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I Proposed Tailings and Effluent Disposal Site
Spring Creek Mesa, Colorado

1
1 Gentlemen:

International Engineering Company, Inc. (IECO) is pleased to transmit
| five copics of its report entitled " Preliminary Geotechnical Investiga-

I tion of the Proposed Uranium Tailings Disposal Site at Spring Creek
Mesa, Colorado." This work was completed in accordance with the scope

J of work defined in Union Carbide Corporation's Purchase Order No. EC
615-5235 and as originally presented in IEC0's proposal dated 22 Febru-
ary 1980.

i
l The results of the geotechnical investigation indicate that the SpringI Creek Mesa :;ite is suitable for the safe disposal of uranium tailings
, from Union Carbide's milling operation near Uravan, Colorado. The loca-
| tion identified as the West Mesa has a sufficiently imperneable founda-

I tion for siting of the effluent pond, and the Airstrip Area is a feas-
ible site for disposal of filtered tailings. Both sites will require

| impervious liners, and quantities of impervious material are available
from excavatic of the West Mesa Area and from an adjacent borrow area.

| Further investigations that are recommended in the report include in
situ permeability tests, preliminary embankment and pond liner design,r

and other sturiies of site conditions.

| If you have any questions regarding this t aport and our recommendations
for further work, we will be pleased to answer them.

| Very truly yours,

M C
1 Kecneth B. King, Jr. (

Project Manager \

) Encl.: Report on Preliminary Geotechnical Investigation
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SECTION 1

SUMMARY

I
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-

I 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
|

I barrier against seepage with a permeability on the order of 1x10-6 to
1x10-7 cm per sec. Excavation of the West Mesa Area will provide con-

|

struction materials for the ring embanknent and an impervious pond .

liner. Because of the relatively impervious liner and shale fouridation,
only a minimal amount of seepage will occur.

I
The Airstrip Area is a feasible storage site for the 9 million tons of
future filter 7d tailings. These tailings have a water content of ap-
proximately 25 percent. Excavation will provide construction materials

I 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 systim. The effluent can then be pumped

I
1-1
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I
then be pumped to the effluent pond. Overburden removed from the site
can be stockpiled to cover the tailings in a program cf periodic recla-
mation and eventual abandonment.

I 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.

I
IECO recommends further investigations of the Spring Creek l'esa site to
include the following:

Additional borings and test trenches in the West Mesa, Air-
I

e

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.

e Office studies of potential seepage paths.
Installation and monitoring of a system of ground-water wellse

to acquire baseline water quality data.
e Further design studies on hydrology, environmental baseline

data, and abandonment.I
1.2 AUTHORIZATION

At the request of Dr. T. J. Kagetsu of Union Carbide, IEC0 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 IEC0 to proceed with

the studies with Purchase Order No. EC 615-5235 dated 24 March 1980.

I i

I
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i 1.3 SCOPE OF WORK
i

| The scope of work consisted of developing and supervising a field ex-
i pioration program to include soil borings, rock coring, and a test

trench program to evaluate the site foundations and potential borrow
j sources. Geologic mapping and laboratory testing to define engineering
i parameters were required. A geotechnical field reconnaissance and
j office studies were completed to define site conditions. The report on
; the investigation was to summarize ali findings, present field and

laboratory data, discuss the suitability of the site for uranium tail-
ings disposal, and present IEC0's recommendations for- further investiga-.

tions. The detailed scope of work is described in IECO's proposal and
I Union Carbide's Purchase Order, which are referenced above.

!I
;

; I

:I
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SECT 10tl ?

PROJECT DESCRIPTION

I
,

2.1 GENERAL

The Spring Creek itsa site is one of several alter natives that Union
Carbide Corporation is considering for disposal of tailings and effluent
fra7 its Uravan Uranium Mill. The tailings disposal site must accommo-
date a minimum c# 9 million tons of tailings over the 17-year life of

the project. The effluent pond must provide 250 acres of surface area to
I evaporate approximately 510 gallons per minute of liquid waste. The

pond must also be sized to held precipitation and the raffinate and
solids that will crystallize out of the effluent.

|

I |'

2.2 LOCATIONS

I !

The areas identified as the West Mesa Area and the Airstrip Area were
,

selected during the geotechnical reconnaissance as appropriate sites forI the investigations. The location of the project is shown e Figure 1,
and the West Mesa and Airstrip Areas are illustrated on the Site PlanI presented as Figure 3. Inspection of ufoce features indicated that

the West Mesa Area would be a suitable site for the effluent pond be-
cause the shr'e bedrock is more impermeable than the sandstone founda-

tion at the Airstrip Area. The shale is near the ground surface and

would require minimal excavation of overburden. This overburden would

be used as embankment construction material.

I-

At the Airstrip, access to shale would require considerable excavation
through hard rock to remove the more pemeable sandstone layer. TheI sandstone does fom a suitable foundation for disposal of filtered
tailings, however; and excavation of overburden would provide embankment

construction materials. The suitability of both the shale and sandstone

I
2-1
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tailings, however; and excavation of overburden would provide embankment
construction materials. The suitability of both the shale and F.sndstone

-

foundation materials at the respective disposal sites was confirmed
through drilling, test trenches, field pemeability tests, and labora-I tory test ing. The investigation, sampling, and testing programs and
their results are described in subsequent sections of this report.

;,I
'I

I

I
I

'I

I

I
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I
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SECTI0ri 3

SITE C0fiDITIONS

I 3.1 SURFACE CONDITIONS

Spring Creek Mesa is capped by a sandstone formation. Where drainage

| patterns have eroded the sandstone, the underlying shales are exposed.
The West Mesa and Airstrip Areas that were studied have few or no drain-
age channels. Because of the flat topography and the fact that separate
embankments will completely surround the effluent pond and tailings

| pond, only precipitation that falls directly on each site needs to be
considered; there will be no runof f into the ponds, and construction of

I the efflu;.' and tailings ponds will not block or alter natural streams
or drainage paths. Also, the Spring Creek Mesa site is advantageous be-,

| cause it is 1-1/2 miles from the nearest creek or river. This location
i reduces the possibility of the degradation of streams.

'l
The mean annual rainfall in the vicinity of Uravan is approximately 10,

inches per year. Further consideration of climatic conditions or sur-
; face hydrology was not included in this scope of work.
i

|5
|

j 3.2 SUBSURFACE CONDITIONS!I
I

A. Regional Geology

I
Spring Creek fiesa is located in Montrose County, Colorado. The area is,

shown in the authwestern corner of the U.S. Geological Survey (USGS)
i Atkinson Creek Quadrangle, and the characteristics described below apply
|

| to the southern third of the quadrangle. The mesa is one of the many
that has been cut from a larger plateau by steep-sided drainage courses.
The surface of the plateau dips at a 5-degree angle toward the south-

I west.

I :

3-1
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" The tops of most of the mesas in this vicinity are covered with a thin
layer of reddish sandy silt that has been reworked by water in some

I places. This alluvium rarely exceeds 10 feet in thickness.

A series of sandstones and shales underlies the alluvium. These layers

are part of the Dakota Sandstone formation, which was fomed during the
Cretaceous period. In the project area, it rarely exceeds 80 feet in
thickness. The sandstones are fine-grained, yellowish, and of ten cal-
careous. The shales in this fomation are generally black, moderately
hard, and often calcareous and tend to air slake.

I The Burro Canyon fomation lies beneath the Dakota Sandstone and is ex-
posed only in canyon walls in this area. The fomation ranges from 100

J

to 120 feet in thickness and is comprised of sandstones, conglomerates,
i and shales.

!I
The Morrison fomation, which underlies the Burro Canyon fomation, is
the oldest exposed structure in the region. The shale, sandstone, mud-

| stone, conglomerate, and thin limestone beds of the fomation are ex-

I posed only in the 1arger drainage courses and are Upper Jurassic in age.
The Brushy Basin shale is the upper member of the fiorrison fomation and
makes up slightly over one-half of its 700- to 300-foot thickness. The

Brushy Basin shale consists predominantly of varicolored bentonitic'

shales and mudstones.

I ,

The San Miguel Syncline is the final s*ructure of interest. It bisects
! the southern third of the quadrangle in a northwest to southeast direc-

tion. The syncline dips gently to the northwest.

I B. Site Geology

The portion of Spring Creek Mesa in the study site is flat and measures
2 miles square. It is located north of the San Miguel River between
Spring Creek on the east and Atkinson Creek on the wes'.. The surface

'3
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I'

!
'

lies about 800 feet above the San Miguel river at El. 5800 *.o El. 5900.
I Geologic features are illustrated on the Site Geology Map, Figure 2 and

the site plan is shown in Figure 3.

A thin layer of alluvium that varies up to 10 feet and averages 5 feet
'

in thickness covers the Dakota Sandstone fomation that caps most of the
mesa. The Dakota Sandstone is the primary fomation of interest in this

1 project. At the site, the femation consists of fine-grained, thin-
I bedded sandstones that vary in calor from tan to gray and red and of

interbedded gray and black carbonaceous shales with thin coal seams. In

I
places, the sandstone has been converted to quartzite by silicification;
however, these quartzites are confined to small dreas both vertically
and laterally. The shale and sandstone layers of the fomation alter-
nate, and a schematic representation of the layers is illustrated in
Figure 4.

I
The thickness of each layer varies locally, as in the central part of
the West Mesa Area where the upper sandstone is very thin or missing.

,

In the Airstrip Area, the upper sandstone and shales are largely miss-
g ing. Sandstone is at or near the surface and extends to a depth of 30

'

'

5 fcet or more with only minor shale content. Bedding at the site gener-
ally strikes north 50 degrees west with dips of 2 degrees or less to the

' north. The main joint set is about N 35 degrees to 45 degrces W/85 de-
grees S.

I
C. Seismicity

I
The project area is characterized by low seismic activity. According to

I the Preliminary Map of Horizontal Acceleration of the United States pre-
pared by S. T. Algermissen and D. M. Perkins (U5GS Open Field Report 76-

416), the seismic peak acceleration in this area is less than 0.04 9 in
a return period of 475 years. A peak ground acceleration of between

0.05 and 0.1 g would provide a return period of approximately 1000 years
and would be adequate for this project.

I'
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'I
D. Ground Water

I Ground water lies at 650 to 750 feet below the surface of Spring Creek
Mesa. Contamination of ground water would be unlikely due to this depth |I,

and to the presence of shale layers including the Brushy Basin Shale |
1that overlies the saturated zone. This depth of ground water is based |
'on measurements of wells near Atkinson Creek. Locally perched ground

'

water may overl{e the shale layers. A windmill within the project

| limits draws water from one of the perched lenses, which has no;

connection with the regional ground-water table.

I

I
I.

I

I'

I

|I

I
;

i I
I

,

I |
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SECTI0ri 4

FIELD IfiVESTIGATI0fiS, SAfiPLIf1G, AfiD TESTitlG

.

4.1 GENERAL
e

!

I The exploration, sampling, and field testing programs were perfonned at
I
- Spring Creek Mesa from 19 March through 4 April 1980. Technical direc-

tion of the field work was provided by Messrs. E. F. Axtmann, Senior
i Civil Engineer from IEC0's San Francisco of fice and R. A. Caughey, Prin-

cipal Geologist from IEC0's Denver of fice. The CME-55 drill rig and
j operators were subcontracted to IECO by Custom Auger Drilling Service of

Denver.<

;

i

|

The exploration program consisted of drilling fix-size boreholes and
auger holes and excavating test trenches. The locations of drill holes

i and test pits are shown on the Site Plan, Figure 3. In addition,

Messrs. Axtmann and Caughey perfonned a site inspection of the West Mesa
Area, the Airstrip location, and a potential borrow source. Results of

l

the visual inspection are presented in Section 3, Site Conditions.

| The sampling program consisted of retrieving samples of foundation soils

and rock and borrow materials for laboratory testing. Appendix A in-
cludes Borehole Logs and Test Trench Logs. The laboratory testing pro-
gram is described in Section 5.

I
4.2 WEST MESA AREA

t'

'

The investigation of the West Mesa Area, which is the proposed site of

I
the effluent pond, included drilling 11 flX holes totalling 290.4 linear

,

feet, with the depths of holes ranging from 14.0 to 44.0 feet. Seven

test trenches were excavated to allow visual examination of the al su-
vium, capping sandstone, and the underlying shale material. The

I
4-1
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I

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 E's. 5840.I fio drilling was perfomed 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

remeabilities ranging from 1x10-3 cm per see in TD-4 to 1x10-7 cm per
sec in TD-10. Water pressure tests probably were measuring seepage and
water losses along shrinkage and fracture planes within the foundation.
Field pemeability test results are shown on the logs and geologic
sections.

4.3 AIRSTRIP AREA

Foundation irvestigations for the proposed tailings disposal site in-
cluded seven tiX 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 overburden 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.

I
Field water pressure tests were perfomed in the foundation sandstone at
boreholes ED-3 and ED-7. Pemeabilities were 1x10-5 and 2x10-4 cm per
sec, respectively.

I
I

I

I
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4.4 BORROW AREA

The field investigation consisted of sampling the selected borrow source
directly north of the Airstrip. The potential borrow area is 0.25-mile
wide by 0.5-mile long. The purpose of the field investigdtion of the

( borrow area was to locate sufficient quantities of impervious pond liner
material, additional embankment construction materials, and material for

( future reclamation. The drilling program established that shale suit-
able for constructing impervious liners is present in the majority of
the borrow arer between El. 5780 and El. 5795, which is exposed along
the perimeter slope of the borrow area, and was also identified at 24
feet below the surface at drill hole BH-1. Five trenches were excavated
on the slopes that fom the perimeter of the borrow area to confirm the
limits of the source. The shale layer is 12 to 15 feet thick with a

( usable depth of 9 feet. The designated borrow area could supply more
than 1 million cubic yards of suitable clayey shale construction mater- 1

ial for the impervious liner.

It is estimated that there will be sufficient construction materials
available for the pond liner, embankment construction materials, and
future reclamation. This material would be available from the West tiesi
Area and the borrow area. Impervious material is also available from
the Brushy Basin Shale and could be investigated in final design if ad-
ditional materials are required.

[
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SECTI0f4 5
i LABORATORY TESTING
,

5.1 GENERAL

The purpose of the laboratory testing program was to detemine the engi-
neering properties of the foundation bedrock, embankment construction

materials, and impervious pond liner to confim the feasibility of con-
1

structing the tailings and effluent ponds at Spring Creek Mesa. Repre-
sentative bulk samples were collected from test trenches, and a split
barrel sampler was used to obtain samples of foundation materials in the
boreholes. Testing in accordance with ASTM procedures was perfomed by

I CTL/ Thompson, Inc., Denver and R. C. Harlan & Associates, San Francisco.

The results of the testing program confirmed that the proposed materials j

are suitable. These results are summarized in Table B-1, Appendix B, |
and reports of laboratory testing by both testing fims are also in-
cluded in Appendix 8.

I
5.2 LABORATORY PERMEABILITY TESTS

Laboratory pemeability tests by Harlan & Associates were conducted on,

compacted samples of shale materials to be used for the impervious
1iner. When samples of shale materials were compacted to 95 percent of
Standard Proctor to a dry density of 102 lbs to 106 lbs per cubic foot,
permeabilities ranged from 1.5x10-6 cm per sec to 3x10-6 cm per sec. At
97 percent of Modified Proctor compaction, permeability was 4.7x10-7 cm,

per sec with , dry density of 114 lbs per cubic foot. Moisture contents
of the compacted specimens were at or near optimum moisture, whicht

,
r

ranged from 15 to 17 percant.
t

I

I
5-1
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I

Pemeabilities of some of the compacted 61: samples as tested by CTL/
Thompson were less than 1x10-7 cm per sec. These samples were compactedI to 97 percent of Standard Proctor Compaction.

Permeability tests were run by Harlan and Associates on relatively un-
disturbed core samples of shale material. Pemeability results were

2x10-6 cm per see to 6x10-6 cm per sec and dry densities were 111 lbs

per cu ft and 120 lbs per cu ft, respectively. The dry density of
specimens used for triaxial shear testing varied from 118 lbs per cu ft
to 129 lbs per cu ft.

I

5.3 SHEAR STRENGTH TESTS

Consolidated, undrained (CU) triaxial compression tests were perfomed
on representative samples of fcundation shales and borrow area materi-
als. Soil cohesion (c) equaled zero and the angle of internal triction
(Q) ranged from 17 to 20 degrees when the total stress parameters for
the borrow area impervious materials were detemined. Effective stress
parameters equaled zero for soil cohesion (c') and 25 to 30 degrees for
the angle of internal friction (@'). The consolidated undrained tri-
axial compression tests on the foundation materials were inconclusiveI because the core samples were fractured and marked by s1ickensides.

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

I
I

I
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5.4 OTHER LABORATORY TESTS

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

I 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.

I
C. Compaction Tests

1
Using Standard Proctor Compaction, the maximum dry density of borrow

I naterials that will be used in embankment construction ranged from 10'i
to 110 lbs per cu foot. Using Modified Proctor Compaction, the dry
density equaled 118 lbs 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-
rnw materials is dry of these optimal values.

D. Consolid tion Test

i 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.

I
5-3
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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

I All 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.

I
G. Acidity - Alkalinity Tests

I
To determine the acidity or alkalinity of representative samples, pH
tests were conductea.I Borrow materials are slightly basic with pH
values of 7.9 to 8.6. Foundation materials are slightly 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 cm

I per sec. Pemeability tests performed on remolded samples of the shale
material indicate permeabilities from 1.5x10-6 cm per see to less than
10-7 cm per sec. 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 lbs per cu ft gave permeabilities of 1.5x10-6
cm per sec to 3x10-6 cm per sec. The same shale material compacted to a '

I
E |
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|

'

|density of 114 lbs per cu ft using 97 percent of Modified Proctor com-
|

paction gave a permeability value of 4.7x10-7 cm por sec.I,

| The samples of shale material obtained from the borehole program and
used for permeability and triaxial shear testing showed unit densities
from 111 to 129 lbs per cu ft. The average density exceeded 120 lbs per
cu ft. Based on these in situ densities and the recorded " swell" char-
acteristics of shale material following saturation, it is concluded that
field permeability tests measured water passage through fractures and
along shrinkage cracks.

I Comparison of unit density and permeability values suggest that satura-
tion of the shale material, confined within the foundation zone beneath
the proposed effluent pond, would result in seepage losses through shale
material having a permeability value in the range of 1x10-6 cm per sec
to 1x10-7 cm per sec.

