < not recover
_{ Drilling 1dy o - - ]
with full = 8- 7.5-19
return | e and Sandstune, interbedded,
" iri 1 4 1 times n .1‘ + hiat sha
L
a4 ntent
. ]
water loss 30%, ¥ y
L2 Ds12.7 ] 1
Full Water return 1
Good water return
and steady drilllin o
ﬁ»-’ 4
Ms0 Pressure Test e 1
16.4-19.0 |~
a0 {,(‘L K 3 X Iy i
e R UV S c—.———}ﬁ‘&——m‘.—grf - e ——— b e ep——— — e — - —— e e = < - - wae - 1
_ Botto f hole 19
oy
i
- !
4
e |
1
| ! ——— —— ———
| | ROLE N
| [0=7
t-' 4‘ Soou .:_"“ — g -— s 2 _ __'._.r‘




INTERNATIONAL ENGINEERING CO,, INC. sHEET _ 1__oF .1 ___

DRILL LOG |[°*°’®c" Union Carbide Corp-Spring Creek Mesa [.os wo
i —Jailings.and Effluept Disposal | 2014 10~
siTe | BEGUN | coMPLETED MOLE SIZE |ANGLE FROM MORIZ BBEARING|
| ! |
| 3/¢ 51 (";:ﬁb } [y ; o !
. Mest Mesa Area . : o SaEen LB : e . .
| TOORDINATES |DEPTM/EL GROUND WATER | GROUND EL |DEPTH/EL TOP OF ROCK |
P ks : : L NA : 19856 ! 4.0
i DmLLmo CONTRACTOR | CORE RECOV ENGTH/ Y \AMFL(Sl CORE BOXES |[DEPTH h BOTTOM OF HOLE |
1 |
- Y~ P = nipeiins =5 J L i fakaigeaayeeatos __A_j
DRILL MAKE AND MODE L { LOGGED &Y |
| E. Axtmann |
e —— e ———— ——— —— — — - — — > — - — :_'_j
SAMPLEDATA | | I ! T3] |
oy ‘ REMARKS 1 e ie MATERIAL CLASSIFICATION |
| > e o
| © « [®*5| | WATER LEVELS z 1 & ‘:
B3 8§ ¢ ‘;‘; WATER RETURN ELEVATION |+ g % PHYSICAL OESCRIPTION |
w o Tglal 9 DRILLING FLUID oo a | % |
| & x ;.gg > 6| 3 e z |5
> a Wi aolw| CASING DEPTH | o
| »= 10 a x| TN |
| SSVRSSREE it Snf ekl A . 4 = ot S
' | i 10 ).0-4.0 i
| sill 1
| 5=} Sandy silt, overburden ]
£ | 1
1) 4
| 4111 1
I i ‘
e n 1 ; _/T ~ e — s ——— -.,—-‘:
"] 3 ne csand ma ¥ 1 - OVared 1
| Clay and sand matrix, not recovered 1
- L D- 1 ‘
70 1.4/2.0 2 ] ) /.6-8.7 Sandstone, weak J
' water loss j\ I
- — e T . =y 3 1 - d
| Q™ 8.7-10.3 Shale,mod.hard,qrey ‘~?(~,n' ]
= Vv, *.) 1
A ) SE—— ——
> | Y A N 1 T P, e > 4
’ - Aarl § U.3=1¢. shaley Sandstone,severe 4
92 4.6/5.0~5" beddling y 510 ‘Iv(» thered t”h t "] d pliin i ]
By weathered a Staines
| Plane fractures @ 10.6 e SOV SRS
- | | and 12.3 pe 125 112.8-14.0 Shale, soft to med. 1
bedding~5" no 4= | hard, grey ]
-~ c | i ._;I. 1= -
- fmjt“re I ' = 14.0-14.5 Sandstone., mod. hard., tan.
! r ‘ . ) mar 4
“ Horizontal fraciture T\ | fine= u‘amou 1
5.3 | — 1
r . | 59 bedding - 1es 114,5-17.0 Clay "Shale,mod.hard,black, —
| 309 fracture = .mﬁ.:m&her ing & iron stains _ 3
+ i (16.7-16.8) l:o 117.0-17.8 T..ndst(me. hard, fine- 1
. 1 | | I®1=/\| grained, reddish ~
= =< - T o ]
IR T T e 1 ~ - I7.8-19.0 ShaTle, mod. hard, Grey 1
| | ! T
! 2464 —41
r l s )
! - - — ——— ——
| | i 4 Bottom of hole 1
| | 3 ]
— 1 1
B
| 4
" |
=
{ 1
b | b s -4
1) , ‘ 4 B '
l:?;:?":!‘ ezt ordesrd———— —— ! i 4 4 Tb_“ ‘

= = .= ==



INTERNATIONAL ENGINEERING CO,, INC. SHEET | oF

2

DRlLL LOG l"OJECY Union Carbide Corp-Spring Creek Mesa |.Jos m - ,Yuqm P
and Eff al_ .
'OY[ BEGUN ICOMPLEYED 'HOLE SllE ANGlf FROM HORIZ BBEARING
West Mesa Area 3/24/80 ? | MX | Vertical
ot e i— e syt ————————— 1 - . NP ,¢ -
COO.DINIT!’ DEPYN/CL G'OUND WAYER I GROUND EL DEPTH/EL TOP OF ROCK ‘—4
e ARG et e AR PR | 5856 - -’-é,u -
DRILLING CONTRACTOR ,uOﬂﬁ REC’JV ;ENG'N/VJSAI’LES { CORE BOXES |DEPTH/EL BOTTOM OF HOLE
f | (34.2
- h . - =g PR o ORI . TN TR LU | ECHRy - . SRR
rbIILL MAKE AND MODEL |LoGGED BY —
’ : l E. Axtmann
P AUPLE DATA DIPNSANINES (NSRS W A0 ¢ § ' e -
=T REMARKS | , 1M MATERIAL CLASSIFICATION |
l o« |%8| « WATER LEVELS | | = ‘“i; ‘
| B3 |88|¢g|s WATER RETUAN  ELEVATION| > |23 PHYSICAL DESCRIPTION {
| w2 Zpl%|8 DRILLING FLUID | | w |&(|R |
| & @ u§ 2w CASING DEPTH | ] ® ;::g» |
'L_r- Ll <« | x | | o | @ |
s —— Nmre A ae e S 11T r-- s P - e e——
l | f j { .0-6. 7 ;1
L , ’ : , L9 ‘Sandy silt, overburden 1
| } ! :‘ P -— ! J
Ir: ‘ 4 4
’?‘" | | ‘ ‘»— 1 1
: L] = ]
L { | i 1 ' ‘i
5 | y ]
—ttt+——t Ll e -
‘ ; 3 6.0- 44 7 Shale 1
‘ ‘, 1 6.0-8.9, weathered, not recovered ]
i ‘ | 18.9-14.0 very sliow ° 34 ]
‘ | ldrilling at low water ) s e ' 1
» pressure and drilling .. 1= 10.5-13.3, with coal seams 4
|pressure to corg bl o ]
(material ke g 1
- 1
! 127} ]
- ’ |@ 13.3 water loss o 1
' | 20-25%. 4/ 113.3-14.0,c0al layer 4
L The coal seams and - !
f | |variable hardness of . 4
' |Shale layers willl plug ]
‘ | |core barrel unldss L P
z ‘ [drilled slowly with 1 -
- t jample water cirdulation 4 ]
| | | water loss varied 1612 -
; | }—10 to 20% overnun . 13 1
) 'Drx led steady @ 120 PSI 47 ]
[ wwater pressure,good 201 ]
1 I | | lwater return | 171 4
| | | | .‘— - ]
j ; 97%-4 85 1
- | 27 g —
« | 5.00 little or no p b o) d
| 4 1
; water loss 172 [Shale, hard 1
I o 267 - .
L] 5 - ]
| | ! . -
- | | | LNo water loss L 24.7-34.2 Sandstone ;
- 99‘-4 95 e .
.I | s—m— <0 4 J
} | ) e L.
- 0 |
|| ] rH-Y a
;‘1~ J--:? A e —————————— = ?q e 2 — = * = ;r——r-‘c_“



INTERNATIONAL ENGINEERING CO.,

DRILL LOG

PROJECY

Union Carbide Corp- \p.«,],
R, a i 1ings ] d m

SAMPLE DATA

N

11’( ToO

CIA

AND

p

‘%

AOVA.C!
RECOVERY

89

——
|

|

| ELEVATION |
|

PEMARKS |

WATER LEVELS |

WATER RETURN

DRILLING FLUID |

CASING DEPTH
‘:UFIHE‘d steaay ul':’.y
water loss @ 32.p ft.
tvery snall water| 1oss
|for run

DEPTH

34

INC BNEEY SO s
(}“PF Mnra JOB NO WOLE NO
| 2014 TD-9
T e —_— >
'§I MATERIAL CLASSIFICATION
| )i
;,.' PHYSICAL DEBSCRIPTION
‘ ‘;z
183 ,
| @) !
™ 124 e}
11 ]
i 4
- -
“ -
- .
- to of | l‘i’ 34 .¢ .
] 1
. | -1
ol -3
- -
- -
"] 4
-~ -
- -
- -
.l
- -
- —
] 1
- 4
e | -
< -
= -
- -
: e
9 [woLE wo .
S M1 .



INTERNATIONAL ENGINEERING CO,, INC. SHEET ¥

p=-Spring Creek Mesa 08 MC HOLE NO

DRILL LOG |"*°"*c" Union Carbide Corp-Spring - . o
| - C FY s . N4 e ] | & | U= |
s oot cautis sl il SRS . Jailings.and Effluept Disposal i 4 | el
| BEGUN MPLETED HOLE SI2€ ANGLE FROM MORIZ BBEARING

S TE

{ _Hest Mesa Area i ' . | ]

COORDINATES DEPTH/EL GROUN WATER N £ EPTHE TOP OF ROCK
al
- =2 A08d .4 { - A -
DRILLING CONTRACTOR RE RE VLIENGTYH/ Y SAMPLES | RE BOXES T BOTTOM OF HOLE
¢ s Auinm Nvd1l4
i1Stom ‘&'\J‘Jpr Jriiiing .
DRILL MAKE AND MODEL GGED 8Y
MF &¢
g 99 A
; - — s :
SAMPLE DATA 2 ! F
e e b | REMARK MA \ N
.l ] i -
O a zz x WATER EVELS 3
21 w . >
5 [~ ¢ - WATER RETURN FLEVAY N L b Y F - N
oL ! 2 -
w Qo Tgla © DR NG FLU ! a
a z -2 > By n . . -
» ¢ |WYlalw CASING DEPTH x
> o« x
- verburder
i
|
) S T\ -
- T $ 1 ! -
A
4+
3
i ) $
)
g S— -
X : i ¥ N » f
v y I ’ N
ol 9 v
P 54
» 04 a
p— 4
- Y * ¥ | 13
H Pri J &9 § { k ¥ |
q 4-14
Q ! N }
oL ne Y
y -t
K= B X s
) - T - & 4 -
H.U Pressure P
V4 + + 1 r A 1 Yy 1
] / 5
18 .8~/74 ¥
T -
i
d K X 3¢
S
=
.3
» 1€ ¢ 2l 1 -
4 | * s Y »
> - A » +
= A B + { . 1ICK . Wi r re¢ d
‘ H
L 4 o f { ! . i . £
- Q ! s weathered
= - 4
g " N



INTERNATIONAL ENGINEERING CO,, INC JHEET = OF <
DRILL LOG | ™o Union Carbide Corp-Spring Creek Mesa [som wo [ woLe wo
"““‘"_I'ﬂ'm_l_:g:;f'é‘nd Eff}ue”t L]EI')‘;_L_‘Q.}.; —— ‘:7£j r) - [’
SAMPLE DATA 1 I .Ig[
- -1 . REMARKS | 3wl MATERIAL CLASSIFICATION ‘
0% |*Blw = WATER LEVELY | ' nrd *
| £ 8 [23lg|S watem merumn  ecevation| I 2 ®) PHYSICAL DESCRIPTION
| ¢ g s 8! DRILLING FLUID | & 1:2 ‘
BE ©| Wi CASING DEPTH o |&|x
| = ll<la { ‘ el |
‘ﬁ‘ % _——— - — ey + +t+—r — -
| | ) Pre ure Tetgt - <
} ‘ | HZU rressure lest 281 low 290 bedding approaches ]
| | N P 5 4
- | | |26.4-34.0 ] O  gypsu m (1716 ]
1 - f g i 1 n bedding at P ]
| | a®| 3‘\ pSI : d
= | £ v n 1n=D : 1 ROD 7 1/9Q ? 7 ]
‘ 191 K= 9 x 10 “cm/sec Coa A QD 7.1/9.¢ / .
| ¥V g
by o—— — r— 34 ] T A _.__..___.._...-A..j
r 1 ot entr ,: ’ 91
- - 3
]
! — -
- -
‘ 4 b
— + -
| y -
- -
- | - -
- ‘
< -
L | : .
! - -
4 4
- — el
- -
- ~
1 4
- - 2
| : :
- N | -
- -
. { | 3 - -
L ]| ] 1
i i | | : v
L HEN L E
| ]
| N : e i
| J | < | ”CL.F ‘“,0 !
- T L = — = o ———— = -k ;_)---.‘L, e ‘T‘u¥———;




INTERNATIONA!

ENGINEERING CO,, INC.

