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GEOTECHNICAL INVESTIGATION
LIVINGSTON, LA. LIGO SITE

We have completed the geologic and geotechnical investigation of the LIGO site located
at Livingston, Louisiana. Please find below our findings and recommendations which
are contained in the following sections. Detailed results of geotechnical tests performed
are included as Appendix A. Appendix B contains the results of electrom'c Cone
Appendix C presents the results of seismicity research and Appendix D contains
idealized subgrade profile plots where both C ¢ 'aeaconventlonal geotechnical test
results are summarized, and Appendix E includes:t| e results of chenncal and corrosion
potential investigations. “

SCOPE OF WORK:

This 1nvest1gat10n was authorized by the .uhforma Instltute of Technology on February
18, 1993 . The investigation was performe general accordance with our proposal of

January 8, 1993.
77

geotechnical bormgs, and perforrmng ”f'(')rty nine (49) CPT soundings. The locations of
borings and CPTs are shown in Flgure A-1 of Appendix A. During the performance of
borings the soil cores were wsually classified and recorded on boring logs. Samples from
these cores were, then, preserved and transported to the geotechnical laboratory for
testing of selected samples to determine their engineering properties. Upon completion
of the laboratory testing the logs of borings were revised to more accurately reflect the
results of the laboratory tests. These are included in Appendix A. Borings were tremie-
grouted full depth with bentonite mix upon completion in accordance with the drilling

Field Investigation

permit.
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The attached boring logs indicate the types of soils and strata encountered. Relatively
undisturbed 3-inch diameter tube samples were generally obtained in the cohesive, fine
grained soils and disturbed 2-inch-diameter split-spoon samples were obtained in the
coarse grained soils. Standard Penetration Tests (SPT) were performed on the split-
spoon samples in boring B-1. This test consists of dropping a 140-pound hammer 30
inches and recording the number of blows required to drive the sampler. The number
of blows on the final 12 inches is recorded on the bonng log under the "SPT" column.
The depths at which the driven and pushed spht-spoon samples were obtained are
indicated as cross-hatched square symbols and as a
on the boring logs respectively. The depth betwe:
obtained are shown as shaded symbols under th

Forty nine (49) CPTs were performed to further » ermfy the in situ properties of these
soils and to assess the variability or umformlty of engmeenng properties of various soil
strata of the area investigated. The results.of thesv' soundmgs are shown in Appendix
B. Also included in the same appen" ix the "’re sults of three (3) Seismic Cone
(piezocone) Penetrometer (SCP) tests and -one crosshole seismic test performed to
determine the dynamic properties-of.the subgrgde.

WATER CONDITIONS

The ground water mformatlon vas _e_veloped during the geotechnical sampling. In
addition, temporary,...' olyﬁnylchlonde (PVC) pipes with screens and removable caps
were installed in two (2) of the boreholes for overnight water observations. These are
discussed later in this report They were later removed and the holes were grouted.

LABORATORY TESTING

Selected samples obtained from the conventional geotechnical borings were tested in
the geotechnical laboratory to assess the physical properties of the subsoil. Strength tests
consisted of sixteen (16) unconfined compression tests, and fifteen (15) undrained
triaxial compression tests. The results of these tests are shown on Appendix A. The
compressibility of the soils were determined by performing twelve (12) consolidation
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tests. Detailed and summary results are shown in Appendix A. Appropriate columns of
the boring Iogs also contain the results of laboratory tests. Eighty four (84) natural
moisture content and thirty two (32) density tests were performed. In addition forty nine
(49) Atterberg Limit determinations and twelve (12) percent finer than the No0.200 sieve
and two (2) grain size analyses were made.

Three composite samples representing the top strata from six to fifteen feet below the
existing ground surface were prepared and submitted toother laboratories for testing.
These samples were tested for corrosion potential, in ding pH, sulfates, sulfides, and
chloride contents as well as resistivity. The summarie and copies of laboratory reports
are included in Appendix E. ' -

LIMITATIONS

Professional judgments and recommendations are presented in this report. They are
based partly on evaluations of techiilcal‘~"mf rmatlon gathered partly on historical
reports and partly on our general expenen with
do not guarantee the performanee of the pro;ect in any respect other than that our
engineering work and the Judgment rendered meet the standards and care of our
profession. If during constructlon 501 ;-,candlz__,_fns are encountered that vary from those
discussed in this report or hlstonc reports or if design loads and/or configurations
change, Woodward- Clyde Consultants should be notified immediately in order that they
may evaluate effects 1f any, on foundatlon performance. It should be noted that the
borings may not represent potentlally unfavorable subsurface conditions between
borings. If such conditions beceme evident, additional borings should be performed to
characterize these conditions for design review. The recommendations presented in this

report are applicable only to this specific site. This data should not be used for other

purposes.

Included in Appendix A is a document entitled "Important Information About Your
Geotechnical Engineering Report", which is published by ASFE, The Association of
Engineering Firms Practicing In The Geosciences. This document should be considered
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as part of this report and should be furnished to all persons who receive part or all of
the report.
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ENGINEERING ANALYSIS

Prior to performing various engineering analysis the results of conventional geotechnical
tests and the CPT results were compared and correlated. Where needed, additional
geotechnical laboratory tests were performed to check earlier results.

Analyses were performed to determine stress distribution at various depths under the
embankment. The results from the analyses were compared with unconfined
compressive strength of soils at various elevations under 'he proposed embankment site.
Results of Atterberg limits and natural moisture content tests for strata under the water
table were used for preliminary determination o "'t‘he'*'v'eotﬁpressibility of various soils.
Consolidation test results, then were used to determine séttl ment properties of the
“worst casé soil conditions for

subsoils. Settlement analyses were perforr
embankment and beam tube loads.

Pile capacity and bearing capacity analyses were also erformed

Pile capacities of subsoils at the apex é;,_l_f

Slope stability analyses using Bisho meth was performed for 10 ft. embankment
height with the beam tube load imposed upon it. The subgrade was assumed to have a
cohesion of 750 psf from”:‘t"_e gr und strface 1o a depth of 18ft. The adjacent borrow
ditch was assumed to be - deep. with embankment slopes of 1:2. Computations were
also done using a - 100 psf surcharge and an earthquake loading factor of 0.1, in both
vertical and horizontal dn'ectlans The minimum cohesion of the embankment material
was assumed to be 1000 psf ‘and the water table to be at the ground surface. The angle

of internal friction for all soils were assumed to be 0 degrees.

In addition the Atterberg limits were used to determine the soil types, soil workability
for embankment and other construction, and the suitability of soils for lime or portland
cement stabilization.
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SITE CONDITIONS AND GEOLOGY

The topography of the Livingston LIGO site, in general is featureless, and flat which
results in parts of the site being poorly drained. |

The site was originally used for tree farming with the majority of the remaining stands
being composed of young Southern Pines with hardwood stands clustered in the lower
and worse dralned areas. :

The site is located in the Coastal Plain Physiographic. vmce, which is an elevated sea
bottom about two hundred miles wide following the shores ‘of the Gulf of Mexico and
extending North along the Atlantic coast to ¢ Cod, In Louisiana the Coastal Plain
is divided into a series of terraces which 'l]our the Gulf Of Mexico Shoreline.
These terraces form low elevation uplands relatl e.to the Mississippi River alluvial
planes and coastal marshlands.

The alluvium at the Livingston site is:estir ated to be about 200 feet thick. The
geologic conditions are sequential;-and as seen from the geotechnical investigations show
minor spatial variations.

The surface outcrops throughout th _sue are composed of; clays, silty clays, silts and
sands. These deposits ¢ com se.the Pr rie Terrace Formation of the Pleistocene Series
which was deposited: ,‘___out 1“ 000 years ago. The beginning of the Pleistocene Series
was approximately: one"‘mllhon years ago. A thin veneer of Holocene Alluvial deposit
(reworked Plelstocene) overhes the Prairie Terrace in the small creeks and branches.
Due to the extensive timber lgggmg operations in the area the top one to five feet of
the Terrace Formation has been disturbed. Within the Prairie Terrace there are two
prominent sand channel deposits. One is located at the apex of the LIGO and the other

at the end of the southwest leg.

The remainder of the site consists primarily of clay and silty clay deposits interljggsg
with clayey silts and clayey sands with thin sand layers. Below the Prairie Terrace are
deposits of the Intermediate and High Terrace Formations, forming the mid and basal
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Pleistocene and upper Pliocene Series. Below these deposits is the upper Miocene
which occurs at approximately 2100 to 2500 feet below the existing ground elevation.

SEISMICITY cuk vk =i
Freior
The State of Louisiana is located in a Seismic Risk Zone 1 ( Appendix C, Figure C-1)
(Algermissen 1969), with ground accelerations of less than 0.1g. Recent seismic history
of the state (Appendix C,Table C-1) shows that there have”‘been minor tremors reported
near Baton Rouge and Donaldsonville. The Baton R nge events of 1905, 1957 and
1958 have been reported to have had Modified M ercalh (MM) intensities of V
(Newman 1954). | L

The Donaldsonville event of 1930 was reported 0 have a MM intensity of V1. The

hypocenter of this event is located about 50'““m11es m the LIGO site .

It has been predicted that a repeat of the: ew‘Madrid :selsmlc event of 1811-1812 will
affect the area at an MM intensity of V 0V

FAULTS

There are no surface or near urface faults within the site that indicate topographic
evidence of displacement‘ (Appe dix.C,Figure C-2 ). The deep faults below the site are
in the Tuscaloosa Trend oil "and as Production Zone and are approximately 15,000
to 20,000 feet deep.. The faults shown on the map were transposed from the references
cited in Appendix C, Table C-2, and their locations are approximate. The surface and
near surface faults (Scotlandvﬂ_le-Denham Springs and the Baton Rouge Fault) were
positioned based on observed structural damage or distress and prominent topographic
escarpments , closely spaced contour lines, abrupt changes in direction of drainage
features and geologic interpretation between known fault points. The closest of the
surface faults to the site is the Scotlandville-Denham Springs Fault which is located
about 5.5 to 8 miles south-southwest of the site. The two faults are part of the
Tepetate-Baton Rouge Fault Zone which runs from Southwestern to Southeastern
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Louisiana. The Bancroft Fault Zone, which is parallel to and north of the Tepetate-
Baton Rouge Fault Zone is not known to extend as far as the LIGO site.

The surface and near surface faults have shown some movement in recent historical
times. At the present time this movement has been attributed to ground water

withdrawal rather than tectonic causes.

GEOTECHNICAL CONDITIONS

Seil Types:

A review of CPT and geotechnical boring test. results shows good agreement
between two sets of data. Soil strata in genera _ pea:rs to show only gradual variations
from one boring or CPT location to the other Wlth seme outcrops of sands/silts or clays
showing between boreholes (Appendlx D). CPT results indicate the presence of thin
silt or sand layers in clays and clayey depes: Some such thin layers could not be seen
in conventionally obtained soil cores beca :Qf smearing of the surfaces inherent to
§helby tube type sampling procedure, .

The top two to five feet of _
sandy clays. The cons1sténc1es of the top strata vary from very stiff to very soft,
ev. tion, drainage, and disturbance caused by timber
harvesting operations. cia oils are underlain by medium to very stiff silty clays
and clays 1ntersperséd with dense to very dense sand layers followed by medium to very
stiff clays. The unified class1ficatlon of the soils show the site deposits to be composed
of CL-ML, CL and CH type v,smls No discernible deposits of organic soils with the
exception the thin veneer of top soil, were encountered at this site.

: soils are.pnﬁ arily composed of silty clays and some

depending on the soils. rel

Soeil ngth:

Unconfined compression and triaxial test results show the soil strengths ranging from
1,900 pounds per square foot (psf) to 5,500 psf with two slickensided or jointed
specimensproducing lows of 750 psf and 850 psf.
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Consolidation:

Results of consolidation tests indicate soils at this site to be preconsolidated. The
preconsolidation stresses vary from about 2 tsf to about 3 tsf.

The pleistocene clays of this area are generally slickensided and fissured due to
desiccation during recent geologic times and due to deposition patterns.. Some of the
shallower pleistocene deposits are interlaced with thm (about 1/8-1/4 inch) lenses of
silt, fine sand or ferrous oxide deposits. These lenses generally are not continuous and
they do not contribute to the dissipation of excess":""" ydrostatlc pressures; thus, they do
not significantly affect the consolidation proc However they are responsible in
developing fissures which may result in th ition of low strengths during some
unconfined compressive strength tests. " |

Ground water, was encountered at varying dept at Jdifferent locations; while , in

general, the ground water was encot tel at an average depth below the existing
ground of about 8 feet at some locatioﬁs.,_z,v .v,_-.ground water was either not encountered

appeared to be under shght artesxan _ressur whlch may be the result of the tilt of silty
and sandy water bearmg layers ’

Ground Water:

It should be noted tha"t'*'the 'graﬁnd‘ﬁ\vvater elevations of the area is largely dependent on
precipitation and will fluctuate with seasons. They should be verified prior to initating
any construction operations, such as excavations, which it may affect.

DYNAMIC PROPERTIES

Three Seismic Cone Penetrometer (SCP) and one Crosshole test were performed to
determine shear wave velocities of the natural deposits (Appendix 2). The Crosshole test
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was performed to provide local verification of the SCP data. Test results show good
agreement. There appears to be relative uniformity in the dynamic properties of soils
at three different locations tested. Data also show that the shear wave velocities of in-
situ deposits are confined within a range of 550 fps to 850 fps (Plates 5, 6, and 7,

Appendix B).

It should be noted that in the case where shallower layers have higher wave velocities
than lower layers, seismic test results will not give rehable indication of the layering
(See SCP test results B-SW-01-SC and B-SW-35-SC). Also in homogeneous layers the
presence of the water table will reflect wave patte valsely indicating them to be
layered; however, these tests can accurately predic ' ‘shallow water tables.

RESISTIVITY AND CHEMICAL ANALYS!

The pH, resistivity and sulfate, sulfide. and chlo de"‘ contents of the soils were
determined using three composite s01l specunens representlng typical soils of surface
deposits from 6 feet to 20 feet below the graund elevation ( Appendix E, Table E-1).

Soils having similar engmeen pro; mes werev composited and submitted for testing
d:to Benchmark Laboratories both of Baton Rouge,

to Soil Testing Engmeers, _
e n Appendlx E.

Louisiana. Test results are mcl
Resistivities of the soﬂs at thelr natural moisture content indicate that they are "virtually
non-aggressive" as: far as. their corrosmn potential is concerned (Table E-2). A brief
description of the re51st1v1ty test ‘method used by the laboratory is also included in
Appendix E. The pH tests.of the composite specimens indicate the soil to be,
practically, neutral.

STRESS-STRAIN PROPERTIES OF SOILS
Stress-strain moduli E,, Poisson’s Ratio u, and moduli of subgrade reactions k,, for

various types of soils found at this site and the dynamic modulus G’ are shown below.
These values were obtained from a review of the stress-strain properties of the materials

10
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~ as exhibited in triaxial testing and by correlating the site soil characteristics with those
shown in the literature and local experience. The Dynamic modulus G’ was computed
using a shear wave velocity of 700fps.

It should be noted that these elastic and dynamic properties are highly dependent on
soil composition (i.e. ratio of silt to clay), density, moisture content at the time of
testing, and stress-strain history of the deposits, testing methods. In other words, there
are built-in uncertainties in these values.

The soils found in this area can be grouped into fou categones,

Medium Clays

Stiff Clays : 20C
Sandy/Silty Clays E, 500~3 000 ksf
Dense Sand =800-1, 500 ksf

Saturated Clays
Clays above the
Water Table

Sandy/ Silty Clays

We recommend the. il “:of a Pmsson s Ratio of 0.4 for computations involving the in-
situ soils at this site. |

Typical Moduli of Subgrade reactions k, for the existing deposits located 4 feet to 10
feet (assumes that 2 to 5 feet of loose surface materials are removed) below the existing
ground elevation are shown below.

Clays and Silty/Sandy Clays 50-100 kcf

Silty Sands 100-225 kcf

Clayey Sands 175-350 kcf
11
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Dynamic modulus, M’, for the tested locations is 14 ksi.

EMBANKMENTS

Loads:

The beam tube for the LIGO facility and its associated equipment and the maintenance
access road will be constructed over two connected e bankments At the time of the
preparation of this report the final elevation of the cres .of the embankment, loads to
be imposed upon the embankment, the exact positmn ‘of the loads vis-a-vis the
embankment center line, or exact dimensions were ndt“’: a a;}able Thus this and
following sections of the report are based " nformation which accompanied the
California Institute of Technology contract for this

We have used values derived from the above source fof‘ our computations. Engineers
performing the final design need tocriti lly rev1ew these values and make proper
compensations for changes in design param t rs Two embankment heights have been
considered; 5 feet and 10 feet. o

estimated to be 12 mches thlck ] 22 feet wide weighing 3,300 pounds per linear foot.

The service road for the. beam"tube is assumed to be constructed with 6 inches thick
mesh reinforced concrete at 'l 500 pounds per linear feet. A unit dry weight of 120
pounds/cubic feet was used for the embankment materials.

Settlement:

Our analysis indicates that the foundation materials at this site are adequate to support
the embankments and the loads as outlined above. It is expected that there will be 3/4

12
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to 1 1/4 inches settlement due to the embankment loads. The majority of this
settlement is expected to occur during the construction of the embankments.

Construction:

It is recommended that about 2 feet to 5 feet of the top loose and disturbed material
be removed and replaced with compacted engmeered fill material. The amount of
material to be removed should be determined in the ﬁeld after the site is graded and << "
proof rolled to identify the location and the extent 'ftvand disturbed layers. > ﬁo;,=ijf‘ff;k

ea wher vg_}___._aiarge number of trees
bankment the entire site should be
hould be proof rolled to identify rnroue™

,&HOUA“ ot
fﬁcﬁplﬁ 1%
hald roLES

The footprint of the LIGO embankment covers:
were removed. Prior to the construction of the ¢
inspected to assure that no stumps remam an

unconsohdated ‘stump holes. e

Local borrow materials appear to besmtable r embankment construction. It should

be noted, however, that fine sands an , of: thls .are generally composed of well 5
¢1l N e

rounded particles and, in thelr,_;pure forrn (1 e. all fine sand or all silt), they present wers

stability problems unless they i h finer materials or stabilized with portland

L L % a2 N
cement. ¢ Mﬂu oK HIRAT
e I 0 ék !‘7?4..& FLY AsH

Soils with plasticity 1ndexcs of 12 t6:25 with liquid limit not exceeding 40% are suitable
for the construction: vthé‘se embankments Soils with higher plasticities should be
modified by mixing them with quxck or hydrated lime. Soils with lower plasticities should
be stabilized with either’ lnne; pbrtland cement, or a combination of Type C fly ash and
lime. Modification of high plasnmty soils should be performed to render them friable
and workable. Stabilization is recommended for low plasticity soils to develop chemical
cohesion and dimensional stability.

7ob 24"

Embankment materials placed in the top 24 inches (with the exception of reinforced «f f”'f, isT,
4

=1
earth), stabilized or otherwise, should be compacted to obtain a minimum of 98% [,:mu k,&('z
“Cl
relative density as determined by the "Test Method for Laboratory Compaction i,'ﬁ'r 7

Characteristics of Soil Using Standard Effort", ASTM D 698-91, soil materials placed»’;?

S~ s

W e
13 <TANDALD  oF
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below the top 24 inches should be compacted to a minimum relative density of 95%
(ninety five percent) as determined by the above cited method.

As indicated by the soil profiles of the site, the type of natural materials vary spatially
and vertically. When on site borrow materials are used for the construction of the
embankment it will be necessary to develop a family of moisture/density curves for use
by trained soil technicians to direct and monitor the compactlon of embankment
materials. - 3

All embankment slopes should be blanketed wit 'mmlmum -of 8 inches of clayey soils x
compacted to 92% relative density (ASTM D 698~.-_ 1), whichi in tum should be covered >
with 6 (six) inches of top soil suitable to deveI ) a protectlve cover of vegetation.

The liquid limits of tested soils are, in genef ess thanv 50 indicating that the swelling
potential for their swelling potentlal is neghglble £

All borrow materials should be tested at:their source for characterization. Suitability of -
borrow materials for this embankment should be determined prior the approval of the
borrow source.