I
,

I
I

fI

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



I
SECTION 6

DESIGNI

6.1 GENERAL

The design criteria presented in this report a w based on tests, field
investigations, and observations made within this scope of work. The
preliminary gbotechnical investigations indicate that the Spring Creek
Mesa site is a feasible location for the proposed effluent pond and
tailings disposal site. As described in Section 7, Conclusions and

Recommendations for Further Investigations, additional studies must be
perfomed 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 enissioa levels and
seepage were considered carefully throughout this study, as described
below.

6.2 EFFLUENT POND

A. Mcation

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 oopulation centers. The topography of the Spring Creek Mesa

separates disposal sites from neighboring drainage channels and ground
water and virtually eliminates consideration of runoff and the need for

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

6-1
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I

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.

I 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 on 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 fiaximum Precipita-I tion), wave height, and runup. The design of the effluent pond will be
d 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 ao'nst seepage and percolation of
water. Based on test boringst anale foundation is believed to be
continuous at the proposed pona site.

I The maximum height of the embankment is approximately 45 feet with up-
stream slopes of 311:1V 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
1iner.

I The effluent pond area will be excavated to about El. 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.

: I
6-2|
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I
I

I
The major portion of required construction materials is available within
the perimeter of the proposed effluent pond. The overburden averages 3
feet in thickness. The upper 1.5 feet of overburden material can be

stockpiled for eventual reclamation of the pond, and the remaining over-I burden, which is sandy silt alluvium, can be used in the embankment con-
i struction.

: I
The thin sandstone layer imr ~ tely underneath the overburden will bea

excavated and used to construct the embankment shell zone. During exca-
vation, the sandstone will break into pieces less than 12 inches in4

i size, with an anticipated average size of 4 to 6 inches. Thus, excava-

tion should provide free draining, high strength material for construct-
' ing the embankment.

1

Semi-impervious zones of the embankment can be constructed of coarse

shale and smaller sandstone pieces obtained from the foundation excava-
tion. Required excavation into the shale layers beneath the sandstone
will be the source of impervious material for the pond liiar. The

thickness of the liner should be determined in design studies, including
a seepage analysis, and could range from 1 to 3 feet thick. It would
probably be covered with 18 inches of materials that would prevent
cracking and erosion of the impervious liner and sha!c foundation. TMI upper 5 feet of the thicker shale layer would be excavated, processed,
=nd conditioned to provide impervious fill suitable for these uses.I
C. Seepage

I
Seepage losses frun the eff!uent pond will be controlled by the proposed

'

impervious li er ard foundation shale layers. Seepage through the im-

pervious liner will travel downward into the horizontal -hale layer as
shown on Figure 4. The natural shale layer will swell as moisture isI absorbed, and swelling will reduce the passage of water along bedding '

planes and fractures. The impervious liner would be constructed to fonn
a barrier of compacted shale material of similar permeability of from

W
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!

I to 3.5 feet in thickness. The natural shale directly beneath the
placed impervious liner would exceed 5 feet in thickness and would pro- I

vide an impervious zone with a permeability value in the range of 1x10-6
{

r
' to lx10-7 cm per sec. The combination of impervious liner constructed (

to high quality control standards and the thickness of natural shale Iy

L layer is expected to be adequate for seepage control bascJ on the labor-
atory tests performed and properties determined for the shale material.

Ir
L !

l

{ D. Abandonment

p When the effluent pond is abandoned the accumulated residue and con- I
L

'

taminated impervious liner material will be covered with suitable clayey
;

shale. Approximately 4.5 /cet of cover material plus 1.5 feet of the Ik stockpiled overburden would be placed over the pond area. The outside
slopes of the embankment would be flattened to provide SH:1V slopes,

( such that overburden material could be placed and vegetation could be
established around the 'rimeter of the effluent pond. placement of the

:

{ cover material would provide a minimum 1 percent surface drainage slope
to minimize percolation of precipitation into the residue within the
pond area. 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.

Paterials for abandonment would come from the material that would be( stockpiled during excavation for construction of the effluent pond and
tai *ings disposal site and the %pi vious t rrow area. If necessary,

{ adc itional clayey shale mat "al cai 'e ob iined from the Brushy Basin.

Sh :le member cf Morrison Fonnation. The f 'ushy Basin Shale lies at El.
5500 to El. 5600, which is 250 feet oelow the top of Spring Creek Mesa.r

"

Sources of suitable reclamation material are unlimited in the Atkinson
Creek dry drainage channel directly north of the pond site and are ex-r

L posed on the west flank slopes of Spring Creek Mesa.

-
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6.3 TAILINGS POND

i

A. Location |
|

The filtered tailings would be located in the Airstrip Area.
H

B. Design

An embankment ranging in height from 24 feet to 50 feet would be re-

{ quired to contain the required volume of filtered tailings. Approxi-
mately 9 million tons of filtered tailings would be stored in the Air-
strip Area. Expansion of the Airstrip Area tailings disposal site could
accommodate an additional 9 million tons of filtered tailings. The

tailings would have a moisture content of approximately 25 percent and a,

dry density of 95 lbs per cu ft. About 840,000 cubic yards of pervious,

sandstone and semi-pervious construction material is needed to construct
,

the embankment as shown in Figure 6. The impervious liner would require
532,000 cubic yards of clayey shale material obtained from the desig-

[ nated borrow area, and the rotective cover for the impervious liner
would require 525,000 cubic yards. The estimated stripping volume and
excavation from within the tailings disposal area would result in
600,000 cubic yards of stockpiled overburden for later reclamation and
1.4 million cubic yards of usable construction material.

To obtain the impervious borrow material, the excavation of overlaying
sandstone and interbedded shales and sandstones covering the borrow area
shale layer would furnish protective csver material. The embankment

would be constructed of suit 6bh excasated material. The remaining

560,000 cubi yards of excavated material would be stockpiled for futurc
reclamation work. An impervious liner would be constructed to provide a
barrier against seepage. The operation of the pond should be desi ,_d9

to facilitate drainage of the tailings by a progressive system of defo-
I sition, drainage, and collection of effluent. The tailings should be

placed to drain toward a location where a drainage collection system
; would pump the liquid to the effluent pond. Such a drainage system is

j 6-5
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L

& facilitated by the ground elevation at this site and by the requiredL,

impervious liner which would allow collection of drained. liquid. This!

p . method of placement of tailings is illustrated in Figure 5. Periodic
N .

cotering of tailings with earthfill would also prevent infiltration of
pr ecipitation, reduce potential seepage losses, and minimize wind ero-

W tion. Frequency and thickness of covering should be determined in '

further design studies. Final placement for reclamation is estimated to
i be 4.5 feet of clayey shale and a 1.5-foot thick layer of overburden

material to prevent erosion.

U-

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 wouldc

k be necessary throughout the pit. Placing the impervious liner against
the blocky, irregular surface of the sandstone excavation would be

k difficult, and the rate of seepage would not necessarily be improved.
Roth 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 thickn'ess would be stockpiled for eventu-
4 al reclamation of the pond. . Construction materials for the embankment

would be imported from excavation of the effluent impoundment and from
L the borrow area. The required quantities of construction materials are

available within reasonable haul distances.
I

..

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,

L
. covered with impervious shale liner materials to prohibit seepage.

?
Y

s
!

s
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I
C. Seepage

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

I sure on the liner and minimal seepage through the liner.

I
| D. At::-adonment

I
| Tailings disposal and reclamation would be a progressive operation as

indicated. The final reclamation would require SH:1V slopes outside the

| embankment and a contoured covering such that a minimum 1 percent slope

g is provided for surface drainage. These specifications are based on
B existing regulations for abandonment of hazardous waste deposits and

will be subject to revised regulations at the time of abandonment.

| The sbankment 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

wo rk . 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.

P
|
1

I
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SECTION 7

I
CONCLUSIONS AND RECOMMENDATI0f1S

FOR FURTHER INVESTIGATIONS

'

7.1 CENERA1

If the Spring Creek liesa is selected as an alternative for further
study, IEC0 recommends that moce detailed field investigations and pre-

I liminary design studies be perftmed. Our conclusions and recom'enda-
tions are presented below.

7.2 CONCLUSIONS

I
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

I 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 sandstone 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.

!I
7-1
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7. 3 FIELD INVE$YIGATIONS

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

Methods of excavation for construction should be detemined in future
wo rk . Additional foundation explorations should be conducted based on

Nuclear Regulatory Commission and State of Colorado requirements for
sampling and depth and spacing of boreholes once the alignment of the
embankment is detemined.

I 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 infomation 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 pemeability coefficients under fieldI conditions are t ecessary. Alternative methods of controlling seepage
can be considered when pemeabilities in the field under anticipated
operational conditions have been detemined.

Observation wells should be installed to monitor ground-water condi-
tions. Monitoring data should be recorded from installation of the
wells until c nstruction of the ponds to establish baseline water
quality conditions. Observation wells should be located within the San

I Miguel Syncline trough and at locations along the maximum patential
seepage gradients toward Spring Creek and Atkinson Creek.

I
I
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I
We recommend that extensive field permeability tests be perfomed as
part of the next phase of study to thoroughly evaluate the potential
seepage. PrelimSary permeability tests indicate that the compacted im-
pervious shale material has a coefficient of permeability of about
1x10-6 to 1x10-7 cm per sec. Large 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 penneabil-
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

3
not expected to be detrimental because the shale will be protected from
air by the embankment shell, impervious liner, and tailings or effluent.

I
7.4 0FFICE STUDIES

I
We recommend additional geotechnical office studies to supplement field
investigations in the areas of hydrology, environmental studies, and
seepage control. Aligments of the embankaents should be detemined so

I that detailed foundation investigations can be planned. Embanknent 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 c-isting regulations. Seepage studies should be undertaken
in final design.

I

'I

I
I

I
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LEGEND
Q

Qal
, Alluvium

Light-red wind-deposited sand and silt on benches and mesa tops.
/ reworked in part by water; Recent valley fill and stream deposits.

Kd

f Q Dakota sandstone

Yellowish lenticular sandstone and conglomerate with interbedded'

carbcnaceous shale and impure coal.r, e

Kbc

h '- ' Burro Canyon formation
y3: -, ._

. (f . White, gray, and red sandstone and conglomerate with interbedded
J3 C\

''\.. '. y/ ( s.ro I' ~ % .
green and purplish shale.

Jmb, Jms
' 6,II; - ~ Morrison formation%.
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I
INTERN ATION AL ENGINEERING CO., INC. SHEET -.l_ .0F

I Union Carbide Corp-Spring Creek [Esa-PROJECTDRILL LOG aos No No

Tailing ana rrriuentnisposal ..
2014 notID-1

_

SITE SEGUN CO M PL E.T E D HOLE SIZE ANGLE FROM HORIZ 8 BEARING

I West Mesa Area 3/18/80 3/19/80 NX Vertical
COORDIN ATE S DEPTH /EL GROUND WATE R GROUND EL. DEPTH /EL TOP OF ROCK

3at_ reached __. 5854 _3.5 feet

I Custom Auger Drilling _.
_ ___

DRILLING CONTRACTCR CORE REcov LENGTH /% SAMPL E S CORE 80xE DEPTH /EL. BOTTOM OF HOLE
4 | 44 feet

DRILL MAKE AND MODEL LOG GE D BY

CME 55
_

_ _

. _i,_ _ . RAC___=_=
S AMPLE 0ATA

_

zg M ATEMAL C L ASS IF IC A TIO N
of 5 E WATER LEVELS z,

$5 Og y WATER RETURN E L E VA TIO N {o < P H Y S IC AL DE SCRIPTION

I
o DRILLING FL UID w a Nw ci Ig g

I g "C A SIN G OEPTH r

/ 0.0-3.5 overburden, sandy silt, tan _

d
I - L 2 ;1

j ! I
_. . . . _ _ . . _ __ __ . . .

_ a. _
_

I 4 -
3.5-12.0 Sandstone, tan,

7 - fine-grained, weathered T
_ r -

iI - - 6 ]4. |
~

RQD 8.0-12.0 = 0%

I i

q | _
- - 8

e f !
~

d 10_- [| - ; $ |
n :

- -

- 12 d .

I _ ._ d

_ . _ . . .- . . . _ _ _ '

12.0-16.9 Shale, black, weathered,
air slakes, bedding <~5

+9
--

114
- - h RQD 3.0/4.9 = 61%

~

I
- 8 I -- 16_~ _

J
B9

- .~

-7 . - - - . - . . .

-

E
-

18_.

-

.\. 16.9-20.6 Sandstone, tan, fine-
'

2 .1
grained, weathered -

-

T$ r -l '. d RQD 0.5/3.7 = 14%
S | 2 M I' .

-

-

~ i~

%c
,

20.6-24.8 Shale, black, weathered,
,

22 ~.1 air slakes, bedding ~5o.' M
' -

5 - -

[M RQD 3.8/3.8 = 100%
-

l$

p- 24g. d ! _

I
-

S 4

|y-
j , 24.8 25~.rs~a~ndstorie', gray, fine-

-

26_QI grained, broken,Fe staining RQD 0% _

l

~

-pJ 25.446.8 Sh'51b,blacr,vica thered , air ~g! ,

|-
-

]Q ! slakes, beddinar-5" 1/4" Hotr No.
_ =. , . .== _ ._ ___. = J= 28 h!= L coa 1deam-a t=26ARQD- - - Tn_1= = = -

100%I
- -. _ . . - . - - _ - . - . . - - - _ _ . . , . . - - - _ _ , , . . - -
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2 2

g INTERNATION AL ENGINEERING CO., INC. SHEET OF

DRILL LOG union carbide corp-spring creek Mesa ao. no note no."" ''''

Tailines and Effluent Disposal 2 Cl4 TD-l

I S AMPLE DATA O
*R E M AR KS y M ATERI AL CLASSIFIC ATION

, , . ,; .
az w a WATER LE V E L S do4

Ob $ W A TE R RETUR N ELEVAT40N j PHYS IC AL DESCRIPTION*
a

O a R

I
gg , j DRILLING FLulD g

gg $ W CASING DEPTH o>< g

M-M 26.8-30.2 shale, tan, weathered,
$ :D bentonitic, 30 fractures 27.2; 27.4;-

- E -30_ Z 28';28.3 & 28.6 RQD 3.2/3/4=94%
_

- :b 30 2T6.Y siia~1e', black, weathereci, Fe :
~

3 ~
~~

stained 30 and 60 fractures with -

I
- - ~~

32 C gypsum to 1/8" most partings Fe -

'

- - Z stained some yellow material _

~

:p (carnotite?) in bedding planes -

I - g -

: ;
34 - -.-~

"O .

- <~
_

I
-

-36 s_.- RQD 82% _-
_

e =* _-
- 36.2-38.0 coal -c

_

C _38
_

-~~ 38.0-41' black shale,as above but -

I - 5 _ g harder without Fe staining :
S

40 N. RQD 2.0/3' = 65% 39.0-40.0 coal _

_ - -C
-

-

e : 41'-43.3 Sandstone, gray, fine-graisud-

8_

f
_42 ,- within (to 1/64") shale partings, --

8
.

.sgue gypsum RQD 100%

I - -
ae - % 43.3-44.0 black shale as above -

- g. -c- . . - - _ - - . .

_

I - - Total Depth 44.0 -

- -

E and

* - M q

- - : :
- _

-

e

. : ;

- ._

- -

M

I - - j j
- .

him a

p

. .

I
-

HOLE NO~

TD-1
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.
,

, i



I
I lINTERN ATION AL ENGINEERING CO., INC. SHEET OFI

unignSin'$dd8~M')9M*kt'**" b"14 " b"I"" "'' "DRILL LOG ai ai

I
SITE BEGUN COMPLETED HOLE SIZE ANGLE FROM HORIZ SOEARING

3/19/80 3/19/80 NX VerticalWest Mesa Area
COORQlN ATE S DEPTH /EL GROUND WATER GROUND EL. DEPTH /EL TOP OF ROCK

NA 58.5]L_5_ 1.0
0 RILLING CONTRACTOR CORE RECOV LENCTH/8/o SAMPLES CORE BONES DEPTH /EL BOTTOM OF HOLE

Custom Auger Drilling 94% 14.0
ORILL MAKE AND NODEL LOGGED BY'.

I CME 55 R. A. C.
#" #

REMARKS g M AT ERI AL CL ASS IF IC ATION
No<* a vvATER LEVELS zy

I ,og@5 *u WATER RETURN EL EVATiO N { P HY S IC AL DESCRIPTION
0W o 'I y < DRILLING FLUID w a N

$ g OCASING DEPTH

: | 0.0-1.0 overburden - sandy silt
-I _ _ : 1.0-6.0 Sandstone - not recovered

2_ _

-

!
4 -- _

-

- -- .

I
-

p
T

~7 c 6.0~TD7fiTia Fe ~ ' bl aik , wea thered,

-.7.5 : Z with Fe stains, air slakes, bedding

I ; ~~ ~ 50 q_,

E -i s RQD = 1.2/2.5 = 50%
'-

5 : s
. !

IC + M4.0 shale, taWgiay inod.- ~~~

severely weathered, all partings i
- m - - ~* -

E
- Fe stained. 600 fractures 10.9; - |

I -

7- RQD 3.1/3.8 = 82%
11.9; 12.0 & 12.3 |

'

_-
_ _ g .. .- . - - . - - . . . .

,

_

_ .- .

h Total Depth 14.0 }
- -

I6

y _ >

1

- L : _

_
_

M

3
- 1

E - - 1 -

'

; .

I
- |

- 1
-

-

-
_ :

; -

E
_

- - _ _
1

- *t6-$
_ _ _ _ _ _ . - . = _

I
-. . - - - -



__

I
I lINTERN ATION AL ENGINEERING CO., INC. SHEET 0FI

DRILL LOG union carbide corp-sprin9 creek riesan aECT sos NO note NO.

Tailings and Effluent Disposal 2014 TD-3

I SITE BEGUN COMPLETED HOLE SIZE ANGLE FPOM HCR12 kBEARING

West _fiesa Area 3/20/80 3/20/80 NX Vertical
COORDIN ATE S DEPTH /EL GROUND WATER GROUND EL. DEPTH /EL TOP OF ROCK

NA 3.5
oRituhG CONTRACTOR CORE RECOV LENGTH /% SAMPLES COPE BON ES DEPTH /LL. BOTTOM OF HOLE

Custom Auger Drilling 9.95/11 = 90% 19.25
OP'LL MAKE AND MODEL LOG G E D S Y .