_DRILL LOG [™

-

SITE
West Mesa Area
COORDINATES
DRILLING CONTRACTOR
Custom Auger Drilling
DRILL MAKE AND MODEL
f [
LME 52
- F T
SAMPLE ."n&YAr | - d
. ~ - REMARKS
J . >
o E | 1 WATER LEVELS
B3 128|819] waren neruaw
o o \l > i
w o Igia © DRILLING Fi
& x G2V . p
» ¢ (WYlolw CASING DEPTH
- 2® e x
;
-~
- 3
r~ -
“
- S A o

In1o
~

-

BEGSUN
4/3/8
DEPTH/EL
:
(A
JRE RECOV
J)GGED Ay
p 4
a |
x

n Carbide Corp-Spri
Tailings and Effluent Disposal |

-

e

1a Creek

A e—— e G e e ——
esa 2. HPLE NO,
. U= 1URA |

4

MPLETE L] £ SiZ¢ ANGLE FROUM HORIZ BBEARING
| '} N verti ‘]
] r 4 |
JNC N WATER aR ND 3 i"n’} TOP OF ROCK
A
44
. il 4 4
ENGTH/ Y% SAMPLES | REBOXES [DEPTH/E BOTTOM OF HOLE
4 .
o
1
. MATERIA A ; ATION
R
2 PHYSICAL DESCRIPTION
.
X
4 4
- verburder 1nay 11t {
Y O=s-5 sSandstone not recovered ]
ndstor a D1 N . DI Ken,
weather 1s
- nale, dlack, e,
weathered, becding =~
indstone, tan, weathered
+
nastone, n, weather ’
[.
¢ e, Dlack, d nard,
[} :-*;\“4‘”.4‘ t n=qray.
' iray-brown below 19
| inds tone tar Wi "‘vvrf‘
¥ 1 '
| ¢
4
4
4
4
4
{
s 4 1
) ¢ 4 4
{
HOLE _NQ
e a
- xod



INTERNATIONAL ENGINEERING CO, INC.

SHEET

: e p—— —
Union Carbide (Ovp—~' ring Creek Mesa JOB NO
—.Jailings ¢

DRILL LOG '"o""

and _Eff l.xgm. Disposal | 2014

] F_]

y - —
HOLE NO 1
f

| 917[ | BEGUN MPLETE! NOLE SIZE ANGLE FROM HORIZ BBEARING
| |
|
| s » | 1
! ¢ ! /4 / ) 1/A 2 4 .
F— _Airstrip Area 11/4/80 L 1/4/80 | NL- Vertical o)
COORDINATES gr)EP'N/F\ FROUND WATER GR N{ E DEPTH/E TOP OF ROCK |
e L . by J 3.0 o]

RILLING CONTRACTOR
Cus tom Auger Dri Iling

b + B . i

| DRILL MAXE AND MCDEL LOGGED BY

ORE RECOV LENGTH/ Y% SAMPLES |

._4.,,
|

SAMPLE DATA | [ - F
T e REMARKS i o | X MATERIAL CLASSIFICATION
- | > ? o
o4 %8| ' WATER LEVELS | r : s
B3 88| ¢ ‘;’{ WATER RETURN ELEVATION [ - < la PHYSICA ESCRIFTION
¥ e = < 31 DRILLING FLUID W a | s
> & (w93 w| CASING DEPTH o s |5
v 18«2 | o
= T b Bl SRR 4 4 Pl Bl | ——
t 1 D.0-3.0 overburden, brown, sandy silt. 4
—- = “
; i
- ! | )
be + ot - 3 + 1
| . 3.0~7. indstone - not recovered {
a 4 -
f
/.0=-2 yandstone, tan, fine-gi 1,
4 J nard, weathered, clay filled rtings 9,
10.7-10.9; 13.5 black Shale inclusions
} T 1 ; \ .l Tind
- ! =it s 0-cU ind — i
= ¥ 1 71 .
| (| | 6 erbeqds y # n e and 1)“,“‘
L ' 21.6- hale parting va :J" ]
fractur 16.4-1¢ 7y ) 24.5 and 24 }.‘D
. !
) 2 i
- ] “
7 0-
1 '] 7
T * =3 /9 / 4
o 24 1 ¢ 1
) et | 1V -
- ol 5 ) }
e o
1t ..
| ™ -
- -
b | | i 4
‘ {
'sa. 4
g™ PR R
» -
Ao 1
o 1
n 221 -y
- A 1
1] % 1
Vel “y\ J
i E. ;«\ d
o N 1
~ "‘ “
! ! ~N ‘\\ 4
! i » \
1
- \ 1
~ 26 ot
i |
—— — -4
L 3 Total Depth " £ L
LT, SCE S Ry —— = Jf‘ 2 Evcd -r‘._{

JRE BOXES |DEP

TH/EL BOYTOM OF HOLE

L =



INTERNATIONAL ENGINEERING CO.,, INC. sweeT ! o ¢

DRILL LOG | "¢ ¢" on 2 - g CTEek Mesa  |dioe wo I'WoLE NO

| Y Tailings and Effluent Disposal | 2014 | ED-2

SITE [ seaun COMPLETED  |MOLE SIZE | ANGLE FROM HORIZ BBEARING
: | | NX | Vertical

b Aiesteip e | WERSE N ) CPRRI. e

COORD:NATES 'DEPTH/EL GROUND WATER GROUND EL |DEPTH/EL TOP OF ROCK

s e B e L1 - e + |7 : I 9832.9 4U 1.0 e

ORILLING CONTRACTOR "OR! RECOV LENGTH/ %) sauvds‘ ORE BNXES DEPTH ‘EL BOTTOM OF HOLE
‘ustom Auger Drilling [ | 1469

. | TAE—
D"LL ( NODEL [ LOGGED BY
d#t 1Y |~

E. Axtmann

|
sampLeOaTA] | 1 528 —:3-17;7—-‘ ' 0 e ——
— | REMARKS | l 1218 MATERIAL CLASSIFICATION ‘
| 2 4 |=8 “‘; WATER LEVELS | | = |?|&
! B3 es g';“ WATER RETURN { ELEVATION ¢ = 3 PHYSICAL OESCRIPTION
wo [Ty/el® DRILLING FLUID v |1EI2
a z b§ > 0 i o a |
| » & w olw CASING DEPTH |0 |
| - > - I’ ® @ | |
’L—"—.Q T ! ' -— et m————— e 0\—7;0—» +— —— = - .- —\ d- — ] t om——
| ﬁpn | 1 11| Overburden, sandy S1
A 1 ! L1 \ :
p= ’ b Tadels 34k R Sandstone (weathered) and silty sand 1
g 586 ?ugg:gd &aggr15?9$> lﬂgd ] with pieces of Sandstone less than -]
® ¢mbankment, randon. L ]——+3/8" size ) 1
; 5W | e, Y Sanastnv@ (weathered ,decomposed ‘
| JZ .5-4.67:5p1it Spoon 4 | |and silty sand 1
| | $am le =t 4
[ 5 ! P [~ 1 Sandstone (weathered, decompocead) 1
[ VOZ;Z [ ] ! - and silty sand. Light tan i
{ | ! - | { " 3 4
- LoL] A W Sandstone , weathered, light tan 1
5b/1§ “9925 easy and 1 Sandstone, decomposed 1
m ( ; ] ‘
L .O - 4 §(88 al{er returng NX bit L ] 1
! ‘ idvancing smoothlly and e 1
| | ~$teady < . i
| | | | Fast, easy drilling e SEDRS oM. A '
| | f M . . Ori114 W 9.0-12.0: T1ight tan,over 6 pieces ]
{ u water return. Drillipg i
| s$teady j 12.0-13.5: full stick of Sandstone, 1
' 994 9:) 1o o 0 B T nd )-: ! { » 3
| Vb o harda, ftresn 4
= 5.00 - 4 ' 4
I | Full water return-Drilling 5 ]
s$teady to 18.0 2 -
{ Losing water aftdr 167 : 1
. 1 L o sandstone -
; 18.0 1 ' ]
| | ‘ .:
r | | Average core length M 18] 1
i | |} ft. - j
| | nE s ]
| | | Drilling fast & steady. 20 Sandstone , : ) 1
! l ! Lnsin 1/2 drill lwater == 19.0-22.0: one 3 ft. stick of fresh -]
! | | | 9 - v 1 Sandstone 1
L | : | 22+. 23.0-23.7: Shale looking zone, mod. _]
. | ] H hard j
fom H s -’ 4
| br1]19d steady [~ o ' Sandstone ]
| -3/4 )9S, - - o ; 1
| ! | 1/2-3/4 water Toss b :&.u 25.0: fractured ]
-j | [ /tr' 0-28.0: hard, fresh,light tan 1
]
—

cO

| ' 6]
| - 4 28.0-29.8: fractured, w,JvruTEE+— vy
- ) T SN T e mcture @ 28. | -

o T J“"'t '1
29.6.Jo

i

i
o
=i
,r— 4
|

{

|
3

L

int iron-stained and open.




INTERNATIONAL ENGINEERING CO., INC Y . S OF B

DRILL LOG eroJecT Unjon Carbide Corp-Spring Creek Mesa -1‘0\0 NO WOLE NO
lailings and Fffluent Dispasal 2014 | tD-¢
SAMPLE DATA
— . REMARXS | I I§ ﬂ MATERIAL CLASSIFICATION
e [#Fluia| wares Levels | l |l &
2o |leal2ly WATER RETURN | ELEVATION s [ = = PHYSICAL DESCRIPTION
: g S DRILLING FLUD | s 1‘|a;
> s lsjg s CASING DEPTH | & g'.’;‘,r i
[ }
1 e T L - e
Lol ‘Lost drill | 171 | ]
b | | |Water return ' L] )
! ‘ | [ -] Sandstone -
| : Ak 30 4 B
l“ | | ; P 1 1
‘ { || 4 .
ﬁ | 32 4 4
R | 1 1
| | | { | { : j
L e | 34 A i
| | | No water return - 35.0-39.0 One piece of hard, fresh -
| . ] Sandstone ]
g ¥ e
- | 30 4 <
| { - R
i - -
- ; o ]
| | 38 4. 4
| | b - 4 4 |
r | “ Sandstone and Shale 4
I! | ; 4rw ~ ‘j
. s - U +
* ol 92l 141.4-43.0: Shale was washed away. No 1
b‘%&'3 4 1 void, drill didn't drop or indicate
- ‘ | 50 L 42 4 void or soft zone. 1
| ] | ;
| Drilled fast 1 Sandstone and Shale. ]
r an 44 ,3-45.6 - Sandstone —
No water return gl 44 .0-44 .3 - ;\.int filled with clay _3
L | | 1=! [44.6 Hort joint-upen ]
* ‘ ’ 46 1~ |45.9-46.9- Shale, black )
| :X ]
L { +o 1 -+ + j t 4
| . 1 . 3
. 48 Bottom of hole @ 46.9 —_:
P ool | Fo ]
| ! - -
" - |
b : ‘ L ] 1
| R O ] 1
! | ‘ -1 4:
r~ | (. I - 4 -4
L1 B 1
| | . j
! | | - |
! ; j -1 !
| | | 1 1
| ! ! 1
L || ’ L 1 3
| || - -
- 1| | L 4
Fo o E ] ]
| l ! | - | —
tF | | - 4 , —
L ] J i1 | 1 THOLE NO
I 1 ] T T R BN -




INTERNATIONAL ENGINEERING CO., INC.

1
SHEET ______OF.

2
(&

DRILLING CONTRACTOR
__Custom Auger Drilling
DRILL MAKE AND MODEL
CME 55

saweLEOATA] | ... . . |

e 7 i [ REMARKS
| | > |
4 |*Z| x| wATER LEvELS
B3 |38/g!%| warem metumw e
v o ‘E.‘:q o ORILLING FLUID
| i
» = usic);’ui CASING DEPTH
- o e &
; B o Rl Bl S - 4
| |
{
1
er‘J Pressure Test
11.4-19.5
20 PSI
XK= 1Kx 10" “cm/ se«
o
.
H
(Vo)
O
S~
| i
b ;)
! o
-
1
|
|
I Faikok |
! i
L:? R e e e e— ————

EVATION

: : . Y 1§

DRI LO PROJECT Union Carbide Corp-Spring Creek Mesa |ip8.%o |HPLE NO
;__-_!-_L_ 6| —Tailings and Effluept Disposal J??,f I‘-'B,_S__.__ﬁ
SITE | BEGUN i COMPLETED {NOLE SI12€ IANGLE FROM HORIZ GBEARING

Airstrip Area !2/4/3(} | 2/4/80 NX Vertical

- L P . L o i -S| ek e
COORDINATES IDEPYN/!; GROUND WATE T BROUND EL |DEPTH/EL TOP OF ROCK !
—— R S S PR NS | NA N—— i ,3:3354_6, = .

| CORE RECOV | ENOYN:’WJ!AI’L!S ] CORE BOI!;]LEPYN/ EL SOTTOM OF HOLE |

! | 2 |
PR | B N 129.5 kol
| LOGGED BY
L Q;‘“ |
| 101 AT e —
o | ¥ MATERIAL CLASSIFICATION |
b ‘
r : |
& z ;! PHYSICAL DESCRIPTION |
- o !
> «t »~
= <
5> | @ |
'V :. T - - | »‘_ - --?
I 0.0-3.0 overburden, brown, sandy silt -
- 4
11 ]
y 1 {
£ =i} —
‘ 3.0-8.0 Sandstone - not recovered ]
4 !
B ]
1
] .0-24.5 Sandstone, brown, weathered,
1 contains Shale partings increasing to 4
- ~30% Shale below 19,
d RQD 8.0-19.5 3.2/11.5 ]
1~ 19.5-24.5 5.0/5.0 100 {
|2 )
T |
1677~ -
2 —
187 1
g 1
<4
- -
Yo 1
T~ “
LI!H_‘ 4
s 4
S 1
s 1
8 4* -
(': -
(% 24.5-29.5 Shale, brown, sandy, )
" sp 1~ | weathered, bedding~5° 1
& g P . .
y T~ 1

————

HOLE NO |
| .
e 31 B S—



INTERNATIONAL ENGINEERING CO,
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s S LSS

E)mu. LOG

L SANPLE DATA

TOoOL

(

 E TYPE
AND DIA

B

T

ECOVERY

l

,4»
,A”L*4MW"

REMARKS
WATER LEVELY
WATER RETURN
DRILLING FLUID
CAS NG DEPYH

|
|

e =

eroJecT Union C art1'k*’ (..L’. | 2 &
.__.7,___.‘41_;@,4 AL.l LL_xg_ﬁ_Tm Disposal 4 <Uld

MATERIAL CLASSIF

| eLevarion | X

@

-

o

+ * e 4

(vl

+ “+-
';L~': mmmomhoe

T T
1

i:r“ 4

BOX /SAMPLE NO

N— -

SRAPHIC LD®

§ 18] smammes u

o o b b a sl b aa da adladadsala

|
i

il

ring

-
g

Creek Mesa

SHEET

=SS -

108 wo

ICAT.ON

PHYBICAL DEBCRIPTION

- F

1YPSUI Seams 4.
bedding below 27.4
th )

t.