AY rpol
Uol, Srep fFolt
Preliminary facility plans mdlcate that the load distribution across the embankment will »= ¥ .
not be uniform, thus non uniform:- bsidence of the embankment may be expected ‘o:j'

unless the crest of the “mbankment is reinforced to help distribute the loads more
uniformly. This can.be ‘achieve ""by reinforcing the top 24 inches of the embankment
with geosynthetics or by stabﬁlzmg the top 20 inches of the embankment materials with
hydrated lime or portland cement, depending on the soil properties.

In general the foundation soils are suitable to carry the embankment loads without
preloading or surcharging as discussed above. Soils in the vicinity of boring Nos. SW-21-
GT and SW-25-GT produced lower strengths due to apparent slickensided and jointed
structure of the deposits about 15 (fifteen) feet below the ground elevation, this isolated
area may, depending on the final loading of the embankment at that site, need

14
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surcharging to avoid shear displacements. We recommend that surcharging of that area X
be considered pending the determination of final loads.

All computatlons and predictions presented here assume that buildings at the apex or

at the 111:{ of the embankments will be supported by foundations placed in or over the X
natural ground below the embankment. The founding of critical structures supported on(\

piles or shafts over the fill is not recommended becaus¢ of the probability of negative { po*’\;?wb
skin frictions affecting pile or shaft integrity. It is al """Fassumed that the embankment “&’2 ‘:,:7%"0;’)
will be allowed to settle and subside for a period

construction of buildings or other facilities over

Jleast nine months prior to the [, *'

’SN'T _,; 710 A Pd’Mv

UNIT WEIGHTS ,_“*’P“-Miv WECATIVE FRieTon ISOT A igeror?
WE N Poww PRAG repn H o pyLce

Av BE BRsianey To wa bt (7
The average unit wet weight of all spemmens is: 124 pef.with an average unit dry weight

of 100 pcf . For computational purposes:we. rgcommend using 120 pcf.

BEARING CAPACITY

The shear strengths of soils tested are, in.ge 'eral in excess of 1.2 tsf. For these soils the
bearing capacity is deterrnmed .to be 3,450 p»_:_ff"( with a safety factor of 2.5). The bearing
capacity of weaker soils were’ computed to be 2,680 psf. We recommend that a bearing
capacity of 2,700 psf be used for g ‘eral design purposes. Soils at the apex of the
facility yields a bearmg capactty of 3 600 psf using a safety factor of 3.0.

STABILITY ANALYSIS"

The Bishop’s method for stability analysis using worst soil conditions, as discussed above,
yielded safety factors of 2.3 for the condition of ground water at the ground elevation
, and 2.0 for saturated, flooded condition .

15
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DRILLED SHAFTS

Drilled shaft capacities have been computed for the soils at the apex and at the tip of
the southeast arm. These capacities are listed in Tables 1 and 2 . as can be seen drilled
shafts will provide high load capacities and they are recommended for use at this site.
The shaft capacities as presented assume a cut-off of two feet below present grade. They
will carry loads by both 51de friction and end bearmg We recombined that compression X
values be reduced by %ne h%lb for shafts in tension. Remforcmg steel for shafts subject *¢¢*""*"”
to uplift pressure sho end to within 6 inches of the bottom of the shaft.

SoE Pe 19 .
Consideration should be given to the group effect shafts'i talled in clusters of 4 or
more. Shafts in clusters should be installed wi ‘m;mmum center-to-center spacing of
no less than 2 shaft diameters. Expenenceé' has-,_.shbwn that the group effect of large
clusters of shafts is best accounted for in such' matenals through use of the "Perimeter
Shear" formula. This formula assumes that: the__matenal enclosed within the shaft cluster

Q = Ultimate supporting capacity of the soil block (kips)
P = Perimeter of shaft group (feet)

¢; = Cohesion of soil layer (i)(kips/square feet)

L; = Length of shaft embedded in soil layer (i)(feet)

A = Horizontal area of shaft (square feet)
ﬁ = ﬂ FE nissinG

16
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For uplift loads the above equation should be used except that the second term (end
bearing part) is not utilized.

The contractor installing shafts has to be made aware of the fact that the soil profile
shows the presence of dense sand layers. Drilling of shafts through these layers may
require the use of casing or bentonite slurry. We recommend that any casing used
should penetrate at least one foot into the very stiff to hard layers to seal seepage and
avoid sloughing of silts and sands. Concrete should be placed immediately after the
excavation has been completed and inspected. In no event the excavatlol@guld remain

TERMiNAL ENDS OF THE ARMS

Allmble Single Shaft Compressor Capacities (kips)
Depth of Tip — ; Shaft Diameters (inches)
Embedment (feet)* g 18 24 30
| 15 23 36 51 67
20 29 46 64 83
25 NR 58 79 102
30 NR 69 95 121
35 NR n 110 141
40 NR 92 126 160
45 NR 104 181 179
50 NR 115 156 198
e — L

NOTES: Shafts are not recommended below 40 feet at the Southwest Terminal
* Feet below existing grade
NR Not Reocmmended

17
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TABLE 2

STRAIGHT-SIDED SHAFT CAPACITIES AT APEX

Allowable Single Shaft Compressor Capacities (kips)
Shaft Diameters (inches)

@

Depth of Tip
Embedment (feet)*

LHBR8REEG
EEEEE T

NOTES:
* Feet below existing grade
NR Not Reocmmended

PILE CAPACITIES

capacities.

18
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TABLE 3

PILE CAPACITIES AT APEX

Allowable Single Pile Capacities (kips)

Square Precast Concrete
Depth of Tip (inches) Steel Pipe Diameter (inches)
Embedment -

(feet) 12 14 16
30 38 45 52
35 45 54 62

40 53 62 7

45 63 75 86
50 71 8 9%
L
NOTES:
* Feet below existing grade

Pile Foundation Settlements:

Analysis of pile foundation settlement of proposed structures is dependent on the
column loads as well as the ¢ an' conﬁguratlon of the pile groups. Since specific
configurations or criteria are ‘not available ! this stage a detailed settlement analysis $P
is not performed. For pllg dnve' -in single rows widely spaced or used in small groups A
where the width of the pﬂe «cap is small relative to the pile length, the settlement of

piles driven to 40 ft. to 45 ft.-are estlmated to be 1/4 in to 1/2 in. These movements are

in addition of elastic S brtemng' fj},_;-plles which depend on the type of the pile, actual
applied load and the dlstributlon of loads along the length of the pile.

Uplift

For piles subject to uplift forces, it is recommended that maximum tensile capacities not
be greater than 30 percent of the maximum recommended single pile compression  x
e,

capacities. = T~ 509, ow
G, 16

19
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Temporary Loads |
72,

The maximum recommended compression values may be increased by 30 percent for
temporary wind loads.

Group Efficiency ), ¢ fws NéF ¥/ PR T

No reductions from the single pile capacities appear necessary for the effects of group
action in the case of clusters of piles driven, to tip embedments in the very stiff to hard

clays. 0 ATH )

TS

/
Dﬁving:?a@xhrough the dense sands ma v [
than 2 iriches less than the outside diameter ' piie and no deeper than § feet less

than the tip embedment. Care should be taken to avmd overwashing the holes. Piles
may reach refusal in the very stiff to hard. clays of the before reaching an embedment.
Refusal driving resistances for steel and ooncrete plles ‘may be estimated using the ENR
formula Higher blow counts may damage the plles It is normally recommended that

open-ended steel pipe and squa precast concrete piles. However higher blow counts -

are sometimes allowed in o to grade. This requires close inspection

to reduce the chance of stl;uct:urally amaéing the piles.
Heave

When groups of p11es are. dnven through stiff clays such as are found here, some of the
previously driven piles can heave or be displaced due to driving later adjacent piles. The
piles should be driven from the center outward. It is recommended that the butt
elevations of each pile be determined immediately after it is driven and again when the
group is completed. If any pile is noted to have heaved more than 1/4-inch, it should

be redriven to at least its original final resistance. )
fUCC/fs\fH"“-‘ AL AWRAY SovLp THA

B.n. BE 7
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Inspection

All pile driving operations should be inspected by a qualified geotechnical inspector and
records of driving resistance versus depth, tip elevation, driving equipment, etc. should
be permanently kept. The inspection services woglgi degerrmne when the desired
embedments are attained and prevent overdnvmg A0 avoxd structural damage of the

piles..
Spacing

It is recommended that the piles be driven on m center-to-center spacings of 3

It is recommended that the steel pipe""plle_‘ steH-p s and prestressed concrete piles
be driven with a hammer that develops ”'mmum manufacturer’s rated energy of
19,500 foot-pounds per blow suspended from ﬁxed leads.

SETTLEMENT

Settlement calculations: made for he worst case scenarios show that at the apex the
maximum expected pnmary consohdatlon near the center of the building site (1,000 ft.x
900 ft) for embankment and surcharge loads will be about 3 3/4 in. At other locations

it will vary from 1 in. to 2 ino
Along the embankment settlements will vary from 1/2 in. to 2 in. depending on the
height and soil types at the specific locations. It is expected that 90% of the primary
consolidation will take place either during the construction or during the six months |
following the construction. Secondary settlement of these soils were found to be are
negligible.

21 « Wr\f*‘ pog LS
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No settlement or bearing capacity values for the embankment have been presented.
They will depend on the properties of the compacted, or stabilized soils in the
embankment.

The above ¢s'a summary of the geotechnical investigation authorized by the California
Institute of Technology for the LIGO facility ‘and it is prepared to satisfy the
requirements of our contract with the Institute '

22

93B107C\LIGO.TXT LIGO 11-28-94




APPENDIXA

GEOTECHNICAL LABORATORY TEST RESULTS




APPENDIX A

TABLE OF CONTENTS
. Summary of Geotechnical Laboratory Test Results
. Site Location and Location of Borings and CPT Tests
. Logs of Borings and CPTS
. Unconfined Compression Test
. Undrained Tiaxial Test
. Consolidation Test

. Sieve Analysis

93B107C\APP.TOC CALTECH 11-28-94




IMPORTANT INFORMATION
ABOUT YOUR

GEOTECHNICAL ENGINEERING REPORT

More construction problems are caused by site subsur
face conditions than any other factor. As troublesome as
subsurface problems can be. their frequency and extent
have been lessened considerably in recent years. due in
large measure to programs and publications of ASFE/
The Association of Engineering Firms Practicing in

the Geosciences.

The following suggestions and observations are offered
to help you reduce the geotechnical-related delays.
cost-overruns and other costly headaches that can
occur during a construction project.

A GEOTECHNICAL ENGINEERING
REPORT 1S BASED ON A UNIQUE SET
OF PROJECT-SPECIFIC FACTORS

A geotechnical engineering report is based on a subsur-
face exploration plan designed to incorporate a unique
set of project-specific factors. These typically include:
the general nature of the structure involved. its size and
configuration; the location of the structure on the site
and its orientation; physical concomitants such as
access roads, parking lots, and underground utilities.
and the level of additional risk which the dient assumed
by virtue of limitations imposed upon the exploratory
program. To help avoid costly problems. consult the
geotechnical engineer to determine how any factors
which change subseguent to the date of the report may
affect its recommendations.

Unless your consulting geotechnical engineer indicates
otherwise. your geotechnical engineering report should not
be used:
« When the nature of the proposed structure is
‘changed. for example. if an office building will be
erected instead of a parking garage. or if a refriger-
ated warehouse will be built instead of an unre-
frigerated one:
« when the size or configuration of the proposed
structure is altered;
« when the location or orientation of the proposed
structure is modified;
« when there is a change of ownership, or
« for application to an adjacent site.

Geotechnical engineers cannot accept responsibility for problems
which may develop if they are not consulted after factors conmsid-
ered in their report's development have changed.

MOST GEOTECHNICAL "FINDINGS”
ARE PROFESSIONAL ESTIMATES

Site exploration identifies actual subsurface conditions
only at those points where samples are taken, when
they are taken. Data derived through sampling and sub-
sequent laboratory testing are extrapolated by geo-

technical engineers who then render an opinion about
overall subsurface conditions, their likely reaction to
proposed construction activity. and appropriate founda-
tion design. Even under optimal circumstances actual
conditions may differ from those inferred to exist,
because no geotechnical engineer. no matter how
qualified. and no subsurface exploration program. no
matter how comprehensive, can reveal what is hidden by
earth, rock and time. The actual interface between mate-
rials may be far more gradual or abrupt than a report
indicates. Actual conditions in areas not sampled may
ditfer from predictions. Nothing can be done to prevent the
unanticipated, but steps can be taken to help minimize their
impact. For this reason, most experienced owners retain their
geotechnical consultants through the construction stage, to iden-
tify variances. conduct additional tests which may be
needed. and to recommend solutions to problems
encountered on site.

SUBSURFACE CONDITIONS
CAN CHANGE

Subsurface conditions may be modified by constantly-
changing natural forces. Because a geotechnical engi-
neering report is based on conditions which existed at
the time of subsurface exploration, construction decisions
should not be based on a geotechnical engineering report whose
adequacy may have been affected by time. Speak with the geo-
technical consultant to learn if additional tests are
advisable before construction starts.

Construction operations at or adjacent to the site and
natural events such as floods, earthquakes or ground-
water fluctuations may also affect subsurface conditions
and. thus. the continuing adequacy of a geotechnical
report. The geotechnical engineer should be kept
apprised of any such events. and should be consulted to
determine if additional tests are necessary.

GEOTECHNICAL SERVICES ARE
PERFORMED FOR SPECIFIC PURPOSES
AND PERSONS

Geotechnical engineers reports are prepared to meet
the specific needs of specific individuals. A report pre-
pared for a consulting civil engineer may not be ade-
quate for a construction contractor, or even some other
consulting civil engineer. Unless indicated otherwise,
this report was prepared expressly for the dient involved
and expressly for purposes indicated by the dient. Use
by any other persons for any purpose. or by the dient
for a different purpose. may result in problems. No indi-
vidual other than the client should apply this report for its
intended purpose without first conferring with the geotechnical
engineer. No person should apply this report for any purpose
other than that originally contemplated without first conferring
with the geotechnical engineer.
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LABORATORY DATA SUMMARY
LIGO 93B1l07C

PT.ID DEPTH COMPRESS. M% WET DN LL PL PI SIEVE
B-SE-1-GT 0.5 16 70.9
B-SE-1-GT 2.0 19 43 15 28
B-SE-1-GT 8.0 2.49* 24  125.3 43 16 27
B-SE-1-GT 18.0 38

B-SE-1~GT 28.0 25 41 15 26
B-SE-1-GT 33.0 0.96 38 112.2 82 20 62
B-SE-1-GT 38.0 24 50 14 36
B-SE-1-GT 48.0 30 59 24 35
B-SE-2-GT 4.0 1.53* 15  131.7 35 11 24  39.7
B-SE-2-GT 8.0 15 41 13 28
B-SE-2-GT 14.5 21 9.2
B-SE-2-GT 28.0 1.95% 23  125.4 45 14 31
B-SE-2-GT 38.0 31 _

B-SE-2-GT 43.0 2.11 20 126.2 36 16 20
B-SE-6-GT 4.0 17 28 13 15
B-SE-6-GT 13.5 19 5.0
B-SE-6-GT 18.0 24

B-SE-6-GT 22.5 29

B-SE-10-GT 2.0 21

B-SE-10-GT 8.0 21 28 15 13
B-SE-10-GT  18.0 1.91% 23  123.0

B-SE-10-GT  22.5 1.74

B-SE-10-GT  23.0 31 122.6 41 22 19
B-SE-14-GT 6.0 19

B-SE-14-GT  13.0 2.23 23 124.6 49 15 34
B-SE-14-GT  22.5 29

B-SE-17-GT 4.0 14

B-SE-17-GT 8.0 20 26 17 9
B-SE-17-GT  18.0 2.32% 25 122.6 58 18 40
B-SE-20-GT 2.0 21

B-SE-20-GT 6.0 14

B-SE-20-GT 8.0 1.30 16  129.2 45 17 28
B-SE-20-GT  13.0 23

B-SE-20-GT  18.0 23

B-SE-24-GT 0.5 24

B-SE-24~GT 2.0 22

B-SE-24-GT 8.0 19 23 14 9
B-SE-24-GT  18.0 1.85* 20  123.6 41 14 27
B-SE-28-GT 0.5 22

B-SE-28-GT 4.0 15

B-SE-28-GT 8.0 23

B-SE-28-GT  13.0 1.82 22  126.8 38 15 23
B-SE-28-GT  22.5 25

* denotes UU Page 1
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LABORATORY DATA SUMMARY
LIGO 93B1l07C

1.06 14 134.9 21 10 11

B-SE-30-GT 4.0

B-SE-30-GT 8.0 22

B-SE-30-GT 13.0 2.36*% 23 126.4 56 17 39
B-SE-30~GT 22.5 37

B-SE-33-GT 6.0 1.29 14 133.9 26 11 15
B-SE-33-GT 18.0 0.97 30 119.4 51 20 31
B-SW-2-GT 4.0 17 25 12 13
B-SW-2~-GT 6.0 1.77 19 123.5 47 15 32
B-SW-2-GT 13.0 1.43*% 15 130.4 22 13 9
B-SW-2-GT 18.0 35 71 22 49
B-SW-2-GT 28.0 27

B-SW-2-GT 38.0 0.74* 16 126.4 24 12 12
B-SW-5-GT 6.0 18 27 13 14 72.3
B-SW-5-GT 8.0 2.74 15 134.0 217 11 16
B-SW-5-GT 13.0 29 70 48 22 98.7
B-SW-5-GT 18.0 1.90 24 124.1 55 17 38
B-SW-9-GT 2.0 20

B-SW-9-GT 8.0 1.81* 20 123.6 11.3
B-SW-9-GT 13.0 14 52.4
B-SW-9-GT 22.5 2.44 32 122.3 59 18 41
B~SW-13-GT 8.0 1.89* 14 133.8

B-SW-13-GT 13.0 13 15 13 2
B-SW-13-GT 22.5 20 40 16 24
B-SW-17-GT 8.0 2.24* 18 126.7 32 16 16
B-SW-17-GT 22.5 37 98.2
B-SW-21-GT 4.0 17

B-SW-21-GT 8.0 1.72* 15 131.8 25 12 13
B-SW-21-GT 13.0 19 30 15 15
B-SW-21-GT 18.0 0.72* 34 114.4 50 17 33
B-SW-21~-GT 22.5 0.81 43 115.4 62 27 35
B-SW-25-GT 4.0 20 33 13 20
B-SW-25~GT 10.5 19 8.9
B-SW-25-GT 13.0 0.37 56 100.9 73 25 48
B~-SW-25-GT 18.0 0.43 42 106.1 67 24 43
B-SW-29-GT 4.0 1.06 19 127.0 24 13 11
B~-SW-29-GT 8.0 19

B-SW-29-GT 15.5 20 8.8
B-SW-29-GT 22.5 34 59 22 37
B-SW-33-GT 4.5 16 16.8
B-SW-33-GT 10.5 23 9.5
B-SW-33-GT 18.0 0.88* 51 104.9 66 25 41
B-SW-33-GT 23.0 24 - 28 17 11
B-SW-33-GT 33.0 28

B-SW-33-GT 43.0 22 51 20 31

* denotes UU Page 2
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Boring Test
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OB o | OB @ Number Symbol

X . B-SE-1-GT

15
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GRAVEL SAND
COBBLES SILT OR CLAY
coarse fine |coarse| medium fine
SIEVE SPENINS R s U.S. STANDARD SIEVE NUMBERS HYDROMETER
6 43 215 13/4 3/8 4 10 20 40 60 100 140 200
100 LR i — 7T 1 °
. 3 10
.l
- 20
75
. 3
0] _ 0 o
= : Z
[72] ~ 40
72} A f_t
g : m
50 50 <
E =
< z
L L
(8] = 600
& : o
a : &
- 70
25 '.:
N 80
90
4] : 100
100 10 0. 0.01 0.001
GRAIN SIZE IN MILLIMETERS
Boring Depth . .
. lassifi
Number (feet) Symbol Classification
B-SE-1-GT 0.5 ° (ML to CL)
B-SE-2-GT 4.0 X SO
B-SE-2-GT 145 | a (SP)
B-SE-6-GT 135 | * (SP)
Project: LIGO GRAIN SIZE
Project Number: 93B107C DISTRIBUTION CURVES
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GRAVEL SAND
COBBLES SILT OR CLAY
coarse fine |coarse] medium fine
SIEVE SEEIINS I TCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER
6 43 21513/4 38 4 10 20 40 60 100 140 200
100 | UL m T TTT W
10
20
75
. 0
: e o
2 g
7 a0 &
& al -
. 50 50 =
P =
uw w
O 60O
& o
a a
70
25
80
A 90
0 100
700 10 0. 0.01 0.001
GRAIN SIZE IN MILLIMETERS
Boring Depth . .
Number (feet) Symbeol . Classification
B-SW-5-GT 6.0 ® (CL)
B-SW-5-GT 13.0 X (CH)
B-SW-9-GT 8.0 A (SP-SM)
B-SW-9-GT 13.0 * (SM-ML)
Project: LIGO GRAIN SIZE
Project Number: 93B107C DISTRIBUTION CURVES
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GRAVEL SAND
COBBLES SILT OR CLAY
coarse fine |coarse] medium fine
U.S. STANDARD
SIEVE OPENING IR DCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER
6 43 215134 3/8 4 10 20 40 60 100 140 200
100 o o
T LIRRE P m T T 1TH
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GRAIN SIZE IN MILLIMETERS )

l::):ll)legr ]();2?; Symbol Classification
B-SW-17-GT 225 ® (CL)
B-SW-25-GT 10.5 X (SP)
B-SW-29-GT 15.5 A (SP-SM)
B-SW-33-GT 4.5 * (SM)
Project: LIGO GRAIN SIZE
Project Number: 93B107C DISTRIBUTION CURVES