R. A . C.
E _ _ _ _ _ _ - - _ _ _ _ _ _ . . _g

*RE M ARKS g M ATERI AL CL ASslF IC ATIO N
o4 $ WATER LEVELS zy

I Oo QS y WATER RETURN E L E VATIO N { h'
" PHYSICAL DESCRIPTION
0 ORlLLIAG FLUID w fL Nw a Iy <

I } OCASING DEPTH

- 0.0 - 3.5 overburden -sandy silt -

2- -

: i :I
1f - Sandstone not recovered --

- -
_

]'

_ _. _57 -

:
,

- 8d -

_ ,

:
'

B.25-10.55 Sandstone, tan-brown, jg
- 8 - - Weathered, fine-grained, hard

1R - nnD 1.8/2.3 = 785
. _ . _ _ _ . . . . T_

- __ T' ,10.55-16.5 shale, black, weathered,very _
i broken (0% RQD)'below 14.0 Fe stained, ~
Ik heddingI ~

Es

~5. Baked by drill
| 1 action 15.85-16.5 .

;.so
H O pressure Test _ IQ 'RQD 1.6/5.95 = 27%

~~

2I
_

;
a30 PSI ]- daterways blocked

-

|S K=4 x 10-4 - Ifr- h
-

S cm/sec -

1 16.5-19.25 shale, gray, bentonitic, _,I - 9 - I f] deathered, Fe stains,16.5-16.65 baked th
-

R lt drill action previous run, broken
~

|

I
_

-
_ _i~[ RQD 1.2/2/75 =44% _

9
_ _

2 Total Depth 19.25
-

I -

N
4

~ ~

I - - _

m

O 4

e

E - -

tit-5 " ~
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I
INTERN ATION AL ENGINEERING CO., INC. l 1

I SHEET 0F

DRILL LOG eni n carbide corp-spring creek MesaeR aECT so. o. HOLE No.
Tailings and Ffflup,t Disposal 2014 TD-4

I SITE BEGUN COMPLETED HOLE SIZE ANGLE FROM HCRIZ SBEARING

___ wast yoca Area 3/20/80 3/21/80 NX Yertica]_
COORDIN ATES DEPTH /EL GROUND WATER GROUND EL. DEPTH /EL TOP OF ROCK

NA 5850.0 2.5I ORILLINO CON'RACTOR CORE RECOV LENGTH /% SAMPLES CORE BORES DEPTH /CL BOT TOM OF HOLE
Custom Auger Drillin9 28.5

ORILL MAKE AND NODEL LOGGED BY '.

CME 55 RAC

REMARKS g M ATERI AL CL ass IF IC ATlo N
O 4 d2 # Ia WATER LEVELS z
O5 Of g y WATER RETURN EL EVATION { PHYSICAL DESCRIPTION

g

I 0 DRILLING FLUIDw a X < w at s

{ CASING DEPTH O

- 0.0-2.5 overburden, sandy silt -

2- -

_ _ 2.5-5.5 Sandstone - not r'ecovered [
4- -

-

|
_ _

. -

*,

6-i; 5.5-9.0 shale - not recovered -

f
'

- -8 -

- .~

1
_ _ : 9.0-13. 5 Sands tone , bro.vn , fine- -

-
M :

. ' rained,weathergd, Fg stains -1 C)-
5 ; 70 fracture

1ard, bedding ~in clay seams (To 1/22")S -

.5-10.2, th
.

1P 1.5-13.5 -I _ ._ : RQD 4.2/5.0 = 84%
_

-
.

I ~

g - 14 ~ C 13.5-15.9 shale, black, weathered,
_,

: % Fe stains, bedding-5 .
_G, RQD 2.4/2.4 = 100%

_

-

_

~ Z
16T [15.9-16.25 Sandstone, gray, fine-grained;_ _

I - O - -C lb.23-id.b sha le oiacx,ou"r roc ture
H 0 Pressure Test : veathered,Fe stains hard RQD 100% :U 2 _

30 PSI l~

K= 1 x 10
_ 17.65-18.05;300 fracture 18.35 -

|
~

-3
_

cm/,ec
_

; g\ ROD 1.9/2.25 =84% l
- *18.5-24.9 shale, gray, weathered, 220

Fe stains -
_

_ _c-
-

~

~ .

I _

a
_ 22g RQD 100% _

, _.; ~
S % -

I
-

" _.

24- R -

| 24.9-28.5 Sandslone, tan-riddish,beddind.
- ~

-
-

- - 5 , gypsum, hard
|B g 26, . RQD 2.7/3.6 = 75%

-

|| -

1
-

H E O
- - - -E[-- T thr~DE]ith~~25.~5~ - ~ ~

--

'

oI
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I
INTERN ATION AL E NGINEERING CO., INC. SHEET l 0F l

DRILL LOG Union Carbide Corp-Spring Creek MesaPR nct Joe NO. HOLE NO
Tailinne ana rrr1,n o nienne21 20.4 TD-5

SITE eEGUN COMPLEhED HOLE SIZE ANGLE FROM HORIZ SeEARINGI West Mesa Area 3/21/80 3/21/80 NX Vertical
C00RolN A TE S DEPTH /EL GROUND WATER GROUND EL DEPTw/EL TOP OF ROCK

NA 5834,1 201
OnittiNG c0NTRAcTOR c0RE REcov LENGTw/% sAuPtEs ceRE soxEs oEPTw/Et soTTou or wate
Custom Auger Drillina IL7s

DRILL M AKE AND MODEL LOGGED BY'.

I CME 55 RAC
_

- . --.
--- - - . - - - - .

_

REMARKS g M ATERIAL CL ASS IF IC A TIO Nw
o4 Eh E WATER LEVELS " NzR5 g8 o, y WATER RETURN E L E VATIO N { yI P HY S IC AL DE S CRIPTIONo DRILLING FLUIDw a z < g gw

w o w CASING DEPTH; . g,

I -

F - f, p.0-3.0 Sandstone-notrecovered -

- 0.0-2.0 overburden - sandy silt -

-

i

4

I -
_ .

-
~

3.0-8.75 shale - not recovered
4 ~

~ _-
_

_2'1
_ _ 6 -jZ -

_~
rz -

.Z d-

Recovery 1.1/ g1-
~1 l- B.75-10.05 Sandstone,fineha~ineII, \'d .8 = 80% _

~ ~

I
_

1[h 10.05-11.85
ha rd , reddish-RQD-04- -- - - - -

-

sR 0 7 Fess ~u~re- Test interbedded Sandstone and2

10 PSI p Eh. RQD i.2/1.8 = 67% -

1

~ j
K = 4 x 10-4cm/sec 12T3 11.85-14.45 Shale, black, weathered, -

___ _ _,

I - g -

. Q. J~RQD 100%
o

:;- _-

-

2 100% '- - l 4-- Od 2
'

._.Njl4.45-14.75 SanTsTo'nT,' ten-feddi~sh-~ ~ 3
.". RQDJ00 '

- y .yg- -.

.

: Total Depth 14.75
_I W

minum _

_

-

I
-

_

a

W

1 -

I -
- a -

a

-1 -

I
- - 1

_

_

-
- .'4

I ~
-

:

~

-

" Yb P I- . . -- = . = = = - - _ _ . ,

I
|
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INTERN ATION AL ENGINEERING CO., INC. l 2SHEET 0F

DRILL LOG union carbide corp-Spring creek tiesa"""" aos No HOLE No.

Tatlings and Ffflynnt Disnnsa- 2014 TD-6

I SITE BE0uN COMPLETED HOLE SilE ANGL E FRCM HORIZ & GEARING

West liesa Area 3/25/80 3/26]80 NX Vertical
C00RDIN A TE C DEPTH /EL GROUND WATER GROUND EL DEPTH /EL TOP OF ROCK

NA 5839 LL
ORILLIN G CONTRACTOR CORE REcov LEhGTH/% SAMPLES CCPE BOXES DEP TH/LL, BOTTOM OF HOLE

Custom Auger Drillina 39.0
DRILL MAKE AND MODEL LOG G E 0 B Y .

I . . _ _ . _ . _ _ . _ _ _.._

..6'- ' - ~ ~ ~ ~ ' ' ' - ' ' ~ ~ ~~ ^ - ' '

CNE 55 RAC

RE M ARK S g *,, M ATERI AL cL ASS IF ic A TIO N
o .i $ E WATER LEVELS, z

I O5 08 $ WATER RETURN E L EVATION { PHYSICAL DE SCRIPTIONo

2 0 DRILLING FLulDyo 3 g g gw,
a w C A SING DEPTHg> q g g

j 0.0-4.0 overburden sandy silt -

-i
-

~ 2-: -

-i
.I _ _

.

g .

.~. _- . _ .___ _ _ _ _ . _ _ _ . - _ . _ . _ _ _ _ 4I
_ _

_
4.0-8.5 interbedded Sandstone and -;

r Shale -not recovered
'

- - 6 h' -

-4
~.'_$

.I -

-- a _G: -

-,..

_ p.5-15.5 Sandstone, tan, fine-grained, )- - ,hard , weathered, bedding ~ 5 , broken,- |N
- With black Shale partings at O'

-'

-
- : intervals.

** '

'RQD
_

00 j ;8.5-14.0 + 1.9/5.5 = 35%I - a _ _
T

i

:- :
- 14.0-15.5 = 0.5/1.5 =33% :

I
- "? - M -

m 2 3y j |

-H O Pressure Tes - ifE 15.5-23.0 Shale, black, weathered, _2_

15.4-19.0 : ' Fe stains, along partings, beddings
.I ~ 14 PSI

- %'f"
-Z -- 5 0 , becoming lighter toward

K= 3 x 10-5 botto,a
_.

cm/sec C
-

- -

~,- RQD 6.0/8.3 = 72% -

a _ -- - -

8 H 0 Pressure Tes ;
2 [ 20 Z -

- -
,.

A 19.5-29.0 q~ -

d 20 PSI
- s 1 x 10-4 cm/sec

- g "-
~

d 30 PSI
_

2 -
-

I - - l x 10-4 cm/sec - f ^, 23.8-27.5 Sandstone, brown, fine- -

3. grained, hard, weathered
- E - d

S g- RQD 76% -

-
~ ~

HOLE NO- _ _ _ . .__

__ _ . . _ _ -g g __ __ .__ _ _ _ _ ..
TD-6
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I
|

SHctT 2 2
,' INTERNATION AL ENGINEERING CO., INC. oF

| DRILL LOG Union Carbide Corp-Spring Creek Mesa Joe No Note No." Mc7

_ Taninne and Fffinant Dinnntal 2014 TD-6

I S AMPLE D ATA o
R E M AR KS y M ATERI AL CLASSIFIC ATION*

; ,, ,
o4, 22 w E WATER LE V E L S g
kO $ W A TE R RETURN E LEVAflo N [ Ez PHY8tCAL DESCRIPTION

j DRILLING FLuto g a (ga gy u
Og g C ASING DEPTH o>< g

| 8 28} 27.5-29.0 siltstone :I -
~ .

E 29.0-37.3 Shale, black, weathered, _

~

100% -

-U H O Pressure Test : Fe staining, soft with a harder -

2- S - -__ zone 32.5-35.8, 30 fractures -

27.4-39.0 - C 35.0; 35.8 and 37.3. 30.0-31.7 -

32 : reddish, fine-grained, Sandstone, I
| - 30 PSI

~ cm/secK= 7 x 10
~

{ hard and weathered. ;

I- - g 40 PSI -
'

RQD 5.3/8.3 = 64% I

K= 9 x 10-5cm/sec( g _g: :
~

-

_

~36 T Z --

-
-

- 8 - - 37.3-39.0 Sandstone, tan, hard, :

2 38 :
'

weathered, near vertical fracture
--

-
_ : 37.3-39.0 Fe stained RQD 1.2/1.3=71% :x

.
__

40 :I -
-

-

Total Depth 39 ! |
-

-

Overall Recovery 30.3/30.5 = 99% -

._
M

|I .

_ RQD 19.21/30.5 = 63% :
-

-

I - ._ _ _

- -

A M

- . : :
-

_

_

_
.

W

-
-

- _

!
-

_ _ :
-

- |

~
~

_

: i| -
- -

.,

i

M

-
- ~

-

-

TB_'6 "

1

I
.
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b |NTERN ATION AL ENGINEERING CO., INC. I OF lSHEET

DRILL LOG union carbide corp-Spring creek Mesa"" 'ECT ao No. HOLE No.

Tailinge nna rffinn,t nispnsal 2014 TD-7
- SITE BEGUN COMPLETED HOLE SIZE ANGLT FROM HORIZ SSEARING

West Mesa Area 3/24/80 3/24/80 NX Vertical
COORDIN ATE S DE TH/EL GROUND WATER G N EL. OtetH'6 .. TOP OF ROCK

DRILLING CONTRACTOR CORE RECOV LENGTH /"a SAMPLES CORE BONES DEPTH /EL. BOT TOM OF HOLE

Custom Auger Drilling 19.0
ORILL MAKE AND MODEL LQGGED SY;

CME 55 E. Axtmann
n _- . . . - - -

*#" ' #^ *REMARKS o M ATERI AL CL ASS IF IC AT IO N
o4 Eh E WATER LEVELS z,
@5 O$ g WATER RETURN EL EVATIO N F{

"
< P HY S IC AL DESCRIPTION

0 ORILLING FLUIDW o I < w a s
*
g CASING DEPTH O

: 0.0-4.5 -

., _ : Sandy silt, overburden

- - . .

4f -

~ -

:N 4.5-7.5
-

-
- 6;H Shale and Sandstone,

~

- N weathered, not recovere'
'Drilling steady : _ _ . ___.___

- with full water - 8- 7.5-19.0 -
~

return :2 Shale and Sandstone, interbedded,

( - _ g drilling times indicate high Shale-

1&E content -

:e.
- _ .z .

m -
.

Water loss 30%, IP~ -

- (12.5-12.7) - G
Full Water return :E

.( - _ ltE -

Good water return E -

-

and steady dril ling
~ l . .';" -

2 .

_ .

H O Presiure Test : g -

2
- 16.4-19.0 - S

~D,

r 40 PSI' K= 3 x '

L - 10-5 u n/see-- - -- p
- Bottom of hole @ 19.0' _-

T i

20~
- .-

}
-

- _ 7 -

- _ _ _

eu

-

.

_
,

- "fb'7"-
,

~

__---,----,mw-., t-+--v- -- -
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B
INTERN ATION AL ENGINEERING CO., INC. SHEET l oF._ l

I
j

DRILL LOG Union Carbide Corp-Spring Creek Mesaea acT aos NO HOLE NO.

Tailings and Ffflunqt Disonsal 2014 TD-8

8
SITE BEGUN COM PLE TE D HOLE SIZE ANGLE FRCM HORIZ BBEARING

wac+ Moca Area 3/24/80 NX Vertical
COORDIN A TE S DEPTH /EL GROUND WATER GROUND EL DEPTH /EL. TOP OF ROCK

NA 5356 4.0
DRILLING CONTRACTOR CORE RECOV LENGTH /% SAMPL E S CORE BOXES DEPTH OTTOM OF HOLE

DRILL MAKE AND MODEL LOGGED SY'.
E. Axtmann

REMARKS * M ATERI AL CL ASS IF IC ATION
o4 5 $ WATER LEVELS Iz

I
k5 y WATER RETURN EL EVATION { PHY S IC AL OESCRIPTION

0

O DRILLING FLUIDW o Z 3 e w a s
I 3 C ASING OEPTH o

I

I -

: 0.0-4.0 -

Sandy silt, overburden _

.

4 -4 4.0-7.6 -_
~

:;:- Clay and sand matrix, not recovered
A

- - 6~1[{
-

d:
-

-;:

E
- - 8A ~

~

70 1.4/2.0 20% a_ 7.6-8.7 Sandstone, weak

I
~ ~

water loss fC\
~ 101 3 : 8. 7-10 TShaTe ,miid .la rd , grey '( Q) .

~

.

-

1h
~

92 4.6/5.0-5 bedding
- l 10.3-12.8 Shaley Sandstone, severely

_
Plane fractures 0 10.6 12; g weathered, tan, stained

_I - and 12.3 - - M 12.8-M TFsfiireTiofE to med.
-

,

bedding-5 no :3 hard, grey .

'

I
- fracture -

-

R70JiCfsEdR6WE'Eol. h&d~,' ~ tan,
~

_a
Horizontal fracture h'\ fine-grainedT

J14.3
~

~5 bedding - 16 2 14.5-17.0 Clay Shale, mod.hard, black,-
30 fracture : M nediweetherina & iron stains .I - /16.7-16.8)

- le
. 17.0-17.8 Sandstone, hard, fine-:

'

-g grained, reddish -

I -
- 17.8-19.0 Shale, mod. ti~a r~d , g rBy~ ~ -

24 -

-

-
_ : -

|I -
-

q Bottom of hole 0 19.2'
J

-

i -

8 ; 1
-

_ .

_

__ - ____ HON-$PO
-

8 j
,
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INTERN ATION AL ENGINEERING CO., INC. SHEET OF

I DRILL LOG "" '''' union carbide corp-spring creek Mesa aOegg Hyg.
| Tailinne anel Fffi no it 01snosal

SITE BEGUN CO M PL E T E D HOLE $12E ANGLE FROM HORIZ SBEARING

West Mesa Area 3/24/80 NX Vertical
COORDIN ATE S DEPTH /EL GROUND WATER GROUND EL. DEPTH /EL. TOP OF ROCK

I 5856 6.0
DRILLING CONTRACTOR CORE RECOV LENGTH /% SAMPL E S COR5 BON ES DEPTH /EL. 00T TOM OF HOLE

34.2
DRILL WAKE AND MODEL LOGGED BY:

I E. Axtmann
*#

REMARKS g M ATERI AL CLASSIFl A ON
od E WATER LEVEL $y rO5 08 g WATER RETURN E L EVATIO N { P HY S IC AL DESCRIPTION

*

O ORILLING FLUIDwo I .: w a s
k CASING DEPTH O

I
_

_2

:I 0.0-6.0 -

! Sandy silt, overburden:
f

'

:n :

4- |
-

- $
-

~

,

.s | .