intervals

PR T —

Jdaad sl

Al d A

A

Ad

A A d A L

4

4

r —

LLlAl.lkl‘l.LAL.LLl<LIlALJA'X‘;AAll ad ot s s taadid
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INTERNATIONAL ENGINEERING CO., INC. SHEET Pl
’L DRILL LOG i"wﬂ-' Unf?n Earbjdp F{om-.‘mrh? Creek Mesa *uhl"' [noLE NG ;
: e A aillings and e —d

= . : , , ] h
| € - BEGUN MPLETED HWOLE SIZE  |ANGLE FROM MORIZ BBEARING
l Alrstrip Area 2/4/80 2/4/8 NX Vertical ‘
r e $ r! + - 4
COORDINATES DESTM/EL GROUND WATER GROUND &1 DEPTH/E TOP OF ROCK
MA ” ) )
e , NA ) 5844 .5 | t
Ry | CONTRACTC ) |
| CRILLING COM ANYQQ‘ Y § RE RECOV LENGTH/ Yy SAMPLES | COPE BOSES [DEPTH/EL BOTTOM OF HOLE
Custom Auger Drilling
"
| 4 A &
DRILL MAKE AND MODE | LDGGED BY
Phady
e S s ; > e :
SAMPLE DATA ‘ . . -1
‘ o REMARKS = MATERIA A ATION
0 q (%% & WATER (EVELS . 148
eblolw ¢ R ' ’ ’ 2
k 2 5;; , WATER NETURN ELEva N 4 : a PHYS A DESCRIPY [
f? :’:Cl ORILLING FLUIL " s | S
> a w3 olw,; CASING DEPTH - B8
’ 2@ a x| s> @
be + + - - + +
: 4
| ).0-2.0 overburden, brown, sandy
11t ]
\ . ! &
- indstone- not recovered
d
f ¥ ind ne, brown, weathered, 1
! ntain ro - 5h t b. to l
~—~ hale below 14 edd1r ]
’ ’ ertical fracture 7.6-7.8;
) i1 / fractu | 1
1y 0D 6.0-9.0 1. ) 817
i ).0-24 14.1/15.0 = 94 |
; 4
L
‘, ]
8 1
= 4
> < 4
- > > 1
» " 4
) — “
R .
o N ]
-~
4
| 3 T -
| - § s
L - -
P 4
-~ |
- 2 14 ]
‘ ' fa— g 1
Tatal Deptt 4 1
{
4
1
. r - 3
| HOLE NO
L—‘— S Sy = Cnﬂ |
= = —rwed

Effluent Disposal ,



INTERNATIONAL ENGINEERING CO., INC

SHEET ! F N
_ - — . S — " S—
"DRILL LOG [rosecT "URTON Tarbide COTp-Spring Creew mes: -
{ ! T L a nd Effluent Dispo |
L et o - Lal ”n.u, andg t11 uCrr.L visposal | |
‘ v - | | o |
e 8EOUN MPLETED HOLE S17¢ ANGLE FROM HOR(Z BBEAR NG
| a A \ |
| Alrstrip Area 4/8 ! NX Vertical <
P~ -— v - 4 !
- ! 1
‘ COORDINATEYS .<|"~ﬂ/i. UL N WATER WROUND ¢ DEPTM/EL TOP OF ROCK
| _ N/A Q }
o - $ d y youdo A | e ‘
lu LLING CONTRACTON ORE RECOV LENG M/ N/ SAMPLES REBOXES [DEPTH/EL BOTTON OF HOLE
Custom Auger Drilling 2 |
| DRILL MAKE AND MODEL LOGSED By '
—, | - 2
\AI'\PLIYA' | ‘ z
=, REMARKS : MATERIA ASSIFICATION
0 o l')u.‘ WATER EVELS : }
B P 238 : > WATER WETURN FLEVATION 'l - : PuY i“ f R N
'y ‘I’ Ipl« O): DRILLIN, ¥ . a
> &« w3lalw CASING DEFTH s | &
| ™ 20 « | x| *
b + +—q .
‘ +
‘ 1
4
- werburder brown, indy 1
ilt !
- — * ‘ [ &
is tone not recovered
b 5
4
a {
. {
{
g )
{
. ndstone, brown. i1 1
4 ¥ neq W 1"."1(‘_ l" Id 1 |
1lcareou na | ntent iy x: 1
i toward botto ]
‘ {
1.4/ 1 14 1
N )
‘ )|
N ‘
h 4
4
» ]
o .
— 1O
.J.
s ]
b
. ]
d
{ oo~ {
& :
- I
> -
[ ‘ o R
§ 1
A
a* 1
+ ! S 4 LI )
4 , 1
ept 1
4
i J
1
1
| f p 1
‘ ] HOLE NO
s i o BT casm— * 2 _ 2 . 3 '
e r—d



INTERNATIONAL ENGINEERING CO,, INC. sweer_ ' _or 1
prosect Union Carbide Corp-Spring Creek Mesa |.o8 wo | HOLE NO 1

D.R""L LOG Jailings and Lff]uqxt Disposal,

[ sive pry B | BEGUN OMPLETED HOLE 3‘1(

Airstrip Area 1/4/80 | 1/4/80 NX Vertical
r_coo-io:;;ir-ﬁ_‘ - Tﬁlr'nlh L ;A.~'_, WATER | :w',\,w, 3 ’qcp'.. EL
ML B s NA J | hBs6.2 | 1.0

ORILLING CONTRACTON

_Custom Auger Di 1ling

[ CORE RECOV LENGTM/ Y| SAMPLES | CORE BOXES |DEP Th/ ¢

| DRILL MAKE AND MODEL LOGGED BY
|
L GME 55 RAC
"'**'~'~'T . T 1 1 T~
SANMPLE DATA | ’ -
g d | REMARKS p MATERIA
o - > | w
| © @ 35'.‘ 2 WATER LELVFLS 2 ’ -
B3 4 g ‘;“ WATER HETURN ELEVATION ’ < PHYSICA
| a 4
¥ e !s‘q bl DRILLING FLUID A
z b > 9 % " N o -
> a W3lo|lw)| CASING EFTH -
- 28 e x| > | @
- 22 . R -— . -
i | (| ok I
| Sl ) N { U
1.0-7, vands tone
P
|
{ -
7 1 ¢
d {.0-24.0 Sandstone
8 broken. Becomes
) | ?‘\'lti" D"Z‘!w ‘i'\‘\'.
- » 1
'8 3 ( y
| ! ] 2 -14,
ol 1A ) A \
< “ -¢4.U
| " 4
4
o 1 4
A |
= 4
- = - b
O o4’
] o <4
| O 1 A weed
. ! 1 L .
r 16—
b
] -4
3 1
 § )
e 13
" :
- o | Y
o (e v
| —
» ! \
! 0
o
N
- «
’ N
i —pe e D (e T o
Total Depth 24.
| d

e
b
i3

A

S SR E ::.Ff_:lﬁ:‘::t‘.-;

2014

124.0

DESCRIPTION

overburden,brown,sandy silt

- TN

t res

A Drow s WE

interbedded

1
[ANGLE FROM HORIZ BBEARING|
| 1

nvered

| ED-6 '

S _‘

TOP OF ROCK

—

BOYTOM OF HOLE

\TION |

ithered,

117 -

wiLh

B Becddclilindidlud



INTERNATIONAL ENGINEERING CO., INC.

SHEET ] OF 1
DR'LL LOG Irnuurv Union varpiae COrp-Spr Ny CYeey MesT 1108 WO ““TWoLE NO ]
piiies VW _Tailings and Effluent Disposal 2014 | ED-
’ nure ].(Zu'; [ C ,h{‘naﬂto NO.J St ANGLE FRON ”(]). Z 8T AN no'
/4 /80 4/80 | NX Vertica

___Airstrip Area | e s | - ]
COORDINATES [DEPTM/EL GROUND wATER | GROUND €L ’.ww EL TOP OF mock |
—— e ——— “N-A ll " - 4. U —

' DRILLING CONTRACTOM | CORE RECOV LENGTH/ *quuv €S (CORE BOXES r DEPTH/EL BOTTOM OF MOLE
r . Lustom Auger Drilling ! | e [18.5 '
DRILL MAKE pEL LOGGED BY =
cHE 55 RAC |

F:‘-‘:"_""'“”‘ — — N - = I 18] ==
SAMPLE GA'AI : 8 |
[“j“ — REMARKS ‘ | o | w MATERIAL CLASSIFICATION 3
o 1'3 WATER LEVELS & r
WATER RETURN ELEVATION > 2 PHYSICAL DESCRIPTION "
DRILLING FLUID & |
CASING DEPTH o |
: |
G

_T__A_
!vnc T
| AND DiA
e N
| wETmoD
e L
4onml
RECOVERY
L *_f__ =
]
!
+
>
CEP TN
GRAPWI T

| 0.0-2.0 overburden, brown |
%_ : fandy silt ]
4
S— f—f —— —— e — - ————— s — — —— - e e -
“ || | ] P.0-7.5 Sandstone - not recovered )
- | | 4
| | | ‘}
| | : | 4 -— ’_‘w
L | | -
} 1
‘
b | e 6 - |
| - l ]
| -_.J 1 | 3
[ | | | 8 “¥=| 7/5-18.5 Sandstone, tan, weathered, -
‘ | | ' hard, fine-grained. More broken 4
- L] - ..+~~~ and weathered 9.4-11.5. Below 9.4 1
A A 'W~< partings contain black Shale, below .
L l ; 1 15.5 Shale content approaches 50 4
| | ;
| HZO Pressure Tdst 12~ RQD 7.5/8.5 0.4/1.0 = 40 4
- | , - s 8.5/9.4 0.8/0.9 = 90 1
; | 5 11.5-18.5 ‘ I ' 9.4-11.5 0 ]
{ flad 201 11 ¢ ‘ /7 | s 7 ]
F | | 30 pst e 5 11.8=13.5°1.8/2.0 = 15 ]
| L. K=2x 10 -4 cnl/sec Ve 13.5-18.5 3.8/5.0 = 96 1
;" | | lhr‘{;\.: -j
{ ! 1 4
| | | 1» 0
| 4
- ! [ | 1oi=4 ]
i t - | P L ]
[ 3
[ . | b ]
| | d Total Depth 18.5 1
. | | | 20 -t
» | i ' : ]
: - §id j ]
o A 1
L :
! | ”*
| A=
| | | )
| ‘ {1 3 1
| | ) 4
] -
1
-

(e85~ |



INTERNATIONAL ENGINEERING CO, INC. SHEET _ | or 2

{ DRILL LOGJ'“““ Union Carbide Corp-Spring Creek Mesa I;g,.muj THOLE MO 1

| Svamin e . Jailings and f.tf.luepl Disposal | AH-1
e [ BEGUN | COMPLETED HOLE SI12€  |ANGLE FROM HORIZ BBEARING
, A egimiy L [
L Borrow Area : 127/3/80  |27/3/80 | NX { Vertical] |
COORDINATES [DEPTH/FL GROUND WATER | GROUND €1 DEPTH/EL TOP OF ROCK |
| e - i
W——— . .N/A ® i ,b&ﬁ];b 4 t).U pre——
ORILLING CONTRA:TOM |CORE RECOV LENGTH,/ % SAMPLES  CORE BOXES [DEPTH/ EL BOTTOM OF MOLE |
e LaldS tOm Auger Orilling : | i 139.0 . i L
ORILL MARE anD wODEL LOGGUED BY ‘
_CME 55 | E. Axtmann j
SAMPLE DATA | | [ | 4 TR
peem———y | REMARKS i 4 B MATERIAL CLASSIFICATION |
- ‘.gw:! WATER LEVELS 1 1§
| B3 iguj‘:‘;W WATER RETURN ELEVATION 4 *l e PHYSICAL DESCRIPTION
| o |f |.¥f" DRILLING FLUID - IE1E
| 88 S8Z(S] casme oesr « 1215
| ™ - O w ' " ™
| = ‘lo)qﬂc’ o @
r.. . - +_..r_‘¢_ —— + ‘ .‘ mt ‘ . S— ‘
1 | j“'i 0.0-6.0 Sandy silt, overburden 1
l ' w : :ii' r . )
- | 2 1" Piece of Sandstone o
| U {
. | il N : 1 ]
' 1111 Sandy silt, 1
L1 | 4 1|\ overburden -
| ! 1111 “
- | | | 4
{ L]
} + - . o. ul! 1
{ : - U= i -l .4‘
' ' 1 6.0-24.0 Sandstone |
| + 4
b 6.0-9.0 weathered
| || } |
- | { | - 9.0-14.0 tan, soft, fractured and 1
| || ale 4.9 : Weathered p
L . (98| 50 L ]
| : {
| ' &4 —
| | 1 -
b | . |
i | 4
| ‘ | 14. ]
3 ! 14.0-19.0 ‘ r 1 1
| ! ¢ B 1
| ILost Drill Waten - )
& | | ; i{,-f -
: . 1 1
- | i )
| | 1,‘), - -
l ! ' { 1 *(
- - 1 1
| - 201 J
|
.' b R ]
! RS Y 1
| | 39, 1
L'- | | ! LC J —
| ]
; ! 3 {
- | | A
, - 28— 3
| | | y P asd - - 4
; 5 ' 4.9 | :’" . (.4.()‘34.1,) 4
| | | 98«5, 0 26— - , -
| D B i 1 Shale, soft to mod. hard, gray 1

L L] | | " e
I S SRR G O - 1 R [y ]



INTERNATIONAL ENGINEERING CO,, INC

SHEET _2 _OoF._°

DR'LL LOG rrosect Union Carbide Corp-'&prinn_]’_(;roe& Mesa J?qlaor Tqu_,o

Jailings and Ff

SAMPLE DAYA
—— . REMARKS { | 3 £
rés “Eiwl = wATER LEVELS | | | ol E|
e e > WATER RETURN  |elevarion | I 3
! 8 z 2 ONILLING FLUID | | & |s|R]
! - CASING  DEPTH | | o ]3 3 |
- ' < = |2
- A Galian e o - '*"- - ——
[ | | 04— |
L i { ] 1 | Shale, sof
| | | w11
| | | U d-
| | | 17 -
‘ | | 32
r | | L ¥
| | =
} ], 4.9 e RET :
| | E 7 - : ’ - "
| | |98 < 5.0 174
[ 17— . oy
2 4.7 ~ 367 35.5-39.
| 94/¢= 5.0 4 black, ap
2 3¢ )
| 4 Y W S T— 3
r | | 1
‘ J
{ | 4071 Bottom of
L B
i -
- | <
. —
b
- L o
i -
~ ‘ o
bl ' "
| E 4
- il g S <
| | ! | 1
| | 9
- { ’ ! - 1
| -
{ - -

.xiLL

e e
r—-———. n—
-

r_AL

F'_

<N

-

rroresy

MATERIAL CLASS'/ICATION |

PHYSICAL DESCRIPTION

: -
1

4

to mod. hard, grey j
.