11721794 SVANLS7 38107 Woodward-Clyde Consultants 0




GRAVEL SAND
COBBLES SILT OR CLAY
coarse fine |coarse] medium fine
SIEVE OPERINNDARD Es U.S. STANDARD SIEVE NUMBERS HYDROMETER
6 4_ 3 215 13/4 3/8 4 10 20 40 60 100 140 200
100 T T | m 7T °
10
20
75
30
9 o
=z Z
8 40 ’S
< w
= 50 50 X
-
< z
L o]
Q 60 QO
& o
o a
70
25
80
» 90
0 100
700 10 0. 0.01 0.001
GRAIN SIZE IN MILLIMETERS
Boring Depth . .
lassifi
Number (Feet) Symbol Classification
B-SW-33-GT 10.5 o (SP-SM)
Project: LIGO GRAIN SIZE
Project Number: 938107C DISTRIBUTION CURVES

11721198 SVANLS? 36107 Woodward-Clyde Consultants [}




< X®

LEGEND

Boring Test
Number Symbol

10
B-SE-1-GT
B-SE-2-GT
B-SE-10-GT
B-SE-14-GT
» »An B-SE-17-GT

15 B-SE-30-GT
B-SE-33-GT
B-SW-2-GT

20 B-SW-25-GT
B-SW-33-GT

BOOET#SOODRD>OLX ¥ P HE

DEPTH, feet

25

30

35

45

0 20 40 60 80 100 120 140

WET UNIT WEIGHT, pcf

Project: LIGO WET UNIT WEIGHT
Project Number: 93B107C vs DEPTH

11/21/94 WTVDPT 38107 _ Woodward-Clyde Consultants g




0
4
5 t
LEGEND
| -_
¢: Boring Test
Number Symbol
10 }
B-SE-1-GT [ ]
| B-SE2-GT x
B-SE-10-GT A
| B-SE-14-GT *
% B-SE-17-GT X
| B-SE-20-GT Lo
15 }
|
|
%
s 2 —
ki X
-] :
: "
a 05 |
|
|
x
I
30 i
|
I
|
35 I
I
|
|
40 }
I
45
0 20 40 60 80 100 120 140
WET UNIT WEIGHT, pcf
Project: LIGO WET UNIT WEIGHT
Project Number: 93B107C ’ vs DEPTH

11/21/94 WTVDPT 3B107 Woodward-Clyde Consultants @@




0
4
5 .
x & LEGEND
v
L I
' .l@ Boring Test
\ il Number Symbol
10 I,
i! B-SE-24-GT °
) B-SE-28-GT b4
£\ B-SE-30-GT A
LY B-SE-33-GT *
ok B-SW2-GT X
N B-SW-5-GT o
I .
15 T
Fi
[
+é !
t
- 20 :
& I
= ;
£ '
= 1
a 25 :
]
]
]
1
1
]
]
30 L
1
]
]
t
t
!
]
35 !
1
!
]
%
40
45
0 20 40 60 80 100 120 140
WET UNIT WEIGHT, pcf
Project: LIGO WET UNIT WEIGHT
Project Number: 93B107C vs DEPTH

" 11/21/94 WTVDPT 3B107

Woodward-Clyde Consultants @@




0
Lo
5
LEGEND
) Galie Boring Test
/ Number Symbol
lo I.
. B-SW-9-GT [
/ B-SW-13-GT X
: B-SW-17-GT A
, B-SW-21-GT *
K B-SW-25-GT X
\ / B-SW-29-GT O
L]
[}
15 : .
' /
\ .
x 4
|
- 2 i
£ a
E * |®
a
25
30 -
35
40
45
0 20 40 60 80 100 120 140
WET UNIT WEIGHT, pcf
Project: LIGO WET UNIT WEIGHT
Project Number: 93B107C ) vs DEPTH

11/21/94 WTVDPT 38107 Woodward-Clyde Consultants @@




0
5
LEGEND
Boring Test
Number Symbol
10
B-SW-33-GT [ ]
15
[
- 20
D
&
3
a
25
30
35
40
45
0 20 40 60 80 100 120 140
WET UNIT WEIGHT, pcf
Project: LIGO WET UNIT WEIGHT
Project Number: 93B107C ' vs DEPTH

11/21/94 WTVDPT 3B107 Woodward-Clyde Consultants ¢




0
*
5 LEGEND
Q @ —
: X ..'8 O_'O * /E] Boring Test
r . \ 4 Number Symbol
10 : -\ : 4
. , B-SE-1-GT ®
\ , B-SE-2-GT b4
B-SE-10-GT A
/ B-SE-14-GT *
[ Hh N ’ B-SE-20-GT X
’ B-SE-24-GT )
\ : \ B-SE-28-GT @]
15 : L/ B-SE-30-GT A
KB Y B-SE-33-GT ®
o ,e B-SW-2-GT D
\ 7\ B-SW-5-GT 0
! ' B g
i g ® of \ B-SW-17-GT *
. \ B-SW-21-GT 3
. . B-SW-25-GT ]
- 20 - v B-SW-29-GT ry
E i
o i) ®
E A
a
25
30
°
35
40
b4
45
0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8
SHEAR STRENGTH, tsf
Project: LIGO SHEAR STRENGTH
Project Number: 93B107C vs DEPTH
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LEGEND

Boring Test
Number Symbol

10

B-SE-1-GT

B-SE-2-GT

B-SE-10-GT
B-SE-14-GT
B-SE-20-GT
B-SE-24-GT
B-SE-28-GT
B-SE-30-GT

15

B-SE-33-GT
B-SW-2-GT
B-SW-5-GT
B-SW-9-GT
B-SW-13-GT
B-SW-17-GT

B-SW-25-GT
B-SW-29-GT

SEDHOIDRD>OOK% P

20

DEPTH, feet

30

35

40

- 45

0.0

04

0.8

1.2 1.6

SHEAR STRENGTH, tsf

2.0

24

2.8

Project: LIGO

Project Number:

93B107C

SHEAR STRENGTH
vs DEPTH

11/21/94 SHVDPT 3B107

Woodward-Clyde Consultants @@
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Greenwell\‘
Sprmgs
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. 0il F|e|d

IIOOD

g
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PAR N\ . % A : i ittl F’ranm ‘«\ | = ‘
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FILE NO.
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SOIL
CLASSIFICATION

ROCK

Boulders - over 6 inches
Cobble Rock- 2 to 6 inches
Gravel - 2mm. to 2 inches

SotL

Sond - 0.05mm. to 2mm.
Silt- 0.005mm. to 0.05mm.

CHART

70 ¢ Cloy- finer than 0.005 mm.

Number of blows of a 140-Ib.
iling 30 in. reqd. to

o’
SILT (% by dry weight)
KEY TO BORING LOGS
Topsoll 25 74Silty weight fa
| or Fill p£»<'3 Sond drivge st(d. spoon one foot
oo, =
Ea%o]G""“' o Cég\r/‘%y H Spoon pushed by hand

Sandy
Siit

se%e)
'tt.‘."
90,9

Sand

%leeswne

Clayey L'y .‘.;‘ Igneous
silt LX< Rock

= sansy POSemee e
gmgﬁic%%& Ef::EEQSomple not
RELATIVE DENSITY (sand-silt)

Very Loose - Less than 4 blows per foot
Loose -4 to IO biows/ft.

Medium - 10 to 30 blows/ft.

Dense - 30 to 50 blows/ft. ‘

Very Dense - More than 50 blows/ft.

%

Silt

MRS

Split-borrel undisturbed sompler
w/brass liner rings used

Thin-wall She!by. tube undist-
urbed sampler used

.:-E: ?;: Percent core recovery from
£ = 8 rock core-drilling operations

Secovered w%‘"“‘ Free ground wotgr level

CONSISTENCY (clay)

very Soft - Less thon 2 blows per foot
Soft -2 to 4 blows/ft.

Medium=-4 to 8 blows/ft.

Stiif- 8 to 15 blows/ft.

very Stiff - 15 to 30 blows/ft.

Hard - More than 30 blows/ft.







LOGS OF BORINGS AND CPTS




BORING: B-SE-1-GT
rrOECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/9/94
4 TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of2
Dry Augered: 0'-30 Wash Bored:  30' - 50'
EF § Free water was encountered at a depth of 30' during dry augering. The water level rose to and remained
a E E at a depth of 27" after observation periods of 5 and 10 minutes, respectively.
o - ®
Compress. | Moist. |Wet Unit LL PL -
S.P.T. . Stress Content | Weight o - Description of Stratum
(sf) % | @h | B | %
— 0 J [6)) 16 Firm, light gray and reddish tan SILTS with some sand, a trace of clay
= ) and clay pockets to stiff, light gray and reddish tan Silty CLAYS
~ ‘ 0 a3 2 ML/CcL),
N _ ,;:; Very stiff, light gray and reddish tan Silty CLAYS with a trace of sand
1495 and ferrous nodules
- W (€L
— S/
74
L B
15
- W
| W /
i’y: 2.49 24 125 43 27
- ®
— 10 Very stiff, light gray and tan CLAYS
o - (CH)
B N 38 ~—light gray and gray, 18'- 20’
B 7] Stiff, light gray and tan CLAYS with large silt pockets and streaks
I~ T (CH/CL)
i ] ) 25 41 26
B 7] Stiff, light gray and tannish gray CLAYS with silt pockets and streaks
- 7 0.96 38| 112 82 62 cn
B N 24 50 36 | —very stiff, greenish gray, with silt pockets and calcareous nodules,
= - 38'- 40’
— 40— Continued Next Page
(1) 70.9% passing the #200 sieve.
(2) Unconsolidated, undrained triaxial compression test run at 7.5 psi confining pressure.
(3) Atterberg from more clayey portion. .
Unified Soil Classifications based on limited laboratory test data and visual observations.

NOV 21 94 WCSGBRS 3B107 BSEO1GT O WOOdward-Clyde Consultants




BORING: B-SE-1-GT

PROJECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/9/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 20f2
- -t
e | > B

Compress. | Moist. |Wet Unit LL P.L"
S.P.T. Stress Content | Weight g ; Description of Stratum
ash) % | @ph | ® | %

— 40 // Very stiff, greenish gray CLAYS with silt pockets and caicareous

- -1 / nodules

- - % CH)
L 45—

i B 30 59 35 | —tan and light gray, jointed, with silt pockets below 48"

a1 1 E it Enteiid Bttt Rt Sty ™=~ Boftom of boring ai 30" T T """ T TT T --------

Borehole grouted full depth.

Unified Soil Classifications based on limited laboratory test data and visual observations.

NOV 21 94 WCSGBRS 3B107 BSEO1GT 0 WOOdward-Clyde Consulta'nts




BORING: B-SE-2-GT
rroiECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/8/94
. TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: lof2
Dry Augered: 0 -10' Wash Bored: 10' - 50'
EFE g‘ Free water was encountered at a depth of 9' during dry augering. The water level rose to and remained
& E E at a depth of 2.5' after observation periods of 3 and 5 minutes, respectively.
[~ ®
Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight i : Description of Stratum
. ash % | @b | B | R
— 7 SGTT, tan, reddish tan and Tight gray Silty CLAYS with fine sand and
- ":/: ferrous nodules
L Y, (CL)
iy
B W
B '/,/ [§)) 1.53 15 132 35 24 | Firm, tan, reddish tan and light gray Clayey SANDS with a trace of
— 5-¢ @) fine gravel, clay streaks to more sandy
L £ (8O
. ! g —becoming firm sandy silt with clay, 6'- 8'
i ;'/’ 15 41 28| Very stiff, tan, red and light gray Silty CLAYS with some fine sand
[ W L)
B
Y
L Y
Y
B A
- _//y .
L 15— *[:{65 b/8" A3) 21 Very dense, tan and light gray fine SANDS with a trace of coarse and
| _: . ] medium sand
b %o SP
- -" *
- < sl —-very dense, white and tan, with silt and clay, 18'- 20
L e[| 50 b/g"
- 20~ : o
> L]
- . : .
"~ / Stiff, bluish gray CLAYS with light gray silt streaks and pockets
L i / (CH/CL)
B 7 1.95 23 125 45 31 | —very stiff below 28’
- ~ @) —bluish gray and tan, 28'- 38'
B N 31 ——tan, 38'- 42

(1) 39.7% passing the #200 sieve.

(3) 9.2% passing the #200 sieve.

NOV 21 94 WCSGBRS 3B107 BSEO2GT

@ Woodward-Clyde Consultants

Continued Next Page

(2) Unconsolidated, undrained triaxial compression test run at 2.9 psi confining pressure.

(4) Unconsolidated, undrained triaxial compression test run at 12.5 psi confining pressure.

Unified Soil Classifications based on limited laboratory test data and visual observations.




PROJECT: LIGO BORING: B-SE-2-GT

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/8/94
. TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 20f2

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit LL PL’
S.P.T. Stress Content | Weight g o Description of Stratum
(sf) % | @h | B | %
— 40 // Very siff, tan CLAYS
L - (CH)
B s Very stiff, tan, light gray and greenish gray Silty CLAYS with fine
- W 11 20 6 36 20 | and
i i :: :: 2 12 L)
- 45—/
4

| .yl

i /

y
B Very stiff, tan and light gray CLAYS
B 7] (CH)
— 50 e e MR e e e e e e b —— e e e e s e ] TSR e m e e e e e m e e - e e e a —  — — —  —  — — . — —

Borehole grouted full depth.

Unified Soil Classifications based on limited laboratory test data and visual obscrvations.

NOV 21 94 WCSGBRS 38107 BSEQ2GT © WOOdward-Clyde Consultants




BORING: B-SE-3-CP

PROJECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1

DEPTH
(FEET)
SYMBOL
SAMPLE

Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight - i

piry % phc %) %) Description of Stratum

I
°

LAYERED CLAY, SILTY CLAY AND SANDY SILT

I

'

SILTY SAND

p— 5_.

_/ CLAY

%

SAND
— 10—+

—I‘.

Ih
- 15— ce

1.

—P'.

.:.
— 20— .

mi SANDY SILT

NOV 22 94 WCSGBRS 38107 BSEO3CP e Woodwar d'Cl)’de Consultants




BORING: B-SE-4-CP

PROJECT: LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1

DEPTH
(FEET)

SYMBOL
S

Compress. | Moist. |Wet Unit L.L. PL

S.P.T. Stress Content | Weight Description of Stratum
(tsh) % | @b [ ® | *

- 0 ? CLAY WITH SILTY CLAY AND SANDY SILT LAYERS
- s_é
7 ,

;EI; ) SAND AND SILTY SAND
= 4 EI:
- ., EII

419

ALTERNATING LAYERS OF SILTY CLAY, CLAY AND SANDY

CLAY

©@ Woodward-Clyde Consultants

NOV 22 94 WCSGBRS 3B107 BSE04CP




PROJECT LIGO BORING: B-SE-5-CP

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
' DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lof1

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |{Wet Unit LL. P.L

S.P.T. . Stress Content | Weight Description of Stratum
0 (tsH) % | @®h | ® (%) P
- T SILTY CLAY WITH CLAY AND CLAYEY SILTLAYERS |
J
B ¥
b— 5§ —7
y
-~ -
o
- -
q
~ -
a .
—10ps SAND
AL
= “» * L)
» * *
- .
" it SILTY SAND WITH SILTY CLAY LAYERS
— 20 --: :
e L

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

NOV 22 94 WCSGBRS 3B107 BSEOSCP © WOOdward'Cl)’de Consultants




BORING: B-SE-6-GT

PRECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/10/94
' TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1
Dry Augered: 0-8 Wash Bored:  8' - 24.5'

Free water was encountered at a depth of 8' during dry augering. The water level rose to and remained
at a depth of 4.7 after observation periods of S and 10 minutes, respectively.

DEPTH
{FEET)
sSYMBOL

Compress. | Moist. [Wet Unit LL Pl
S.P.T. Stress Content | Weight iy . Description of Stratum
sh * | @) | B | H

— 0 s’ Very stiff, light gray, brown and 1an Siity CLAYS with sand streaks
- —t/: and pockets
- L)
N Wy

[
- W/

% 17 28 15
— 5
N W /

ey
L iy

1595
- -V
- e ‘. +131 b/ft Dense, light gray and tan SANDS
L ok el SP)
S
- T
B e —very dense, white and tan below 13"
= — * e[| 54 b/10" ) 19
— 15— o
B 7 Very stiff, light gray, greenish gray and tan CLAYS with st pockets
= -1 / 24 and streaks
L ~ / (CH)
B 7] 29 Firm, greenish gray and tan Clayey SILTS with clay pockets and a

trace of fine sand

- ittt Sl enlaniededs el e B Tt o T g A

Borehole grouted full depth.

(1) 5.0% passing the #200 sieve.

Unified Soil Classifications based on limited laboratory test data and visual observations.

NOV 21 94 WCSGBRS 3B107 BSEOGGT 9 WOOdward'Clee Consultants




BORING: B-SE-7-CP

rroECT:  LIGO B FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
: DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl
Ic- |2
El|g
w2
ok | >8
Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weigh " o Description of Stratum
1w % | @b | ® | %)
o " SILTY CLAY WITH CLAY AND SILTY SAND LAYERS
T/
AV
W
gyt
4 / A
gl
i
— 5
MYyt
o
M
el
i SILTY SAND WITH SAND AND SILTY CLAY LAYERS
— 10— [
14 :
—l »!
1 o
—: o
— 15—p
e
_:::E; SILTY CLAY WITH SILTY SAND LAYERS
WA
TAA
Y.V
- 2
W
1
WA
u'sty’
1%
W
v/
/s
By 74,41 IS N RS N SRR e

NOV 22 94 WCSGBRS 3B107 BSEQ7CP c WOOdward-Cly de Consultants




PROJECT: LIGO BORING: B-SE-8-CP

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994

DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: 1ofl

DEPTH
(FEET)

SYMBOL
SAMPLE |

Compress. | Moist. {Wet Unit LL P.I
S.P.T. Stress Content | Weight i o
(tsh) % | @b | B | %

Description of Stratum

CLAY WITH SILTY CLAY LAYERS

SILTY CLAY WITH CLAY AND SANDY SILT LAYERS

I
S
]

1 1

A Wh W VA v Ve WE W W WE e wm e WA e

i 2 ol wl ek e i Dot S

NOV 22 94 WCSGBRS 3B107 BSEOSCP G WOOdWﬁl‘d-Cly de Consultants




BORING: B-SE-9-CP !

PROZECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lof1
Ic |3
Bl |8
sk |3
Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Content | Weight - . Description of Stratum
h ® | @pn | ® | %

T 1
1_Jd

T
L

T

CLAY WITH SILTY CLAY LAYERS

T
1

SILTY SAND

SILTY CLAY

CLAY WITH SILTY CLAY LAYERS

NOV 22 94 WCSGBRS 3B107 BSE09CP

©@ Woodward-Clyde Consultants




: B-SE-10-GT
PROJECT: LIGO BORING

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/10/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
' PAGE: lofl
Dry Augered: 0-13 Wash Bored:  13' - 24.§'
E E § Free water was encountered at a depth of 13' during dry augering.
w2
0=l
Compress. | Moist. jWet Unit LL. P.L L
S.P.T. Stress Content | Weight Description of Stratum
(sf) %) | @h | B | %)
- 0 i Light gray, white and tan SILTS or Clayey SILTS with a trace of fine
I~ gt sand .
= : 7] (ML-CL),
L ..:V/ Stiff, light gray and tan Silty CLAYS with clay pockets
Wy (€L)
LW
Sy
I~ / Stift, light gray and tan CLAYS
L - ' (CH)
i Y 21 28 13 | Suff, light gray and tan Silty CLAYS with large light gray sandy silt
V1
B ":/: streaks and pockets
~ 10—1/% ©L)
B v /
[
-
B Very stiff, an and light gray CLAYS with silt pockets and sireaks
5 7 (CH/CL)
B 7 1.91 23 123 --stiff below 18'
- -1 ) ~-light gray, tan and white, with silty sand streaks and pockets, 18'-
- - . |20
20
B 7 1.74 31 123 41 19 | —reddish brown, tan and light gray, with silt streaks and pockets,
- — slickensides and silt lenses
R D e 17777 T T [ Bottomof boringat 24.5 " T T T T T T T T T T T o T oo
Borehole grouted full depth.

(1) Unconsolidated, undrained triaxial compression test run at 11.9 psi confining pressure.

Unified Soil Classifications based on limited laboratory test data and visual observations.

NOV 21 9 WCSGBRS 38107 BSE10GT © WOOdward-Clyde Consultants




PROJECT: LIGO

BORING: B-SE-11-CP

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl
— -
k|8 E
4L (S8

S.P.T. .

Compress.
Stress
(isf)

Moist.
Content
(%)

Wet Unit
Weight
(pef)

L.L.

(%)

P.L
(%)

Description of Stratum

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

SILTY SAND WITH SILTY CLAY AND SANDY SILT LAYERS

p v e e - ]

CLAY WITH SILCTY CLAY LAYERS

NOV 22 94 WCSGBRS 3B107 BSE11CP

©®@ Woodward-Clyde Consultants




PROJECT: LIGO

BORING: B-SE-12-CP

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1
T - -t
b8 E
o='a
Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight i - Description of Stratum
ash) - | (% | @h | ) | B
- 0 ALTERNATING LAYERS OF CLAY AND SILTY CLAY
- 5 -

NOV 22 94 WCSGBRS 3B107 BSE12CP

©@ Woodward-Clyde Consultants




PROJECT: LIGO BORING: B-SE-13-CP

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
: DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
’ PAGE: 1of1

SYMBOL
SAMPCE )

DEPTH
(FEET)

Compress. | Moist. {Wet Unitf | Pl )
S.P.T. Stress Content | Weight . - Description of Stratum
- (tsf) % | @pn | B | %)

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

SANDY SILT

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

- b I e e el S e

NOV 3254 WCSOBRS 3107 BB ©@ Woodward-Clyde Consultants




. B-SE-14-GT
PROJECT: LIGO BORING

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/10/94

TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:

PAGE: 1of1

Dry Augered: Full Depth
No free water was encountered during dry augering.

DEPTH
(FEET)
SYMBOL

Compress. | Moist. {Wet Unit LL Pl
S.P.T. Stress Content | Weight i o Description of Stratum
(b %) | @h | ® | %

~ 0] Tan and fight gray Sity CLAYS
- L)
B ) SUIT, Tight gray and tan CLAYS with sand streaks, pockets and some
- - silt
- - (CH)
- 5 -
B W 19 SGIY, light gray and tan Silty CLAYS with silt and sand sireaks and
- -’ iyt pockets
L . L)
R _:::: Very stiff, tan and light gray Silty CLAYS oL
— 10—y (€L

/! by
™ Wy

ihe!

iy
™ 2.23 23 125 49 347 Very stiff, light gray, tan and greenish gray CLAYS with silt streaks
= 7 and pockets
15— (CH/CL)
L - 29 —-light gray and tan below 22.5'

R I D i B T T T [Boltomofboringat24.5 T T T T T T T T TTTT oo --mo-
Borehole grouted full depth.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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: B-SE-15-CP
PROJECT: LIGO BORING

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
’ PAGE: l1ofl

DEPTH
(FEET)
SYMBOL

Compress. | Moist. {Wet Unit LL P
S.P.T. Stress Content | Weight s -
(sh) % | @b | F) | %

Description of Stratum

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

ALTERNATING LAYERS OF SILTY SAND, SANDY SILT AND
SILTY CLAY

SILTY CLAY
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/
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7
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. B-SE-16-CP
PROJECT: LIGO DORING

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994

DRILLER: FUGRO
CLIENT: California Institute of Technology ] APPROVED:

PAGE: lofl

DEPTH
(FEET)

SYMBOL
SAMPLE

Compress. | Moist. |Wet Unit LL. P.L

S.P.T. Stress Content | Weight Description of Stratum
[ % | @b | ® | ) | v
B ALTERNATING LAYERS OF CLAY, SILTY CLAY AND SANDY
B CLAY
L SAND AND CLAYEY SAND

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

- e R et ot b e s R e S S

NOV 22 94 WCSGBRES 38107 BSE16CP ©®@ Woodwar d"’Cl)'de Consultants




PROJECT: LIGO

BORING: B-SE-17-GT

DEPTH
(FEET)
SYMBOL

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/11/94
' TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl
[ Dry Augered: 0-13 Wash Bored:  13' - 24.5'

Free water was encountered at a depth of 13' during dry augering. The water level rose to depths of
13.2', 13.0' and 12.8' after observation periods of 5, 10 and 15 minutes, respectively.

Compress. | Moist. {Wet Unit LL Pl
S.P.T. . Stress Content | Weight - . Description of Stratum
(1) ® | @n | ® | ®
— 0% Medium, light gray and tan Sandy CLAYS becoming very siff, with
= ] some silt ]
" - L)
B —’/,/' 14 Firm, light gray and tan Clayey SANDS with some silt and clay
— 5—¢ pockets
- - / (SC)
5 i ~—with fine gravel, 6'- 8'
B i 20 26 9| Firm, tan, light gray and brown SILTS with clay streaks, pockets and
L - sand
— 10— ML/CL)
B // 2.32 25 123 58 40 [ Very suff, light gray, greenish gray and tan CLAYS with silty sand
B - [¢)) streaks and pockets
— 20— (CH

-—with silt streaks below 22.5'

[ e T e e e e e e b = e e e m - e e e e o o - e e e e .

Borehole grouted full depth.

NOV 21 94 WCSGBRS 3B107 BSE17GT

© Woodward-Clyde Consultants

(1) Unconsolidated, undrained triaxial compression test run at 12.8 psi confining pressure.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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BORING: B-SE-18-CP
PROECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994

DRILLER: FUGRO
CLIENT: California Institute of Technology ) APPROVED:

PAGE: l1ofl

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight g .

s % oo %) %) Description of Stratum

I
=]

CLAY WITH SILTY CLAY LAYERS

ALTERNATING LAYERS OF SILTY SAND, SILT AND CLAYEY
SAND

L

V.1
c'-l_r‘
—‘\i

T T
1
-

T
1
-

|

—

(=]
|
-

CLAY WITH SILTY CLAY LAYERS

|
—
"y

|
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BORING: B-SE-19-CP

PRojECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
. DRILLER: FUGRO
CLIENT: California Institute of Technology . APPROVED:
PAGE: 1of1

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit| ; | P
S.P.T. Stress Content | Weight . .

pry s o %) %) Description of Stratum

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

| SILTY SAND

- 10— CLAY WITH SILTY CLAY LAYERS

..\ﬁ_%_..l....

¥
1

1
[
|
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PROJECT: LIGO

BORING: B-SE-20-GT

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/11/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl
Dry Augered: 0-10 Wash Bored:  10' - 24.5'

IE § g Free water was encountered at a depth of 10' during dry augering. The water level rose to depths of

& @ b3 2 9.5',9.3' and 9.1' after observation periods of 5, 10 and 15 minutes, respectively.

o= 13

Compress. | Moist. {Wet Unit LL P.I
S.P.T. Stress Content | Weight - - Description of Stratum
@sh) % | ®h | B | B
— 0 Firm, tanish brown and light gray SILTS with clay pockets, a trace of
u n sand and ferrous nodules
= - ) (CL-ML)
21

e 5 —
B 113 13 Firm, Tight gray and tan Sandy SILTS with clay pockets
B T (SM)
- y 1.30 16 129 45 28 | SHfY to very stiff, light gray and tan CLAYS with sand pockets and
- V7 streaks to Sandy CLAYS
—  10—L// (CH/CL)
B 7 23 Stiff, Light gray and greenish gray CLAYS with sikt and sand sireaks
= - (CH)
B N 23 —very stiff, tan, light gray and greenish gray, with silt pockets, streaks
o - and fine sand below 18°

Bottom of boring at 24.5°.
Borehole grouted full depth.

NOV 21 94 WCSGBRS 3B107 BSE20GT

©@ Woodward-Clyde Consultants

Unified Soil Classifications based on limited laboratory test data and visual observations.




BORING: B-SE-21-CP

PROJECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology . APPROVED:
PAGE: lof1l
T3
Bl |2 E
ok | > B

Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight " -

o % s %) (%) Description of Stratum

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

NOV 22 94 WCSGBRS 38107 BSE2ICP © Woodward-Clyde Consultants




o BORING: B-SE-22A-CP

FILE:
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology . APPROVED:
PAGE: lofl
T - -t
Eh| 8 E
w2
ot | >F
Compress. | Moist. [Wet Unit LL Pl
S.P.T. Stress | Content | Weight - - Description of Stratum
(sh) % | @h | %) | *
— 0 // CLAY
7
— 5 ALTERNATING LAYERS OF CLAY AND SILTY CLAY
i CLAY

SILTY CLAY WITH CLAY AND SILTY SAND LAYERS

.

T

1
L e wm . wn W AR e v e
A M VUMM AL LAWY
A A NN 0% NN
S AL RSN SN
SASSANSINIYSSSysSY
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PROJECT LIGO BORING: B-SE-23A-CP

FILE: 93B107C
LOCATION:  Livingston, Louisiana , DATE: Sept. 1994
' DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl

SYMBOL
SAMPLE |

DEPTH
(FEET)

Compress. | Moist. |Wet Unit LL Pl
S.P.T. . Stress Content | Weight o o

piry s P S %) (%) Description of Stratum

[ =]

CLAY

L1 d

w
|

...
()
|

] 1

SILTY SAND WITH SAND LAYERS

[r*]
©
|

T T T LI T LUNL A AR R B T ¥ | LI T LI DL T ¥ |
1

L1 ] |

[ T T e U o e e e o e e e o i e e it o e e e e - - e A e e e e e e o . - - o = e = e -
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PROJECT: LIGO

BORING: B-SE-24-GT

DEPTH
(FEET)
syYmMBoL

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/11/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl
Dry Augered: 0-13 Wash Bored:  13' - 24.5'

Free water was encountered at a depth of 13' during dry augering. The water level rose to depths of
10.6', 10.4' and 9.9' after observation periods of S, 10 and 15 minutes, respectively.

Compress.

Moist.

i _7 (1) 1.85

e — — — o

27

Wet Unit
S.P.T. s(mt;s C(;;tent w(;ign [(‘;") f‘; ) Description of Stratum
ts )

— 0 i 24 Soft to medium, light gray and tan Silty CLAYS, wet, with clay
I~ ":l: pockets, ferrous nodules becoming very soft to soft
- 47 2 . (cL)

i —medium, with sand, 2'- 4'
- W
- W —medium to stiff, 4'- 10°
— 5 —,f:/ —with fine sand streaks and pockets, clay pockets and ferrous nodules,

W 3
- n'Y 4-6
L A/

.

/A
B 19 23 9 | Medium to stiff, light gray and tan SILTS with silty sand streaks
- - (ML/CL)
B 20 124 41 Suff 1o very stifl, light gray and tan CLAYS with silty sand streaks and

pockets to more sandy
(CH/CL)

Borehole grouted full depth.

NOV 21 94 WCSGBRS 3B107 BSE24GT

(1) Unconsolidated, undrained triaxial compression test run at 13.2 psi confining pressure.

Unified Soil Classifications based on limited laboratory test data and visual observations.

©@ Woodward-Clyde Consultants




BORING: B-SE-25-CP

PROJECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
. DRILLER: FUGRO
CLIENT: California Institute of Technology ’ APPROVED:
PAGE: l1ofl

- -
£E |8 E
w2
ot | >B

Compress. | Moist. |Wet Unit LL. P.L

S.P.T. Stress Content | Weight Description of Stratum
- (s) % | @h | ® | % '
— 0 ? CLAY WITH SILTY CLAY LAYERS
Y
ALTERNATING LAYERS OF CLAY AND SILTY CLAY
— 15 CLAY
B 2 SILTY CLAY WITH CLAY LAYERS

_____________ i r s Ko R CUUI: Sy U

OV 54 WOSOBRS S0 BT @ Woodward-Clyde Consultants
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BORING: B-SE-26-CP

PROECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology ) APPROVED:
PAGE: lof1
T3
Bl 2 E
ok » P

Compress. | Moist. |Wet Unit LL Pl

S.P.T. Stress Content | Weight . - ipti
- 0— (tsf) (%) (pc% (%) (%) Description of Stratum
/5 SILTY CLAY
R W
i / CLAY
- s_é
i oy SILTY CLAY
L iyl
B /5
s '//
i j / CLAY
L i SILTY CLAY

- o e il e e s D U

NOV 22 94 WCSGBRS 3B107 BSE26CP O WOOdward'Clyde ConSUItantS




LIGO BORING: B-SE-27-CP
PROJECT:

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
. DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1ofl

DEPTH
(FEET)

SYMBOL
SAMPLE |

Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight " o

(tsf) (%) -3 (%) (%) Description of Stratum

|
©

SANDY SILT

_rsE=

CLAY

— 15 LAYERED CLAY AND SILTY CLAY

NOV 22 9¢ WCSGBRS 3B107 BSE27CP O Woodwar d'Clee Consultants




PROJECT: LIGO

BORING: B-SE-28-GT

DEPTH
(FEET)
SYMBOL

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/11/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: lof1l
Dry Augered: 0'-15 Wash Bored:  15' - 24.5'

Free water was encountered at a depth of 15' during dry augering. The water level rose to a depth of
13.3' after an observation period of 15 minutes.

o e o o e e = ——— — ]

Compress. | Moist. [Wet Unit LL P
S.P.T. Stress Content | Weight - o Description of Stratum
ash) * | @ech | ® | %)
— 0 i/ 22 Medium to stiff, light gray and tan Siity CLAYS with clay pockets,
~ -7 /: ferrous nodules and a trace of fine sand
R ..:,:, (cL)
" VW /
B P 15 Light gray, red and tan Clayey SANDS, Sandy CLAYS with a trace of
= 5 medium sand
o = 7/ (CL/SC)
B 7 23 Very stiff, yellow, tan and light gray CLAYS with silt streaks, pockels
- - and a trace of fine sand
L 10— (CH)
i 7 1.82 22 127 38 23
B Ny -—-gray and tan below 18’
L - 25 —with silt and sand streaks and pockets, trace of roots and organics

below 22.5'

Borehole grouted full depth.

NOV 21 94 WCSGBRS 3B107 BSE28GT

Unified Soil Classifications based on limited laboratory test data and visual observations.

@ Woodward-Clyde Consultants




BORING: B-SE-29-CP

prvECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994

' . DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: lofl

T |8 E
B SE
oL 7 P

Compress. | Moist. |Wet Unit LL P
S.P.T. . Stress Content | Weight i o

piry % i 3 %) %) Description of Stratum

SILTY CLAY WITH CLAY AND CLAYEY SAND LAYERS

A A A A A A A LA A A LA A A A A A AR A A AL A A LM A AL A LA R R R R RS

AN AN A S A S S S O S S L S N S S S S T N Y S S Y Y YN SN
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PROJECT: LIGO BORING: B-SE-30-GT

) FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/12/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: l1ofl
Dry Augered: 0'-10' Wash Bored:  10' - 24.5'

Free water was encountered at a depth of 10' during dry augering. The water level rose to depths of
9.5', 9.3' and 9.2 after observation periods of 5, 10 and 15 minutes, respectively.

DEPTH
(FEET)
SYMBOL

Compress. | Moist. [Wet Unit L.L. P.L

S.P.T. Stress Content | Weight Description of Stratum
sh | % | @b | B | ® i

— 0 Gray Silty CLAYS with roots, a trace of fine sand, organics, to light

o - gray and brown with ferrous nodules and clay pockets

L . . (CL)

= - —tan, 2'- 4'

B 1.06 14 135 21 11 | Stiff, light gray, tan and yellow Sandy CLAYS with silly sand streaks

- 5 (5C)

B 7 22 Very stiff, brown, tan and light gray CLAYS with silt streaks and

[~ 1 pockets

— 10— (CH)

B N 2.36 23 126 56 39 | -—-light gray and tan, with silt streaks, pockets and a trace of fine sand,

L - m 13'-15°

B 7] —~with silt pockets below 18'

B N 37 —stiff to very stiff, with sandy silt streaks, pockets and layers below

L N 23

R e T T | Bottomofboringat24.37 T T T T T T T T T T T T T oo -

Borehole grouted full depth.

(1) Unconsolidated, undrained triaxial compression test run at 10.4 psi confining pressure.

Unified Soil Classifications based on limited laboratory test data and visual observations.

NOV 21 94 WCSGBRS 38107 BSE30GT ©@ Woodwar d'CIYdG Consultants




PROJECT: LIGO BORING: B-SE-31-CP

FILE: 93B107C
LOCATION: = Livingston, Louisiana DATE: Sept. 1994
. . DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: l1of1
- | =
L E
Gw S
ok (>B
Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight - o Description of Stratum
| e ® | @p | ® | %
— 0 i SILTY SAND
R ol
1 o
- CLAY WITH SILTY CLAY LAYERS
[ /
: lo_é
iy SILTY CLAY
n Y
i’
— 15—/
¥
tols!
WY
ioly!
'ste!
WAy
/A
20 SILTY SAND
2F
N o
B 31 1 IS IR SUNDE R SR e

NOV 22 94 WCSGBRS 3B107 BSE31CP O WOOdward-Clyde Consultants




PROJECT: LIGO

BORING: B-SE-32-CP

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lof2
ZE |8 E
gul | s
ok | > B

Description of Stratum

Compress. | Moist. |Wet Unit LL P
S.P.T. Stress Content { Weight _ -
0 @sf) & | @h | B | B
— 5 p—

ALTERNATING LAYERS OF SILTY CLAY AND CLAY

SAND

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

SILTY CLAY

SILTY SAND

N

N\

~ 40

ALTERNATING LAYERS OF SILTY CLAY AND CLAY

NOV 22 94 WCSGBRS 3B107 BSE32CP

©@ Woodward-Clyde Consultants

Continued Next Page




. B-SE-
PROJECT: LIGO BORING: SE-32-CP

” FILE: 93B107C
LocATION:  Livingston, Louisiana DATE: Sept. 1994
’ DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 20f2
—-— -l
AL
w |3
wi |2
0=\
» Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Content | Weight g ” ipti
ey % (pc%) %) %) Description of Stratum
— 40
u 4 SILTY CLAY
— 45—
M
-
- -
o
— 50 ———————————————————————————— - —— e em - - e o e e = e e e e e e = e = e e = - = o

MOV 2254 WCSGRR 38707 B ©@ Woodward-Clyde Consultants




BORING: B-SE-33-GT

rrojECT:  LIGO FILE: 93B107C
LocATION:  Livingston, Louisiana DATE: 8/12/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of2
Dry Augered: 0'-10' Wash Bored:  10' - 50’

Free water was encountered at a depth of 10' during dry augering. The water level rose to depths of
10.3', 10.1' and 9.7’ after observation periods of 5, 10 and 15 minutes, respectively.

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit LL. P.L

S.P.T. Stress Content | Weight Description of Stratum

| (tsD ® | @hH | B | ® ,
017 ] Soft to medium, brown, light gray and tan Silly CLAYS with small

= ":I: roots, clay pockets and ferrous nodules

'/
Y . (€L
B W —with sand layer at 2'

'y
B 7 Firm, tan and light gray Clayey SANDS with clay pockets and streaks
— 5—¢ becoming Sandy CLAYS
- '% 129 14) 134 26| 15 seicL)
) m_?/? |
L L
B 7] Very stiff, light gray and tan slickensided CLAYS with a trace of silt
- - streaks and pockets
M~ 15— (CH)
™ B 0.97 30 119 51 31
i V7 Very stiff, light gray and tan Sandy CLAYS
B 1/ (L)
— 25— ,
" 7 Light gray and tan Silty CLAYS
- €L
— 30—/
L W

i’v
L _,: /
" _: ,:
i W

/,
— 35—yl A
L

5

/
L _: ’;
i _::: f ---gray and tan, 38'- 43'
- - Jj’ d
-~ 40

Continued Next Page

Unified Soil Classifications based on limited laboratory test data and visual observations.