'

_ -6 J; .
~

: - 6.0-24.7 Shale
:'' 6.0-8.9, weathered, not recovered

-8
. :

-

8.9-14.0 very slow 4=
-

drilling at low hater
- -

: -

2
~2

10.5-13.3, with coal seamspressure and drilling
pressure to core 10 _ -

- material - j, _

12-!, -

- 0 13.3 water loss - n's
20-25%t t

_14[AE
13.3-14.0. coal layer - I

_ The coal seams and - |_

variable hardness of f
-

Shale layers wil l plug -2 . |
core barrel unle ss 16--2 -

i
drilled slowly with :2 -

- ample water circulation - --

water loss varied 18--Z -

_
- 10 to 20%' overrun _

;C
Dri'. led steady 6 120 PSI

. -% :
water pressure, good 20-C

-

water return '-

:2
_

976 4.85 '~

2 r+~_
-- 5 06 little or no

water loss 3C Shale, hard -

~ -

~ 24-2 -

'

No water loss
_

y 24.7-34.2 Sandstone_

99+-4.95
- |25.00

_

"'rb-%----

zu _ _ __
_
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s

E 2INTERNATION AL ENGINEERING CO., INC. SHEET or 2

r DRILL LOG Union Carbide Corp-Spring Creek Mesa aos no nott no." JECT

Tailings and Fffluent Dinnnsal 2014 TD-9

I S AMPLE DATA O
*P E M AR KS y M ATERI AL CLASSIFIC ATioN

, ,, ,

o<. EE w a WATER LEVE Ls d
03 0h $ WATER RETURN ELEVATION [ ( 8a PHYSICAL oESCRIPT4oN

3@
g oRiLune PLuio g g &I

ogg
g gy, g CAsine oEPTH aa><

Drilled steaay orily 28 : :

I _
__ water loss @ 32. 5 ft. : .

very s..aall water loss
_

30-
'

-

for run : :

I
-

99
- -

:

32_ .
_

-

_

. . _

I ., ...3al
'

-

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

: Bottom of hole 9 34.2' :
_ _

I
I'm WEE" IIIIGII

e a

_ _ .

6 m

- _

W e

i ElW g
M MI

-

- - .

-

I E w M M

-

. _

4 m

I - - - .

"

e a

8' qui

D m eum a

I - - . :
- _

4 m

M M

I - m W em

W M

E D

* emi

- - 4 m

- ed

,I
- _ : ~

E"E em

_ _

E m

W g

so _
" *

" @

#E'''4 m

WpI am

" w 4 m

I . . 4 4
. .

- HOLE NO
- TD-9

1

I
E--- _ - _

--



I
INTERN ATION AL ENGINEERING CO., INC. SHEET OF

DRILL LOG Union Carbide Corp-Spring Creek MesaPR ncT aoBNo nott No

T3qinns and Effluent DisDDial_ 2014
_

TD-10
SITE BEGUN COM PL E T E D HOLE SIZE ANGLE FROM HORIZ SBEARING

I West Mesa Area 4/2/80 4/3/80 NX Vertical
COORDIN ATE S DEPTM/EL GROUND WATER GROUND EL. DEPTH /EL TOP OF ROCK

NA 5g40 a _1,g_

I ORILLING CONTRACTOR CORE RECOV LENGTH /% SAMPLE S CORE B0x ES DEP TH/ EL BOTTOM OF HOLE

__ Custom Auger Drilling 34.0
DRILL M AKE AND MODEL LOG G E D B Y .

CME 55 RAC

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

M ATERI AL CL A00 lF IC ATIO NREMARKS g w,,
"o4 22 z WATER LEVELS z a

f5 0 * WATER RETURN E L E VAT IO N { P HY S IC AL DESCRIPTION

I 0 0 RILLING FLUID w r. xw o Iy <

I g
OCASING DEPTH

- 0.0-3.0 overburden sandy silt -

I - - l
2

. _

-1 -

| -
_

: 3.0-5.5 Sandstone, not recovered
4 _

- _ 3-
-

5.5-7 U~9iale~-~ iiot' recovcred
-

6 l:~
_

_

,,

) h 5 5 9'.3 5fa'ai'e~,~~ black', weathered,
~~ ~~

-

c3 e 892 mod. hard -

- r- 10 .}j
.t$ E RQD 1.1/2.3 = 48%

'''

19.3-14.7 Sandstone, tan, fine ~
~

'

__ ___ 1 | grained, weathered, 11.7-12.5 inter
-

|I - H O Pressure Tes t _ 12 j. | of volume below 12.5- black Shale
_

lbeds of black Shale make up 30%
2

34u 10.4-14.0

I - * 10 PSI - ]'t partings, RQD 3.4/5.4 63
_

m

K= 8 x 10-6cm/sc c f~ .

_
_

_14y --- -

---

H O Pressure Tes t
4.5214 hale [ black, beddingweathered,2 _

Fe stains mod. soft, __

.,

" 16 :^~t
- 14.4-24.0

~5 RQD 100%20 PSIi

K= 2 x 10-5 cm/sec ._ :3
.

-

- g

8 '18-]~ -

q~-

:
- - c

20Mi ~

.

!
'

- ._ _g -

m
- 21.4-32'.6 Sandstone, tan-gray, fine-

~

o
- - 22 grained, weathered, hard, RQD 100%

~

| ~

]
- 24h 22.6-24.5'5hile, blick, weatheref ' -@

~

d RQD 0.5/2.2 = 23* -

|
-

-

25 _26_]t- |24.8-34.0 Sandstone, tan, fine-.

grained, weathered, 25.2-2/.5 -

3 y black Shale
_

__ 2.8.J5 m _lL_, |

HOLE NO. I

r: =wx =. . v _ _ 2._ _

5
. .. - - - _ - - __ - .



_ -_ __ -

I
|

2 2|NTERNATION AL ENGINEERING CO., INC. SHEET 0F

| DRILL LOG '" '''' union carbide corp-spring creek Mesa 20. 0 80tE no.

Tailinos and Effluent Disposal T D - 10
S AMPLE 0ATA

g FA ATE RI A L CLASSlFIC ATIONR R KS
o4 da w a WATER LEVELS
R5 oh y $ WATER RETUR N ELEVATION h E g PHYSICAL DESCRIPTION

o

I ya E, j O DRILLtNG FLUID $ $ }{ gg g CASINS DEPTM Oa g
(
| H O Pressure Test 28: Below 290 bedding approaches -I - 26.4-34.0 - 30-

2
: 300 gypsum seam (1/16")

0in bedding at 32
.I == 30 PSI : :- 8 K= 9 x 10-6cm/sec RQD 7.1/9.2 - 77% -

32_./-

I - - -

!

.

.

~'QA-~E - -

: Total Depth 34 :
. -

.

_ e M M

e e

| _ _ _ _

_ __

~ -

I :

_ _

: 4
- - . .

_ 1

. . : '

_ _

~ ~

: :
: :

_ _ _ .

- _ : :
: :

_ _ T T
- .

E

I

_ _ _. _.

_ _

: :

E - _
-

_-9

_

- - : :

I
- HOLE NO
- TD-10

- _ --



_ _ .

I
INTERN ATION AL ENGINEERING CO., INC. settT _ 1 or 1

I DRILL LOG Union Carbide Corp-Spring Creek Mesa agg0. HgE Ng"" '''' g
Tai]inne and rffinn,t nisposal

, SITE SEGUN COMPLETED HOLE SIZE ANGLE FROM HORIZ 8 BEARING

;g5 West Mesa Area 4/3/80 4/3/80 NX Vertical
C00R 0lH ATE S DEPTH /EL GROUND WATER GROUND EL.

DEPTHbEL
TOP OF ROCK

3.:
____

NA 3849_
'

DRILLING CONTRACTOR CORE RECOV LENGTH /% SAMPLES CORE GOMES DEPTH / EL. BOT TOM OF H0LE.

Custom Auaer Drillino 24.5=

DRILL MAKE AND MODEL LOGGED BY.

'I CME SS RAC__
- . _ . _ _ _ . _

3- .
_ _ _ _

REMARKS g M AT E RI A L CL ASS IF IC ATIO N
,,

"o4 25 e WATER LEvtLS z a
,

j 85 08 o WATER RETURN EL EVATIO N *g y* PHYSICAL DESCRIPTION
o DRILLING FLulD w a s: wo zy .:

{g { {
" *! oC A SIN G DEPTH; :

i
- 0.0-3.0 overburden sandy silt -

| W _ _

2- -

- _

i
-

-

[ 3.0-ST33Tidstone - not recovered-----'"

' 4- _

- _

-

n
-

.

. cc_ .-

_. 6 - 5.5-7.3 Sandstone, brown, broken, -

| _

C.U weathered, RQD 0%9
A.

.

. C.z=
~

; - U 8 40 7.3-T0!5'~Sh'a'le,bikk, soft, _-
0

wegtheged,gedding~ tan, weathered
.

5.m
- P

8. -8. San stone,
-

M :2,
-

n cd ~10- ?. RQD 1.5/3.2 = 47% ~

;
- F -- . . ~ . . . _ - . . .. .

- - :
' 10.5-13.0 Sandstone, tan, weathered,

7-$ 12; broken RQD 0% _
,

1

i a -

~ "- - '

- . . . . . . . . . - . . ~ - . .

:1- 13.0-24.5 Shale, black, mod. hard, _
;

l'l- ~'
_ _

15.5-16.3 Sandstone, tan-gray. -

| d' - Shale gray-brown below 19.5. -

; A:- 20.6-21.1 Sandstone, tan weathered. .

- - 16-'- _

-
A

:m : .' RQD 10.6/11.15 =92% -

,g - _

b. ,
i

1

$ h .'2
4.- .- -

-- g.
; ar-

_

_ _ 22g _

,~
~1

-

_- 2 4 - ' % ~
''

1'>
; _

_ _ . ._. j Total Depth 24.5'

,

26- --

I ~ ~

: "fb'-1%

:

-- -
- == _ _ = . -

___- _

!I
- -

. .



I
INTERN ATION AL ENGINEERING CO., INC. SHEET l oF lI '

DRILL LOG union carbide corp-spring creek tiesa" ' ' " aos ao aoLE ao-
TaiUngs and Effluent _.aisposal 2014 ED-1

3
SITE BEGUN COMPLETED H0LE SIZE ANGLE FROM HORIZ & BEARING

Airstrio Area 1/4/an 1/.4/80 NX Ver461
COORDIN AT E S DEPTH /EL GROUND WATER GROUND EL. DE PTH/EL TOP OF ROCK

NH 10

I DRILLING CONTRACTOR CORE RECOV LENGTH /% SAMPL E S CORE SONE S DEPTH /EL. BOT TOM OF HOLE
Custom Auger Drilling 28.5

DRILL WAME AND MCDE L LOGGED SY'

W-.7._._.....---....... . . _ _ . _ _..- .

"
REMARKS g [ M ATERI A L CL ASS IF IC ATIO N

o4 d E WATER LEVELS N
$5 Ch y y WATER RETURN EL EVATION { PHYSICAL DE SCRIPTION

y z

I O DRILLING FLUID w a sw a rg g

fI {3 CASING DEPTH O

l _ _ :

-

! D.0-3.0 overburden, brown, sandy silt. -

2

.. _ _ . _ . _ _. _ __-J, .L__ . _ . - _ _ . _ . _ _ . _ _ _ _ _ . - . _ . !_

3.0-7.0 Sandstone - not recovered
4_

-

E

- -

- , .

- - 67 ~

_t

:

I
7 0-28.5 Sandstone, tan, fine-gra ined, -

8- . hard, weathered, clay filled partings 9',7
: )0.7-10.9; 13.5 black Shale inclusions

)5.5-16.0; 20.6-20.8 and 22.3-22.5. Th in.__.

IDy- (1/16") interbeds of Shale and Sandstonh
_ _ $= 21.6-22.2. Shale parting 28'; 600 -

12~
-

16.4-16.9; 23.9 24.5 and 24.9-,- fractures

I - ~

:
'

RQD 7.0-8.5 100%

-

8.5-13.5 3.9/5.0 =78%-~

- l - IT ' 13.5-18.5 100%
~

'

-( 18.5-28.5 8.3/10 = 80% ]n-

lE
'

lE'
~

.

E
- -

_

. -

_

g -.

.
. :5. -

a _m

E $
.e-

2W[
~

"
m _

I
~

5 ~ $1
~

- 9 -

E

(E
Q -. . .. -. :'

28~ Lotal Depth 28.5
E"Q-l

-'E "

i; _ _ _ . ~ .-e.6

|t
_ _ _ _ _ _ _ . = __

~

!



|
.. . __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____

|
| |NTERN ATION AL ENGINEERING CO., INC. l 2SHEET 0F

PROJECT Union LarDide Lorp '>pring treek Mesa ace No. sotE No.DRILL LOG
| Tailinas and Effluent Disposal 2014 ED-2

B
$1TE SEGUN COMPLETED HOLE SilE ANGLE FROM HCRIZ SBEARING

NX Vertical
AiretrIn A ro m_

C00RO:N ATE S DEPTH /EL GROUND WATER GROUND EL. DEPTH /EL TOP OF ROCK
_NA 5835.5 1.0

B ORlLLING CONTRACTOR CORE RECOV LENGTH /Ta SAMPLES CORE boxes DEPTH /EL BOT TOM OF HOLE

lustom Auger Drilling 46.9
ORILL gE g MODEL LOGGED BY'.

E. Axtmann
_

__ __ _ _ _

REMARKS g M ATERI AL C L ASS IF IC ATIO Nw
o .a' $ WATER LEVELS z ("

y

0 T2 08 y WATER RETURN E L EVATION {u q P HY S ICAL DE S CRIPTION
O DRILLING FLUID w a xW o 2 3 4

*
g CASING DEPTH Og

I
-

|
Overburden, sandy silt -

~

Sandstone (weathered) and silty sand
5 QZ 6ugered thru ledge like 2- with pieces of Sandstone less than -

a ers. Material is good
- 3/8,, ..si ze.. _ . - . . . .

-

- -

I e an kment, randon' . _

: Sandstone (weathered, decomposed)
~

5]2 4.5-4.67: split spoon 4 --
-

and silty' sand -

-
- cample -

- Sandstone (weathered, decompoced)
~

I _ _6 _ ~ Sandstone , weathered, light tan -

5 p)Z : and silty sand. Light tan
.

-

5 ) lJ Augers easy and : Sandstone, decomposed

I $88$}{er returrj NX bit "

8-' ' I
advancing smoothly and -

-
nteady

-

.- 9.0-12.0: light tan,over 6 pieces -

-

1 ast, easy drilling Sandstone.I
_

steady -
^

12.0-13.5: full stick of Sandstone, -

l
ng {,1 ull water return. Drilli

9944 12--
_ _

hard, fresh

1C ~

~

I
- Full water return -Drillint -

steady to 18.0 3
- Losing water af te Ik- Sandstone -

r '

~

18.0 -

-

Average core lenc th F 1
*-

'

_

\ ft. -

'
'

ril'.ing fast & s teady. - - Sandstone -

3D
-

19.0-22.0: one 3 f t. stick of fresh -
- .osing 1/2 drill water. .- -

- - Sandstone

224. 23.0-23.7: Shale looking zone, mod. _
_

J hard
2. -

- Jrilled steady - 24T Sandstone
~

1/2-3/4 water los s. 3,- 24.0-25.0: fractured
-

-

25.0-28.0: hard, fresh, light tan
_2 .

- ? 28.0-29.8: fractured,w/vertib' ,o'~ ' ioint or fracture @ 28.6-. _ _ . 28 s

29.6. Joint iron-stained and open.



I
INTERNATION AL ENGINEERING CO., INC. SHEET _2 OF 2

| DRILL LOG union carbide corp-Sprin9 creek Mesa ao No Nott No.Pa aECT

Tailings and Fffitmnt Disposal 2014 ED-2

I S AMPLE D ATA O
*REMARKS y M ATERI AL CLASSIFIC ATION
2

, , _ ,, ,

8go4 w a WATER LEVELS
0o "3 I $ WATER RETURN ELEVATION [ 3 PHY$tCAL DESCRIPTION
gg j ORtLLINS FLUID g g kEI O

Og4 g g CASINS DEPTH o g

28 -
Lost drill _

~ ~

- Water return _

Sandstone -

| 30

I
-

.
.

32 - -

-
.

~

- - .

_ 34 _ _g -

No water return - 35.0-39.0 One piece of hard, fresh -

: Sandstone :
-

36-- '. --

|
- _ :

.
--

:
.

38 -
-

7*

I ~ ~

I Sandstone and Shale :
- .

|
._ ~

40 - -

-
No water return

- : ,C 41.4-43.0: Shale was washed away. No -

58'r3.4
- VUid, drill didn't drop or indicate -

- g -42 .
c~ -
- vold or soft zone. }

.

I -

- 44 :
.

44.0-44.3 - joint filled with clay .

Drilled fast . Sandstone and Shale. ;
44.3-45.6 - Sandstone --~

No water return

B
_ _ :% 44.6 Hort joint-open _

46 g 45.9-46.9- Shale, black -

_ _
p-. . . . . ..

-

48 i Bottom of hole @ 46.9' i3 - - . .

en eq

M M

I
use

- _

_ -

I _ _ : :
__ _.

I _ _
- .

&

_ _

M _ E M

M

- - : :
- HOLE NO
~ ED-2

8



I
1 2INTERN ATION AL ENGINEERING CO., INC. SHEET OF

I
DRILL LOG union carbide corp-spring creek Mesa g)go g5 a0.ea act

Ta411nne and Fff1pp,t nienneal

I
SITE BEGUN COMPLETED HOLE SIZE ANSLE FROM HORIZ & BEARING

A_irstrip Area 2/4/80 2/4/80 NX Vertical
COORDNATES DEPTH /EL GROUND WATER GROUND EL. DEPTH /EL. TOP OF ROCK

NA 5335.6 3.,o
I DRILLING CONTRACTOR CORE RECOV LENGTH /% SAMPLES CORE 80XES DEPTH /EL. 30TTOM OF HOLE

Custom Auger Drilling 29.5
DRILL MAKE AND MODEL LOGGED SY;

I _

CME 55 RAC
'#" *

REMARKS * M ATERI AL CL ASS IF IC ATIO Nw
o4 5 $ WATER LEVELS Iw z

I 85 08 sy *O
WATER RETURN E L E VA110 N { PHYSICAL DESCRIPfl0N

wo I g DRILLING FLulD g gw
w o w CA$ LNG DEPTH4 e g

I ~

~ 2-'

- 0.0-3.0 overburden , brown, sandy sil t -

-

J :I ~
~

3.0-8.0 Sandstone - not recovered -

. .

-
-

I
-

_
_

: .