4

4

4

4

)

Sandstone with Shale, weak =
o

Shale, mod. hard to soft, =—
pears tight y
<4

4

-

1

<

4

hole @ 39. -
—~

4

-
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INTERNATIONAL ENGINEERING CO., INC. sweer | or 2
PRoJECT UNlon Larbide LOrp-Spring Creek Mesa Tios wo THOLE WO
D_R_":!:_._l:gg_a_ . Jailings andf.fiLue'nt. Disposal | 2014 | BH-1 |
.nn AIumm COMPLETED uou sSize hnm: FROM MORIZ BBEARING
_.“_:3_')"‘01'1 Area s ij/26'-/80 [ 3/27/80 i NX S vertical
CO0.0iNbGd rt '\{(')r th ()f NN SE Ruany ’OEDVN/IL GROUND WATER ’Y 0“0U~09 [L ’D! PTH/EL T2# (_)TNSEI o
°'5:I;r£§n?o:~ ;(Olf-ﬂl‘r()v !NB'N/VJ'AUP !S|COQ( .OIQS}O!PVN /EL .CY TO“ O'HO
| Custom Auger Drilling ' 1
DRILL MAKE AND MODEL [LosseD By + Ll
i i e ) ] | E. Axtmann
sawececatal | T 9 I 1131 %
—— <;_J: REMARKS , o MATERIAL CLASSIFICATION |
o< |%%| /e WATER LEVELS ' "8 |
Es l°3 \.-']';‘ WATER RETURN eLEvarion| *» |9 |3 PHYSICAL DESCRIPTION |
r 3 g ;:3 ORILLING FLUID ‘ o (2 | € |
R : i; ,
1 | ‘ 1 1 ) 0-2.5 overburden, sandy sllt tan ) j
L 3 ’ ' .1 ' w/pieces of Sandstoene, ,11,htly j
| {1 ¢ _““_ plastic w/moisture -]
A s 5
- | (M §-7.1
| } ' f A ; | Sandstone, weathered, decomposed w/ |
L 1] | 4 broken pieces of tan Sindstone. Easilyl
| 1] : broken by mechanical ‘orce D-8 Dozer 1
| | 6 ] excavated with no problems. Set J
| : r 4 casing to 7.0. ]
—| ‘ e s Ladeate ’ 1
| 47 ?.7 1 7.0-8.5 Sandstone-weathered zone
I Q 1 ’
r I_JG . " =1 _ broken fractured. High water loss P8:a
| I b .

, 1 18.5-12.6 Sandstone, tan, mod. hard .{
u | | “10 1 with joints and fractures. Orilled |
‘ o steady and easy, 1/3 to 1/2 7
- ! ?0 G-gég L 1 water loss. 1
N 123 :
F e 1=t j
\ T &= | 12.6-13.5 Shale, gray, soft 1
[~ 4 weathered 1
- ' ] . - 144 \ *3
‘ | .Z : 13.5-18.5 Sandstone, tan, mod. hard. 3
L || | L 167 Drilled fast and easy. 2/3 water
| | ‘6"5—0—4'3 o 5 return. P
} ! I : 4
[ | ; - 18] 1
: I | b ._.‘; :, — - “
Wi o 0 118.5-24.5 Sandstone i
| | o5 o 1
[SS | | : 4
| iy 2 B < ]
! | 22‘ 4
A F ‘ « 1 -
’ 3
it A 24
2 -4Dr1111ng Time 24L5 e -
. rtO 28.6 - 31 m1nutes 1=  24.5-3,.5 Shale, grey, mod. hard,
¢ - | 267~ | very plastic with moisture and
l : ?8 .0 Note:Ran O‘It of ::: mechanical wnrkmg.
l ’ water and z1dn t | 1 [ woLe wo
-.i' = _éb .g “ = e - i—.—-—m‘

ii

run.

>



INTERNATIONAL ENGINEERING CO,, INC

‘) )
MEEY O

DRILL LOG

pRoJECY Unfon Carbide Corp-Spring Creek Mesa
Tajlings and Effluent Disposal

JOB NO HOLE NO
2014 .

SANPLE DATA 2
1. REMARKS , § MATERIAL CLASSIFICATION
§g S ME WATER LEVELY
Lo s WATER meTuaN | ELevaTion | F | 2 PHYSICAL DESCRIPTION
T 3 DRILLING FLUID A .
> " : - CASING DEPTH ; : o Fg §
. B L P T — R -
| Drilling Time 24.5- | EE [shate, orey '
i ‘ 33.5 wag 50 rinuies 1"": 22.7-33.7 grey Shale (1.5 of which
. . 2 W 3“17, 1 | is too hard for impervious material J
I “ 4= |leaving 9.5 for borrow material.) 1
= b {5 1
17 1
| f [ , 32 174 p
- | {Drilling Time 33.5- - = )
| | 138.5 was 12 minytes 31 ]
- .' | L3473 | |33.5 to 43.5 -]
| | | 1 Sandstone, tan 4
| | - | 4
L | ' 3’;—: -
| | | | 4 ]
| | [ <‘ - p
[‘ L | ] e 3q: | 38.5-43.5 Sandstone, massive, 1
| ‘ ; : P4 | firm but drilled fast and easy. 7
! < -
| | | S i ]
[- - | o . I N:’ Note: 33.7 depth would be _j
L || :Or‘n]lm; Time 38.5- " | practical limitation for impervious
] | | | i43.3 was 6 minutes o borrow material depth. ]
i b 3 1
s ,l el | B
T pd Twl [ 1
| | | | - 1
5 | | | ‘ 1 :
I || ] rJ |
i | | ’ ! ] '3
! | { - B
r l 5 | 3 1
! | ‘ ! { b | _j
| | | | 3 |
F | | ' ] 1
‘ ! ‘ 5 1 |
‘ ! l | | 1 | jﬂ
| ! | -: , B
'L ‘ f “ - - ; "':
L] 1] ]
- S
| | | ]
1 | 3
- - -
! {
1 1 | -
| 1 -
I | T .
| | | 3 4
s | | 31 r
| 11| j
- ' 3 | | -
! - .
L 1 | ’ﬁ‘ ’ J HOLE WO
| | BH-1_
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NORTH LIALL

TRENCH PEAKRS N 15 L &

EANDSTEONE, FINE 4RAINER, WEATHERED,

PROKEN WITH CALCAREOUS COATINGS BE DD ING
N B2 CE/B5 4, BPEPDING 1"-2" MAJoR JOINT
©ET N 38° I/ NEAR VERT |cal.

SHALE , BlLACK , MO, HARD, AR SLAKEA

SANDSTONE | REPDISH, FINE 4RAINED
HARD.
SHALE , BLACK , MOD. HARD, AIR. SLAKE <

SHALE AS ABOVE BUT WITH MORE
FE. STAINING.




TAKEN PEPTH 30 To

FEET

]

|¢2

10.0 FT.

o e

UNION CARBIDE corP.

SPRING CREEK. MEGA
TAILNGS & EFFULIENT DISFOSAL
TEST TRENCH \o. |

CONSULTING ENGINEERS

INTERNATIONAL ENGINEERING COMPANY, INC.
A R AN T

B0 HOWARD STREET, SAN FRANCISCO, CALFORNIA 84105

OESIGNED INSPECTE)
DRAWN RECE
CMECRED APPROVED




A MPLE TAKEN

EAST LIALL

TRENZH BEARS N e0E

(D 4SHALE, BPLACK. , MR, HARP WIEATHERED
FE £TAINS, AR SLAKES, PART INGS HAVE
CAL CAREOS COATINGG.

ANDSOTHER B FEET ©F SHALE EXPOSEL
IN NATURAL 4LoPE BEHIND (EAST ) OF
TRENCH AERLAIN BY HARD TAN
SCANDSTONE UP T2 £ FEET THICK.




PEPTH 30T 80 FT.

UNION CARBIDE corp

PRING CREEK. MESA
TAILIMGS & EFFLUENT DISPOSAL

TEST TREMCH No. 2

CONSIALTING ENGINCERS
INTERNATIONAL ENGINEERING COMPANY, INC.
R AT ——
WO HOWARD STREET, SAN FRANCISCO, CALFOHNIA 9405
- e MAY 1250 1 ,
— ¢ po— Ty

OregCntn . APPROVED




WEST WALL

s ’ . SCALE IN
RENZH PEARS N 1©0°E (T11
P4

TRENCH PEARSD N-%5




R ——————————— ——
B g

——

EET

@ ovE'.rAbuRcEN,. PROWN, SANPY ©ILT
~ &'

B SHALE., BLACK.. MOD. HARE, AR SLAKES

©) CALCAREDUS , WH ITE , FOWCER ~ |8
© GHALE., BROWN - 4RAY, ALAETIC 2

® SHALE. | BLACIS, MOD. HARD, AR
SLAKES v 7 EXPOoSER.

ST ~ 1!
SHALE  BlALK MR HARD, AR
SLAKES . 2 |
@A CALCAREOUS WH ITE , FOWPER
>3
©) be; £, BROKN - SRAY, AALSTIC
Il

@D coaL =z

) PYERBUROEN, BROWN , SANCY
)

TAKEN- PE P TH

.5 T 5.5 FT.

-
-~

UNION cARPIPE corfP

SPENGY CREEK MESA
TAILINGG 4 EFFLUENT DIoFeAL
TEST TRENCH No. 2

T CONSIATING ENCGINEERS
. @MTEMAT!ONAL ENGINEERING COMPANY, INC.
R - A
WO HOWARD STREET, SAN FRANCISCO, CALFORNIA 5405
OEICMNED L — wed A
DRA WS RECOMMENDED PO
LD APPRDVED i mmm——

(&




o

TRENZH PEARS MN-D-£
ScALE [N FEET
HEEEN [
o2 4 6 8 k> )




© | el
’\\‘\ ey e
e — ] —
_SAMPLE TAKEN DEpPTH 25 TO9.0FT
|
K~
(1) OVERBURCEN , €ANDY
JEILT UP TE 167 EXPOSER
C;/ - ar‘

DeTONE ., TAN BECDING
~ N 6C""E-/5"b 'ﬂ—/é"

UNION CARPIDE CORF

“PRING CREEK. MESA
TAILINCE 4 EFFLUENT DISFOSAL
TEST TREKH Mo 4

CONSLA TING ENGINEERS
INTERNATIONAL ENGINEERING COMPANY, INC.
. A

WO HOWARD STREET, SAN FRANCISCO. CAL¥ ORNIA 54105

oaTE ]
w-ﬁmmmm VU=

AW, MO

[ a ') | ———
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HECT AL

TRENCH BEARS N IBCE

RO,

0 /_’J\/E.ﬁE,uKDEN)QANU‘( ST, PROWN

SNNDSTEONE , TAN, LIEATHERED, AL caREQUS,
@) PEPRING I'- 3" BEDOING NA2° E /5% &1
MAJOR JQINT SET NAB® W/BES ~ 4

() SHALE , BLACIKS , MOD. HARD, WEATHERED,
FE “TAINS + .2

@ coal FONPERED ~ o2

LANDOTONE- , TAN, FINE- 4RAINER,
® HE;AZHERED, FE ATAING , CALLARECLS

@ conl FOWPERED + o1,

@ SHALE-, PlLackK , Moo, HARD uEATH EREDQ,
re tfrAle -~ B EXFS




fcALE N FEET

.

/
Lo

| £

|
—e——r

]
1D

UNICK] CARPIDE CORP

SPRING CREEK. MESA
TAIL INCE o EFFLUENT DISRDSAL
TEST TRENCH 1o 5

CONSULTING ENGINEE RS
INTERNATIONAL ENGINEERING COMPANY, INC.
AL

B0 HOWARD STRE! T, SAN FRANCISCO, CALFORNIA 54108 ¢
DEGNID Mo S ki“f .QE

DA WG
DRawn RECOMMENDED - e
CMecno APPROVE D — ———
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[ Sg——

() OYEK&JRDEN,&/ANDY aLT,
BROWN ~ 4"~ 18"

Q) »rJT&KbEOOEO ANDETEON

Vi DLJAL,
beof: P& NOJF

2'IN THICKNE!:‘.':
6AN TONE. FRE -
TE‘.:

@sANcsraNe TAN, FINE
GQRAINED; NEATHERED,

A

CALCAREZUS COATINC.‘:

N FPARTINGS.

@) HALE, plack. , MO,
HARD, WEATHERED, P
WITH THIN INTERBE LS
COF TAN SANDCSTONE

A —
p— —— e —

/

-

- &

o | /




WEST WALL

TRENCH pEARS N 20 B

.

IS

SHEET N&O. | F L
UNION CAREBIDE CORFP.

“PRING CREEK MESA
TAILINGS & EFFLUENT pIsrosAL
TEST TRENCH N2 &

CONSIA TING ENGINEEDS

INTERNATIONAL ENGINEERING COMPANY, INC.
A -

180 HOWARD STREET, SAN FRANCISCO, CALFORNA 04108

msprCTED ._MI“ AT =

ECOMMEN O PRASIS O

g, o | P —




D az%az;%moa# , SANDY &ILT,; BREOWN
) INTERBEDOEL GANRSTONE 4 SHALE
INCIVIDUAL PEPS 0O NOT EXCEED 2

IN THICISNESS , SANOSTONE FRECOMINATES, |

(@ ANOSTONE [ TAN, FINE GRAINED, I
WEATHERED , CALCAREONS COATINGS
N FART INGS.