NOV 21 94 WCSGBRS 3B107 BSE33GT O Woodward-Clyde Consultants




BORING: B-SE-33-GT

rrOJECT:  LIGO FILE: 93B107C

LocATION:  Livingston, Louisiana DATE: 8/12/94
TECHNICIAN: M. Savoy

CLIENT: California Institute of Technology APPROVED:
PAGE: 20f2

T —~ -

L8

w E

oL (>

Compress. | Moist. |Wet Unit LL P
S.P.T. . Stress Content | Weight - - Description of Stratum

@sh) * | @b | B | %)

Hard, gray and tan Silty CLAYS
L)

—ian and light gray below 43'

Bottom of boring at 50'.
Borehole grouted full depth.

Unified Soil Classifications based on limited laboratory test data and visual observations.

NOV 21 % WCSGBRS 3B107 BSE33GT ©®@ Woodwar d-Clyde Consultants




. B-SE-34-SC
PROJECT: LIGO BORING:

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994

DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: lof2

DEPTH
(FEET)

SYMBOL
SAMPLE |

Compress. | Moist. |Wet Unit LL P
S.P.T. Stress Coantent | Weight il i

oy e oD %) %) Description of Stratum

— 0 // CLAY
N7

5 ALTERNATING LAYERS OF CLAY AND SILTY CLAY
B CLAY

ALTERNATING LAYERS OF CLAY AND SILTY CLAY

\lllllll

SILTY SAND AND SANDY SILT

T
l'rl‘
S

¥ _pmd

SILTY CLAY WITH CLAY LAYERS

T
‘k\\l\\\\
ORI

— 40 Continued Next Page
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BORING: B-SE-34-SC

PROJECT:  LIGO FILE: 93B107C
LOCATION: . Livingston, Louisiana DATE: Sept. 1994

. ) DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: 2o0f2

-~ |2
Eh | € E
e (>R

Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Content | Weight i o

oy s P %) %) Description of Stratum

| = . wn e

e e e e e e e e e e e e e e e e tm el - - - - - - — e m e - - - . - — o —
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PROJECT: LIGO

BORING: B-SW-01-SC

NOV 22 94 WCSGBRS 3B107 BSWO1SC

@ Woodward-Clyde Consultants

FILE: 93B107C
LoCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of2
P
B8
[\ Wi s
w hrel s g
o= 7]
Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Content | Weight _ - Description of Stratum
(tsh) %) | @b | B (%)
— 0 SILTY CLAY
B -
- N’
[~ / CLAY
—  5— %
- LAYERS OF SILTY CLAY AND CLAY
i SAND
. . *
1e:
— -p : L[]
— 15 A SILTY CLAY WITH CLAY AND SANDY SILT LAYERS
WA
00
45
=g ¢
W/
ey
A
— 20V
i
1y
q / /
Y/
AV
Y
q / /
S 790y
5%
— 25—y
WA
WA
_i’f”
W
SANDY SILT TO SILTY SAND
Lo? SAND
— 40—Lat

Continued Next Page




BORING: B-SW-01-SC

ProfECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana . DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 20f2
-t
oL (£8

Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight " o

P % 3 (%) (%) Description of Stratum

~ 40

T 1
i 1 1

L2 BE BN Bn B Bm AR M )
[® ¢ 20090 00
PO oo o9 0 0 4

I
&
|
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BORING: B-SW-2-GT
rRoECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/14/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED: ,
PAGE: lof2
Dry Augered: 0-¢ ‘Wash Bored:  6' - 50'
IE § Free water was encountered at a depth of 6' during dry augering. Borehole caved in at 3', no water
& il | £ E reading.
ok | =
Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Content | Weight e - Description of Stratum
sh) % | @pn | B | (%)
— 0 H Firm, brown and light gray Clayey SILTS with clay streaks, pockets
. 1t and small roots .
i iz, . (CL-ML),
» _:/:/ Medium to stiff, light gray and tan Silty CLAYS with clay pockets,
e sand streaks and pockets and ferrous nodules
i 17 25 13 €L}
—  5—V/A, Medium, tannish brown and light gray Sandy CLAYS with sand
- 44 pockets becoming white silty sand
i j 1.77 19 123 47 32 (CL/SM)/
B _ Stiff, light gray, gray, brown and tan CLAYS with silt and sand
streaks, pockets and ferrous nodules
» - (CH/CL)
B B 1.43 15 130 22 9 | Firm, white, gray, light gray and tan Clayey SANDS with clay pockets
L _:/,/ ) and sand
— 15 —y’/ (SC)
" T 33 71 ~49 [ Very siilf, gray, tan and light gray CLAYS with sill lenses and sireaks
- - (CH)
i Wi Very stiff, light gray and tan Silty CLAYS
L Ju '
f ist (CL)
I~ 25 —4/’/
g
| W
s
i W/l
B 27 Siiff, gray CLAYS with sandy silt streaks and pockets
L M (CH)
B Wy Medium, light gray Silty CLAYS with some fine sand and clayey sand
I ":/: layers
— 35—/ (CL-SC)
| W /
195
L 44/
¥ /
o W/
:/’ 0.74 16 126 24 12
B W @
— 40 -
Continued Next Page
(1) Unconsolidated, undrained triaxial compression test run at 8.2 psi confining pressure.
(2) Unconsolidated, undrained triaxial compression test run at 18.2 psi confining pressure.
Unified Soil Classifications based on limited laboratory test data and visual observations.
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PROJECT LIGO BORING: B-SW-2-GT

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/14/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 20f2
r ~ -t
L8
okt | >
Compress. | Moist. {Wet Unit LL. Pl
S.P.T. Stress Content | Weight i o Description of Stratum
@sh) % [ @h | B | B
— 40 / Medium, light gray Silty CLAYS with some fine sand and clayey sand
- w it layers -
" I (CL-SC)
s
i = Dense, tan SANDS
R o e[l148 b/t
Lol P
— 45 —p .® it
> L]
[~ +° .
> ° *
Y
B Tl —-very dense, with a trace of gravel below 48’
| Lol 50bs6"
- S0—F ~4t———e e e e e ] ———————p = - - — - e e m e ———— -
Bottom of boring at 50°.

Borehole grouted full depth.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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BORING: B-SW-3-CP
projecT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana . DATE: Sept. 1994

DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: 1ofl
T ~ -

b (€
a8 | p

Compress. { Moist. |Wet Unit LL P.I
S.P.T. - Stress Content | Weight - -

iy % P *) *) Description of Stratum

SANDY SILT WITH SILTY CLAY LAYERS

R CLAY
B SANDY SILT
B SAND
L SANDY SILT
i e SILTY CLAY WITH SANDY SILT LAYERS
-
B %9
#ols
20—/
9%
B WA
| %)
5%
= W
W/
B A
— 25—/
L —'?;!
L -+ SANDY SILT WITH SAND LAYERS
— 30—}
I Pt SAND
— 35— oo

NOV 22 94 WCSGBRE 3B107 BSW03CP © WOOdward-Clyde Consultants
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BORING: B-SW4-CP
PROJECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994

: DRILLER: FUGRO

CLIENT: California Institute of Technology APPROVED:

PAGE: l1ofl
T |9 E
T
oL |>p

(=)

Compress. | Moist. |Wet Unit| ; | P .
S.P.T. Stress Content | Weight g " Description of Stratum
) ® | @h | B | ®
i3 SANDY SILT
4 7 CLAY
4 SILTY CLAY
CLAY

N

TR SAND WITH SANDY SILT LAYERS
»
10—f.
T
£
_I . L]
~ 15 .
_D - [ ]
- ® *
+:e
' SICTY CLAY
i SILTY SAND

NOV 22 94 WCSGBRS 3B107 BSW04CP
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BORING: B-SW-5-GT

rrarect:  LIGO FILE: 93B107C
LocATION:  Livingston, Louisiana DATE: 8/13/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: lof1
Dry Augered: 0'-13' Wash Bored:  13' - 24.5'

Free water was encountered at a depth of 13' during dry augering. The water level rose to depths of
5.8', 5.1' and 4.4' after observation periods of 5, 10 and 15 minutes, respectively.

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Content | Weight " o Description of Stratum
(tsf) %) | @b | B | %

— 0 Soft to medium, light gray and an Silty CLAYS with clay pockets and

fe’ .
~ i’y silty sand pockets and streaks
= _:,:, (CL)

oy —medium, brown, light gray and tan, 2'- 4'
~ Wy
n Wil

5
— S/
N W /

A () 18 27 14
| i

v
B _i:f: 2.74 15 134 27 16 | —very stiff, gray, light gray and tan, with some fine sand and ferrous
- —:,:, nodules, 8'- 10’
I~ 10— by

0y
- W
- _W /

v
- 7)) 79 70 22 | Stff 1o very stiff, tan and light gray CLAYS with silty sand streaks and
- - pockets and a trace of ferrous nodules
- 15— cH |
L -
I~ 7 1.90 24 124 55 38

R e e e | Bottom of boring at 2.5~ """ T T T T T T T T ST oo
Borehole grouted full depth.

(1) 72.3% passing the #200 sieve.
(2) 98.7% passing the #200 sieve.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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BORING: B-SW-6-CP
PROJECT: LIGO

FILE: 93B107C
LOCATION:  Livingston, Louisiana - DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: l1ofl
Tr —~ -d
- [*]
EW | g E
ot |>H
Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight - o Description of Stratum
(s) % | @b | ®) | B
— 0 SILTY CLAY
8 CLAY .

T EE

DN

SAND AND SILTY SAND TO SANDY SILT

L hos
| ko
L oy
— 15—
| oy
I T
L CLAY WITH SILTY CLAY LAYERS

_ ety

T e e e e e e e e e - - - e - e - - .- e - - - .- - - - e — - =
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BORING: B-SW-7.CP i
PROECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana . DATE: Sept. 1994

DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: l1of1

DEPTH
(FEET)

SYMBOL
SANPLE |

Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Content | Weight o o

o) % b %) %) Description of Stratum

CLAY WITH SILTY CLAY LAYERS

MRt

SAND WITH SILTY SAND TO SANDY SILT LAYERS

LI )
1|
LN 2L L N 20 2 L 2n B B Bk J
® 0 0000080000000 0000000
® 9 0000000600000 0060060000 0

SILTY CLAY

h. Y
AN
X

T
i
NN
XN

N

CLAY

N
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BORING: B-SW-8-CP
prOJECT:  LIGO FLLE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994

DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: lof1l
I |3
Bl | g E
ok | >R

Compress. | Moist. [Wet Unit} ;. P.I
S.P.T. Stress Content | Weight . Description of Stratum
ash) % | @h | B | %

|
e

CLAY WITH SILTY CLAY LAYERS

10 SAND
—D..
N
..'
T
—l“
b 15—'..
...
<-.
_':.
4.
_.:0
VI I ——I—— [CLAY

NOV 22 94 WCSGBRS 3B107 BSWOSCP
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BORING: B-SW-9-GT

rrOECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/13/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: l1of1
Dry Augered: 0-8 Wash Bored:  8' - 24.5'

Free water was encountered at a depth of 8' during dry augering. The water level rose to depths of 8.0',
7.0' and 6.1' after observation periods of 5, 10 and 15 minutes, respectively.

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit LL P
S.P.T. . Stress Content | Weight i -

A s P %) %) Description of Stratum

|
o

Wi/ Soft, brown and tan Silty CLAYS with ferrous noduies
B W/ €L
5
- 20
| W fy
,!V
| W
sy
i o
B Reddish brown and tan fine SANDS with some silt and a trace of clay
- < : . (SP-SM)
B T B 1.81 20 124
[~ - °* .
— 10—: . :
R
— = 2 : .
B T 3) 14 Soft, light gray and tan Sandy SILTS or Silty SANDS with ferrous
- + nodules and a trace of clay .
T (SM-ML)
B y - | Very suff, tan, light gray and bluish gray CLAYS with a trace of sili
— - pockets
— 20— (CH)
L 4 2.44 32 122 59 41

- 4 e e e e e e D T e Y

Bottom of boring at 24.5".
Borehole grouted full depth.

(1) 11.3% passing the #200 sieve.
(2) Unconsolidated, undrained triaxial compression test run at 7.1 psi confining pressure.
(3) 52.4% passing the #200 sieve.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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BORING: B-SW-10-CP

PROECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana : DATE: Sept. 1994

: DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: 1ofl
T -~ -
b |8 E
oL (=B
Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight o . Description of Stratum

(tsf) (%) (pch (%) (%)

|
)

TSt

CLAY WITH SILTY CLAY LAYERS

SILTY SAND

T T T T T I TV AT

T
1

— 15 CLAY WITH SILTY CLAY LAYERS

LI
L t_J

T
|

[ o o o e s e e e e e e . e e - e . - " . = o - - e o = - o . - — —

Nov 2254 WCSGBRE T3 107 Bwoc ©@ Woodward-Clyde Consultants
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BORING: B-SW-11-CP
PROJECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana ’ DATE: Sept. 1994

DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: lofl

DEPTH
(FEET)

SYMBOL
SAMPLE |

Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight il o

<tion of
i ot o (%) %) Description of Stratum

SILTY CLAY WITH CLAY LAYERS

SANDY SILT

CLAY

SILTY CLAY

SAND WITH SANDY SILT LAYERS

T

|
TV ¥ ¥ & ¥
s 000

P eeoeoe

ey sl e e e i o e

NOV 22 9 WCSGBRS 3B107 sswucpr @ WOOdward'CIYde Consultants




PO R O N 3

BORING: B-SW-12-CP

PROTECT:  LIGO FILE: 93B107C
LocATION:  Livingston, Louisiana ’ DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1
— -l
£E (8 E
e |28

Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight - .

intion of S
e et ooh %) %) Description of Stratum

— 0 / CLAY WITH SILTY CLAY LAYERS
- i SANDY SILT

5 SILTY CLAY

- SILTY SAND

- SILTY CLAY

| CLAY

SILTY CLAY WITH SILTY SAND LAYERS

———— et . - - - - e e - e, e, -, - - —— .- ———— - -
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B-SW-13-GT

—

BORING:
PROJECT: LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/14/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 1ofl
Dry Augered: 0'-10' Wash Bored: 10'-24.5"
EF § Free water was encountered at a depth of 10' during dry augering. The water level remained at a depth
& § 2 of 10' after observation periods of 5 and 10 minutes.
o=1a
Compress. | Moist. |Wet Unit L.L. P.L
S.P.T. Stress Content { Weight Description of Stratum
asf) %) | @b | ® | %
— 0 ’ Very soft to soft, light gray, gray and tan Silty CLAYS with ferrous
u -!:t: nodules, clay pockets and trace of fine sand
L ‘ , (CL),
n . Very stiff, tan and light gray CLAYS with silt pockets
(CH)
foen. 5 p—
B 7 (1) 1.89 14 134 Stiff, tan and light gray Sandy CLAYS with clay pockets
L -4 €L
B i F 13 15 2| Firm, tan and light gray Sandy SILTS with a trace of clay
» i (ML/SM)
— 15—
B / Stiff 1o very suff, tan, yellow, gray and light gray CLAYS wilh a trace
-~ 7 of silt pockets and streaks
L 20— (CH/CL)
- - 20 40 24 | —very stiff, gray and light gray, with silt and sandy silt pockets and
streaks below 22.5'
R N N i A B Sttt T T [ Bottomof boringat 24.5” T~ T T T T T T T T T - T oo m---
Borehole grouted full depth.

(1) Unconsolidated, undrained triaxial compression test run at 7.5 psi confining pressure.

NOV 21 94 WCSGBRS 3B107 BSW13GT

Unified Soil Classifications based on limited laboratory test data and visual observations.
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PROJECT: LIGO BORING: B-SW-14-CP !

. . FILE: 93B107C
LOCATION:  Livingston, Louisiana ' DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lof1
T - -
B8 E
ww S
okt | >
SPT Co;nptcu Moist. \h&tUnit LL Pl
LT, . tress Content cight . ot ..
L b %) (pc!f)h (%) (%) Description of Stratum
i _? CLAY
- s SILTY CLAY WITH SANDY SILT LAYERS
ny
-
- HH
o
- Ay
.
i
L 10-F SILTY SAND WITH SANDY SILT AND SILTY CLAY LAYERS
L 40
= _: 3
S
- 15— -
i /) SILTY CLAY WITH CLAY LAYERS
|
7
i
| v
PV /"
)
i WA
- fr SILTY SAND
i

OV T WeSOoRE T B ©@ Woodward-Clyde Consultants




BORING: B-SW-15-CP

profEcT: - LIGO 3 _ FILE: 93B107C
LOCATION: - Livingston, Louisiana DATE: Sept. 1994
: DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl

DEPTH
(FEET)
SYMBOL

Compress. | Moist. Wet Unit| y ¢ P.L

S.P.T. S Wei .
‘ (l‘r'ef;l C«;;u;m (:cgn %) * Description of Stratum

— 0] SILTY CLAY
- '
o ¥
e 5—
| X

Y
= -

: . : SAND WITH SANDY SILT LAYERS
-l -1 e

> L ]
- ol
™~ b 3 M .
- i : [

- . L]
e - ]

. ° L 3
L =4 : .
| p= 3 : 3

> L]
- D
= —: * :
_ ° [y T —

SILTY CLAY

—~ 20—

- b ] B e

NOV 225 WSGRRT 9107 BT ©@ Woodward-Clyde Consultants




BORING: B-SW-16-CP

rroect: - LIGO : FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
) DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1

DEPTH
(FEET)
SYMBOL

Compress. Moist. |Wet Unit L.L. Pl

S.P.T. Stress Content | Weight Description of Stratum
(sf) (%) peh (%) (%) .
0 SICTY CLAY WITH CLAY LAYERS
— 5 g
J
™ N’
- TR SAND WITH SANDY SILT LAYERS
= lo—' ° L 4
- -— : *
R
> * L
B -l * L]
- el
- 15 b : 3
» L]
B —D ® .
I
> . L]
i Tes
~ > : .
- 20 5

CLAY

..____—.__—.___._..__...__.--._—__.--.——.___-__.._____-__-__-___._-_..._-_--

NOV 22 94 WCSGBRS 38107 BSWI6CF 0 Woodwar d‘Cly de Consultants




a AASND VR DALY —

DEPTH
(FEET)
SYMBOL

BORING: B-SW-17-GT
rrorecT:  LIGO FILE: 93B107C
LocaTION:  Livingston, Louisiana DATE: 8/14/94

TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:

PAGE: lofl

Dry Augered: 0 -10 Wash Bored: 10’ - 24.5'

Free water was encountered at a depth of 10' during dry augering. The water level rose to depths of
5.7, 5.5' and 5.1' after observation periods of 5, 10 and 15 minutes, respectively.

Compress.

Moist.

Wet Unit LL PL
S.P.T. Stress Content | Weight - - Description of Stratum
[ % | @h | B | %

— 0 Very stiff, gray Silty CLAYS with ferrous nodules, small roots,
o ] becoming light gray and tan
- . (CL)
i &4 —with sand, 2'- 4'

Y
B i’ Very stiff, tan and red Sandy CLAYS
L. 5 (CL)
B ; ’ [§)) 2.24 18 127 32 16 | Medium, tan and light gray Silty CLAYS with clay pockets and a trace
[~ - /: of fine sand
— 104} €L
B W /

Y /
L gl

1595
B '/'/' Very dense, tan Clayey SANDS
- £ (80)
— l 55—
L L. *[:|50b/107 Dense, tan SANDS with clay Iayers
M P
r T : *l -—-with a trace of gravel, 18'- 20'
L Lol |19b/M
— 20— ok
- - ) 37 Medium, gray CLAYS with a trace of wood and organics, some silt

e — —

€hH)

Py = = ™ ot o e e e e = - - e e e - - - o o

Borehole grouted full depth.

NOV 21 94 WCSGBRS 3B107 BSW17GT

(1) Unconsolidated, undrained triaxial compression test run at 7.5 psi confining pressure.
(2) 98.2% passing the #200 sieve.