- _6_ -

_

I
- - -8 -- - -

-- -

'

: 8.0-24.5 Sandstone, brown, weathered,
-e contains Shal'e partings increasing to

I ~ ~
10--- ~30% Shale below 19.5. _

: RQD 8.0-19.5 3.2/11.5 = 28%H O Pressure Tes t - * 19.5-24.5 5.0/5.02
-

1001_
=

11.4-19.5 12-
'

-

- 20 PSI - Qg K = 1 x 10-gcm/s ec : .

I
_ { _14 y, *

,-
x -

.

. -

l
- $ 16 _ ~

| _ $ L @ 3
| 18 .d.: -

"

I
- k ?

--.- . . . - - - - - - . . .p
-

20-A
7-

5_

S _I - 22 -6 -

.

&m
__4

I
-

~ 24 - n''! .
-

.--

:C 24.5-29.5 Shale, brown, sandy,
~

-Q weathered, bedding-50
_

2 -AI ~
~" "

. HOLE NO.
& '

_, EO ~ E

I
__,



suttT 2 or ?

|
INTERNATION AL ENGINEERING CO., INC.

"" '''' union carbide corp-spring creek Mesa ao. No N ot. t No
DRILL LOG Tailings and Effitent DJsgosal 2014 ED-3

I sauPLt D ATA g
R E M AR KS j M ATERI AL CLASSlFIC AT.ON

2
; . ,

"g w a wafta Ltvetso*
z a PHYSIC AL of SCRIPTION&5 og

yg f, y,
g WAtta attuRN ELEVATION

kI & a3 DRILLING FLuto

;4 yg g CASING CEPTH oa

23 .

:a y 1/8" gypsum seams at 0.2 intervals _

+ a ng bedding below 27.4.
E - 30 a _

_
-

. . _ _ _ .

.

- _ _
_

_
Total Depth 29.5. _~

.

I _ _ .
-

1
-

E - H m
M

-

_
M

4

%

I
- ,ey 6

WEEll

4
W

- -
-

~

|3" _ _ _
_

: :

qui

_
-

- _
-

-

i,
.

4
W

_ ._ . 7~

*

:I G g _ h

= .

W
m

e

4

W

I pm _ W
W

M
S.m

N
O

M
emi |

, _ = "

I - - : .

"

-
-

M

M
M

I _ M
si

- -

. _ _

* en

,

e ei

- en

- h6
M

.
-

* n

I W g

SI
eid

_ _ . .

I _
l

_ - T-

_
-

- Holt No
- rn_1

I
.

_ _ _ _ . _ _ m .._ . _ _ _ , _ . ~ - . _,



I
INTERN ATION AL ENGINEERING CO., INC. SHEET l I0F

DRILL LOG union carbide corp-spring creek Mesa soggj4 N otfg,o,
"" '''' N

Tailings and FffluenLDisposal__ -

SIT E BEQuN COMPL ETE D HOLE SIZ E ANGLE F ROM HORll 8 BEARING

I
Airstrip Area 2/4/80 2/4/80 NX Vertical

COORDIN ATE S depth /EL GROUND WATE R GROUND EL. DE PTH/E L TOP OF ROCK
_ RA _ __ .. ___. 5 84 4 Ji_ _ _ 2.0

I DRILLING CONTRACTOR Cope REcov LENGTH /% 9 AMPLE S CORE 90EE S DE P f M/ E L BOTTOM 0F HOLECustom Auger Drilling
2R

ORIL L M AKE AND MODEL LoeGED ev.
enr sq ._-_ ..__ ____.___.- _ __;__Mc_ __ _ _ _ _ _ _ _ _I .

''"'''"'''
REMARKS M ATERI A L cL AS5 s f IC ATION

o4 52 E WATER LEVELS "

E6 g$
w I

"; .ATER ArruRN E L E vAriO H ; yo

I PHrsicAt DE sCRiPTioN
O DRILLING FLUlOW o Ig e w dL s

k g $ CAtlNG DEPfM O

$y
0.0-2.0 overburden, brown, sandy -

I ~

~ 2 ^U
silt

- - - - - -. .. . .
.

: 2.0-6.0 Sandstone- not recovered-

I _
_

;

4~ .'
_

-
--

.-

.-

I 6~ -
-

-

: 6.0-24.0 Sandstone, brown, weathered,

I
- - 8 -5.];

- contains from-5% Shale at 6.0 to
~ 50% Shale below 14.0. Bedding _~

:
~

~ 50 vertical fracture 7.6-7.8;
- 300 fracture 10.0 -_

~~ 1(b/' RQD 6.0-9.0 1.5/3.0 +17% _'
-

- 9.0-24.0 14.1/15.0 = 94%
_

_

l
-

E . .

.
,

~ - 14Q. :
~i; j

E - $ - l b _

.. -

.-:.

b
.

,

~

~ l |
-~
-

Ii

- 2 M. 21
..

. .

p

1

_~~
s

-

i
- _ 225,. _

1

I
---- - -- -- - - - - _ . - - -- 24-. .,

-

~

. Total Depth 24.0
-

._ a
~

me

"
_ __ - _ - == = =_=_ _ , _ _ _f b ' 4 " ~-

_
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I
INTERN ATION AL ENGINEERING CO., INC. SHEET I l_OF

I | Union Udrbide Lorp-bprin[ Creek MesaPROJECTDRILL LOG Joe NO HOLE NO
Tanimmfunent_0hpost

.

2014 ED-Sl
SITg eEcum COM PL E T E D H0LE Sif t Ah6L E F ROM HORIZ SBEARING

Airstrip Area 2/4/80 2/4/80 NX Vertical
_

COORDIN A TE S DEPTH /EL enouMD WATE R GRQuNO EL Of PTM/EL TOP OF ROCK
nib _ . _ _, . . _ _ . ._ _ 5835 0 2.0

I DRILLING CONTRACTOR CORE Rf C0v LE he f M/*. 9 AMPLE 9 CORE cones DEPfH/EL tot TOM OF HOLE
Cuttom Auger _0_r_illing 23.5

DRIL L MAKE AND MODEL LOGGED af

CME _55 _ _ _ __z.m. ,_ = _ RAC_.__ _ ._ _ _ _ ___ _ ..__ _I _ _ . ,yS M DATA
HEMARKS g [ M ATE RI AL CL ASS IF IC ATION

oi a WATER LEvfLS "
w r$5 *o u WATER HETumN EL EVAf 60N P H Y S IC AL DE SCRIPfl0NI fI h}y {

Owo E e ORILLlhJ FL ulD w a s

{ }C A SIN G DEPTH 0
c

0.0-2.0 overburden, brown, sandy -

_ : silt
. - . . . - _ . . . . . 2, _u.- -.

}

'

'

. 2.0-7.0 Sandstone - not recovered3g -
.- ,

3 4 .. -

_
_

.

.

6 --_
_

-

_ _ _ _ . . . . . . _ . . . . . . . .

t
- -8; 7.0-23.5 Sandstone, brown, finh~

-

-
'

- grained, weathered, bedding ~5
. Calcareous, Shale content increases

-

~ 10.~ ' - . toward bottomI -
_ ROD 7.0-13.5 3.7/6.5 = 57% !

, _

'

12-- 13.5-23.5 9.4/10 = 94% iw _

I -

u -

.

r

14 ~ .

- n _ -

I
'

k - Ih. -

' " ~

~

N - . ..i .I _
~
m -q

13--c-: _

..

-T

1.
-

~. . J
2 h -

- 4

E
-

- e- _22AM
- s

* - - .-- . < _ . . ~ ~ _ . . . . . "

I - 24-
..m,. .

~
'-

.

Total Depth 23.5 -

6

I -

"R b'-s"

.
W

&

-

t- ---_ _ - - - . . . - = - -

l
_

. . . - .



I
INTERN ATION AL ENGINEERING CO., INC. SHEET 0FI l

I g|(( (g Union Carbide Corp-Spring Creek MesaPa0dECT aos NO HOLE NO.
Tailings and Effluent Disposal 2014 ED-6

SITE SEGUN COMPLETED HOLE SIZE ANGl.E F RCM HORIZ SBEARING
' Airstrip Area 1/4/80 1/4/80 NX Vertical

COORDIN ATE S DEPTH /EL GROUND WATE R ORouMD EL DE PTH/E L TOP OF ROCK
_ ._ .N/A ____ -_._ _ .5856.2 1.0

ORILLIN G CONTRACTOR CORE RECOV LENGTM/% 9AMPLES CORE 80sE S DE P TM / E L GOT TOM CF HOLE

Custom Auger Di _111ng 24.0
ORILL MANE AND MODEL LOGGE0 SY.

CME 55
_ _ _ _ _ _ _ _ _ _ _ _ _._ RAC__ _ _ _. _ _ _ _ . _ _

' ' " ' ' ' , ' ' '> REMARKS M ATERI AL C L ass l F IC A T 10 N,

o4 23 a WATER LEvfLS r ay
O3 Q g y WATER RETURN E L E VATION { { f P H Y S IC AL DE SCRIPTION

I z oy; wg ; ORittiNa rtue0 w a ;
>4 a w C A$lN G DEPTH a g

3 ] 0.0-1.0 overburden, brown, sandy silt -

- - l- I.0-7.0 Sandstone - not recovered
2 . ,

. .

.

4 __ ', - _

_
_

|
- -

.,., .

_ _d
'

-

| : 7 0-24.0 Sandstone, brown, weathered, .
-

87- broken. Becomes interbedded with -

i
'

Shale below 102.
i .

1 .

a
- - -.. i

i a M 10-j~ 1QD 7.0-14.0 1.0/7.0 +14% -i

g _ ,,

i o g 14.0-24.0 9.6/10.0 = 96%
.. _'.

! 12- , ' '7
-

E
_

,;
_ .-

- pm. -p, .
r

s
_ H _14- -

c .

N .
,

- -16- -~.

: + ~

I _ @ _ ~
c_

o' 13- -m
n n.

,
-

0 - g

c5 20-Il -

- g ._ g
.

- ~.
og .C.

I . _22-N -

&:J. 4
1d | '

__ ,4 ;I
-

- .

c

j Total Depth 24.0

m

I ~
~

[ HOLE NO.

M

&

rn 6__

I
.



I
INTERN ATION AL ENGINEERING CO., INC.

SHEET.J. OF 1

,RosECr union Laroice torp-sprilig treeK hesaDRILL LOG s o. ,, o , OLE no

Tailinos _and Effluent Disposal 2014 ED-7
SITE SEGUN CO M PL E T E D HOLE SIZE ANGLE FROM HORIZ StiARING

8 1/4/80 1/4/80 NX VerticalAirstrip Area
COORDIN ATE S DEPTH /EL GROUND WATE R GROUND EL- DE P TH /E L TCP OF ROCW

_- M- --- -~ . _2. 0.I CRILLING CONTRACTOR ComE REcov LE NGrH/9a 9AWPLES CORE BosES OfP TH/EL 80 T TOM CF HOLE
Custom Auger __Dril1ing 1.8. 5_ _ _ _ _ - . . _ -

DRILL esARE DEL LOG G E D B Y .

Saw CATA
_. . - . - . _ - _ , . . - . - . . _ - - . . . - _ -

REMARKS g i M ATERI AL C L Ass lF IC A TIO N
o4 $ WATER LEVELS # Iy
k5 $ $ WATER RETURN EL E VAfl0 N { PHY SIC AL DE S C RIP TIONI O3 e DRILLING FLUIDgo w a s
>$ C ASING DEPfH "

{ h

I - sandy silt
: 0.0-2.0 overburden, brown -

9 |

#J 2.0-7.5 Sandstone - not recovered''~~7
-

~

~

4 ?. -

-
-

4
.

t _ -- 6. . -

:

4

:

I -8 N . 7/5-18.5 Sandstone, tan, weathered, -

-

- . _ _ . . . . . _
~ . .

- hard, fine-grained. More broken
: bnd weathered 9.4-11.5. Below 9.4-

- l% partings contain black Shale, below -

~I
_

- . 15.5 Shale content approaches 50%.-

e
12k RQD 7.5/8.5 0.4/1.0 = 40% -H O Pressure Tcst

I - 2
- - - 8.5/9.4 0.8/0.9 = 90%11.5-18.5 : - . 9.4-11.5 0% '

g

- 8 30 PSI - 4-? 11.5-13.5 1.5/2.0 = 75% -

K = 2 x 10-4 cn/sec g
'

13.5-18.5 3.8/5.0 = 96%
-

- 16- _-@ -

| -
, . .

.

_

. . . . . ~ . . - . . - ... 18-. n.. _ . _ . _ _ _ _ _ _ -.___ ___ _

l
-

- - L

2()--
Total Depth 18.5

-

-
-

-

-

-
- q -

1 -
-

I
*

* -- d

1
-

__ .

I -

434

N
n

-
_ . _ - - . - . . = .= . = = = . _ .

1



I
INTERN ATION AL ENGINEERING CO., INC. ISHEET 0F

union carbide cor prin"" 'Ecr
Tailirigs and E f uenbcreek MesaDRILL LOG so g woLE No

'gI AH-1isp_qia]
sift etoum cowPLETED HOLE Sl2C ANGLE F ROM NORIZ SBEARING

C00RDIN ATE S
. 27/3/80Harra r Area 27/3/.8.0. __ .NX Vertical3

CtPTM/FL GROUND WATE R GROUND EL. OE PTH /EL TOP OF ROCM
_ _ - ..N/A -_ -_ . _ _ . 5 8 6Zd __6.D

ORILLING CONTRATOR CORE Rtc0V LE NGTM/% %AMPLES CORE 80s(S DE P f M/ E L GOTTOM OF HOLE

fil1in9 ~ ~ ~ ~ ' ~3dEd ~- ~ ~ ~ '~~ ~~

OR E D E

_ 0 r:__
-- --_======.=-::::--u._.._.. :- : .- _ __ _ = ,.____.

REMARKS M A T E RI A L CL ASS IF IC A TIO N55 $ w
o4 {a WATER LtvtLS "

R5 gh ,o 1*
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INTERN ATION AL ENGINEERING CO., INC. SHEET 1 or 2

g gg Union Carbide Corp-5pring Creek Mesa aOS NO Note N0.PROJECT

Tailings and Fffloont Disposal 2014 BH-1
SITE SEGUN COMPLETED HOLE SIZE ANGLE FROM HORIZ SSEARING

S
Borrow Area 3/26/80 3/27/80 NX Vertical

C00R0INI)Tdd Ft. North of NW-SE Runway 5819.6 _.2 5
DEPTH /EL GRouMO WATER op0VND EL. DE PTH /E L TOP 0F ROCK

,

5
DRILLING CONTRACTOR Coat REcov LENGTH /T. SAMPL E S CORE 80xE S DEPTH /EL 907 TOM OF HOLE

Custom Auger Drilling 4
DRILL MAKE AND MODEL LO3GED SY:

___ _

CM E. Axtmann

I
_. _ _ . .

_ _ _ _ _ _ _ _ . _ _ . - . _ _ _ . _ _ _ _ _ _ . - _ _ _ _
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{ }CASING DEPTH ^

: 0.0-2.5 overburden, sandy silt, tan -

I _

~2 ~

plastic w/ moisture
_

- w/ pieces of Sandstone, slightly

_ _
C 2.5-7.0

4 _' Sandstone, weathered, decomposed w/
~

- - broken pieces of tan Findstone. Easilf_
_ ;- broken by mechanical 'orce D-8 Dozer

I. - ~

: casing to 7.0.
_

6l f excavated with no problems. Set
_

I
- 47 (_ g

--1-
: 7.0-8,5 Sandstone-weathered zone,

.

broken fractured. High water loss pg --
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- jo - - with joints and fractures. Drilled

I - f g.0 _ : water loss.
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I?0 4
, ,

12~ -

-

- -

[$$ 12.6-13.5 Shale Q ray,' soft
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-

14 ; N -

--

.
.
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~ 2g very plastic with moisture and
98 4.0 Note:Ran out of p: mechanical working. _

I - E T.T water and didn't C
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g
- -Q _m -

2 -

32 _'Z ~

'
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20 FEET AWI719 Qoorp (Mfgeviouf
P>oRR.c W $ollRCE ,

% 7
_

9
f

UdlOW CAR 81DE 60AF,
99R1N 4 GREEK ME 9A

TA/UMC ( EfPL|EWT Q906AL,CALE IN PEET. 7

| | | || | | TEST TREblcW N: 12

@. CosesutiseG EI40 SNEERS
5 1C l@ 1NTERNATIONAL ENGINEERING COMPANY,1NC.

,

20 640 WARD STREET, SAN FRANCISCO.CALFORPGA 94105
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i SUMMARY OF !
UNION CARBIDE CORP - TAIL 1

Job No 2014 Project Name SPRING CREEK MESA.