@ oHALE pLALK, MOC. HARD , LEATHERER,
WITH THIN INTERBPEPS OF TAN SAND SToNE

WEST WALL

SCALE IN FEET

[ 1]
TRENCH BEARS N Bo“E <

llé




SH

CHEET NO 2 2F L2

[

UdH cageicE corpy

SPRING LREEK MMESA
TAILINGS g EFFLUENT DIoPocAl

TEST TRENCH MO &

CONSULTING ENGINEERS
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SUMMARY OF

UNION CARBIDE CORP - TAIL

Job No 2014 Project Name SPRING CREEK MESA
Hole or Sample - Laboratory Mechanical Atterberg Specific Natural
Trench Number Classification Anaiysis Limits -} Gravity W Ye
Number G [~ Test
From To Gravel| Sand | Fines | LL Pi
1D-1 S-1 116.3'[19.6"'] Claystone | o [ 23 {77 125 15 6.2 - i
ID-1 S-2 140.9'(41.7'] Sandstone | . | - | - e N 263 | - . -
10-4 - 8.8'] 9.5'] Claystone | . 1199 J51 134 |2.67 112 - E w
TD-4 - 18,2'/18.9'] Claystone - 6 194 |46 | 32 - " - 34
1D-5 - 113.5'/14.6'} Claystone | - | 1199 |51 |34 | - 10 - o
Black
1D-7 Shale] - - Claystone - 2 198 136 |17 | 2.63 }12 [128.0 } - |
Gray
TD-9 Shalel - - Claystone - 2 198 139 |17 1 2.63 J12 |128.0 | -
TD-10 - 116.0'117.0'] Claystone - 3197 143 125 12,66 112 - -
TD-10A B 8.5'1 9.8'] Claystone - 1199 29 {15 - 9 - -
Gray
TD-10A lShalef16.7'/18.1'] Claystone - 2198 136 |17 1 2.63 112 }128.0 | - |
Black
TD-10A |Shale]23.6'/24.5'] Claystone - 1.199 139 115 1 2.59 112 | 122 -
| _Ti-2 S-1 1 3.0'| 8.0'} Claystone - 111189 31 [13 ] 2.62 13 1106.5 JSP |1
17-2 S-2 1 3.0'f 8.0'] Claystone - 110190 129 }14 - 13 - SP_1 1
_ |Silty Sandy
17-4 S-13 - Clay - 130170 §24 | 9 - - - ISP |1
Borrow
Area S-11 2.0'l 6.0'] Claystone - 3197 151 123 2.71 13 1102.3}5SP
Borrow
Area S-1 1 2.0'1 6.0'] Claystone - 3197 151 1231271 13 1102 3 4MP | ]
Borrow
| dvea S-2 ) 2.0'1 6.0'] Claystone - 3197 140 |22 2,64 1 11 1111.0 JsSP |1€

Coke Ove
Ba.n.r.h_ﬂn.;m - - JClaystone | - | 8192 |39 |22 - 23 - Sp

* Visual Classification SP = Stancard Proctor TC = Traxal Compression UU * Unconsohdated Undrained
MP = Moditied Proctor UC = Unconfined Compression CU = Consohidated Undrained
S = Special - See Text DS = Direct Shear CD = Consolidated Drained

@ e ———

B e R el Ll ey e ™ il s e e s o e e ke



L TEST RESULTS

GS & EFFLUENT DISPOSAL

COLORADQ Feature TABLE B-1 Date ___4-28-80
won Shear Strength Permeabiiity Consolidation
timum intial c A o C [ Notes
0 Rl T psf)l ° i cm/sec
" . ¥ _ e & _ 5 A . PH = 7:9 2
- Juc |- | - 19:-|ses0) - . e 1. - - 2
" E N 8 L . _ & ; - PH = 7.5 2
- . N L . _ i 2 - . - PH=7-5 2
pR=
- 10S |10 1130]l400l27° 1 - . - . - lpH =179 2
1000 [54° 6
- = 1 o - [P000 |38® 1120.2{ 6x10 . - - - 3/ 1
1000 |54° -6
- i - 12000 {36 1111.2]| 2x10 . . - - 3/
2 . R . oAl a - 2 ; - |pH=7.5 2
. pR=
- DS 9 1351 0 l3s° = - - N - PH = 8.0 2
1000 {547
- - 11 - 2888 367 " - - ; - . ]
1000 | 55°
-_Jcu |12 | 126 poon|age ) - - - 1. /- 1- ]
_0_ [382 .
110§ cu | 18 {106.61 70" 120° ho6.5l 307® | - | - | - lpu =60 4/ 2
-7 Soluble Sulphates
1 =4 -1 - 1-1-1-1<10 - - |- 1=310pPM, PH=86872
117.5] - R - % . i , R . , ; ?
| .0 282 -6
105.5) cu | 211102.4 0 [17° 1102.3]1.5x10 . - - - 4/ 1
0 [25°
n7.8f cu | 21 J102.3-3" 119 huaslazan” ] - [ - | - |- 4/ ]
-7 Soluble Sulphates = 875 PPM
51110.5§ - - - - - - < 10 - 0.01 ! 600 PH = 873 Swell 2-1/2% 2
108 | - | - - o e i, ; R . . ;
- J
é
j
JQ :L-

« Test Conducted by R.C. Harlan and Associates
2 Test Conducted by CTL/Thompson Inc.
3/ Shale Core Sample

4/ Remolded Sampie of Impervious Borrow

TABLE B-1




CTL/THOMPSON, INC

‘ L2

) | LN

oy Alie A Ang Ml
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LABORATORY TESTS

The laboratory tests requested by International Engineering Company, Inc.
San Francisco, California were performed by CTL/Thompson, Inc, Denver,
Colorado. The following paragraphs reference the standard methods of
laboratory testing used and describe the laboratory test procedures.

The results of these tests are presented on the attached figures and the
Table, Summary of Laboratory Test Results.

Applicable Standards:

The following standard methods of laboratory testing of soils and
rock were used for performing the requested tests. The latest revisions
and supplements of the American Society for Testing and Materials Stan-
dards (ASTM) and the Earth Manual, Second Edition by the U. S. Department
of Interior, Bureau of Reclamation were used.

1. ASTM D 421-58 Dry Preparation of Soil Samples for Particle-
Size Analysis and determination of soil constants.

ASTM D 422-63 Particle-size analysis of soils
ASTMD 423-66 Liquid limit of soils

ASTM D 424-59 Plastic limit and plasticity index of soils

uv.bum

ASTM D 698-78 Moisture-density relations of soils and soil-
aggregate mixtures using 5.5-1b. (2.49-kg) Rammer and 12-inch
(305 mm) drop

6. ASTM D 854-58 Specific Gravity of soils

7. ASTM D 2216-71 Laboratory determination of moisture content of
soil

8. ASTM D 2217-66 Wet preparation of soil samples for particle-
size analysis and determinations of s0il constants

9. ASTM D 2435-70 One-dimensional consolidation properties of soils

10.  ASTM D 2938-71a Unconfined compressive strength of rock core
specimens

11. ASTM D 3080-72 Direct shear test of soils under consolidated
drained conditions.

12. EM E-13, Permeability and settlement of s0ils



Laboratory Testing Procedures:

The Tollowing paragraphs describe the general testing procedures
for each test performed

Atterberg limits

1. The samples were prepared in accordance with ASTM D 2217
Procedure B.

2. Liquid limit test was a ¢ne-point test perfo~mu in accord-
ance with ASTM D 423.

3. Plastic limit test was performed one () time on each
specimen in accordance with ASTM D 423.

Particle-size Analysis

1. Particle-size analysis was performed in accordance with
ASTM D422.
2, Sieve analysis: Series of sieves consisted of the following

U.S. standard sieves: 1 1/2-inch, 3/4-inch, 3/8-inch, No. 4
(4.76mm), No. 8 (2.36mm), No. 16(1.18mm), No. 30 (600 micron)
No. 50 (300 micron), No. 100 (150 micron), No. 200 (75
micron).

Sieves conformed to ASTM E 1]

b

3. Hydrometer Analysis: Conformed to ASTM £ 100.

Nat'wral Water Content and Dry Unit Weight

1. Natural water content tests were performed

in accordance with
ASTH D 2216.

s Dry unit weight was determined by the Volumetric Method and
individual test requirements.

Specific Gravity

1. Method of test conformed to ASTM D 854, with the use of a
(100 m1 Volumetric flask) pycnometer.






Tne residual shear strength was obtained after shearing
the sample. The normal stress was released, the sample was
subjected to 10 cycles of manual shearing along the es-
tablished shear plane, the same normal stress was applied
again and then the lateral shear stress was applied.

Consolidation:

1. Test was performed on remolded sample at 98 percent of

standard Proctor maximum dry density and near optimum moisture
content.

& The remolded moisture content was maintained for the duration
of the test.

3. Deformation time readings were taken at consolidation loads
of 0.8 ksf, 1.5 ksf, 3 ksf, 6 ksf, and 12 ksf, and then at
rebound l1oads of 3 ksf and 0.8 ksf.

Swell Tests:

1. A sample measuring 1.95 inches in diameter and 1.0 inches
in height was trimmed into a metal ring.

2. The sample and ring were placed in the dish on the swell
machine frame.

3. A "0" reading was taken, then the initial pressure of 500 psf
was applied to the sample and allowed to consolidate for approxi-
mately 8 hours, at which time a reading was taken and the
sample dish was flooded with water.

4. The sample was allowed to swell under constant pressure of
500 psf for 72 hours, and the reading of dial movement was
recorded.

5. The sample was then loaded to 1, 3 and 5 ksf and allowed to
co.solidate under each pressure recording the dial movement
for each pressure.

Permeability:

1. Samples were tested in accordance with Designation E-13,
Paragraph 8 of Bureau of Reclamation Earth Manual, Second Edition.
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JOB NO

10 i3
MOISTURE

SAMPLE DESCRIPTION

IT-2, S-2 AT 3 )

LOCATION

COMPACTION TEST PROCEDURE

LIQUID LIMIT __

GRAVEL

COMPACTION TEST

6196

20

CONTENT - %

RESULTS




PCF

DENSITY -

DRY

JOB NO. 6196 FIG.

CURVE NUMBER

MAXIMUM DRY DENSITY

138 —110.5 - PCF

OPTIMUM  MOISTURE CONTENT

16.5

% DRY WEIGHT

130

125

120

"ns

1o

105

100

295

0 5 10 IS5 20 25 30
MOISTURE CONTENT - %
SAMPLE DESCRIPTION ___ CLAYSTONE, SILTY, GRAY TO OLIVE

LOCATION BORROW AREA S-2 AT 2 TO 6 FEET

COMPACTION TEST PROCEDURE __ASTM D 698-70, METHOD B

LIQUID LIMIT %0 = o PLASTICITY INDEX ___ 2 %
GRAVEL ___ O 9% SAND ______ 3 o SILT & CcLAY __ 97

COMPACTION TEST RESULI>

"




PCF

DENSITY

DRY

1"ns

1o

105

100

95

CURVE NUMBER

MAXIMUM DRY DENSITY

s PP

CPTIMUM MOISTURE CONTENT

€U.0 9% DRY WEIGHT

0 S 10 15 20 25
MOISTURE CONTENT - %

T
|

SAMPLE DESCRIPTION CLAYSTONE, SLIGHTLY SILTY, OLIVE BROWN TO GRAY

LOCATION . _COKE OVEN RANCH - BORROW

COMPACTION TEST PROCEDURE ASTM D 698-70, METHOD A

LIQUID LIMIT 39 o PLASTICITY INDEX _ <22

GRAVEL. 9% SAND _____ % SILT & CLAY

COMPACTION TEST RESULTS

JOB NO, 6196

30

- %

FIG.



CURVE NUMBER . N

MAXIMUM DRY DENSITY

117:5 e PcCF

OPTIMLM MOISTURE CONTENT

. 13.0 o DRY WEIGHT

PCF

DENSITY

s

ORY

0 5 10 7 20 25 30
MOISTURE CONTENT - %

SAMPLE DESCRIPTION CLAY, SILTY, SANDY s T e

LOCATION . TT-4y S = . S

COMPACTION TEST PROCEDURE __ ASTM D 6%8-70, M¥THOD A
' LIQUID LIMIT 2% — PLASTICITY INDEX .S %%

GRAVEL ___ O 9% SAND ___30 % SILT & CLAY _70 _©°,
\
m COMPACTION TEST RESULTS

JOB NO. 6196 FI1G.