Unified Soif Classifications based on limited laboratory test data and visual observations.
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BORING: B-SW-18-CP
ProeCT:  LIGO : FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994

DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:

PAGE: lofl

SYMBOL
SAMPLE |

DEPTH
(FEET)

Compress. | Moist. |Wet Unit LL P
S.P.T. Stress Content | Weight i -

Y po . (%) %) Description of Stratum

SANDY SILT

CLAY

N

B ALTERNATING LAYERS OF SAND, SILTY SAND AND SILTY
CLAY

1
e
=

T 1
1.1
S

1
=
S

T
=

|
=

1
=
N

B :.: SAND WITH SANDY SILT LAYERS
-:o

- T

— 15_'3..
b e

B i

- e

— 20—f.°

et sl el e e i B T
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BORING: B-SW-19-CP

PROECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
) DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1

SYMBOL
SAMPCE |

DEPTH
(FEET)

Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Conteat | Weight g .

ash) (%) Py %) (%) Description of Stratum

CLAY

SILTY CLAY

SAND WITH SILTY SAND LAYERS

T &S T T T E T F T TV o8y
P oo 06 000 s 00000000
® & 0 9 86 00050000 00

CLAY

NOV 22 94 WCSGBRE 38107 BSW19CP ©@ Woodwar d-Clyde Consultants




BORING: B-SW-20-CP |

PrOECT:  LIGO : FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
' DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED: .
PAGE: lofl i

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit LL. P.L

P.T. . S Content | Weight ipti
S (l'r‘e‘;s % (:c% ) %) Description of Stratum

— 0 ALTERNATING LAYERS OF CLAY AND SILTY CLAY
e 5 —
= -
i N SAND WITH SILTY SAND LAYERS
B -D . [ ]
.. lo—. : .

> o L ] e ey By
™ A ALTERNATING LAYERS OF SILTY CLAY AND SAND
i WA
§ TN SAND
8 -I : L
. l 5 —ty . [y
R -l . *
R
= - . *

» : L]
L 20— SILTY CLAY
B CLAY

o o o e o e - o e e e e e o e . e s ] e e b - . = e e e e e e e e = - - e o o = = e = = -]
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BORING: B-SW-21-GT

i
ProiECT:  LIGO FILE: 93B107C 5
LOCATION:  Livingston, Louisiana DATE: !
: TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl !
Dry Augered: 0-10 Wash Bored:  10' - 24.5'

Free water was encountered at a depth of 10' during dry augering. The water level rose to depths of
9.7', 8.9' and 8.7' after observation periods of S, 10 and 15 minutes, respectively.

DEPTH
(FEET)
SYMBOL

Compreas. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight - . Description of Stratum
: (tsf) (%) (pef) (%) (%)
— 0 Soft to medium, an, yeliow and light gray Silty CLAYS with & trace of| .
- - fine sand sireaks and pockets and ferrous nodules
L . L)
i -i
- e 17 —stiff, 4'- 6'
e 5 —
- V7 SGIT, light gray and tan Sandy CLAYS with some fine sand sireaks and
- VA . | pockets
= X// ' L)
s LU 1.72 15 132 25 13} —with clay pockets and silty sand pockets and streaks, 8’- 10
- lo p— 4
i T @ 19 15| Very T, light gray and tan Sandy SILTS with some clay pockets 10
- +k yellow and tan jointed Silty CLAYS
L 15—tFf ' (SM/CL)
i T (¢)) 0.72 34 114 50 33
20 _;y/J Medium to stiff, gray CLAYS with silt pockets and sireaks and a trace
of organics

i T (CL/CH)
L 4 0.81 43 115 62 3

T T T T R e | Bottom of boring a1 24.5'” ~ ~ T T T T T T """ TTT-----

Borehole grouted full depth.

(1) Unconsolidated, undrained triaxial compression test run at 7.§ psi confining pressure.
(2) Atterberg limits performed on more clayey portion of sample,
(3) Unconsolidated, undrained triaxial compression test run at 12.1 psi confining pressure.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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BORING: B-SW-22-CP
ProECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
: DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl

SYMBOL
SAMPLE |

DEPTH
(FEET)

Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Content | Weight s -

P % s %) %) Description of Stratum

CLAY

SILTY CLAY WITH CLAY AND CLAYEY SILT LAYERS

LI B B R
(7Y
N T

~ 10— SAND

| I I R e R M | W v wm e

® o0 00000
> & & 0600

SANDY SILT

CLAY WITH SILTY CLAY LAYERS

T 1
1_ ¢

T
L

N
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PROJECT: LIGO

LOCATION:  Livingston, Louisiana

CLIENT: California Institute of Technology

AuNS s Na s

BORING: B-SW-23-Cp
FILE: 93B107C
DATE: Sept. 1994
DRILLER: FUGRO
APPROVED:

PAGE: lofl

SYMBOL
SAMPLE |

DEPTH
(FEET)

Compress.
S.P.T. Stress
(tsf)

Moist.

(%)

Wet Unit
Weight
(pcf)

L.L.
(%)

P.L
(%)

Description of Stratum

T
=
N
A 0\
A
XN

A

SILTY CLAY

CLAY

h W W

1
<
NN
N
N

A

SILTY CLAY

CLAY

L
s
KXNXSNYNYXYX

SILTY CLAY WITH CLAY AND SANDY SILT LAYERS

I

~ 20—

SANDY SILT

b — — — o

SILTY CLAY

P oo o e e e e e af e e - = - e = = m = = e e
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BORING: B-SW-24-CP

PROJECT:  LIGO FILE: 93B107C

LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO

CLIENT: California Institute of Technology APPROVED:
PAGE: lofl

PR
£h |8 E
0= 1a
Compress. | Moist. |Wet Unit LL P
S.P.T. Stress Content | Weight - - Description of Stratum

(sH) % | @h | % | %

(-4

CLAY WITH SILTY CLAY LAYERS

[
v o3 ot a gy

ZAMMMNMIMNNNNNS

SANDY SILT

Lo
=3
|

15— CLAY WITH SILTY CLAY LAYERS

s
s

T T =T 17 ¥ 1T T 71 | LR L L L | AL I
]

NN

e e e e e e e e e e e e e e v h - - - e e e e e e - - - - - - - e o — =
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BORING: B-SW-25-GT

L VT I P A VY LV

PROJECT: LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/15/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1
Dry Augered: 0-8 Wash Bored: 8’ - 24.5'

Free water was encountered at a depth of 8' during dry augering. The water level rose to depths of 3.6',
3.4' and 3.1’ after observation periods of 5, 10 and 15 minutes, respectively.

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit LL. PL

S.P.T. Stress Content | Weight . Description of Stratum
, @h | % | @h | B | % ’
75 Gray Silty CLAYS, wet, with roots, fine sand, trace of organics and
- T /: ferrous nodules, becoming light gray and tan
- =7 : ’ (CL)
_W Iy
R/
i -’v:f 20 33 20 | -—soft to medium, tan, light gray and greenish gray, with clay pockets, |
— 5 —-,:/ and silty sand streaks and pockets, 4'- 6'
4
[ Y
- W
i L« o Dense to very dense, tan fine SANDS with some silt and a trace of
- e 32b/ft medium to coarse grained sand
= -+ .[;} 50 b/10" ¢)) 19
i / ' Medium, joiated gray and light gray slickensided CLAYS
T ] / 0.37 56| 101] 73| 48 cm
- 7 0.43 42 106 67 43
R - Stiff, greenish gray Silty CLAYS
L - (CL)
B e o et S s et T T U USSRy iy S
Bottom of boring at 24.5'.
Borehole grouted full depth.

(1) 8.9% passing the #200 sieve.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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PROJECT: LIGO BORING: B-SW-26-CP

FILE: 93B107C
LocaTION:  Livingston, Louisiana : DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1
—_ | -
EE |8 E
ww (S
ot | =P
Compress. | Moist. |Wet Unit LL P.I }
S.P.T. Stress Content | Weight i o Description of Stratum
(tsf) (%) | @hH | B | B
— 0 7 CLAY
B /]
4 SAND
— S5—p-.
— 1042,
15—
B CLAY

el R R e i i D T Sy ey VS,

oV T WCSGRRS Sa107 B @ Woodward-Clyde Consultants
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BORING: B-SW-27-CP

projECcT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1
P
5L (£E

Compress. | Moist. |Wet Unit LL Pl
S.P.T. - Stress Content | Weight - o

o o s ) %) Description of Stratum

[~}

CLAY WITH SILTY CLAY LAYERS

W
W U VORI P T T OO S T

...
h
[T N I I

8
|

LINNLEN B R DD IR B 1T 171717 11 | L
{

[ e e e e e e e . e e . e ———— "~ e = ar o = e e e e e e - o - o e - - —
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BORING: B-SW-28-CP

AN L B

PROJECT: LIGO

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
: DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1l

SYMBOL
SAMPLE |

DEPTH
(FEET)

Compress. | Moist. {Wet Unit LL P.I
S.P.T. Stress Content | Weight i .
| @D | % | e | B | B

Delcﬁption of Stratum

|
(=]

CLAY WITH SILTY CLAY AND SANDY SILT LAYERS

1
]
NN

L _j”C *‘ SILTY SAND WITH THIN SILTY CLAY LAYERS
L 1 ’
— 10— :
g
L ol

15948 SILTY CLAY
5 Ry
L s Y

/ CLAY
N7

SILTY SAND

3]
p—o—o]

T
'

1
x5

i et ol e o I
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BORING: B-SW-29-GT
PROEECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/15/94
: TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 1ofl
Dry Augered: 0 -10 Wash Bored: 10" - 24.5'

Free water was encountered at a depth of 10' during dry augering. The water level rose to depths of
5.6', 5.4' and 5.4 after observation periods of 5, 10 and 15 minutes, respectively.

DEPTH
(FEET)
SYMBOL

Compress. | Moist. [Wet Unit| ; P.L

S.P.T. S(t:;ef;s Ccz;'t;nt W(;‘i:%ht &) %) Description of Stratum
~ SGFY, tan, gray and Light gray Silty CLAYS with fine sand and small
u ":I: roots becoming Clayey SILTS
» _:,:, (CL)
- U
vy
B -:::: 1.06 19 127 24 11 | —stiff, with some fine sand and clay pockets, silty sand streaks and
—~ 5 —,:,: pockets, 4'- 6'
B W
| Wy
Y/
B / 19 Stiff, tan and light gray Sandy CLAYS or Clayey SANDS becoming
- VZ Silty SANDS
- 10_;) (CL/SM)
[ X
o ? Very dense, white and light gray fine SANDS with traces of silt, clay,
= Joel coarse and medium grained sands and fine gravel
- —- : o] 56 b/8" : (SP-SM)
> .
— 15—4° o[
R P oel]52br8" ) 20
o .
S
~ -: o 30 b/t —dense, 18'- 20
— 20 — i . il

Very stiff, tan and greenish gray CLAYS with a trace of silt and
ferrous
nodules

NN

T T T T e e e e e e e e e e e rf e e e o e e o = e = o o = o o o o e -

Bottom of boring at 24.5'.
Borehole grouted full depth.

(1) 8.8% passing the #200 sieve.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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BORING: B-SW-30-CP
PrOECT:  LIGO FILE: 93B107C
LOCATION:  Liviugston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of1
Te (B
El|g E
ok (>P
Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight o o Description of Stratum
(tsf) (%) (pcf) (%) (%)
0 CLAY
- SILTY SAND

CLAY WITH SILTY CLAY LAYERS

[
'

|

s

...
ry
|

8
L

SILTY SAND

LSRN LN AU N RN N B BN B NN R MRS S B R B B B
1 1

\

____________________________ ——=—LCLAY

e we e e e e e e e - v e e e o = . o
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BORING: B-SW-31-CP

PROJECT:  LIGO FILE: 93B107C

LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO

CLIENT: California Institute of Technology APPROVED:
PAGE: l1of1l

T - -

B |8 E

oL | > 6

Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight oy . Description of Stratum

(ts) (%) | @b | B (%)

o

CLAY WITH SILTY CLAY AND SANDY SILT LAYERS

| N N N |

W
|

]

IIll||||l|l|l]|llll|lll‘l|

NN

P e e e e e e e e e e e e e e e e e e e b - - e e . e e e e e e . . - o o . . —
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BORING: B-SW-32-CP

P L I Y

PROJECT: LIGO

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: lofl
I — —
Eh|8 E
wi 2B
as 5 ¥
Compress. | Moist. |Wet Unit LL. Pl
S.P.T. Stress Content | Weight o Description of Stratum
(1sh) *® | @n | ® (%)
- 0 TAYERED CLAY AND SILTY CLAY
- 5 -
— 10— ¢ SAND WITH SILTY SAND LAYERS
L]
- e
— - ® L]
i b2
- e
b 15— : .
B
B .

CLAY

prm e e e e e e e e e e e e el - e D e e - - - e e e e e - .- — - - o — -

.
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LIGO BORING: B-SW-33-GT
PROJECT:

FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/9/94
TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: lof2
Dry Augered: 0-4 Wash Bored:  4' - 50'

Free water was encountered at a depth of 4' during dry augering. The water level rose to depths of 2.5',
1.8' and 1.5' after observation periods of 5, 10 and 15 minutes, respectively.

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit LL P

S.P.T. . Stress Content | Weight . - Description of Stratum
wh | & | eh | B | *® i
— 0wz Tan and ight gray Silty CLAYS
L _,Vi (cL)
Y .
[~ 1 Tan and Tight gray Sandy SILTS
- -t ML)
B . Very dense, white and tan fine SANDS with trace of siit
- T " —with 4" clayey sand layer at 6
L L] sobrse , yey sand ey
B e : —-with a trace of gravel, 8'- 12°
| —» o e[| 56 b/t &
> L] L
— lo—l : o
L o SHEL R v)) 23 —dense at 10.5'
L 15— - ¢[7]50 b/9" —very dense at 14.5'
. .
B V ’ Medium, gray and brown slickensided CLAYS with some organics
5 . / ) (CH)
B T / 0.88 51 105 66 41
~ . ©))
B 24 28 11'] Firm, light gray and white Clayey SILTS with some fine sand and clay
L I pockets
— 25—} €L
B v/ Very stiff, light gray, greenish gray, tan and yellow Silty CLAYS with
™ _':/. sandy silt pockets and streaks
— 30—/ (L)
L il
/;
L %
L
A @ 28
L YV,
Wi/
— 35—
s
- _’/’
/
- Y/
i’/
L W
W
L 25t
— 404

Continued Next Page
(1) 17.8% passing the #200 sieve.

(2) 9.5% passing the #200 sieve.
(3) Unconsolidated, undrained triaxial compression test run at 8.4 psi confining pressure.
(4) Tests from clayey portion of sample.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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BORING: B-SW-33-GT
profect:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: 8/9/94
: TECHNICIAN: M. Savoy
CLIENT: California Institute of Technology APPROVED:
PAGE: 20f2

T - -

Eh|8

o= |5

Compress. | Moist. |Wet Unit LL Pl i
S.P.T. Stress Content | Weight i . Description of Stratum
N 1 e ® | @h | ® | ®
40— /) Very sitff, light gray, greenish gray, tan and yellow Silty CLAYS with
= ety sandy silt pockets and streaks
5 W (€L
/s

B Y, [6)) 22 51 31 | Very stiff, light gray and greenish gray CLAYS with a trace of sand
[~ 7 and silt becoming light gray Clayey SANDS
L 45— (CH/CL)
b— 50 — AR - - — e — . ——— e — o — s — — —— . — — " mtnf wm mm e e e e e e em ah e e - e o e e e e e e e = e = = o - o -

Bottom of boring at 50°.
Borehole grouted full depth.

(5) Tests from silty clay with sand portion of sample.

Unified Soil Classifications based on limited laboratory test data and visual observations.
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BORING: B-SW-34-CP

PROJECT:  LIGO FILE: 93B107C
LocATiON:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: - lof2
T ~ |
NRE
oL | >
Compress. | Moist. |Wet Unit] ; , P.I
S.P.T. Stress Content | Weight - - Description of Stratum
(tsh) % | @ph | B | %
— 0= CLAYEY SILT
R il
I s SILTY CLAY WITH SANDY SICT LAYERS
A
i
L 2
#995
= n s’
L Myl
fely
R g
L n MM
10—{¥M
L
| 1’4/
. SAND
I
» * *
- 15—,
L b : .
» . *
e - 4 *
L.
— 20~
r " SILTY CLAY WITH SILTY SAND AND SANDY SILT LAYERS
- 05y ’
-
- 25 —H
hole
- WA
L 44
i
= e’y
iholy
B ':yf //
~ 30—/
/)
= ey
7905
.
L zn
)
- B / g
L 35—
oY
ALTERNATING LAYERS OF SILTY CLAY AND CLAYEY SILT

T
L <
e

T T
1 |}
-\éhﬁﬁ

— 40
Continued Next Page
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BORING: B-SW-34-CP

PROJECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 20f 2

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit L.L. P.L

S.P.T. S(ttrset;s C(;l;l;nt W(:":gn %) %) Description of Stratum

. 40 —
- 43
| 4 SILTY CLAY
45—
P -

o

“
B -i
- -~

M
— 50
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BORING: B-SW-35-SC

PROJECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT: California Institute of Technology APPROVED:
PAGE: 1of2
T -~ wd
D8 E
o= la
Compress. | Moist. |Wet Unit LL P.I
S.P.T. Stress Content | Weight e . Description of Stratum
(tsf) (%) (peh) (%) (%)
— 0 ? CLAY WITH SILTY CLAY AND CLAYEY SILT LAYERS
i S_é
|
TN SAND WITH SANDY SILT LAYERS
- -l M L]
L S
— 10— °.
. r,*
I
» * L]
» - . L)
*
- e
e
= —.' . .
| . e
> * L]
— -t i .
— 2010
B T i SANDY SILT
- 25 —.
B : l]f LAYERS OF SILTY SAND AND SANDY SILT
- SANDY SILT
B 0 H SANDY SILT, SILTY SAND AND SILTY CLAY

Continued Next Page
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BORING: B-SW-35-SC

Esdad " B V0 W 2 P Y

PROJECT:  LIGO FILE: 93B107C
LOCATION:  Livingston, Louisiana DATE: Sept. 1994
DRILLER: FUGRO
CLIENT:  California Institute of Technology APPROVED:
PAGE: 20f2

DEPTH
(FEET)
SYMBOL

Compress. | Moist. |Wet Unit LL Pl
S.P.T. Stress Content | Weight "y i

s %) och (%) %) Description of Stratum

- 45

- - [ e e e e e e e [ e e e e e e o ] = = - et . = G . - e am mm e e e e = e e e e = - = e o]
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UNCONFINED COMPRESSION TEST




5500
5000
4500
4000
3500
ot
7
=
(ﬂﬁ 3000
é)
v 2500
2000
1500
1000
500
0
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain IL PL PI
® B-SE-1-GT 33' - 35 38 82.1 94 1910 psf 23 % 82 20 62
LIGO
UNCONFINED COMPRESSION TEST
ASTM D 2166-91
@ Woodward-Clyde Consultants

OCT 30 94 UNCONF3B 3B107




5500
5000
4500
o /N
3500
ot
7]
(=%
CIJ'\ 3000
Cg
» 2500 \
2000
1500
1000
500
0
0 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL Pl
®  B-SE-2-GT 43' - 45’ 20 105.7 88 4211 psf 4.0 % 36 16 20
UNCONFINED COMPRESSION TEST
ASTM D 2166-91 .