Natural ConHole or Mechanical Atterberg SpecificSample Laboratory
Trench nalysis Limits GravityNumber Classification , y,
" 9From To Gravel Sand Fines LL PI

TD-1 S-1 16.3' 19.6' Claystone 0 23 77 25 15 A2 -
-

TD-1 S-2 40.9' 41.7' Sandstone - - - - - 2.63 - - -

8.8' 9.5' Claystone - 1 99 51 34 2.67 12 -
-T0-4 -

TD-4 - 18.2' 18.9' Claystone 6 94 46 32 -
-

--

TD-5 - 13.5' 14.6' Claystone 1 99 51 34 - 10 -
--

Black
TD-7 Shale -

- Claystone - 2 98 36 17 2.63 12 128.0 -

Gray
TD-9 Shale -

- Claystone - 2 98 39 17 2.63 12 128.0 -

TD-10 - 16.0' 17.0' Claystone - 3 97 43 25 2.66 12 - -

TD-10A - 8.5' 9.8' Claystone - 1 99 29 15 - 9 - -

Gray
TD-10A Shale 16.7' 18.l' Claystone - 2 98 36 17 2.63 12 128.0 - 1

Black
TD-10A Shale 23.6' 24.5' Clavstone 1 99 39 15 2.59 12 122 --

_TT-2 S-1 3.0' 8.0' Claystone - 11 89 31 13 2.62 13 106.5 SP 1

TT-2 S-2 3.0' 8.0' Claystone - 10 90 29 14 - 13 SP 1
-

-
Silty Sandy

TT-4 S-1 - Clas 30 70 24 9 - - - SP 1-

Borrow
Area S-1 2.0' 6.0' Claystone - 3 97 51 23 2.71 13 102.3 SP 1

Borrow
Area S-1 2.0' 6.0' Claystone - 3 97 51 23 2.71 13 in? q MP 1

Borrow
_a na S-2 2.0' 6.0' Clavstone - 3 97 40 22 2.64 11 111.0 SP Ifr
Coke 0ven
Ranch Bor row - - Clavstone - 8 92 39 22 23 - SP 2-

u.

w.

f

~

g * Visual Classif<ation SP = Stancard Proctor TC * Trianial Compression UU = Unconsohdated Undreined
g MP = Modified Proctor UC = Uncontened Compression CU * Consohdated Undreined

- it = Special - See Test DS = Direct Sheer CD = Consohdated Drained

L
'

g
o
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BOILTEST RESULTS
tlGS & EFFLUENT DISPOSAL
URAVAN. COLORADO Feature TABLE B-1 Date 4-28-80

paction shear strength Permeabihty Consohdation

>ptimum Initial C A C. C. g Notes
, , y,' 7' (os A cm/sec* ' *

- -
- - - - - - - - - PH = 7 9 7

UC - - 9= 5650 - -
- - - - 9- u

- - - - - - - - - - - pH = 7 5 2

l

[
- - - - - - - - - - - PH=75 2

| 6R=
DS 10 130 400 27 - - - - - PH=79 2-

r

| - -
- - 2ddd 383 120.2 6x10 - -

- - 3_f 1

1000 54 -0
>

| 1000 54 -6- -
- - 2ddd 383 111.2 2x10 _ _

_ _ 3_] 1L

- -
- - - - - - - -

- PH = 7 5 2

1 6R=
L - ' DS 9 1 35 0 ago -

- - -
- PH = R.0 2

l 1000 54
11 - 2000 383 -

- - -
- - 1L - -

| 1000 55
CU 12 126 2000 355 - - - -

- - 1
-

0 35
3 -6~"

2 110 mi 18 106.5 0 20 106.5 3x10 - -
- PH = 6 0 4_/ 2

Soluble Sulphates
< 10~7 - - - = 310 PPM. P H - R 6 4_l 25 114 - - - - - -

3 117.5 - - - - - - - -
-

- - 2

~0~ 25
3 -0

- - - - 4_l I5 105.5 CU 21 102.3 0 17 102.3 1.5x10
0 25 -7

4 117.8 CU 21 102.3 6- 173 114.6 4. 7x10 _ _
_ _ 4_j 1

Soluble SulgWell 2-1/2%hates = 875 PPM-7.5 110.5 - - - - - - < 10 - 0.01 600 P H = R 7; - 2

0 104 - - - - - - - - - - - 2

! -

i Test Conducted by R.C. Harlan and Associates
|2 Test Conducted by CTL/ Thompson Inc. ,

3_/ Shale Core Sample !
4] Remolded Sample of Impervious Borrow

TABLE 8-1
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CTL/ THOMPSON, INC.
CONSULTING'GEOTECHNICAL AND MATERIALS ENGINFERS

E

E
April 25,1980

International Engineering Company, Inc.
180 Howard Street }'

(. San Francisco, California 94105
'

Attention: Mr. Ethan Axtmann
{ Geotechnical Division

Subject: Laboratory Testing
Union Carbide Project[ Uravan, Colorado
Project No. 6196

{ Gentlemen:

As requested, we are enclosing the results of laboratory,

testing for the subject project.

If you have any questions, please contact us.

{ Very truly yours,

CTL/ THOMPSON,INC.
.M K.O...

By_ #*

William H. Koechlein, P. E. *: 15962 :* !

/;k */WHK:dm

c
Enc.

[

E

c .

!{ 1701 SOUTH FEDERAL DLVD. . SUITE D DENVER, COLORADO 80219 . (303) 934-5473

~
l

. - _ _ - _ _ _ _ _ _ _ _
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LABORATORY TESTS

The laboratory tests requested by International Engineering Company, Inc.
-

San Francisco, California viere 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.

i

2. ASTM D 422-63 Particle-size analysis of soils~

3. ASTM D 423-66 Liquid limit of soils
l

4. ASTM D 424-59 Plastic limit and plasticity index of soils
5. ASTM D 698-78 Moisture-density relations of soils and soil-

aggregate mixtures using 5.5-lb. (2.49-kg) Rammer and 12-inch
(305 mm) dropy

6. ASTM D 854-58 Specific Gravity of soils~

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

soil-

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

y 9. ASTM D 2435-70 One-dimensional consolidation properties of soils
10.

L
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 soils
-

d

%

d
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Laboratory Testing Procedures:-

The following paragraphs describe the general testing procedures
-

for each test performed.a

s Atterberg limits

'

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

- 2. Liquid limit test was a cae-point test perforr_a in accord-
ance with ASTM D 423.-

L 3. Plastic limit test was performed one (') time on each
specimen in accordance with ASTM D 424.

-

Particle-size Analysis

1. Particle-size analysis was performed in accordance with
ASTM D422.

7 Sieve analysis: Series of sieves consisted of the following
1 - 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 11

3. Hydrometer Analysis: Conformed to ASTM E 100.
|

I
Natural Water Content and Dry Unit Weight

I 1. Natural water content tests were performed in accordance with
ASTM D 2216.,

I 2. Dry unit weight was determined by the Volumetric Method and
, individual test requirements.
1
,

Specific Gravity
;

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

I

I

5
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pH:

( l. Test was performed with a Sergeant Welch Model No. RB
electronic pH meter.

_ Sulfates:

1. Tests were performed in accordance with accepted chemical soil
analysis procedures.

Compaction Test:

1. All tests were standard Proctor and were performed in accordance
with ASTM D 698.

2. Method B was used for samples to be tested for consolidation andswelling characteristics. Method A was used for all othersamples.

( Unconfined Compression (Rock):

1. Preparation of test specimen and method of test was performed
{ in accordance with ASTM D 2938.

2. A constant strain test was perforced using a strain rate of 0.05
{ inch per minute.

Direct Shear: ,

i 1. Method of testing was performed in accordance with ASTM D 3080.

2. A constant strain test was performed using a strain rate of
0.05 inch per minute.

3. Normal stresses applied to specimens tests were 7.5 psi,15 psi and 30 psi.

( 4. The normal stress was applied, water poured into the chamber
and then the lateral stress was applied until the sample sheared.

[

_--_
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B
5. 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.

3 2. 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 loads 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.

Penneability:

1. Samples were tested in accordance with Designation E-13,
| Paragraph 8 of Bureau of Reclamation Earth Manual, Second Edition.

I
|
\ ,

I
,

'

\
!
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2. Tests were performed on samples remolded above 97 percent of
the standard Proctor maximum dry density and near the optimum

{ moisture content.

3. Specimen was remolded into a mold with a height of 4 inches
and a diameter of 4 inches.

4. Sample was saturated using a falling head method.

5. Test was terminated at the end of 16 days due to no change in
water head or no flow of water being observed during this
period of time.

'

[ |

[
E

[
[
E

Es -
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CPTIMUM MOISTURE CONTENT:

20.0 o/a DRY WEfGHT

R 13 0

, -

125 - -

,

, ,,

d.'
L , i

. i

!
12 0, ,

>-

I E \
$ 115 - y

o

11 0 |

I |
105 i

I
-

I |
'

.

I
-

I
t
'

95
O 5 10 15 20 25 30

MOISTURE CONTENT - %

SAMPLE DESC3tPTION CLAYS 10NE. SLIGHTLY SILTY, OLIVE GROWN TO GRAY GREEN

I
LOCATION CCKE OVEN RANCH - DORROW

,

COMPACTION TEST PROCEDURE ASTM D 698-70, METHOD A I

LIQUID LIMIT 39 c/o PL A STICIT Y INDEX of,22

GRAVEL "/o SAND C/o S!LT 8 CL AY c/o

COMPACTION TEST RESULTS
.g JDO NO. 6196 pgg, 9

;
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I 14 0
CURVE NUMBER

M A XIMUM DRY DENSITY:

117.5 PCF

j OPTIMLM MOISTURE CONTENT:

| 13 0 % DRY WEIGHT
l

13 0

1

125 - I- -

E -|
'

t sm ..

E '' .' . 16.. _;

120 -- ! - ' - - ' : - -'

I
,

y,,
P

'>- t
b %'

y . >

$ 115
,

'

e,

;>

g g %
o

11 0

|

- 10 5

|

10 0

I

I 95
0 5 10 15 20 25 30

MOISTURE CONTENT - %

SAMPLE DESCRIPTION CLAY. SILTY, SANDY

LOCATION TT-4 S-1

COMPACTION TEST PROCEDURE ASTM D 698-70, f ETHOD A

LIQUID LIMIT 24 /o PL ASTICIT Y INDEX 9 */o

GRAVEL O o,'o SAND 30 /o SILT a CL AY 70 of,
T

|5 COMPACTION TEST RESULTS
JOO NO. 6196 FIG. 10

I
|

i
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_. 6
SAMPLE LOC AT IO N TD-S AT 13.5 - 14.5'

TYPE OF SAMPLE 1.90 INCH CORE ~ ~ - ~ - ~~- ~~ -~

DESCRIPTION
5 - -

I CLAYSTONE, HARD TO VERY HARD, BLOCKY,
_

LIGHT, MOIST, GRAY, RED BROWN

S 4 |
|

5 $. \

h "*

$ 3
U \

7

1 -

) (| SAMPLE N O. I 2 2 - ~ ~~ ~

l
PAOISTURE *fo 10.0 10.0

l \ %

I
-DRY DENSITY 134 127 I

'
.__

__ a1

&n - ksf 1.0 2.9 -

] - ks, 2.3 4.7 %. -

0 0.1 0.2 0.3 0.4 0.5 0.6

HORIZONTAL DISPL (IN.)

I
8

I. 7

,/
__

.
. ..

*
= < 4

E| /g 3 -

5 l '

E* / 'A1

! RESIDUAL

o
O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

g -L S m ss - ,s,

, einecr see e resz eesot1s, _ . ,,,,
_ m



SAMPLE LO C AT I O N TD-10A AT 8.5-9.8' {
TYPE OF SAMPLE 1.86 INCH CORE 11 ~~ --

DESCRIPTION
10

I CLAYSTONE HARD. OLOCKY, LIGHT, MOIST,

9 _ _ _ _ .___ _ _ _ _ _ . _ _ . . _ _ _ _ _ _ _ _ ,

GRAY I

8 --- - - - -- -- - --

7

0 #2

N 6
t;

g 5

:
*

1SAMPLE N O. 1 2 3 4 ,

-

\*2MOISTURE % 8. 7 8. 7 8.7 A
DRY DENSITY 131 141 132

2
N

1

I 6 N - ksf 1.0 2.1 2.9 1 - --- - - - - -;

I
- ksf 2. 6 5. 3 7. 5 -T

*

O

O 0.1 0.2 0. 3 0. 4 0.5 0. 6

HORIZONTAL DISPL (IN,)

E
8 ,

7

g ,
_ ._

, >
_ __

4 -m

$
= 1 m- -

| s / /

/' / % -

.m .I O-
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

_ NORMAL STRESS - ks f

DIRECT SHEAR TEST RESULTS
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5o.70 -b -- - - -N e

%I
._.__

i

I
O.69

0.1 I.0 10 10 0

APPLIED PRESSURE - ksf

,. Sompte of REMOLDED CLAYSTCNE. from S-2 AT 2 TO 6 FEET BORROW AREA

3 Dry Un eight : 96 pcf

MOillure Content 2 15.0 percent

I |
|

Swell- Consolidation Test ResultsI JOB NO. 6196 FIG. 13

I
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I
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E

I
_

o
O 4
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6

7I
8

I 0.1 1.0 10 100

APPLIED PRESSURE - ksf

''
sompte of CLAYSTONE (REMOLDED) from BORROW AREA S c nT 2 TO 6 FEET

Dry Unit Weight 111 pef

Moisture Content : 17.4 percent

g sweli- consolidation Test aesuits
_

JCB NO. 6196 FIG. 14
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Fem 10
JOB NO. 6190

TABLE I
SUM M ARY OF L ABOR ATORY TEST R ESU LTS

|ATTERBERG LIMITS UNCONFINED PERFE-NATURAL SPECIFIC
HOLE MOISTURE GRAVITY LIQUID PLASTIC 1TYCOMPRESSIVE

' SOLwLEDEPTH ABILITY
(FE ET) SULFATES

(%) Li tt lT INDtx STRENGTH pH p

(y.) (+/ ) (PPM) (CM/SEC)

TD-1 16.3-16.9 6.2 25 IS 7.9 CLAYSTONE
* TD-1 40.9-41.7 2.63** 8705 SANDSTONE
TD-4 8.8-9.5 11.7 2.67 51 34 7. 5 CLAYSTONE
TD-4 18.2-18.9 46 32 7.5 _CLAYSTONE
TT-2,S-2 3-8 13.0 29 14 310 8.6 LESS THAN CLAYSTCNE

10-7
BORROW

LESS THAN
~7AREA S-2 2-6 11.3 2.64 40 22 875 8.7 10 CLAYSTONE

COKE OVEN -- 22.7 39 22 125 7.9 CLAYSTCNE, SANDY
RANCH BORROW

TT-4.S-1 24 9 CLAY. SILTY. SANDY
TD-5 13.5-14.6 10.0 51 34 7.9 CLAYSTONE
TD-10 16.0-17.0 12.4 2.66 43 25 7.5 CLAYSTONE
TD-10A 8.5-9.8 8.7 29 15 8.O CLAYSTCNE

* NATURAL DENSITY IS 163 PCF * * APPAFENT SPECIFIC CR AVI TY



- _ _

.I
11.C.I lAllLAN ANI) ASSOCIKI'liS geotechnical consultants

'

55 NEW MONTGOMERY STREET *MAluNG ADDRESS P.O. BOX 7717 * SAN FRANCISCO CAUFORNIA 94120 (415) 434 3004

[[VV[0B @FVDBAMSffiJDVVAL
_ _ _ -

l TO International Engineering Co, Inc. Date 5/8/80 Project No. 217.8

Attention Ethan %tmann180 Howard Street
! Re:
| San Francisco CA 94105 Union Carbide Uranium Ponds
1
1

i

Gentlemen:

| WE ARE SENDING YOU X Attached Under separate cover via
the following items:

X Report Prints Plans Specifications
|

|Copyofletter Change Order

!
a

_ _ - . - .Cgpies Date Description

j .l . 5/8/80 Laboratorv tonting rnnn1+c
!

, . - . . - - - -----

-

_ _ _ _ .

-
,

! THESE ARE TRANSHITTED as checked below:
|

'

For approval For yor., use As requested
4_

For review and comment;

i

; REMARKS ,

---

f --,g
- - - -

!

Copics:

I
i

Signed: Richard c_ narian

9 soil and foundation investigations earth and rockfill dams |

h |I

E.
-- - _. -. . . . _ . . - - . . .- -
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I

Project No. 217.8 Pay 8, 1980I
REPORT OF

LABORATORY TESTING

.

UNION CARBIDE URANIUM PONDS;

INTRODUCTION

Laboratory testing was carried out on samples selected and

shipped to our San Francisco Laboratory by International Engi-
neering Co., Inc. Testing work was begun on April 2, 1980 and

completed on April 16, 1980.

Specifications for the testing were provided by the staff
'

of the Geotechnical Division of International Engineering Co.,

. Inc.

A description of the test procedures and a summary of the,

test results are presented on the following pages, followed by

the detailed test data sheets.

.

I |

I
E 1

.

E
'

I |

|

h;

,
:
(

- -- - - . . . , ..- . --. . . . . . . . . - - . ---.
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l

'E
,

Moisture Content
!

Moisture content determination was accomplished with ASTM Desig-
Ie nation D 2216-71.;

1
i

Acterberg Limits

I The liquid limit was determined in general accordance with ASTM
,

jg Designation D 423-66 (Reapproved 1972). The plastic limit was
'3 determined in general accordance with ASTM Designation D 424-59
: (Reapproved 1971).

|
j Compaction

The moisture - inusity relationship was determined as outlined in
ASTM Designation D 698-70, Method A and ASTM Designation D 1557,j

Method A.

!I
i Permeability - Remolded

Permeability was tested using a falling head permeameter. Specimens
were compacted in a 2.5-inch mold at specific moisture contents and
densities in 3 lifts. Specimens were saturated by back pressurinq

>h until a "B" parameter of 0.95 or better was measured. No consoli-
dation pressures were applied. Effective head was measured and=

|

K20 C calculated.
g.:

Permeability - Undisturbed

Permeability was tested using a falling head permeameter. Specimens
were prepared from core samples that were 1.9 inches in diameter
and the ends trimmed parallel and flat to a length of 4.0 cm. Sat-

5 uration and other test procedures are identical with procedures out-
lined above.

I. Pil Test

Ig Fli was determined by using pIlydrion vivid 0.9 strips in the slurry
3 that was mixed for the Atterberg Limits tests.

Particle Size Analysis

Combined particle size analyses were determined by using a repre-
sentative portion of the oven dried sample which was soaked over-,

night in a defloculating agent. The specimen was dispersed using

i

8
-. _ - . . . _ - . _ _ _ _ _ _ _ _
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l

|I
an air-jet apparotus and the hydrometer readings were begun.'

'

After the final hydrometer reading, the suspension was washed
on a No. 200 washing sieve, the retained portion was dried to a
constant weight, and then dry-sieved to obtain the analysis of
the sand sizes. The procedure is in general accordance with ASTM
Designation D 422-63 (Reapproved 1972).

;3
Triaxial Compression Test - Consolidated-Undrained, Undisturbed

Undisturbed specimens were prepared from 1.9 inch cores by cutting
sections slightly larger than needed and trimming the ends flat
and parallel to a length of 9.8 - 11.3 cm. A height-diameter ratio

'

of at least 2.0 was rnintained for all specimens. Saturation was
achieved by seepage and back r essuring until a "B" parameter of
0.95 or better was measured. At the completion of saturation,

,I chamber pressure,7 3, was app'.ied to consolidate the specimen. A
record of volume change versus time was kept and plotted so that
a determination could be made of the time for complete primary

g consolidation. After consolidation, valves at the ends of the
y specimen were closed and an axial stress applied at a constant

rate of strain that depended on consolidation characteristics.
Pore pressure was recorded and the tests were terminated (a) at
strains well past the maximum principle stress difference, (b) at

'

the maximum effective stress ratio.

After the test, the specimen is removed from the test chamber andI

oven-dried overnight or to a constant weignt for moisture content3

determination.