1



o - B 6
SAMPLE LOCATION TD-5 AT 13.5 1('.4)'
TYPE OF SAMPLE 1.90 INCH CORE
DESCRIFPTION
M E SN i L s - R, - 5
CLAYSTONE, HARD TO VERY HARD, BLOCKY, A
LIGHT, MOIST, GRAY, RED BROWN l\
" L~[ - —
R SO N WSS BENSSS— - o - ‘
- J
- {
] 4 - B
v we
w
w
o« 3 —y g 1 t
-
(%)
@ =
«
w
. 4
SAMPLE NO. 1 2 - 2 .
MOISTURE % 10.0 10.0
DRY DENSITY 134 127
S s F: W Sl Y :
On = kst 1.0 2.9 A—+%
TR v e \
T - kst 2.3 4.7 i |
\ 1 ) [ (;‘. ,l \ -.*"..7:’— 0
HORIZONTAL DISPL (1N,)
8
|
7.,—_. ——— — ———
6 —— e e - ——
. F il S 35 / | 2
- .
-
: J
o AR Sk . v ¢ B )
w
W
(4
- 33— 14— - : —— 2
w
o
(
=
[ / L™
l - — —— -—— -— —_ -—
/{ RESTPUAL
05 : .
3} -2 3 4 5 6 7 8 9 10 11 12 13 14
NORMAL STRESS - ks

JOB NO. 6196 DIRECT SHEAR TEST RESULTS



SHEAR STRESS - ks!

o =" 1
lsAMPLL’ LOCATION TD-10A AT 8.5-9.8'
TYPE OF SAMPLE 1.86 INCH CORE 11
DESCRIFTION
R e T - - 1¢ r -
CLAYSTONE HARL, BLOCKY, LIGHT MOIST,
GRAY
8
. p~
S
. .
(&)
v
w
(¢ -
.
w
(¢ - —e
<
|
SAMPLE NO. 1 3 " -
MOISTURE 9% 8.7 87 8.7
DRY DENSITY 131 141 132
O - kst 1.0 2.1
’f - kst 2.6 S.3 7.5
\ 0 l ,)- L. “' 3 L {0 ‘) .) A\
HORIZONTAL DISPL (IN.)
8 ; = 1
7 - }
|
i
66— ! +
S~ - - 4
l‘ p——— - -— — -
—~RE$ I DUA
3 4 - 6 7 8 < 10 11 12 13 14 15
NORMAL STRESS —~ kst
DIRECT SHEAR TEST RESULTS
JOB ND. 6196 FI1G, 12
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Ferm 10 JOB NO. 6196
TABLE !
SUMMARY OF LABORATORY TEST RESULTS
ATTERBERG LIMITSUNCONFINED PERME-
HOLE SEPEN :&?ﬁ::; spcii\l;x uocuueo auLsncmgo“"“ESS'f’E igtgft:s ABILITY SOIL TYPE
(FEET) (*%) LIMIT | INDEX | STRENGTH P (CM/SEC)
(%) (%) (PPM)

_—

TO-1 16.3-16.9 6.2 25 15 7.9 CLAYSTONE
* TD-1 40.9-41.7 2: 63" 8705 SANDSTONE

TO-4 8.8-9.5 11.7 2.67 51 34 CLAYSTONE

TD-4 18.2-18.9 46 32 CLAYSTONE

T7-2,5-2] 3-8 13.0 29 14 310 8.6 LESS THAN|CLAYSTONE

10”7

BORROW ___|LESS THAN

AREA s-2| 2-6 11.3 2. 64 40 22 875 8.7 1077 lcLaysTone
COKE OQVEN - 22. 39 22 125 7. CLAYSTONE , SANDY
RANCH BORROW
IT-4,5-1 24 9 CLAY, SILTY,SANDY
TD-5 13.5-14.6 10. 0 51 34 7.9 O ittt
TD-10 16.0-17.0 12.4 2.66 25 7.5 CLAYSTONE
TD-10A 8.5-9.8 8.7 29 | 15 8.0 CLAYSTONE
|
*NATURAL DENSITY IS 163 PCF ** APPARENT SPECIFIC GRAVITY
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Jeb No _217.8 Project Name _UNION
Hole of  }se~oie il Labasary Mechanical Atterverg | specitic Natural Comp
Trench Nur ber Ciassitication " i Gravity " e ]
o From To Gravel| Sandg | Fines LL Pi o “ el w
47
TT~: S-1 3'-0"| 8'-0" CL - 1 42| 3V (13 2.62 13.0| 106.5] SP 12
Borr w ' 37/ -
Acad. 2% 2'-0" 6'-0" CL - __3 6o0] 51 |23 2.7 13.0] 102.3] SP 1
Borrow 37
Area S=1 2'0-'1 6'-0" CL -~ 3 601 51 [23 2.71 13.0| 102.3] MP 1
Shale 57
TD-10A Blac 23.6'| 24.5' -LL - 1 42 39 | 15 2.59 12 122.0 -
Shale 43
T0-10A |cray 116.7'[18.17] -cL - | 2 %] 360 |2.63 |12 | 128.0] -
Shale 43
TD-7 Blac -CL 2 65] 36 |17 2.63 12 128.0 -
Shale 43
T0-9 Grav i X W 2 661 3¢ 117 2.63 112 128.0 -
|
* Visus! Classitication SP « Standard Proctor TC « Tranal Compression UU = Unconsolidated Undraned = Silt /Cla
‘ MP = Mod lied Procior UC = Uncontined Compression CU = Consolidated Undrained Y
S « Specal - See Text DS « Dwsct Shear CD * Consohidated Drained




ILTEST RESULTS | ,/1

Feature Date April 21, 1980 {
ction Shear Strength Permeabihity Consohidation
’ Notes
mum T i Inihal C e A C C F
»e . w Y Ipsf) ’ cm/sec
S0__[3%0 :
110 [ Cu | 18 [106.5| ¢ "[200 p06.5 | 3x10 PH~6
“0__[259 ]
105.5 CU | 21 [102.3|"9 "[170 jp02.3 | 1.5x10"
.0__[23° ;
117.8 €U | 21 [102.3|76""[7176 f14.6 | 4.7x1077
- 12
10001540
p " 2000/ 360
1000 | 540
. 30001 3206 P20.2 | 6x1076

1000] 540
. 2003'225 pr1.2 | 2x1076

R.C. HARLAN AND ASSOCIATES INC.



Principal Stress Ditference, tons/se. ft.
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Pore Pressure, tons/sq 1.
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% | Void ratio &lp (SLlo Lig Jo.67 ¢4
_é Saturation S. P L v LV
Bt
Dry density Ibicy M )’u jo ) 3 lior lowv.3
_ | water content w, 13. 4 IR /9.5
: e ———— = - —e
= Saturation T S O s © Tk
S [Conwiidarion B
o Rt “lo.35¢ | 0¥ |1L. 0
void ratio LS ) Lig o & ° 4 v
é Water content . PN (r 2 4 g5
“ | void ratio ¢rlo.Ct 8 | .75 3l0.T4y
"™ incipal 8
S A PR ED
Minas grine |
v, vorafiy B Glo.s4 | 1.08 | ».7¢6
Time to faiiure, min L& O 3 te | 4
Initial diameter, cm l Y 150 L. 35!
L.._.__ —_— e ——— —_— - b - —— - —
[rraregpt e Tieel el e

Remarks

Twelest & oo hda

“Controlled Stran
Controlled Stress

i, ﬂ(/*"t“'J

fed

O

D (est 3

Method of Saturation
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e 40 - uéﬁ(l‘- 3 a1 b
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DARLAN AND ASSOCIATLES

WORK SHEET -- BACKPRESSURE PERMEABILITY TEST

Sample Description:

| Project IECO-Union Cyurbide - Uravan #CD/O,' Date 4-§-4§0
Hole No. Tj:- y | Sample No. 5-1  (#*1.3) |pepth 2'- 8B '

Direction of Permeability Remolded @ /°“ © pef., .f*J G molst.
LHorizonnl (. Vertical Undlsturbed a pef % moist.

Weights and Moisture Contents

Specimen Dimensioms

v | wesh 0 Ve
Beforq Test | After [ 18 '/ R2 .
Item Top 3109 N
tore o <c f.‘ft Area | Middle 319 i
Tare Mg wt N06.v | 1e4g /el v o  Bottom 21.%>
Wet Soil + Tare, gm j1ot5.3 | 49¢7 ) | Average
Dry Sofl + Tare, gm | 14399 | ler.9 § o |Membrane Corr
Water, gm 13¢¢ | 59F | | |Net Area TA 31.6% | 3».00
Wet Soll, gm __3e9.) | S B— Height Incl. Ht. Corr,
(Dry Soll, gm  [3747 | 59¢1] | in |Height Corr. *.ov —
Moxsture Content, % | /,.5 ALg I cm | Net Helght IL]s.0o8 | suo
Saturation Data Consolidation Data
Pressures Burette |Chamber Pressure, psi 0 6»[ 6o
Date | Hour lntenor,pst Top -rBott __Interior Burette = 5
Ay ng_ﬂ Bott. | cc ce Exterior Burette 7 .3
st T | volume,ece  [ie0.5 |1esv ) g
T _Dry Density, pef | (06,€
Test Data and Computations _J
j’remn Time Burette Backpressur Water Fffect|Effect Appa-
Run [Temp int. Reading Back- | Head [ratus
Corr. Time = -~ ——— — Head e mHo0
No. | *C t | e | ecm press[cmizy| Corr. v
] Bt ] lee.[W 1is “ em_|omHzol (H) | (©) | ™
o Do [ it ) Twalagal F 1 & e D .
[ e |9 |3 [qee]wes]aeef f F 1 ]s5S 295 xro]
v e 4_;5’!5%’7 Y oo | 3091327 | | ) S . e
>.9 |.976 P™[¢see] 2¢o0 | 713.3 | 43.5 S 1.¢3 ¥10"
L ‘} i 230 L fe) Bese L1801 40 , JI b v
i ’ ec— N -
Burettes Burettes a8 ) Formula: Aué.. \1..“ T x/10°
Equivalent | Equivalent | 2.3x 8 "
F_I:evel _V_L_@[‘[Ql___‘______ 7_13_“,__!__« k-2.3x—;—+—.-xxi XlOg-};—XRTXC
L 8 2
Small | Large|Small {Largel ¢,
Run [Dens.| Void | Hy | 7 . Hy Permeability | a; = area of large burette -
| No. | pef |Ratio| Hz Hy 1 cm/sec = 2834. 6 ft/day 8 = area of small burette
[ ! b Joo4sr | cm/sec | f/day |4 4 303 e
%A T TR ERRTL AN FONEINERE SIS ] B3 e
A AR EUNIE S T B P L ol
Tesled by: T Computed by: d“ T Checked by:




o AREAN AND ASSOCIATES

geotechnical consultants

WORK SHEET -- BACKPRESSURE PERMEABILITY TEST
Project (£ ¢Q = Union Carb de , Uravan Colo) Date < - 7-¢ |
Hole-do. Eovvow Areq TSample No. o~! _ |Depth 2 - & |
Direction of Permeability Remolded @ /©%.2 pef:, .7 75 % molist.
Horizontal [ ] Vertical @ Undlsturbed @ pef % moist.
Sample Description:
Welights and Moisture Contents T Specimen Dimensioms mrainnd
Mier | ek ;:l:o 4
Beforg Test | After 71~ 11 _"“"1
Item Top - 3.0 | Fe— | —y
tewe NO H | Test | Area |Middle 31,65 i
Tare B, .t Lyo.9 |05 8 ljeo.C | - Bottom SN
Wet Soil + Tare, gm | 144 | 430 o Average
Dry Soil + Tare, gr Ly |1elT 2 |Membrane Corr, .
—— e e ——— — -4 ¢cm ——1
Water, gm 4o v G1.¥ LN _____INet Area ]A 31.67 13U
Wet Soll, gm 303. S N S— Height Jz_:_c,’l, _Ht. Corr, ==
Dry Soil, gm _J>%3.3 J 333 | in |HeightCorr. |  |te.0¢ L
(Moisture Content, % | /5.3 25§ cm |Net Height | L|So¥% | i1V .
Saturation Data Consolidation Data ol
| Pressures | Burette |Chamber Pressure, psi| 0 [7]7> ML
Date | Hour| Interior,psi| Top |Bott.|  Interior Burette | | et
__1_'1‘_op Bott. ec | Exterfor Burette | = |[tT¢©
N — S B V'O]uxne‘ cc —_— - !,b--o._. I— »4%’ E.t:_i4._____—_*'—- — ——.1
oo A _Dry I Den itx J)gf 1ozl | e
Test Data and Computatxonl
Temp Time Burette BackpressurJWﬂw:]EffecL Effect|Appa-
Run |Temp int. Reading Buck- | Head [ratus
Corr.|Time . Head mHo0
No. | *C t oc ~__cm pressCIH2Y Corr. v
Ry sec. | 0. s | T lem feomgol ¢y | © | o |
) - L’s l" qo -_.‘ ﬂ_}-_{» *‘_4 = e L o3 i " Lo - al
PR — TR WL T = -
U Jaey [,983 {3 [Teo [sk j2e., |} 1 ) JsFe | ) yrF6xe]
v l2e.1 | .58 ”“/f“< (koo | A% 1384 3 1 3 3 5.7 .48 koY
b - 3 ih«l r,m 3eo0 (19 (383 | ] = e 1 4.4 143 m;"
- __.JL-__...4. [ ;-gé:' 1
Burettes Burettos aga Formula: Lﬁia 1-4G x 0~
Equivalent | Equivalent 2.3x 8 o i T
Level Level s, k-2.3x—.—11*—‘:-xx—t xlog—-xR.er
L
Small | Large|Small | Large, 0. % S
Run |Dens.| Void | H) ‘bog Hy Permeability 8 = area of large burette .
No. | pef | Ratio| H2 Hp 1 cm/sec = 2834.6 ft/day ag = area of small burette
& 1.0V | 0,016 L cm/sec | ft/day 44, . 0393 P
R v¥ .o%i5 CRERET LOMEEEN i .
> I.l‘('_i 0S¢5 R A?_ By -
Testedby: W T Computed by: w7 Checked by:




R.C.HARLAN AND ASSOCIATES

P.C BOX 7717 »