@ Woodward-Clyde Consultants

OCT 30 94 UNCONF3B 3B107




5500
5000
4500
4000
3500 *.__‘*F‘
S
N
=9
(ﬂ“ 3000
éj
v 2500
2000
1500
1000
500
0
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
[ B-SE-10-GT  23' - 2§’ 31 94.3 103 3481 psf 10.0 %
LIGO
UNCONFINED COMPRESSION TEST
ASTM D 2166-91

©@ Woodward-Clyde Consultants
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4000
3500
St
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~ 3000
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2
e
v 2500
2000
1500
1000
500
Og
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
] B-SE-14-GT 13 - 15' 23 102.1 92 4464 psf 9.3 % 49 15 34
LIGO
UNCONFINED COMPRESSION TEST
ASTM D 2166-91
©@ Woodward-Clyde Consultants
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4500
4000
3500
Sl
[7.2]
=%
(ﬂ'\ 3000
ré
v 2500 S
2000
1500
1000
500
0
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL Pl
. B-SE-20-GT 8 -10 16 111.7 84 2607 psf 3.7 % 45 17 28
LIGO
UNCONFINED COMPRESSION TEST
ASTM D 2166-91
©@ Woodward-Clyde Consultants

OCT 30 94 UNCONF3B 3B107
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5000
4500
4000
3500
St
w
=%
mﬁ 3000
E
2500
2000
1500
1000
500
0
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
® B-SE-28-GT 13' - 15 22 105.1 93 3643 psf 10.0 % 38 15 23
LIGO
UNCONFINED COMPRESSION TEST
ASTM D 2166-91
©®@ Woodward-Clyde Consultants
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5500
5000
4500
4000
3500
S
7]
[-™
(Dﬁ 3000
é
2 2500
2000
1500
1000
500
0
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL "~ PL PI
e 'B-SE-30-GT 4' -6 14 119.2 87 2118 psf 53% 21 10 11
LIGO
UNCONFINED COMPRESSION TEST
ASTM D 2166-91
©®@ Woodward-Clyde Consultants

OCT 30 94 UNCONF3B 3B107




5500
5000
4500
4000
3500
St
n
(=
m'~ 3000
éj
@ 2500
2000
1500
1000
500
0 |
0 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL Pl
®  B-SE-33-GT 6 -8 14 118.0 86 2582 psf 83 % 26 11 15
UNCONFINED COMPRESSION TEST
ASTM D 2166-91
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5000
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3500
Gy
/4]
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« 3000
N
Céj
»© 2500
2000
1500
1000
500
0
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
e  B-SE-33-GT  18'-20' 30 92.3 9% 1932 psf 23 % 51 20 31
UNCONFINED COMPRESSION TEST
ASTM D 2166-91

@ Woodward-Clyde Consultants

OCT 30 94 UNCONF3B 3B107




5500
5000
4500
4000
3500
.
wn
=7
Cﬂ'\ 3000
é
»2 2500
2000
1500
1000
500
0
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
. B-SW-2-GT 6'-8' 19 104.8 80 3537 psf 10.0 % 47 15 32
LIGO
UNCONFINED COMPRESSION TEST
ASTM D 2166-91
@ Woodward-Clyde Consultants

OCT 30 94 UNCONF3B 3B107




5500

5000

4500

4000

3500
St
7]
=
Cﬂ“ 3000
?
v 2500

2000

1500

1000

500
0 .
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
] B-SW-5-GT 8' - 10" 15 117.4 88 5482 psf 43 % 27 11 16
LIGO
UNCONFINED COMPRESSION TEST
ASTM D 2166-91
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5500
5000
4500
4000
Gy
7]
="
(’5\ 3000
é
¥ 2500
2000
1500
1000
500
0
0 1 2 3 4 S 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain IL PL Pl
[ ] B-SW-5-GT 18' - 20’ 24 100.9 93 3792 psf 6.0 % 55 17 38
LIGO
UNCONFINED COMPRESSION TEST
ASTM D 2166-91 .
®@ Woodward-Clyde Consultants
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e
w
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fﬂ" 3000
éj
v 2500
2000
1500
1000
500
0
1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
® B-SW-9-GT  23'-25' 32 93.4 104 4906 psf 6.7 % 59 18 41
UNCONFINED COMPRESSION TEST
ASTM D 2166-91

@ Woodward-Clyde Consultants

OCT 30 94 UNCONF3B 3B107




5500
5000
4500
4000
3500
St
7]
=
« 3000
72]
éj
v 2500
2000
1500
1000
500
0
0 1 2 3 4 5 6 7 8 9 10 11
STRAIN, %
LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL Pl
L] B-SW-25-GT 18’ - 20’ 42 75.3 90 854 psf 4.0 % 67 24 43
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ASTM D 2166-91
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LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
° B-SW-29-GT 4'-6' 19 107.7 86 2122 psf 6.7 % 24 13 11
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LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
] B-SE-1-GT 8'-10' 24 102 95 4923 psf 10.0 % 43 16 27
UNCONSOLIDATED UNDRAINED TRIAXIAL TEST
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Point ID Depth Content % Density Saturation Stress Strain LL PL PI
° B-SE-2-GT 4'-6' 15 115 83 2963 psf 15.0 % 35 11 24
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LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density Saturation Stress Strain LL PL PI
[ B-SE-2-GT 28' - 30' 23 103 93 3934 psf 10.0 % 45 14 31
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Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
. B-SE-10-GT  18'-20' 23 100 90 3730 psf 150 %
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LEGEND: Moisture Dry " Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL Pl
e B-SE-17-GT  18'-20' 25 98 93 4588 psf 13.0 % 58 18 40
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LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain IL PL PI
L B-SE-24-GT 18' - 20" 20 103 83 3611 psf 9.7 % 41 14 27
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LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
] B-SE-30-GT 13' - 15’ 23 103 95 4644 psf 9.0 % 56 17 39
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Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
° B-SW-2-GT 13" - 1§ 15 114 83 2871 psf 6.0 % 22 13 9
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Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
e B-SW-2-GT 38 -40' 16 109 79 1473 psf  10.0 % 24 12 12
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Point ID Depth Content % Density  Saturation Stress Strain PL Pl
] B-SW-9-GT 8' - 10 20 98 T2 3533 psf 6.8 %
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Point ID Depth Content % Density  Saturation Stress Strain PL Pl
° B-SW-13-GT 8'-10' 14 118 86 3689 psf 10.0 %
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Point ID Depth Content % Density  Saturation Stress Strain LL PL PI
® B-SW-17-GT 8'-10° 18 108 85 4396 psf 9.0 % 32 16 16
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Point ID Depth Content % Density  Saturation Stress Strain LL PL PI1
e B-SW-21-GT 8'-10 15 115 85 3352 psf 10.0 % 25 12 13
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LEGEND: Moisture Dry Degree of Peak
Point ID Depth Content % Density  Saturation Stress Strain LL PL PI1
[ B-SW-33-GT 18'-20’ 51 70 96 1770 psf 40 % 66 25 41
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(CONSOLIDATION TEST




VOID RATIO

@® STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: B-SE-1-GT
DEPTH:  §'-10'
DESCRIPTION:  (CL)
SPECIFIC GRAVITY: 2,75

@ Woodward-Clyde Consultants

INITIAL MOISTURE CONTENT (%): 25 FINAL MOISTURE CONTENT (%): 27
INITIAL DRY UNIT WEIGHT (pcf): 100 FINAL DRY UNIT WEIGHT (pef): 98
LL=43 PL=16 Pl=27
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80

NOV 7 94 CONSLV1 3B107




VERTICAL STRAIN (%)
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STRESS (tsf)

® STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: B-SE-1-GT
DEPTH: §'-10'
DESCRIPTION: (CL)

SPECIFIC GRAVITY: 2.75 (assumed)

100

INITIAL MOISTURE CONTENT (%): 2§ FINAL MOISTURE CONTENT (%): 27
INITIAL DRY UNIT WEIGHT (pcf): 100 FINAL DRY UNIT WEIGHT (pcf): 98
LL =43 PL=16 Pl= 27
INUNDATION AT START
LIGO
CONSOLIDATION TEST

ASTM D 2435-80
© Woodward-Clyde Consultants
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® STRAIN READINGS
Sample Data:

FILE: 93B107C
BORING: B-SE-1-GT
DEPTH: 38' - 40"
DESCRIPTION: (CL-CH)
SPECIFIC GRAVITY: 2.76
INITIAL MOISTURE CONTENT (%): 23 FINAL MOISTURE CONTENT (%): 24
INITIAL DRY UNIT WEIGHT (pcf): 104 FINAL DRY UNIT WEIGHT (pcf): 106 i

. LL=250 PL = 14 PI= 36 ‘
INUNDATION AT START

LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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STRESS (tsf)
® STRAIN READINGS
Sample Data:
FILE: 93B107C
BORING: B-SE-1-GT
DEPTH: 38' - 40"
DESCRIPTION: (CL-CH)
SPECIFIC GRAVITY: 2.76 (assumed)
INITIAL MOISTURE CONTENT (%): 23 FINAL MOISTURE CONTENT (%): 24
INITIAL DRY UNIT WEIGHT (pef): 104 FINAL DRY UNIT WEIGHT (pcf): 106
LL=50 PL=14 ©Pl= 36
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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STRESS (tsf)
® STRAIN READINGS
Sample Data:
FILE: 93B107C
BORING: B-SE-2-GT
DEPTH: §'-10'
DESCRIPTION:  (CL)
SPECIFIC GRAVITY: 2.68
INITIAL MOISTURE CONTENT (%): 14 FINAL MOISTURE CONTENT (%): 14
INITIAL DRY UNIT WEIGHT (pcf): 120 FINAL DRY UNIT WEIGHT (pcf): 121
LL =41 PL =13 Pl = 28
INUNDATION AT START
LIGO
CONSOLIDATION TEST

ASTM D 2435-80
® Woodward-Clyde Consultants
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® STRAIN READINGS
Sample Data:
FILE: 93B107C
BORING: B-SE-2-GT
DEPTH: 8'-10'
DESCRIPTION: (CL)
SPECIFIC GRAVITY: 2.68 (assumed) .
INITIAL MOISTURE CONTENT (%): 14 FINAL MOISTURE CONTENT (%): 14
INITIAL DRY UNIT WEIGHT (pcf): 120 FINAL DRY UNIT WEIGHT (pcf): 121
LL =41 PL =13 Pl = 28
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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STRESS (tsf) !
® STRAIN READINGS i
Sample Data: '
FILE: 93B107C ]
BORING: B-SE-28-GT
DEPTH: 13' - 18
DESCRIPTION:  (CL)
SPECIFIC GRAVITY: 2.70
INITIAL MOISTURE CONTENT (%): 21 FINAL MOISTURE CONTENT (%): 20
INITIAL DRY UNIT WEIGHT (pcf): 106 FINAL DRY UNIT WEIGHT (pcf): 110
LL = 38 PL = 15 PI= 23
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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STRESS (tsf)
® STRAIN READINGS :
Sample Data:
FILE: 93B107C
BORING: B-SE-28-GT
DEPTH: 13' - 18
DESCRIPTION: (CL)
SPECIFIC GRAVITY: 2.70 (assumed)
INITIAL MOISTURE CONTENT (%): 21 FINAL MOISTURE CONTENT (%): 20
INITIAL DRY UNIT WEIGHT (pcf): 106 FINAL DRY UNIT WEIGHT (pef): 110
LL=38 PL=15 Pl= 23
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS
Sample Data:
FILE: 93B107C
BORING: B-SE-30-GT
DEPTH: 13' - 15
DESCRIPTION:  (CH)
SPECIFIC GRAVITY: 2.75
INITIAL MOISTURE CONTENT (%): 24 FINAL MOISTURE CONTENT (%): 25
INITIAL DRY UNIT WEIGHT (pcf): 103 FINAL DRY UNIT WEIGHT (pcf): 106
- LL = 56 PL = 17 Pl = 39
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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@ STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: B-SE-30-GT
DEPTH: 13' - 18

DESCRIPTION: (CH)
SPECIFIC GRAVITY: 2,75 (assumed)
INITIAL MOISTURE CONTENT (%): 24 FINAL MOISTURE CONTENT (%): 25
INITIAL DRY UNIT WEIGHT (pef): 103 FINAL DRY UNIT WEIGHT (pcf): 106
LL = 56 PL = 17 PI= 39
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS
Sample Data:
FILE: 93B107C
BORING: B-SE-33-GT
DEPTH:  18'-20'
DESCRIPTION:  (CH)
SPECIFIC GRAVITY: 2.72
INITIAL MOISTURE CONTENT (%): 28 FINAL MOISTURE CONTENT (%): 29
INITIAL DRY UNIT WEIGHT (pcf): 92 FINAL DRY UNIT WEIGHT (pcf): 94
LL = 51 PL = 20 PI= 31
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: B-SE-33-GT
DEPTH: 18' - 20"

DESCRIPTION: (CH)
SPECIFIC GRAVITY: 2.72 (assumed) _
INITIAL MOISTURE CONTENT (%): 28 FINAL MOISTURE CONTENT (%): 29
INITIAL DRY UNIT WEIGHT (pcf): 92 FINAL DRY UNIT WEIGHT (pcf): 94
LL = §1 PL = 20 PI = 31
INUNDATION AT START
LIGO
CONSOLIDATION TEST

ASTM D 2435-80
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® STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: B-SW-2-GT
DEPTH: 6'-8'
DESCRIPTION: (CH)
SPECIFIC GRAVITY: 2.75

INITIAL MOISTURE CONTENT (%): 23 FINAL MOISTURE CONTENT (%): 26
INITIAL DRY UNIT WEIGHT (pcf): 103 FINAL DRY UNIT WEIGHT (pef): 103
LL=47 PL=15 PI= 32
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: B-SW-2-GT
DEPTH: 6' -8

DESCRIPTION: (CH)
SPECIFIC GRAVITY: 2,75 (assumed)
INITIAL MOISTURE CONTENT (%): 23 FINAL MOISTURE CONTENT (%): 26
INITIAL DRY UNIT WEIGHT (pcf): 103 FINAL DRY UNIT WEIGHT (pcf): 103
LL=47 PL=15 PI= 32
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS
Sample Data:

FILE: 93B107C

BORING: B-SW-2-GT

DEPTH: 18' - 20’

DESCRIPTION:  (CH)

SPECIFIC GRAVITY: 2.78

INITIAL MOISTURE CONTENT (%): 37 FINAL MOISTURE CONTENT (%): 38

INITIAL DRY UNIT WEIGHT (pcf): 8s FINAL DRY UNIT WEIGHT (pcf): 86

LL=171 PL = 22 Pl = 49

INUNDATION AT START

LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: B-SW-2-GT
DEPTH: 18' - 20"

DESCRIPTION: (CH)
SPECIFIC GRAVITY: 2,78 (assumed)
INITIAL MOISTURE CONTENT (%): 37 FINAL MOISTURE CONTENT (%): 38
INITIAL DRY UNIT WEIGHT (pcf): 85 FINAL DRY UNIT WEIGHT (pcf): 86
LL=171 PL = 22 Pl = 49
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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@® STRAIN READINGS
_ Sample Data:
FILE: 93B107C
BORING: B-SW-13-GT
DEPTH: 13' - 15
DESCRIPTION: (ML/SM)
SPECIFIC GRAVITY: 2.62
INITIAL MOISTURE CONTENT (%): 12 FINAL MOISTURE CONTENT (%): 13
INITIAL DRY UNIT WEIGHT (pcf): 124 FINAL DRY UNIT WEIGHT (pcf): 124
LL = 15 PL =13 Pl= 2
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS
Sample Data:
FILE: 93B107C
BORING: B-SW-13-GT
DEPTH: 13' - 18
DESCRIPTION: (ML/SM)
SPECIFIC GRAVITY: 2.62 (assumed)
INITIAL MOISTURE CONTENT (%): 12 FINAL MOISTURE CONTENT (%): 13
INITIAL DRY UNIT WEIGHT (pcf): 124 FINAL DRY UNIT WEIGHT (pcf): 124
LL=15 PL=13 PI=2
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS

Sample Data: i
FILE: 93B107C :
BORING: B-SW-21-GT
DEPTH: 8$'-10' ‘
DESCRIPTION:  (CL-SC)
SPECIFIC GRAVITY: 2.68
INITIAL MOISTURE CONTENT (%): 18 FINAL MOISTURE CONTENT (%): 17
INITIAL DRY UNIT WEIGHT (pcf): 111 FINAL DRY UNIT WEIGHT (pef): 113
LL=25 PL=12 Pi=13
INUNDATION AT START

LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS
Sample Data:
FILE: 93B107C
BORING: B-SW-21-GT
DEPTH: 8 -10
DESCRIPTION: (CL-SC)
SPECIFIC GRAVITY: 2.68 (assumed)
INITIAL MOISTURE CONTENT (%): 18 FINAL MOISTURE CONTENT (%): 17
INITIAL DRY UNIT WEIGHT (pcf): 111 FINAL DRY UNIT WEIGHT (pcf): 113
LL =25 PL =12 PI= 13
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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® STRAIN READINGS

Sampie Data:
FILE: 93B107C
BORING: B-SW-25-GT
DEPTH: 18' - 20"
DESCRIPTION:  (CH)
SPECIFIC GRAVITY: 2,75
INITIAL MOISTURE CONTENT (%): 46 FINAL MOISTURE CONTENT (%): 38
INITIAL DRY UNIT WEIGHT (pcf): 75 FINAL DRY UNIT WEIGHT (pcf): 84
LL = 67 PL = 24 Pl = 43
INUNDATION AT START !
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STRESS (tsf)

Sample Data:

FILE: 93B107C

BORING: B-SW-25-GT
DEPTH: 18' - 20’
DESCRIPTION: (CH)

SPECIFIC GRAVITY:

2.75 (assumed)

INITIAL MOISTURE CONTENT (%): 46 FINAL MOISTURE CONTENT (%): 38
INITIAL DRY UNIT WEIGHT (pcf): 75 FINAL DRY UNIT WEIGHT (pcf): 84
LL = 67 PL = 24 Pl = 43
INUNDATION AT START
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CONSOLIDATION TEST
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@ STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: B-SW-33-GT
DEPTH:  23'.2§'
DESCRIPTION:  (CL)
SPECIFIC GRAVITY:  2.68

10
STRESS (tsf)

100

INITIAL MOISTURE CONTENT (%): 22 FINAL MOISTURE CONTENT (%): 20
INITIAL DRY UNIT WEIGHT (pcf): 108 FINAL DRY UNIT WEIGHT (pcf): 109
IL=28 PL=17 P=11
INUNDATION AT START
LIGO
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Sample Data:
FILE: 93B107C
BORING: B-SW-33-GT
DEPTH: 23' .28
DESCRIPTION: (CL)
SPECIFIC GRAVITY: 2.68 (assumed)
INITIAL MOISTURE CONTENT (%): 22 FINAL MOISTURE CONTENT (%): 20
INITIAL DRY UNIT WEIGHT (pcf): 105 FINAL DRY UNIT WEIGHT (pcf): 109
LL =28 PL = 17 Pl = 11
INUNDATION AT START
LIGO
CONSOLIDATION TEST
ASTM D 2435-80
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APPENDIXB

CONE PENETROMETER, SEISMIC CONE AND CROSSHOLE TESTS




__ _FUGRO GEOSCIENCES, INC. =~~~ , —a

6105 Rookin

Houston, Texas 77074
Tel: (713) 778-5580
Fax: (713) 778-5501

October 13, 1994
Report Number 0301-4108
Via Federal Express ’

Woodward-Clyde Consultants
2822 O'Neil Lane
Baton Rouge, LA 70816

Attention:  Mr. Ara Arman
Mr. Bob Sanders

CONE PENETROMETER TESTING
AND RELATED SERVICES
LIGO SITE
LIVINGSTON PARISH, LOUISIANA

Dear Mssrs. Arman and Sanders:

Please find enclosed herewith the results of the cone penetrometer tests conducted at the above-referenced
location. Also, results of the seismic cone penetrometer tests along with one (1) crosshole seismic test
(B-W-35-SC) are included.

For your information, the soil stratigraphy was identified using Campanella and Robertson's Simplified Soil
Behavior Chart. Please note that because of the empirical nature of the soil behavior chart, the soil
identification should be verified locally.

Seismic Piezocone Test

At three (3) of the locations seismic piezocone tests were carried out. To design a foundation for dynamic
loads, it is necessary to determine in-situ shear modules of the foundation soil. There are several methods
to measure the shear modulus in-situ. One of the methods involves a penetrating cone in which geophones
are incorporated to detect a shear wave which is generated at the surface. A shear wave is generated by
means of a hammer blow against a wooden block. The shear wave travels to the piezocone in which three
(3) seismometers are incorporated. A seismograph is triggered by the hammer blow and records the arrival
of the shear waves. The results of the shear wave travel times versus depth are shown on Plates 1, 2, and
3. This can be repeated with both sides of the wooden beam to have polarized waves. After taking one set
of measurements, the piezocone is pushed to the next depth, which is one-meter further. The difference in
arrival time of the shear wave for the two penetrations is the travel time through the one-meter soil interval.

In this manner, a shear wave velocity profile can be given with one-meter intervals (Piate 5, 6, and 7).