Triaxial Compression Test - Consolidated-Undrained, Remolded

Specimens were remolded from bulk samples using minus No. 4
material in a 2.5-inch diameter mold. All specimens were com-
pacted in 5 lifts at opcimum moisture content and to a specific

I target density. A height-diameter ratio of 2.3 was maintained
for all specimens. Saturation, consolidation, compression and

'

other cest procedures are identical with procedures outlined above. I

Specific Gravity |
|

The specific gravity was determined in general accordance with
ASTM Designation D 854-58.

3 !,

| Ei

:I :
,

I i

'
B

,

.__ . . . , . . _ . . _ _ , _ . _ .,.._ _._____. _ _ . __._ _ __.__ _.,__ ____ _ _ ___- _____.,._._.,.._ __ _ _ _ _
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f
1

i SUMMARYOF S
! I Jcb No 217.8 Project Name __ UNION CARBIDE URANIUM POND 9_'

Natural CompaMechanical Herberg Spec,g,cHole or Sa " Die Laboratory
^"'#*'* Limits Gravityt Trench N ur- ber Classification , w b Og

7'
F rom To Gravel Sand Fines LL PI

TT-; 51 3'-0" 8'-0" CL - 11 31 13 2.62 13 0 106.5 SP 11

Borr w 37 /
3 / 60 51 23 2 71 13 0 102 3 SP 15r .-1 2'-0" 6'-0" CL -

a ,. y _

Borrow 37 /i

Area S-1 2'0 " 6'-0" CL - 3 / 60 51 23 2.71 13 0 102.3 MP 14

- Shale 57 /
TD-10A Black 23.6' 24.5' -CL - 1 / 42 39 15 2.59 12 122.0 - -

Shale 43 /
2 / 55 36 ; i 2.63 12 128.0 - -

'

TD-10A Grav 16.7' 18.1' -CL -

Shale 43 /
TD-7 Black -CL 2 / 55 36 17 2.63 12 128.0 - -

Shale 43/
TD-9 Grav -CL 2 / 55 39 17 2.63 12 128.0 - -

-

.

|

_

* Visua! Classification SP * Standard Proctor TC = Tnasial Compression UU = Unconsohdated Undrained * SIIt g]gYf/ MP e Mod feed Proctor UC * Unconfined Compression CU = Consohdated Undrained
'4 S = Special - See Tent 05 = Direct Shear CD = Consohdated Drained
!
o



..

31LTEST RESULTS
Feature Date Aori1 21- 1980h

ction Shear Strength Permeability Consohdation

timum initial C 4 C. C. g Notes
, y,

'' * '* DS O cm|%ec
0 '350

110 CU 18 106.5 ~ 5-' 205 106.5 3x10-6 PH-6
0 250

105.5 cu 21 102.3 6--~i76 102 3 1.5x10-6
0 250

117.8 CU 21 102.3 5-- 'i76 114.6 4.7xio-7

- 12

3000 .5ho
Il 2000 160

-

_ 3555"5403g5120.2 6x10- 6
1000

1000 ~540
_ j555 3g5 111.2 2x10-6

.

|

t

R.C. HARLAN AND ASSOCIATES INC.
i
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R. C. HARLAN AND ASSOCIATES TRIAXIAL COMPRESSION TEST REPORT

/f co Oa , M4""" " " " ' " " " "
S AN FRANCISCO CALIFORNI A 949OS

Proj. No. L / 7. f A ppr. Date
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:A Normal Stress, tonshi f'
!I A

ii! ' '*

,ff | k! tb I'5I M- k O C
! !! ![ Water content *. I o. o IC.I 19.0,g

- -$ "----- Void ratio e. o . ti u o . 'L Q o.bif.

I d .G

L.-. S Saturation 5 Y7 Io o f4o 7M

i, h{ 0"
d %. Dry denssty iticu ft /d i M. b I Lir . O |M.V

* 7"t
_ Water content * 13.1 13.I I V. kI .

e4 i b -1 f Saturation 5 3 r. ifo a4& Y
.: I 1 : b c i.e i.

. s| n~.
._L. z ,,, ... ,.g >. % 0. [+. l .o f %.I Lt

cr ! i i _4 -

j7, |' i void ratio e. o ,s J'u o , st(. o 1. i 1I 2 , ---t .,ji '

; Water content m ti,| t 3.5 ab.Va' ._.J _; __
f ! t .5

g pg__ L.. * Void ratio es a,kso , tv (. o . L4 T
E'~$q *'", C 7A. F. (. .t1 7.L / 0./,i, oII f [-h; , ,

,,,.

,'jj 7."", C"s75 F: O.f4 1. o F t.f 6

,''|', D I f, I | I ,! Time to failure, min 2o N 730
1 -

o 5 io initial diameter, cm 4.7os, 4.(,i y 4.1 f 4Asial 5 train s
Initial neight. H, cm g,,y q yy a r .55

Shear Values

e-
t.n e _.

c- /m

'controiled Strainremarts Type int [,g g g/,c , j,, g _ c/p y ; ,e d controlled $ tressf
,

I secon c - L eL sdvd-o T,+ h Ate - m (r M ) " " * * * ' " " ' ' ' * "

O Tr,t 6 To - r o A J Y'-It - 1 I 9' # ';*''*** Un krs hi rf e d R*'' *' d'*i" h # '1 In '*I"-

I o ~''

O [sh (_ T O -to A tb .ggi Classification 4 ,,o3

E Pl G Lce
_ , ,

Ho'e No. n .a Ty Sample no. /g,,2- ( fr i e,3 ~.- =
gq

R. C. HARLAN AND ASSOCIATES TRIAX COMPRESSION TEST REPORT
55 NEW MOMTOOteERY STREET [ g4 _

SAN F'RANCISCO. CALIFORNIA 94I05
llyawn > lo|o.

Proj. No. LI 7. Y Appr. Date
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iu ii.\lil AN ANI) ASSOCIAl'l'S
QiutCChntcal Consultants

WORK SiiEET -- BACKPRESSURE PERMEABILITY TEST

Project I E c 0 -l,/n ion G r [,'c/c - ()ra ao n , do/o ,' Date f-6 -f GI IIole No. T T 'L. Sample No. 3-f (% 37.9) Depth 3 '- S '

Direction of Permeability Remolded @ l o ' '" pcf.;.P J~ % moist.
Ilorizontal O Vertical b Undisturbed @ pcf % moist.

Sample Description:

Weights and Moisture Contents
,

Specimen Dimensions
V4 0 c,v/c uwI Befor est After

Ite m Top 31.7 0
Jgst Area Middle S t .7 ohe A < G.

Tare 15 wt ' lot.L r e t.9 / f, t .t.- Bottom 31.45
Wet Soll + Tare, gm so t i.1 4 Tf!1 Average

Dry Soil + Tare, gm 43 t .$ IL / .9' Membrane Corr.*2
Water, gm i t.4- if. f Net Area |A 31 4 % 3 k. c o

Wet Soil, gm lo 9. I Incl. Ht. Corr.Height~'
Dry Soil, gm L%1 @[1 in Height Corr. +. o V

Moisture Content, % ! >.s 11,7 qm Net Height |L f.o 7 r.i o

Saturation Data Consolidation Data

Pressures Burette Chamber Pressure, psi 0 6 b[t, o

Date Hour Interior, psi Top Bott. Interior Burette

Top Bott. cc cc Exterior Burette +v. 3
Volume, cc / f, 0 . 7 f LI.V -

Dry Density, pcf Io 6, C

Test Data and Computations

Time Burette Effect. Effect- Appa-Temp Backpressure Water
* *Run Temp D*

-

**
- Hee.d emH O Corr.I Corr. Tilne -

No. *C t oc em press 2
R 11' I Ls em emH2O (H) (C)

"T sec,
,

o y sP 9.3 ,g.3 (, v. o 1..o

I y , o __ . 9 %_ 3*f 9oo IL.5 3t.o TI. T 1.F T Wo '
y 'M . o . $1 t. $ 11 (ro o 75a.1 31.')

_,

't3.V '3.W %Io'

J kl. o . 31 fo [fji_ JC oo 'l 3.3 M. s R 8' L l f3 ' '/ ' O '

I. |V,

Burettes Burettes Formula: _1-97 4 /0
ata8Equivalent Equivalent 2.3 xI x h x log bxRLsLevel Level ag + a s k = 2. 3 x xC

8L + "a M H2Small Large Small Large g

'

Run Dens. Void HI Permeability ag = area of large burette .
Log H 1 cm/sec = 2834.6 ft/ dayNo. pcf Ratio H2 2 s = area of small burettea

I l . ll 'l o o4 8i cm/sec ft/ day g ,,30 3 #
> t.zy .,o se

, ,, 3 ,, y
1 . l.5f+ . tilt 5

Tested by: Computed by: @ ~'j' Checked by:

- - -



iu i s.\lti AN AND ASSOCIAl'liS
Q;0t%Chnical Con $Ultints

WORK SHEET -- BACKPRESSURE PERMEABILITY TEST

Project t h c. O - Un o'on [orbide , UraJon Co|o' Date 4 - 9-l ''I IM!e F^. 30 r v o s,J A reg Sample 'No. 5-/
.

Depth 2. '- 6 '

Direction of Permeability Remolded @ /02 3 pcf., J /f % moist.
Horizontal O Vertical 2 Undisturbed @ pcf' % moist.

Sample Description:

I Weights and Moisture Contents
,

Specimen Dimenstorrs

QW Wh 0 sv|raI Before Test After
Item Top 31.? o W

Y' " # N Dei Area Middle 3e.cf
Tare M. 6.,t- (,vo .4 saf 3 I (, o . (. Bottom 3 f. d

in
Wet Soil + Tare, gm % .4 +h.o Average

Dry Soll + Tare, gr: a t. V.y I L I.5_ 2 Membrane Corr.
Water, gm 4o.v 4.1' Net Area |A 3r 4 7 31- W
Wet Soil, gm 3o3.5 Incl. Ht. Corr.IIeight
Dry Soil, gm M3.1 N.$ '

in Height Corr. t o.o f
Moisture Content, % / 25 3 L T. 2 cm Net Height |L f. o F r.it .

Saturation Data Consolidation Data

Pressures Burette Chamber Pressure, ps! O IdroI Date Hour Interior, pal Top Bott. Interior Burette

Top Bott. cc cc Exterior Burette i f. o

Volume, cc I t. o . i I L +.9
Dry Density, pcf /01.I

Test Data and ComputationsI -

l ffect. Effect. Appa-Time Burette ETemp Backpressure Water
Run Temp I" * E " " '

Corr. Titne Head emH O Corr.I 2No. 'C t oc em press
T sec. Lh Ls crn cmH2O (H) (C) koR

1 !.I S o .e 14.4- 6 f . f, t.4^

3 *- 7o u 5 G.s le.o St.o 1 f.iG d '3( 1o.] ,153

t,- 2.. 7 185 N[f *J t to o IM 31. k ff.7 k i 4 i A eo~'

> 1. .'l .T h F/foJ 3;.oo lj ') 32.1 4(.4 I t. 41 W''
I l i N- w

Burettes Burettes Formula: . 1-49 X IO
aan8Equivalent Equivalent 2. 3 x N

- x p X log x R.g. x C
8 Lag

Level Level ag + as k = 2. 3 x
8L + "s At H2Small Large Small Large g

H1 Permeability ag = area of large burette .
'

Run Dens. Void HI LogII 1 cm/sec = 2834.6 ft/ day = area of small buretteNo. pcf Ratio H2 2 a3
i ,, o4 V o , o li.1- cm/sec ft/ dayI ,, p 3 e
' l.tw .o tis yh) M3 "5

< r,14T ,o 96i

Tested by: AT computed by: cot Checked by:



| R.C HARLAN AND ASSOCIATES
P.o. DoX W17 * SAN FRANCISCO, CALIFORNIA 94120

WORK SIIEET -- BACKPRESSURE PERMEABILITY TEST

Project \ E <3 - ()n ;o, [orbida , Uravan Coh! Date 4-14 -I J
Iiole No. 3 ovv o w (L) Area _ Sample No. 1 - / / LG 9) Depth 2. '- (oh

Direction of Permeability Redidded @ I c k . 'A pcf .3 (7 I % moist.
Ilorizontal O Vertical C Undisturbed @ pcf % moist.

13J & .5 % P - 1. r "/. puh M <--
Sample Description: nw bt Saue;

I~ Weights and Moisture Contents Specimen Dimensions

L. wuk 0 T"[J oTe(4crI Befor st AfterItem Top 31.4)

[i 3estT.e n ci- d Area Middle 3r u

TareId. e,.T- 'l oT. I 103.6 i T 1.L B otto m 31/1 =
"Wet Soil + Tare, gm ioto.o 411 & Average

_

Dry Soll + Tare, gm 3 (. 7. f I 3' F . o Membrane Corr.*2
Water, gm 41.0 ( T.1 Net Area |A_ M47 3k fII Wet Soll, gm s to .1 Incl. Hl. Corr.

- Height
Dry Soil, gm M.J .9 @d'f? *f in Height Corr. t.o 4-

em Net Height |L J.u f f. , yMoisture Content, % #7.1 LLS

Saturation Data Consolidation Data

Pressures Burette Chamber Pressure, psi 0 r L[Io
Date Ilour Interiord>si Top Bott ._ Interior _ Burette

Top Bott. ec cc Exterior Burette T5.I

Volume, cd 14o.5 | (. f-4I Dry Density, pcf tot.3

Test Data and ComputationsI Time Burette Effect. Effect. Appa-Temn Backpressure Water
Run Temg int. Reading Back- Head ratus

Corr. Time Head cmH>0 Corr.No. *C t cc cm press-
.

T sec. t4'. Lo_ cm emII 0 (11) (C)
_2

_

O to 6 t,Llo .V ifr L 4.02

__
y; 5ci (to% sot a Vt..f A-. O 5% ff| ( .5o * ti'

> 1 i .5 .iLJ " -$f M groo H.L S ' . \_ 4 fr.$ l.lf Y Io'
7f#3 u.t .Mf el 3i 3 L. o 'l U] 1T.L _ _ 41 ( ro *

IOi y
Burettes Burettes Formula: 4 IM V 10-c-aang
Equivalent Equivalent 2. 3 x "

I x b x log bxR#b8Level Level ag + as k = 2. 3 x xC
At H T

aL + aa 2Small , Large Small_ _L_arge 9gg

III, PermeabilityRun Dens. Void III
ggg 11 ag = area of large burette

No. pcf Ratio H2 2 1 cm/sec = 2834.6 ft/ day
3 = area of small burettea

t .o L T o .oLit em/sec ft/ dayI u

I . flu .o33= E~

f .ti o . o T (.1 As : 19 3

Tested by: L) T Computod by: %)'T Checked by:



| R.C HARLAN ANDASSOCIATES
P.o. CoX 7717 * SAN FRANCISCO, CALIFORNIA 94120

WORK Sif EET -- BACKPRESSURE PERMEABILITY TEST

Project gEC0 L/n(or Carfide,, LMo % Co /o. ' Date 4 - /c - # oI "c'; M. lorv ow A reo Sample No. $-| Depth 2 ' (, '-

Direction of Permeability Remolded @ I'+3 pcf , . ' r % moist.-

liorizontal O Vertical @ Undisturbed @ pcf % moist.
~ 3 .. e - 3W

Sample Description: g4 y pggI Weights and Moisture Contents ! Specimen Dimensions

IfW C-) '5 ( oA
Before Test AfterItem J Top 3r C5

T st'T m d- M A Area Middle 3 r . r.;

Tare No. W i l o r. f a of.5 #o.1 Bottom 3 ( . 'l aI Wet Soil + Tare, gm I o + Y. o 4 IG.5 Average
__

Dry Soil *+ Tare, gm 3 St.g #11 o Me brane Corr.*2
Water, gm + 3. T s 'i .7 Net Area |A_ ~5 t . ,'1 3 b . III Wet Soll, gm 3 3 9. t. - Height _Incl. Ht. Corr.

t ,3Dry Soll, gm 1.S s. 4 tg t 4 I in Height Cor_r. .t.6'
Moisture Content, % #4g to.V cm Net Height |L y. o g | r., v

Saturation Data Consolidation Data

Pressures Burette Chamber Pressure, psi 0 fv /, oI Date Hour Interior psi Top Bott._ Interior _ Burette
Top Bott. cc cc Exterior Burette t 3.I

I Volume, cc / /. o .9 I' t.4

Dry Density, pcf f r 4]o

Test Data and Computations

Time Burette Effect. Effect. Appa-Temp Backpressure Water
Run Temp int. Reading " "

Corr. Time IIead emH O Corr. (2No. *C t cc cm press

T sec. (.t. Lo em enJ120 (H) (C)
t*3 $o o L if .3 G l ."} - 1. 0''

I ( % l. o ' . T *1 (o !I H #10 0 P f.3 M.I
~

bo*b 6. 3 + )f to
''

t it. 0 . i l t. '9 f 8 p p.1 34 rf.9 d.if wa
4I t.i . * d W 1400 Q. o. .J i_ L . _ _ . _ . __ _._

II f 2.w y a

, - ~

Burettes Burettes Formula: f .'7 / X /0 ~ 7 _ag
Equivalent Equivalent 2.3 x

'I' 8 x b x log bxR xCLevel Level at + a k = 2. 3 xs T8 8L s 2Small Large. Small Large g

lfIRun Dens. Void H1
Log 11 -

Permeability ag = area of large burette
2 1 cm/sec = 2834.6 ft/ dayNo. pcf Ratio 112 3 = area of small burettea

r t .o L 5 o.o/07 cm/sec ft/ dayI w

L t .o 4. o r1 o
b M53 1. 6 3 t . o v., ,.i

# '
Tested by: LJ{ Computed by: Q7 c' <! by: g\ i



3 i u i 1.\111 AN AND ASSOCI.\TIiS
g geotechnical consultants

WORK SHEET -- BACKPRESSURE PERMEABILITY TEST

Project j E c c - (,/n ; o y G y-f id'a. , l.,.|re va+1 _ 6 |o ! Date +-1-80I Hole No.76 q 5[, [g - d[,c/c Sample No. [7M.8) Depth
7

Direction of PermeabHity Remolded (q pcf.; ? % moist.
pcf' % moist.Horizontal Vertical Undisturbed @ 7

Sample Description:

I -

Weights and Moisture Contents Specimen Dimensions
I Abr w s. A oI Before Test After

Tt gst Area Middle i t.soTcme d- Z
Tare Mtr. wt il t .o 14t.( Bottom i t soI in
Wet Soil + Tare, gm v1 t,v Average

Dry Soll + Tare, gm sfu.i 441 b *2- Membrane Corr.
Water, gm f i.') LL.1 Net Area IA i fr J lT of
Wet Soil, gm / n .1 Incl. Ht. Corr.Height, , , , , ,
Dry Soll, gm I S t. t. i4kL in Height Corr. 1.o5

Net ' Height |L 4. o +. o .sMoisture Content, % f r.o si.i cm

Saturation Data Consolidation Data

g Pressures Burette Charrber Pressure, psi 0 r a. fro
& Date Hour Interiorgsi Top Bott. Interior Burette

Top Bott. cc cc Exterior Burette r 3. o

I | Volume; cc 74.o 71.o

| Dry Density, pcf (}5.o . [i
Test Data and Computations

Thae Burette Effect. Effect. Appa-Temp Backpressure Water
Run Temp ** **

Corr. Tilne Head emH O Corr.No. *C t oc cm press 2

T sec. d. Lo cm emH O (H) (C)2
d |n tr 50.1 t &.I G k.o Lo

~

C Too f 3. 5 3 + .3 41.s 1.~l1 peoI Lt .g ..Tlv|iv I"

. flu *"[A (foo 11.3 k .6 35.7 5. t.o sto - 4v ti . v

II "3 u.s . s i. s it m. Nt 4u >r.3 4.31 m
iU |

''

(kW . CTO X /0Burettes Burettes Formula:agas
Equivalent Equivalent 2. 3 x -

I L a _ x 1 x logLevel Level at + as k = 2. 3 x xR xC
aL + a At H T

s 2Small Large Small_ .Large g

Run Dens. Void Hy H1 permeability ag = area of large burette .
'

No. pcf Ratio H2 H2 1 cm/sec = 2834.6 ft/ day
s = area of small burettea

I f .113__ o . ll 8L_ cm/see ft/ day __I u-3g
L i.3 k 7

__
. t + 11

_ _ _ _ _ _ _ ___._. _. _

, L 93 c_

"
w

Tested by: c6{' Computed by: L
O{ Checked by:



| 1u : 1.\1(1 AN .\ND ASSOCIATIiS
g:otechnical consultants

I WORK SHEET -- BACKPRESSURE PERMEABILITY TEST

Vu, n (d a b Un va n Co la ! Date 4-1 60Project iE c o -

llole No.7d.-4 .$ " 1 5Sd | Sampie 'No. Depth

Direction of Permeability Remolded (g pcf.;." % moisLI Ilorizontal O Vertical N Undisturbed @ v pcf % moist.