SAN FRANCISCO, CALIFORNIA 84120

WORK SHEET -- BACKPRESSURE PERMEABILITY TEST
Project |\ ED- (Union Farb:dc . Uravan, Cofs!|pate 4-14-§
lee No. Tovrvow 4 v Areq |Sample No. e | 217 3) |Depth 2- g;
Direction of Permeability Remdlded @ °%3 pef . .75 % molst
Horizontal [:] Vertical ; Undisturbed @ pef % moist.
bl = T Bl Ssmna ¥ = AT el MO
Sample Description: :
mp scription ST RS -
ol A R . Bovv
Weights and Moisture Contents Specimen Dimensions
g Jrer [weshh | 0 v~
Befor est Aﬁe? - ¥ o 3 oA T e e
Item it Hemafd | Top o mes 1
Tl ST T ————'~—--—<r~—;j— I‘els" Area | Mlddle 383 —
Tare 8. ot | 70%ifrese [ 159e]  [Bottom 3t1e
Wet Soil + Tare, gm |(vjo 0 | 4270 = ” | Average 1 | .
Dry Soil'+ Tare, gm 3671 [17F.0 2 |Membrane Corr. {
T PO (I - P —
Water, gm _-_,,,,4_,,*7-{* 1.7 ] _|Net Area _JaDiey Jav -
Wet Soil, gm Sl TS —{ Height {tncl. Ht. Corr, - e -
Dry Soil, gm 2391 343% | in |HeightCorr, |  |to& |
| Moisture C Content ‘E_L__nj ] 5| | em. ,JLfie,‘_t’_?i_EE‘_,-I!‘ Sof | 7.
Saturation Data Consolidation Data
MR M | P;é:s_ﬁres T—Burett; Chamber Pressure psnl { *:T ‘l_' N S
Date | Hour lmenorlpsll Top TButt. _Interior Buﬁr‘ggt_qﬁ T JEN I (- (L
| |Top |Bott.| «¢ | ec | ExteriorBurette | | *%5 | | |
41 f ] Volume,eé @ llee.j |lefé | o
N Dry DeIJSJ pcf or.3 e
Test Data and Computations
I Templ Time Burette Backpressure Water| |Effect. Effe':ct. Appa-
Run \Temp |, o lpime (106 | Reading 1 Head IB ck- | Head ratus
No. | *C N t . cm | presscmH20 Corr. .
o f Bl e [ut Tuo [T T ] om Jemigol ) © ] =
Q | . -I lo("j = i.& }o._\(jr v £ -S— o ’\ o Sl
T ﬁt.{_IuO" o0 | ¥bk | o0 -2 . e AL 1. )4»3‘ _‘ 1 Sexte
v [us [ SO Yulwes sz s [ f T 1 lass | | [v.55veed
| > | | .‘...‘i'”’ ke 177 ]399 | - " l 3 -"H ‘L IR Ve
F“,___i_ =i el A SRS TSGR A | JemeE
Burettes Burettes a8, Formuia: 144 YO
N L bhog ~
Equivalent | Equivalent 2.8 x —=2. g Hy
Level | Level FIPREEE.: . k=2.3x—i—l’:—%-x;-txlogﬁ—xﬂ.rxc
2
‘anll Lnrge S,malL Lux_ 0.3 \e L™ ®s
Run Dens.| Void | Hy Log Hy |  Permeability | ) = area of large burette
| No. |pef |Ratio] Hp | = "Ha |1 cm/sec =2834.6 ft/day| ag = area of small burette
R S SN (TS N SRR cm/sec | ft/day bn G303 2w
LAP TR 1 TS 0D ¢ TS U RTINS ..
o fL50 09 69 _ i j As -‘___*7-93
L‘rested by: LT Computed by: T Checked by:



R.C.HARLAN AND ASSOCIATES

P O. BOX 7717 » SAN FRANCISCO, CALIFORNIA 94120

\
WORK SHEET -- BACKPRESSURE PERMEABILITY TEST
Project \ECO - Union Carbide , Urovan Colo.' |Dated-/c-év
HoteNeo. Borvew Area |SampleNo. S-| __|Depth 2°6
Direction of Permeability Remolded @ 4.2 pef ., . 'S % molist.
Horizontal [ ] Vertical [ ] | Undisturbed @ pef % moist.
- e e e iy
Sample Des=ription: 11, 4 max DIFST
Welights and Moisture Contents I Specimen Dimensions
Yev L—"’SC\ 0
Before/Test | After 71— 1 -1 71T 1
Item Womivgeiy: bl Top 3¢5 | 1
Tene & | I | Test | Area |Middle 3.5 2 |
Tare .t  |vowslionsliog] — [Bottom  |507e
Wet Soil + Tare, gm |(04¥Y O[45L.5 | | . Average s o
Dry Soil + Tare, gm N 3 6.8 | th.0 2 membrane Corr.l E " m CHR.
- ———— e ——— ———e e f —- e -4 Cm r—-— ——————— -
Water, E“ +3.7 521 ] INet Area IA 1. .7 103%0H ___
Wet Soil, gm q33g o {Height Hloel. Ht. Corr, | _ _ ol
Dry Soil, gm 12954 | as54| /| in |[HeightCorr. | = ‘'+.0¢ | |
Moisture Content, % 147 1oV Ng_m__J_L\‘_e;_H_ei_gb_t_ll. J.0§ I Sty ) ]
Saturation Data Consolidation Data
—— — - i e e ~<-——————T——————4
F_VF{ressuresﬂL Burwe}lhe_ Chamber Pressure, psi| 0 | iv[ e -
Date | Hour | Interior,psi | '[qgj_f@qgt“ ___Interior Burette | 3 IR N .
| |Top |Bott.| ec | ec | __Exterior Burette | _ _j*33 1 el
4 ¢+ 1t 1 1 | Volume,cc | /Co.g | iete | n
N i Dry Densny pcf 4. ed
Test Data and Computations
- Time | Burette |o .\ . . ird water Effect |Effect |Appa-
Run (Temp|n .. ;o |iot. | Readiog [ ~~ . . (Back-| Head jratus
No. | *C | t o ]  em | presscmH20 Corr. ((w
) Br o dsee. [pi Lo | ] lem lemhpol |(© |
t W [ S S e O S | I o ce)-lee ] L
_T ' M.ﬁof ?'Hoj n** + 7.::_9* ef. 37 5.1 | i - ...1 _lf.o_'l"l_ __le.3% o]
v Do [ [ e ] in3 ] s 11 Ters] ] Wasr
L +\-' . .?15 '7,0/,_‘:,1 3409} 510 21,9 ! 1 N (3.9 yo
I— T A A' s IRCASCECIT. e A.-!, NePpuiEIe, (B8 o 3 . \
Bureltes Burettes 84 Forinula: Ac:' 4.7 ‘if—;l_‘
Equivalent | Equivaljent 2.3x 9
a; +a 81,3g L H)
"“’Lgf"e“l’”" __Lg}vel» R " il | k=2.3x—a——:—;--x;t xlog—i-xRTxC
L 5 2
Small | Large|Small Larx,j g
Run |Dens. | Void |- H) Log g_l_ | Permeability _ la; =area of large burgue
| No. |pef | Ratio| Hp 2 1 cm/sec = 2834.6 ft/day ag = area of small burette
SEAN tors | g.0/07 cm/sec _ ft/day | AL . S e
= 'O‘Q L .0 (70 e l B
o 1,65 . 0 Wb 1 7_;7:q7‘ <
Tested by: T Computed by: LT ~ i by: S
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geotechmcal consultants

HEARLAN AND ASSOCIATLES

WORK SHEET -- BACKPRESSURE PERMEABILITY TEST
Project IECD - (/mor\ Carbide , Uravan P Date 4 -9-6¢
r i N ” rd
Hole No.7p.« /. [. bl c Sample No. ( 217.8) |Depth £l
Direction of Permeab‘ 1ty Remolded @ pef ., .} % molist,
Horizontal [] Vertical ET Undisturbed @ — pef % moist,
Sample Description:
A Welghts and Monsture Coutents Specimen Dimensiomns
S afhber [wesh | - T ' 0
Beforg Test | After | 1. : m——
Item Eeishin  AbevnieE  Top §.50 ——
Tére ®= ol }}:?St Area | Middle (§.50 el
Tare . wt .o el | n Bottom (¥30
Wet Soil + Tare, gm 14, -r Average
Dry Soil + Tare, gm | _ fa2jv.| Jwe2 (| o |Membrane Corr,)
Water, gm Th (50 | wv ) ] |NetArea _ |A | 1§35 (5.0
Wet Soll, gm |/t 3 RN SENERS RV r_lncl._ﬂj. Corr, - -
Dry Soll, gm = 1'4»C | ;¢rel | in |Height Corr, t.03 ——
Moisture Content, % | jyo | 35 | | erm |Net Height TL 4.0 4.05 1M
Saturation Data Consolidation Data
_'“iﬁge_ssﬁu;qs L Burette |Charber Pressure, psi | 0 Jif5u
Date | Hour | Interior, psi | Top Bott. _Interior Burette | = |
' |Top |Bott.| cc | cc _Exterfor Burette | = |t3.° |
| ] Volume, cc 140 | Mo | 1
- e —— - — —_— - —A;; e e e el — ﬂ g
e L1 pry pensiy, pet_ Jiroy -
Test Data and Computations
, : wL s
Temp -Lhe | Burette Backpressur |W ter Effect Effect|Appa-
Run [Temp. int. Reading | Back- | Head ratus
Corr. |Time — et o e mHo0
No. | *C ! t ecc | em | press 2Y|Corr. K;,o
o ARl dsee [T To | ] ] em jemitpol ¢ | (©
¥ 1 s b dset Jaga f 4 bl lero]lo o3
Ji8 S Ltiy ‘?']v L= ﬁg:) 3.8 j343 | 4 N S 445 170 o I*
L Rl Bk *X% fgoolMN3 |46 f f 1337 5.0 ol
,;,,}\ RS ] 1 YL) _f_ 360.4]0“‘?44‘_" ) o 4.3 439 !_'_\_)_1"
) 1 —
Burettes Burettes ag.a Formula: A‘,—&‘ $.50 X0 ~ o
Equivalent | Equivalent 2.3x L - L H
ftexdi 1 lewk § %% k=2.3x —;l“;—i— o Xlog Z2 xRpxC
Small| Large|small [Largel | .. L 2
Run Dens.| Void | Hy ‘bog b § _ Permeability | &, =area of large burette .
»._No‘ PS!{__‘_@_QO<__!'_{Z_ = RS ~l:lg — l_c_n;Qgc_{ 28.3_4;6,&(131_ ag = area of small burétte
b_.’ * _.i. - ._-4.1‘_1q_} L. “ "_ -+ Cm/sec f'/d.’ - A Q. 303 t»m e
2 AR R YTk ETITS 1 i —
TSR AR MR TL0T TN R LA 3 e RS
B T O e BNl




o b ARLAN AND ASSOCIATES

geotechnical consultants

WORK SHEET -- BACKPRESSURE PERMEABILITY TEST

Project {F (O — qu&--\ (_?‘_:C._i‘_'_ (/_fouan (o /o D_g_t_e___d_—_}___cL
Hole No.70.g 3%« she /o rSample No. Depth

/ B st T M
Direction of ermeabulty 1 Remocided @ pef -, .7 % molst.
Horizontal [] Vertical 4 |Undisturbed @ «~  pef % moist.

e ————————— . Sp————— —— —c——————

e —————

T

Sample Description:

Weights and Moisture Contents Specimen Dimensioms

- W S RS-, A bimindes=> —
\ v (= aTC 0
41‘“;{:{ After [~ ] LA Rl s R BT .

Fa [+
Item it A Top__-__, R £ 5L B T

f"\j ‘t‘ P L ‘_B“E OTOSt Area [_h-ﬂdd_le (Tav ol
Tare®6. ot | lijge liovi| | [Bottom 1872
Wet Soil + Tare, gm 3\ | Average
Dry Soil + Tare, gm | |39, i | Membrane Corr.|
Water, gm (. S i | INet Area  |Al1§jo | t&ie | |
Wet Soll, gm [y 4 4 { Height Incl. Ht. Corr. =]

)
Dry Soil, gm 134, 3"-?'. | ALY in |Height Corr, . . SRS
L

——

-y

IS . AR WL L -— e —d—

Monsture Content, % 1¢3] 18 cm | Net Helght l,L 10 | €10 e

Saturation Data Consolidation Data

paaan T

| Pressures | Burette |[Chamber Pressure, psi| 0 |‘“f¢o |

Date | Hour Lnte*xor,pat Top Bott. Interior Burette | o
| Top_ Bott jecc jee | Exterior Burette | | ©

- :
I TR I SRR D h e Volume, cc ol £
L. ] | | Dry Density, pef

Test Data and Computations

p———— -
Temp Time Burette Backpressurer\;ﬂel‘ Effect. |Effect Appa-

Run [Temp int. Reading Back - | Head ratus
Corr. |Time e —— Head
‘ . oc cm presscmtiz0 Corr. € 5

lsee. [ | Lo | ] " lem jemigol ) | © | 7 ]

55 Taeen | 400|304 |
o | Les POL®] 1209 759 | 6.8
vl 54U T_J_s}:_zwo IR & LI

£ %

= - — 1

OS2 5 o R IENR SN
Burettes Burettes Formula: 149 k1o ="
Equivalent | Equivalent | 2.3 x ——5- |

__Level | level | R a4, B k=2.3x—ﬂ‘-a—x-11 xlogﬁl—xn,rxc
small | Large|Sraali | Large) e il Hp

Run |Dens.| Void Hl .Ip Hl ) Permeabihj aL = ;rea of l‘rge burette .

g ————
| No. |pef |Ratio| Hz | 'Hy | cm./ser = 2834.6 Q/daj ag = area o1 "mall burette

oo v o o. lull | cm/sec n/d‘)', 4 A 5.303

e Qhivee NN T WYL O e B _
ST R R T A As i

b e —

S e e SI————— S N SR e

Tested by: 3% Cormputed by: e o Checkod b)
L i



U S Stondord Sieve Opening Size | U.S Standord Sieve Numnbers | Hydromeler
wod 3 21021 Ys V% 10 16 2030 405060 00 200 270
T I - !
o A
)
80 ] <
- <-J-< -+ = “ - N —
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6014+ —-
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3 - : 55 . . 4
H
50 | - i
=
e+
@ S S S = — — — =
w
T
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g ] u
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GRAIN SIZE IN MILLIMETERS
ASTM Designation.: D 422-63
| GRAVEL SAND

L

| COBBLES | ~Toamse | FINE | CORRSH WEDIUM | FINE ] SILT CLAY
3 o RN RS T 200 0.005
Symboi Somgple Source B Ciossificotion
0O Fr-2 (S0 « 3-8 Dapih | Purk v~ sady eley
) '
O BO"""‘V' Ares - z-6 DCP‘H‘ Brownu‘«'7ﬂ‘a g‘\d7 LI‘J

PARTICLE SI1ZE ANALYSIS FIGURE
R.C. Harlan axo associates e
San Francisco, Califorma 1 ECO . Union Carbrcde