Sample Description:

Weights and Moisture Contents Specimen Dimensions

I Before Te{st'f k hr-
ua4 0
After ,,

TO est Area Middle f r.Tvtw .t' 3 g3

Tare 19. u(- t R 4- r o L.i Bottom id.TJ
in

Wet Soil + Tare, gm ulv Average

Membrane Corr.Dry Soil + Tare, gm MLf 2
Water, gm ( f.3 x.r.I Net Area |A i bTd 8 ila

Incl. Ht. Corr.Wet Soil, gm ti4.' Height
Dry Soil, gm ( 3T. 3 lYi.I 'i in Height Corr. O

_

Moisture Content, % i ( ,3 / &.L cm Net IIeight |L ; .i 0 f.t o

Saturation Data Consolidation Data

Pressures Burette Chamber Pressure, psi 0 l b[r. o
Date Hour Interior, psi Top Bott. Interior Burette

3Top Bott. cc cc Exterior Burette o

Volume, cc 7s.f . ~1 f. 5
_

Dry Density, pcf ( 'If.vlt
u

Test Data and Computations

Time Burette Effect. Effect. Appa-Temp Backpressure Water
Run Temp n e g IIead emH o Corr.I Corr. Titne
No. *C . oc em press 2

T sec. W. L. cm emH2O (H) (C)
II fr t .T 3o 0 i L.4 f .8o II MI M'o RI Jgf if.7 a n x t o' *

_t le. O t.o o
'

* u.o L .2 . $_ /** o |3.14_ l fr. f 4+ . I ( 'il Fl6 '2

'
i ua 1Lf _4K -__ _ _ Lt. . <5 14 4 <!o'' "I 3 v .v _ .195

A- ~,

I.T4 6 (oBurettes Burettes Formula:
$s gagas

I F4uivalent Equivalent 2.3 x
x b x log b x R .7, x Cb8

Level _ Level aL + a k = 2. 3 xs
H"L * "s A 2Small Large Small Large , , , , ,

I "

H1_ Permeability ag = area of large burette .
'

Run Dens. Void Hi
g II 1 cm/sec = 2834.6 ft/ day__ No . pcf Ratio H2 2 3 = area 01 ymall burettea

, _f .tr. v o. I o il em/sec ft/ day , ,3 , 3 ,_,, v
_ )- _ l .tt i _ 6413

>
____ i . t$(. . Ilio 1 45 ,3 9)

Tested by: 'ii Computed by: to 7 Checked by:
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ASTM Designatior.: D 422 - 63
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Symbol Sompic Source Classification
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1 }
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p y
, ,
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g Prej. No._ Jf _7. F' Appr. _ Date



est No.
LABORATORY COMPACTION P r oj.ect No. 1.19 . I
ASTti 4t!-5W D b II

5*'I " ** Ib 'O U " ' '^ ' "METHOD A

I .

Date f L- to

Tested By

Sample Source TT-2

Sample Description du (i lnace S6 el

Volume of Mold:

3o Trial No. 1 2 3 4 5

Rammer Veight: Estimated.Hoisture
Content (il b I /0 /k f

f. 3_ (bI Drop: Tare No. QQ C> 0 flR (r&- $
( L ' f. Ta re L we*. we ight (gm) (b.3 'I t t.4 7 t.L o IW CCL1

No. of Layers:
Tare E dry weight (qm) ih v f. t. I .V U.l . o fL*.I GLJ. )3

Blows / Layer: Tare weight (om.) 191. b ( t t.t. ii f.v . P T. ) t 31. 7

LI Weight of wat er (om.) 40 .1 f7.1 t,s. o 53. f (o.o
Veight of dry soil-

Remarks: (qm.) 3$T.o 414.L. 4LL.f. 33 f. o 46 T.J

Mo i s t u r_e_c o n t_e n_t__(d_ to.l (bo O.7 I4.3 fr . Vg D'51 "-' g 4' _
a

moldfibs.)ofsoi1Wet w i ht &
I O C ol b L il GlG 83_ c Wu(Lti o

Weigh (Ibs.) 44-4o - -

fi[3!b_t_o'f mold""* * II 3.446 4. 41[ ( , 01 4 3 ,qi,5

Wet unit weight (1 b s.) (I t.1- i t3 t _ IIA.t. 110.4 u3

Dry unit weight ( I bs.) (c '1.5 t o i.1 t ol .1 to3 5 10 4. 1

MOISTURE, CONTENT (%)

g q'(, k e-1 . <os G -

TA - _.

= ;

o ,

gg0" 1

\ I

=

,o u _ _
\

_ . _ _

e
&'

,

Max. Y D (ob -- --

/s 1. 9 PCf g /
opt imuni Hoist ure [ [

__ _

|
_

)'

/ d- %
1 I ! | |tav

t' to it- i q- i t. tt
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_ _ _ _ _ _ -__

Test No.LABORATORY COMPACTION Projec t No. 1 '~l . If

ASTM $ D
HETHOD h "*# U " ' " '

I Date 4-L-VU

Tested By V r- _

Sample Source bra v - A.e a
Sample Description h un , , /, S&nd., e]r s- .rn s .,

Volume of Mold-I 3o Trial No. 1 2 3 4 5
i e oistureRammer Weight. ,-

Drop: Tare No. EE PP FF LL E3
/v

Tare E wet we iqht (qm] '7')fr.7 kSi.3 (,11.3 'l'$ r.f
No. of layers: -( o f.7I Tare E dry we igh t (qm) 7I f. k I,%. 7 h'). 3 f.d. If fi 4 0,y

,

Blows / Layer: Tare weight (qm.) 61.2 ITr t.l N( 3 ID 3 801/

L.f Weight of wa t e r rn . ) 61.J L L. t (1,4 r3.l J.7
es9 t of dry sc,i -

Remarks: qm. f L3. t 4fL f 4 31. . L 4ffr.9 fiTr f

Moi st ure content (%) Ik l (3. F ti T f f.I T7
Emilh - ~

mold [10s.)ofsoil L I(,7 6LGf 6300 ( > Ps 4 0toWet w ht 6

' ' ^ 7 f rnol d (1bs.) 44Lo
_

eig of wet soil
lbs. 5.74 ).31T 4. O IL- f orI 3.711

dpd )a 35 e Wet unit weight ( l bs.) /f 3. 0 // 4.i- /1./ .7 l u.4 [o"T . |

Dry unit we i c;h t ( l bs.) lo o. f f ot .T <of.0 lot.f 93 Ir

g MOISTURE CONTENT,_(%)o

(ov.3 [ _ . . _

i
j _ . _ _ ____ _

O
i

5b f%
/ \

sa

-
= < s

<. > g - - - - -- -

e cH^*- T 10I 5 f'
-- --D

t oi .i pcf y
Optimum Mcisture ! |

/ I |
/5.o %

| I II ii a
" ;, ,. ,+ ,, ,, m . ,
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| 11.C.I iAlllAN AND ASSOCIATES
QOf%Chnical Consult:nts

I
ATTERBERG LIMITS DETERMINATION

Project; j[[6 u is g m Q Qq (Jya m _ (,j, , Date: 4. > g c
Htrir-No. 8 arrow-TT- L,- Sample No. (.5-l) Job.No. M 7.f

'

LIQUID LIMIT

Run No. 1 2 3 4 5 6

Tare No. 5- 6 5 53 5-3+I ,

Tare plus wet soil 4 &&rg 3 6.5 t a n.cro
yE Ti.re plus dry soil % r' ' 3o.79i 31.1 L i-

gg 'nater | W, 7, t t 3 y. n.1 5.Ps5

I Ea Tare ,y. te n cy g rf o tv. % 9
Dry Soil We 2 + r+ t i t .(. , Iq .3 ru

Water content. t w 3 (.1 h.5 Jo.oI Number of blows /9 1b 33

LL 3 i

PL 8f

$ PI (3
.

:s x

I J \

g -y ( J, __

Vy
8I s

,

b [t
'

:
-

s

.s

* ' "I *,, s -

Eb
y^x' 5v

m7x

\ 5$N m o.

30
10 15 20 2b 30 40

Number of Blows

I PLASTIC LIMIT Natural
Water

Run No_ 1 2 3 4 5 Content
Tare No. 5 * lo ( - 4 4.-

Tare olus wet soil 3 7. i ? f 2 l.. l Up Tare 'lus dry soil 33. no ). v. ci 3p.g, ;o
g* Water |W 4. oul unoI w

3.5 Tare 12 li t tv.2 f f

Dry soil W M at i itatrc

Water content % w II.t 19.TI Plastic Limit , w |n
' Tested by: , c-rRemarks: %'y Computed by: lN \

I Checked by:



r

I fl.C. I IARI AN AND ASSOCIATliS
g:otschnical consultants

I
ATTERBERG LIMITS DETERMINATION

Project: m t o _ [jn g, (,yf,A Q,.% g Date: 4. t _ t o

Hole No. 3owou /7ren Sample No. Job.No. i n . fr
LIQUID LIMIT

Run No. 1 2 3 4 5 6
Tare No. s-v s . s. c s -r. 5

Tare plus wet soil ff.F33 3 r. S U 32.teo

yg Tare plus dry soil > A ti 11 r37 it,.75o

I .* b, Water | W, ,o.4vu r.02: , .o u o

$e Tare ,s. u o iv+, ,y wt

Dry Soil We l 9. o 'i e r (.- w it.4 i)

Water content. I w T4.7 i t.1 44 JI Number of blows 17 xv 3v
x..

1) w
"

LL U

PL 'IM x

", o - PI M'

ss 8

I x.

o x
"5SV tx

Y V
\OI U

ib' 8"s
t% ~

I 50
\ ".8 b

\

. U'

. m7I " =='

=.,

N
____

10 15 20 2b 30 40

Number of Blows

I PLASTIC LIMIT Natural
Water

Run Nr,. 1 2 3 4 5 ContenL
Tare No. 5-4-I 5-II Tare olus wet soil Lt.rto A fr .1 & ovi

{@ Tare plus dry soil 17 t.og 17. sri

'Z * Water |W 3. tq t 3.t LuI w
~5 Tare nn.n y it,3 3 9
3

Dry soil W< 13.to1 i 1.u f
Water content , y w L4.7 L7.4 L iI Plastic Limit , w |n

'

Remarks: Tested by: r s--

I y- y Computed by: I
'^'

Checked by:



| R.C HARLAN AND ASSOCIATES
Q:01:ChniCil Consult:nts

I
ATTERBERG LIMITS DETERMINATION

Project: (E c c- (,/n ,on G 4;A - c/r,% ,6/o ' Date: 4.- e - e o

Hole No. 7p - 7 Sample No. [ 5'-/ ) Job.No. AI7.P
'

Tble - o rey - L/at /d, LIQUID LIMIT

Riln No." 1 2 3 4 5 6

Tare No. S- Sg 3- 19 s - +g
Tare plus wet soil 4r. % 4 4o . s r i- 21.o o o

,

yg Tare plus dry soil 33. M p n.w w. is o
gg Water | W, I .tw v 7,13 9 (, . g r o

I $e Tare i s ,fi v iv 577 fy g3
Dry Soil We 2.l. 5 3 o to . 3 + T IM37-

Water content . I w 27/7 3 r. p 3 4 . t.I Number of blows I1r Ly 26
=

LL 3b

37 N PL If
" A pI r7s

,

x
3 %

I i. s
\

.

: N l

'

I '
|

a s n
: *gyI N

'.;O 4J;; 33I
g

f, u'
' *3xI '~ "

\
eEx

m

10 15 20 25 30 40

Number of Blows

I PLASTIC LIMIT Natural
Water

Rurt n _ 1 2 3 4 5 contentN

Tare No. 5-7b 5 - 61

Tare olus wet soil 31 Il o rTr.f31m

{| Tare plus dry soil tF. 9 5 > tr.93 v
T, * Water |W 3. (1 f '1. . L 4-7I w

35 Tare f s . w-) p. fs ,99:

Dry soil W / (.. n o t 3. B I |e

Water content _ y w IT I i13 ef. V |I n . l. .
Plastic Limit , w

Remarks: M^ /f mm-y * sw< , u sned Tested by: , // I
'

g }{{ - [ lx e m lls y s % f.e d e ||= d <y u y d e .>{si leo cure t Computed by: th) \c
t~ e- s exrm(-lsew.,- Checked by:| s wple-|



| 11.CiIAILAN AND ASSOCIATIIS
giGl:Chni'll con 5Ullants

I
ATTERBERG LIMITS DETERMINATION

Project: I E c o - el >r G<sidc.m - GM D*te: 4- t - E *

Hole No. Ib & - h /> ek 'M TD - / O A "b Job.No. kl.8
LIQUID LIMIT ,

Run No. 1 2 3 4 5 L
,

Tare No. s - // g cy s- 39I Tare plus wet soil 3 5. L43 34 trF 'fl.orv
,

yg Tare plus dry soil ti. % v tr. it o 33.#tt

.m & Water | W, r, . go i (. ,3 3 r 1,Sw4

I Ec Tare #3.37 y , v. 23 y is. 3 2 3
Dry Soil Ws /<,.1 W / 6. L+ t 2 o.7 fi

Water content. I w Pi. '? 39.o 3 # .1I Number of blows f4 2. 4 3 t.

LL 3T

PL Lt

[
PI (f

x x

I ~
xu

0 '54 x
* x

N

b 8t'
s

" ' 4-2
.' uI 2 n -

31 , 3y-

-- 9,U
my'

I ' ''~ Q
'

aE .x
Ie

*#
10 15 20 25 30 40

Number of Blows

I PLASTIC LIMIT Natural
Water

Run No. I 2 3 4 S Content
Tare No. 5 - 37 5- roI Tare olus wet soil Jo.43 o A9.Tr >g

gg Tare plus dry soil n 31fr u, . ff k

T, * Water |W 3. fi u 3.37 oI w

*5 Tare i v. 3 r,.i , t. , 2.4g
Dry soil W, IJ.o r7 ff. 33 $
Water content. y w L3.7 L3.7 u.SI '
Plastic Limit , w |n

Remarks: Tested by: 11 5
'

I y_f Computed by: W[
'Checked by:
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I

WORK SHEET - SPECIFIC GRAVITY TESTS

Project: \ECo Ume - MJe Job No. M .? Hole No. Date 4 1 -5 0

SPECIFIC GRAVITY OF SOLIDS (Gs)

DTTSample No. T T-p

Flask No. 374 3 7 -)

Temperature of Water and Soil, T, *C 2_t . o u.o
Pan No.

Pan + Dry Soil

Pan

! Dry Soil Ws t o t. P ir r. I

[ Flask + Water at T, *C Wbw M .1 L15.'3

] Ws + W w 1h1 7 To.tb

# Flask + Water + Innersed Soil W ws 133 5 1 4 P.ob

Displaced Water, Ws + W w - W ws 30 6 4 L.&b b

Correction factor K o. T iilr o .TTO

(WsK) i (Ws + W w - W ws) Gs L. c v L.1 Ib b

APPARENT (G ) AND BULK (Gm) SPECIFIC GRAVITY Temp. Corr. Factora

Sample No. *C K

Temperature of Water and Soil. T. *C 14 1.0010

Pan + Saturated Surface - Dry Soil 15 1.0009'

Tare Weight 16 1.0007

Saturated Surface - Dry Soil B 17 1.0006m
G
; (Wire Basket + Soil) in Water 18 1.0004I o,

Wire Basket in Water 19 1.0002c

Saturated Soil in Water C 20 1.0000.

'Y Tare Weight + Dry Soil 21 0.9998

Tare Weight 22 0.9996

Dry Soil A 23 0.9993

Correction Factor K 24 0.9991

(AK) i (A-C) (Apparent) Ga 25 0.9988

(AK) i (B-C) (Bulk) G 26 0.9986m

Remarks: 27 0.9983

I 28 0.9980

29 0.9977

30 0.9974
31 0.9971

Tested by; Computed by: Checked by: )

16633