: e - el Uravan Colo
(¥  Appr. _Cote

uojANo. : e ol




U S Stondord Sieve Opening Size
43 21)21% rH 4
HWIT T

U S Standord Sieve Numbers

810 16 2030 403060 100 20027 °*
i 1 T

Hydromelter

B

Proj.No. X(7. &  Appr.  Date _

100 —
M =
- » RN - —-T
%0 | —
80
NN & W . S GSS TR —— +~t T ¢ - <+ — & — -<[—— - ——l
70 - ey
—_— —— - — 24t st ¢ 4 e <(— —_— -
60 \
'f’ -df--— i S S———
W
<
< 50, |
- \
g I i ;O O NTY ]
< 40 \ x]__}
| 5
=
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GRAIN SIZE IN MILLIMETERS
ASTM Designation: D 422 - 63
GRAVEL SAND
COBBLES [5ARSE | FINE | COARSH MEDIUM | FINE SILT CLAY |
5 ‘4 10 *40 *200 0.005 i
Symbol Sample Source Ciossification
. Sthale - blucle TD-7 & &
0 Sbale - f229 TD-9 cL
‘—-o-::—‘
PARTICLE SI1ZE ANALYSIS FIGURE
R.C. Harlan a~o associates Y
San Francisco, California TECO ~ Uuran (alide
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LABORATORY COMPACTION
ASTH 1557 D 67¥

METHOD A o

Volume of Mqld:
\(3 0

Rammer Weight:
$:5

No. of L Layers:

Blows/lLayer:

Remarks:

7'(0 xu«‘.( 2 (O(p.c’

Max. Y 0

L R

Optimum Hoisture

 MOISTURE CONTENT (%)

G TSN AND SN NS N N EE ay S e BE am am e
=)
Y | | |
| | |
| B =
0
f‘ g = -3
. " 1§ |
= S0 PR
| 5 2 | | |
| |
. |
L |
: .
WG s R A e G A VR |

est No.
Project No. 2.4
Project Name ,-.’.Q‘_Q_QMJ_,DI " _f: s oA @
Date ¢4~ r- &9 o v SR L
Tested By =T e TR e
e Sample Source = o Bl A
Sample Description 7Jk,ﬂ!fé4,¢¢« ‘éfﬁf!%"&f‘
tT,rial NQEF : 1 J_u:l,.__Bm_,J' 4.5
stimated Moisture
"C'an‘t ‘In"‘i“::,—: — - ‘:_‘,6., — é__:__L___?: — _—,—'_);_“_‘."__i_ — -
Tare No. CQQ» OO (LK (i (r s
[ - S % @ L5 e W AL 50, O .S
Tare ¢ we' we 'iht(ﬂ"‘l L3 3] 1¥4 | 7ubo] T160 | (33
Tare £ dry weight (gm)] 5§95 v Celv ] Cero | Tbel ) GL33 |
Tare weight {gm.) 141 v | (sCe g |1 &T) [ 333
We 1 ght o; water (om ) 4”-‘_‘ y 1.+ | Ly.o | 53 Go.0
e it of dr soil >
ey Y {3650 | 416 | aee |33 0 4855
Ho?sture content (Z)g to. | .o ! 0T l ’_‘:;i!_ QV_:
Wet w ht of soil ¢ Y
nold (16s.)  |Guso | ey €l Jertl feted
Weight of mold i'bs_) 4460 pb— 11— T 11— |
QB wet soil K
ibs.) - o PO PG4 |40 [§ug 3905
is,t__ug,t,_vg_g‘ht Obs) g ¢ vzt Jiar]nee | ud |
Dry unit weight (1bs) (1.5 J05.9 | 1013 | 035 | 04 4]

L/76




LABORATORY COMPACTION

ASTH v «iv

HE THOD “

Volume of Mold:

‘.(J o

Rammer \v'..ught'

i 5.5

Drop:
I

of lﬂayer-s.:r N

3 -

No.

Blows/layer:

-

ey

Remarks:

ﬁxmub\ "Ot‘ﬂ'\?

-4 '\::47— “-/‘»7

a'p*{;l,«.

], s
’ ror3 1° {

Max. Yp
e _ pef
Optimum Mcisture
/5.0 2

«,-& 2 f.

ro>

19

$9

§

est No
Project No. _,--___,\':’7 7’_ - Y
Project Name o '_; (Q_ : I (J..,M__(QIJL
Date L R SRR (. TR e
Tested By (V[ LN e 2 - = . N
JSamp]e Source Bovvrow - A.q_¢a. * L e e
Sample Description {ncwuuk'r{i\_(»?.é‘td} 9@3
graal Noa s IS R s NN A e e VRS O ST
stimated Moisture -
conl Pm Lz) — -~ Ab;" — “q>ffyi_7_, __:*:_"_—9<: _.;f::./.._g:.;_: - 7.?, ——
Tare No. . JEE JPP 1EF FLC 1ES
Tare & wet wr-nght (em)778.7 1299.2 146923 1357 | (1.7
Tare & dry weight (gm)] 115 L J626.7 |4) L£’7§_ je4.©
Tare weight (gm.) (918 | rgea ) 1902 1R3.9] cof/
Weight ()? water (rfm,) b3 Ll 4 | 54 | ¥3.1 $.7 |
] : d -
sty o ory etV Peuse danie lew uléss 13T
Moisture conteat (2)| (> | oy g | (5.0 | TF |
Vet wei £ soil ¢ SRS ST PO PN
nggdwil'gil?)o e ful6¥ 46).4(.5 |63 00 | c;s;y_ GD¥o
\Jc«qht ﬁ:' mold (‘?S J44L0 | —F—1 S "
O w t ) - -
{1692 ° et =T bae 979 |eosi|ens [a50
Jet_unit weight (bs)ns.o fni.% Jind.] J1aog 11071 ]
Dry wnit weight (I1bs) joo.f Jo6§ | o0 ltenf | 975
MOISTURE CONTENT (%) S
’ |
X e
i 1
: )
I l
L
L/76




R.C.EHARLAN AND ASSOCIATES

geotechnical consultants

ATTERBERG LIMITS DETERMINATION

Project: JECO kit oo Lankeiln Uraven, Colo_|08%e: 4-5-50
HoteNo, Borvows= | | - L— Sample No. ( S-/) Job.No, (7. &
LIQUID LIMIT

Run No. 1 2 3 4 3 6
! Tare No. S-49 s T3|s5- 3¢
Tare plus wet sofl 44678 |36.520 |3) . (Fo
;g Teie plus dry soil 26, 7-7 36,751 |31 FLS
L |water i L 5 523
g‘a wd IE! 1. 9 S li
:'-’5_ Tare . ¥ {3 (go |Iv. 469
Dry Soil We | 24 74z [1rey [1G 37
Water content L g B 3.9 Jo.§ o9
Number of blows /9 i o 33
L 3!
pL ¢
L pr_12
, -
‘é “V )
3 v
<
o ~
v ) N
E B 4
z =5
. ib
! ©
- V) -
-t
-
- o
O r—
v o
**10 15 20 2 30 70
Number of Blows
f=mmm =
PLASTIC LIMIT Natural
wWater
R B L Run No. 1 2 3 5 Content
Tare No. $S~10 | S-4¢4
w (lare n]“s wet soil T 3 LL. 133
§,§ Tare plus dry soil 33,870 | 14003
o O [Water [y | 4 00 |+ (qo
* .= |Tare 150 In.2§g
| [Ory soil We |21 19 [1(4vs
_____Water content % - Vi. ¢ 1§.5
Plastic Limit, wy |

Remarks:

P“,b

Tested by: —
Computed by: tort

Checked by:




ROC HARLAN AND ASSOCIATEES

geotechnical consultants

ATTERBERG LIMITS DETERMINATION

Project: \E > =Un, o Carbii t Arioan Cob Date: 4. ;- ;o
Hale No. Lovvow Area  |Sample No. Job.No. ©" &
LIQUID LIMIT

Run No. 1 2 3 B k- 6
Tare No. S -3 ccrte | §-63
Tare plus wet sofl r o 4. 523 |35 575 |33 %1e
gg Tare plus dry sof) 3. 40 127 ¥37 Jip 90
9'6' Water Io. 4 vl ¥ olg 7T.0%0
'.I,_E Tare THEL v v iy 303
Dry Soil Wg | /9 0vi 117 ¢3v | 14.41)
Water content , g w 54 ¥ .l 45 5
Number of blows 2w 3 v
.;; ‘*
LL T/
-y P'. Li
o 2 - + PI 3>
’ —— sty . 2 —-4»—1:' T
- A
Ssv T
v =
] - h
u -
e 2! - -
: £
= < =
3 - ° b
‘ £2
V) -
4‘ e - :
po———- — j» "O-:
} - — v o
. — I— - — I‘
¥ 0 15 20 L 3 70
Number of Blows
PLASTIC LIMIT Natural
- Water
Run No. 4 1 1 2 | 3 4 5 Content |
Tare No. S - & S - |
, w |Tare plus wet soil] e ¥vol 28 0bV
£ & [Tare plus dry sofl 15 God | w5 05k
s " [Water IWg] 3.29% [ 3 vy
* X Tare L3395 |1».339
ury sofl We 1:3 205 [(3.049
Water content g w L4 . 21.¢ 1 1x 5
Plastic Limit, w, |
Remarks: Tested by: | ,—
T Computed by: *1 ]
L Checked by:




R.C. HARLAN AND ASSOCIATES

geotechnical consultants

ATTERBERG LIMITS DETERMINATION

Project: (B¢ O Linion Carbide - Uraen Colo|Date: ¢-§-§o
Hole No. -7 Sample No. [ S-/) Job.No. >(7. ¥
Thale - qre - Liag k- LIQUID LIMIT
Rin No.” ] 2 A 4 $ 6
Tare No. S-c5 (S~ (9| S~ 4§
Tare plus wet sofl 41. T4 |40.3TY |15 000
gi Tare plus dry sofl 33 b4 | 3302w 151 150
oL wWater Ei 5.1y 1.3, L. &lv
5"':_ Tare (v v L1577 U 353
Dry Soil We [/ 530 |30 747 |19937
Water content | g W 1.1 Iy 34 v
Number of blows ' L ¥ 6
» L 26
31 “ PL_LT
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Number of Blows
PLASTIC LIMIT Natural
Water
e Run No. ] 2 3 4 5 Content |
Tare No. $" N1 5" &3
o 2 {lare plus wet sof! 32./90 i ¥ 56/
f,,§ Tare plus dry soil ¥ 95 3|25 1w
o 7 |Water IWe [ 2 (57 ] 2 C4]
* £ |Tare . 2wy, 08
Dry sofl We | ye.720)13.735
| ______Water content % (9.1 173 9. v
Plastic Limit, wy -
Remarks : L When parussi~g I8 ey skels ,ue¥iced | Tested by: ]
VH -5 e “q ( fekbeddad w/slale Bocossed [Computed by: W1
I q/e. booas gru?_m{- 0 wvy — Checked by:



R.C. HARLAN AND ASSOCIATES

gectechni al consultants

ATTERBERG LIMITS DETERMINATION

Project: [E (> -Unimn Carbide , Uraan Colo |DAtE: €. 4-§0
Hole No. Shioe ~bds b |t 70-/0A *3Y4ddob.No. =) ¢
LIQUID LIMIT |
Run No. 1 2 3 ] L
Tare No. S=H 1S~ L¥y] S~ IV
Tare plus wet sofl 35,243 134 ¥5F | Y16l
I:"§ Tare plus dry sofl 13,74 ig 510 ] 33,008
g‘; ater 6.501 633F |14 914
:':'5 Tare 13.37% Liv.21v v 333
Dry Soil We |/6.304 [16 146 10955
Water content , g - 39.7 3§.0 36 1
Number of blows [ ~9 -
w2
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.- PI__°
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- 5 2
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$ 41
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- — - 'z;
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-~ o
o -
v o
*¥ 10 15 20 L 3 70
Number of Blows
PLASTIC LIMIT Natural
Water
Run Ho. 1 1 1 2z 1 3 5 Content |
Tare No. £=3F| S-S0
o ¢ [lare plus wet soil Jo.93¢ (2997~
< o |Tare plus dry soil 21318 a6 58
o .
* £ |Tare w361 iy 243
Dry sofl W [0 114339
Water content g w | 3.7 23.5 3.5
Plastic Limit, wy | S5
Remarks: Tested by: [y

Pe -

Computed by: WL_q
Checked by:
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WORK SHEET - SPECIFIC GRAVITY TESTS

Project: \E (O U om - (o«\kc._‘v Job No.Ail. ¢

Hole No.

e ——————————

Date 4-3% -59©

SPECIFIC GRAVITY OF SOLIDS (Gg)

Tested by; Computed by:

]Checked bx

Sample No. T v ol Fi == A
Flask No. L et - 1 L. et AT & @ i
Temperature of Water and Soil, T, °C | 2o | 1 2o , XX
Pan No. PR 1 &
Pan + Dry Soi) i -5
" Pan |
§ Dry Soil We |/0L. ¢ ns. | B
:' Flask + Water at T, °C Wow | 6049 L15°% -puhry
T [Ws * Wow 1727 190.%
% |Flask + Water + Immersed Soil Wows |13% 3 N 4F.0 LE
Displaced Water, Ws + Whw -VVb!s“«_/ 360 __:i”wd 4.4 | e
Correction Factor | K lof§5% | | ef9%¥] b
(WK) = (Ws + Why - Vows) | 6s | v o W RS
APPARENT (G ) AND BULK (Gg) SPECIF]C GRAV]TY 47 Corr. Factor
Sample No. bar PEECH . - K ot
Temperature of Water and Soil, T, °C | 2 1.0010 -
Pan + Saturated Surface - Dry Soil | 1.0009°
Tare Weight 1.0007 !
& E’.turated Surface - Dry Soil NG RSN RSN fcanel S5 0 RS SN RN
E‘Tblire Basket + Sofl) in ”BEST__,_‘_;‘J i Tl - o ~_1.0004 3
c|Wire Basket inwater | | | 1.0002 |
“ [Saturated Soil in water | C | | ] 20 | 10000
' E|Tare Heig_ht + Dry Soi) A ey SR 0.9998 |
Tare Weight e 0.99%6
Dry Soil ] A o 0.9993 |
Correction Factor K | 0.9991
(AK) : (A-C) (Apparent) G, 0.9388
(AK) : (B-C) (Bulk) Gy 0.9986 |
Remarks : | 0.9983 |
0.9980 |
0.0977
30 | o0.9974
| 0.99m1