Crosshole Testing

.The crosshole seismic test was performed to measure in-situ shear wave velocities of the subsurface soils at
the location of seismic cone penetrometer Sounding No. B-SW-35-SC. A schematic diagram of the

Fugro Geosciences, Inc. is affiliated with The Fugro Group of Companies
with offices located throughout the worid.
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crosshole test arrangement is shown on Plate 4. The crosshole method consists of generating shear waves
in the soil surrounding a source borehole and measuring the arrival times of the shear waves at each of two
receiver boreholes.

The shear waves are generated by striking the drill rod from the ground surface with a hammer. The bottom
of the drill rod is in contact with the soil in the source borehole. Each impact of the hammer on the drill
excites an accelerometer attached to the drill rod, which in tum triggers the recording equipment. The
recording equipment consists of a recording digital oscilloscope. The shear waves travel through the soil,
and their arrivals are monitored with vertically-oriented geophones, or receivers, positioned in the receiver
boreholes (borings R-1 and R-2) at the same depth as the bottom of the drill rod. The geophones are firmly
coupled to the receiver borehole using pneumatic packers. The shear wave arrivals at the geophones are
recorded with the digital oscilloscope. The test is repeated at 5-foot intervals down to a 50-foot depth.

The recorded waveforms show travel times of the shear waves between the source and receiver boreholes.
The shear wave velocities are calculated with the measured travel times and travel path distances. By
calculating the shear wave velocity at each tested depth, we established a shear wave velocity versus depth
profile, shown on Plate 6.

Fugro Geosciences appreciates the opportunity to be of service to your organization. If you should have any
questions, or if we can be of further assistance, please do not hesitate to contact us. We look forward to
working with you in the future.

Very truly yours,
FUGRO GEOSCIENCES, INC.

President

RY/cam
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Key To Soil Classification and Sympols

SOIL TYPE SAMPLE TYPE
(Shown in Symbol Column) (Shown in Samples Column)
Sand - Siit
Sandy Silty Undisturbed ~ Rock Core  Split Spoon  No Recovery

Predominant Type Shown Heavy

T

COARSE GRAINED SQILS (Major portion Retained on No. 200 Sieve)

ERMS DESCRIBING CONSISTENCY OR CONDITION

Includes (1) clean gravels and sand described as fine, medium or course, depending on distribution of grain sizes (2) silty or clayey gravels and

sands and (3) fine grained low plasticity soils (Pl < 10) such as sandy siits. Condition is rated according to relative density,

tests or estimated from resistance to sampler penetration.

Descriptive Term Penetration Resistance*

Loose 0-10
Medium Dense 10-30
Dense 30-50
Very Dense Over 50

* Blows/Foot, 140# Harﬁmer, 30" Drop

FINE GRAINED SOQILS (Major Portion Passing No. 200 Sieve)

as determined by lab

Relative Density
010 40%

40 to 70%
70 to 90%
90 to 100%

includes (1) inorganic and organic silts and clays, (2) sandy, gravelly or silty clays, and (3) clayey silts. Consistency is rated according to shearing
strength, as indicated by penetrometer readings or by unconfined compression tests for soils with Pl > 10.

Descriptive Cohesive Shear Strength
Term Tons/Square Foot

Very Soft Less Than 0.125

Soft 0.125t0 0.25

Firm 0.25 to 0.50

Stiff 0.50 to 1.00

Very Stiff 1.00 to 2.00

Hard 2.00 and Higher

Note: Slickensided and fissured clay may have lower unconfined compressive strengths than shown above because of planes of weakness or
shrinkage cracks; consistency ratings of such soils are based on hand penetrometer readings. :

TERMS CHARACTERIZING SOIL STRUCTURE

Flocculated:

. pertaining to cohesive soils that exhibit a loose

knit or flakey structure ’
having inclined planes of weakness that are

. slick and glossy in appearance.

slickensides present at intervals of 1’ to
2', soil does not easily break along
these plates

slickensides spaced at intervals of 1' to
2', soil breaks easily along these planes
continuous and interconnected slicken-
sides spaced at intervals of 4" to 12,
soil breaks along the slickensides into
pieces 3" to 6" in size

slickensides spaced at intervals of less

Parting: paper thin in size
Seam: 1/8" to 3" thick . .
Layer: g{eater than 3" Slickensided:
Fissured: containing shrinkage cracks, frequently filled with
fine sand or silt, usually more or less vertical Degree of Slickensided Development
Sensitive: pertaining to cohesive soils that are subject to . .
. appreciable loss of strength when remolded Slightly Slickensided:
Interbedded: composed of alternate layers of different soil
pes : :
Laminated: Zamposed of thin layers of varying color and Moderately Slickensided:
texture i
Calcareous: containing appreciable quantities of calcium Extremely Slickensided:
carbonate E
Well Graded: having wide range in grain sizes and substantial
amounts of all intermediate particle sizes
Poorly Graded: ~ predominantly of one grain size, or having a  Intensely Slickensided:

range of sizes with some intermediate size miss-
ing :

than 4, continuous in all directions; soit
breaks down along planes into nodules
1/4" to 2" in size.
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PORE PRESSURE, TSF
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STATE OF LOUISIANA SEISMIC RISK MAP FIGURE C-1
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STATE OF LOUISIANA FAULT MAP FIGURE C-2
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TABLE C-1

CHRONOLOGICAL LISTING OF EARTHQUAKES
FOR THE STATE OF LOUISIANA

ST =
Origin Time
Date (UTC) Lat. | Long. | Depth Hypocenter Magnitude Intensity
Year Month Day | H| M}] S N) W) (KM) | QUAL | REF | USGS | Other | MM | REF
1843 | February I | 108
1843 | Pebruary m* | 105
1882 April m 108
1886 January n 105
1905 February \Ad 106
1927 | December v 105
1929 July v 105
1930 October Vi 38
1940 | December v 13
1947 | September \ 105
1958 | November v 31
1958 | November v 38
1959 October v 32
1959 October Im* { 105
1964 April v 37
1964 April v 37
@
* Source U.S. Geological Survey
93B107C\CT.TC1 CALTECH 11-22-94




TABLE C-2
LIST OF LOUISIANA EARTHQUAKE DATA SOURCES

Neumann, F. and Bodle, R. R., 1932, United States Earthquakes 1930, U.S. Department
of Commerce, Coast and Geodetic Survey, Serial No. 539, p. 1-25.

Neumann, F., 1942, United States Earthquakes 1940, U.S. Department of Commerce,
Coast and Geodetic Survey, Serial No. 647, p. 1-74.

Brazee, R. J. and Cloud, W. K,, 1960, United States Earthquakes 1958, U.S. Deaprtment
of Commerce, Coast and Geodetic Survey, p 1-76

Eppley, R. A. and Cloud, W. K., 1961, Umted States“fv:E;i‘thquakes 1959, U.S.
Department of Commerce , Coas;.f,ia’nAd" G_.ebdetic Survey, p. 1-115.

von Hake, C. A, and Cloud, W. K., 1966, United States Earthquakes 1964, U.S.
Department of Commerce , Coast and Géodetic Survey, p. 1-91.

Coffman, J. L. and von Hake, C. A., 1973Earthquake History of the United States, U.S.
Department fo Commeré‘e‘;‘»lgational Oeeanic and Atmospheric Administration,
No. 41-1 (through 1976), p. 1-208 -

Docekal, J., 1970, Earthquakes of the stable 1nter10r with emphasis on the midcontinent,
v. 2, A dlssertatlon presented the faculty of the graduate college in the
University: of Nebraska in partial fulfillment of requirements for the degree of
Doctor of: Phllosophy, p 1-332.

Mississippi Power and Light C’or'npany, 1972, Preliminary Safety Analysis Report, Grand
Gulf nuclear station, Units, 1 and 2, Nuclear Regulatory Commission, Publec
Documents Room, Table C.3.2.

93B107C\CT.TC2 CALTECH 11-23-94




TABLE C-3

DATA SOURCES FOR SITE AND VICINITY
FAULT MAP AND SEISMIC INFORMATION

. ECTO Engineers and Associates (Predecessor of Woodward-Clyde
Consultants, Baton Rouge), A study of the Scotlandvile-Denham Springs Faults
and their effect on school sites in East Baton Rouge Parish, 1971

. Louisiana Geological Survey, Geologic Map of Louisiana, 1984

. Louisiana Geological Survey, Regional Cross Sections, Louisiana Gulf Coast
(Eastern Part) Folio Series No. 6, 1983

. McCulloh, R.P., Surface Faults in East Baton Rouge Parish, Louisiana
Geological Survey, Open File Series No. 91-02 1991

. Wallace, W.E., Fault and Salt Map of South Lomsxana, 1982

. Nuclear Power Projects: GRAND GULF AAND NEW ORLEANS (CHEF

MENTEUR AREA), WCC Archrves, tltle and date of report unknown

. Murray, G.E., Geology of the Atlantlc and Gulf Coastal Provmces of North
America, 1961 . . :

. Algermissen, S.T., 1969 Selsmlc nck studles in the United States: Fourth
World Conference on Barthquake Engineering, Santiago, Chile, January 13-18,
1969 Proceedmgs, V. 1 P 14—27 G

. Bath, Markus, 1966 Earthquake energy and magnitude, in v. 7 of Physics and
chemistry of the Earth Oxford and New York, Pergamon Press, p. 115-165

. Gutenberg; B.and Rlchter, c F 1956 Magnitude and energy of earthquakes:
Annali di Geofiswa, v.9,no. 1, p. 1- 15

. Nuttli, O.W., '1973,.:Seisrmc wave attenuation and magnitude relations for
eastern North America: Journal of Geophysical Research, v. 78, n. 5, p. 876-
885

. Richter, C.F., 1958, Elementary Seismology: San Francisco, California, W.H.

Freeman and Co., Inc., p. 768

. Wood, H.O., and Neuman, F., 1931, Modified Mercalli Intensity Scale of 1931:
Seismological Society of America Bulletin, v. 21, no. 4, p., 277-283

93B197C\CT.TC3 CALTECH 11-23-94




APPENDIX E
TABLE OF CONTENTS

. Composite Samples Table E-1

. Chemical Analysis Test Results

. Resistivity Test Results

. Resistivity v.s. Corrosion Table E-2
. Test Method for Resistivity

93B107C\APP.TOC CALTECH 11-22-94



TABLE E-1

LIGO
COMPOSITE SAMPLES FOR RESISTIVITY
AND CHEMICAL ANALYSIS

e ———
Composite Number Boring Number Depth (ft) Pl

1 BSE-2-GT 10-1%:..
BSE-2-GT
BSE17-GT

2 BSE-1-GT
BSE-24-GT
BSE-33-GT

3 BSE-20-GT
BSE-6-GT
BSW-21-GT
BSW-21-GT .
BSW-17-GT
BSE-1-GT
BSE-14-GT

8-10
8-10

94B107C\CT.T-E1 CALTECH 11-22-94




CHEMICAL ANALYSIS TEST RESULTS




o STE

Soil Testing Engineers, Inc.

316 HIGHLANDIA DRIVE « P.O. BOX 83710 « BATON ROUGE. LOUISIANA 70884
TELEPHONE (504) 752-4790 » FAX (504) 752-4878

GORDON P BOUTWELL. JR., Ph.D
VICTOR R. DONALD. MS

CHARLES S. HEDGES, MS

CHING N.TSAI,MS

CHARLES W. McCUMSEY, (1927-1992)
RONALD H. JONES, ME

VERNON C. ASHWORTH, MS
CERTIFIED PROFESSIONAL GEQLOGIST

KENNETH A. FLUKER, MSCE
DANIEL L. FRANKLIN, JR. MSCE

EUGENE G. WARDLAW, MS October 24, 1994

DAVID M. COLEMAN, MS
REGISTERED PROFESSIONAL ENGINEERS

Mr. Ara Arman
Woodward-Clyde Consultants
P. O. Box 66317

Baton Rouge, Louisiana 70896

Re: LIGO Chemical Tests
STE File: 94-1666

Dear Mr. Arman:

Attached are the chemical test data performed for sulfates, sulfides and chlorides. The soil
samples tested were the LIGO composite samples provided by Woodward-Clyde.

If there are any questions please call me.
Sincerely,

A A,

Charles S. Hedges, P.E.
CSH/slh

letter.002 94-1666

GEOTECHNICAL, ENVIRONMENTAL & MATERIALS CONSULTANTS

LAKE CHARLES, LA (318) 474-1340 « JACKSON.MS (601) 956-0851 « BEAUMONT, TX (409)721-5868




Benchmark.
Laboratories, Inc.

October 20, 1994

To: Soil Testing Engineers, Inc.
316 Highlandia Drive
Baton Rouge, LA 70810

The following analytical results have been obtained for the
indicated sample which was submitted to this laboratory:

Sample I.D. AA27664 Location code: STE_BR
Location Description: Sample #1 (94-1666)

Sample collector: CLIENT

Lab submittal date: 10/10/94 Time: 11:45

Received by: JLS Validated by: CLB

Parameter: Sulfates(as S04) (Turbidimetirc)
Method reference: EPA 375.4

Result: 434 mg/Kg MDL or sensitivity: 10
Date started: 10/18/94 Date finished: 10/18/94
Time started: 14:30 Analyst: LHD

Parameter: Sulfide
Method reference: SW-846/9030

Result: 118 mg/Kg MDL or sensitivity: 2.5
Date started: 10/14/94 Date finished: 10/14/94
Time started: 15:00 Analyst: LHD

Parameter: Chlorides (Specific Ion Probe)
Method reference: SM 4500 CL-D

Result: 241 mg/Kg MDL or sensitivity: 2.5
Date started: 10/18/94 Date finished: 10/18/94
Time started: 14:00 Analyst: LHD

If there are any questions regarding this data, please call.

- Gz

Randal B. Myers
Laboratory Manager

11445 Rieger Road * Baton Rouge, LA 70809 * Phone (504) 752-4567 * Fax (504) 751-0781




Benchmark

Laboratories, Inc.

October 20, 1994

To: Soil Testing Engineers, Inc.
316 Highlandia Drive
Baton Rouge, LA 70810

The following analytical results have been obtained for the
indicated sample which was submitted to this laboratory:

Sample I.D. AA27665 Location code: STE_BR

Location Description: Sample #2 (94-1666)

Sample collector: CLIENT Sample collection date: 10/10/94
Lab submittal date: 10/10/94 Time: 11:45

Received by: JLS Validated by: CLB

Parameter: Sulfates(as S04) (Turbidimetirc)
Method reference: EPA 375.4

Result: 1240 mg/Kg MDL or sensitivity: 10
Date started: 10/18/94 Date finished: 10/18/94
Time started: 14:30 Analyst: LHD

Parameter: Sulfide
Method reference: SW-846/9030

Result: 33.8 mg/Kg MDL or sensitivity: 2.5
Date started: 10/14/94 Date finished: 10/14/94
Time started: 15:00 Analyst: LHD

Parameter: Chlorides (Specific Ion Probe)
Method reference: SM 4500 CL-D

Result: 586 mg/Kg MDL or sensitivity: 2.5
Date started: 10/18/94 Date finished: 10/18/94
Time started: 14:00 Analyst: LHD '

If there are any questions regarding this data, please call.

- el B e

Randal B. Myers
Laboratory Manager

11445 Rieger Road * Baton Rouge, LA 70809 * Phione (504) 752-4567 * Fax (504) 751-0781




Benchmark

Laboratories, Inc.

October 20, 1994

To: Soil Testing Engineers, Inc.
316 Highlandia Drive
Baton Rouge, LA 70810

The following analytical results have been obtained for the
indicated sample which was submitted to this laboratory:

Sample I.D. AA27666 Location code: STE_BR

Location Description: Sample #3 (94-1666)

Sample collector: CLIENT Sample collection date: 10/10/94
Lab submittal date: 10/10/94 Time: 11:45

Received by: JLS Validated by: CLB

Parameter: Sulfates(as SO04) (Turbidimetirc)
Method reference: EPA 375.4

Result: 1240 mg/Kg MDL or sensitivity: 10
Date started: 10/18/94 Date finished: 10/18/94
Time started: 14:30 Analyst: LHD

Parameter: Sulfide
Method reference: SW-846/9030

Result: 192 mg/Kg MDL or sensitivity: 2.5
Date started: 10/14/94 Date finished: 10/14/94
Time started: 15:00 Analyst: LHD

Parameter: Chlorides (Specific Ion Probe)
Method reference: SM 4500 CL-D

Result: 214 mg/Kg MDL or sensitivity: 2.5
Date started: 10/18/94 Date finished: 10/18/94
Time started: 14:00 Analyst: LHD

If there are any questions regarding this data, please call.

" s

Randal B. Myers
Laboratory Manager

11445 Rieger Road * Baton Rouge, LA 70809 * Phione (504) 752-4567 * Fax (504) 751-0781
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B N O P

Benchmark,
Laboratories, Inc.

To: soil Testing Engineers, Inc.
316 Highlandia Drive
Baton Rouge, LA 70810

The following analytical results have been obtained for the
indicated sample which was submitted to this laboratory:

sample I.D. AA27666 Location code: STE_BR

Location Description: Sample #3 (94-1666) , o
sample collector: CLIENT sample collection date: 10/10/94
Lab subnmittal data: 10/10/94 Timae: 11:45 :

Received by: JLS validated by: CLB

parameter: Sulfates(as SO4) (Turbidimetire)
Method reference: EPA 375.4

Result: 1240 mg/Kg MDL or sensitivity: 10
Date started: 10/18/94 Date finished: 10/18/94

Time started: 14:30 N Analyst: LHD

Pt

Parameter: Sulfide
Method reference: SW=-846/9030 : EE - .
Result: 192 mg/Kg MDL or sensitivity: 2.5

pate started: 10/14/94 Date finished: 10/14/94
Time started: 15:00 Analyst: LHD

Parameter: Chlorides (specific Ion Probe)
Method reference: SM 4500 CL-D

Result: 214 ng/Kg ' MDL or sensitivity: 2.5
pate started: 10/18/94 Date finished: 10/18/94

Time started: 14:00 Analyst: LHD

 If there are any questions regarding this Qaia,:pleasé call.

Randal B. Myers %
Laboratory Manager

“~

LLFET Wcr zg_sm‘z - Daevrs .&yw Ll TOZOS * Dfiona (504) TRK2-ASRT * Fax (504) 751-0781




Laboratories, Inc.
october 20, 1994

To: Soil Testing Engineers, Inc.
316 Highlandia Drive
Baton Rouge, LA 70810

The following analytical results have been obtained fér the
indicated sample which was submitted to this laboratory:

sample I.D. AA27665 Location code: STE_BR

Location Description: Sample #2 (94-1666) .

sample collector: CLIENT Sample collection date: 10/10/94
ILab submittal data: 10/10/94 Time: 11:45 :
Received by: JLS validated by: CLB

parameter: Sulfates(as 504) (Turbidimetire)
Method reference: EPA 375.4

Result: 1240 mg/Kg MDL or sensitivity: 10
Date started: 10/18/94 Date finished: 10/18/94
Time started: 14:30 Analyst: LHD :

parameter: Sulfide
Method reference: SW-846/9030

Result: 33.8 ng/Kg MDL or sensitivity: 2.5
Date started: 10/14/94 : pate. finished: 10/14/94
Time started: 15:00 Analyst: LHD

parameter: Chlorides (Specific Ion Probe)
Method reference: SM 4500 CL~D

Raesult: 586 mg/Kg. MDL or sensitivity: 2.5
Date started: 10/18/94 : Date finished: 10/18/94

Time started: 14:00 Analyst: . LHD. L
If there are any questions regarding this ﬁéta, please call.

Randal B. Myers
Laboratory Manager

11445 Rieger Road = Baton Rouge, LA 70809 * Phone (504) 752-4567 * Fax (504) 751-0781




LA L R PN SR o N LR T N N

Benchmark,
Laboratories, Inc.

october 20, 1984

To: Soil Testing Engineers, Inc.
316 Highlandia Drive
Baton Rouge, LA 70810

i

The following analytical results have Hiennégthined‘tor the
indicated sample which was submitted to this laboratory:

gample I.D. AA27664 Location code: STE_BR
Location Description: Sample #1 (94-1666)

sample collector: CLIENT v :

Lab submittal date: 10/10/94 Time: 11:485 :
Received by: JLS Validated:by: CLB

Parameter: Sulfates(as S04) (Turbidimetirc):
Method reference: EPA 375.4 :

Result: 434 nmg/Kg ' MDL or sensitivity: 10
Date started: 10/18/94 Date finished: 10/18/94
- Time started: 14:30 Analyst: LHD

Parameter: Sulfide
Method reference: SW-846/9030

Result: 118 mg/Kg MDL or sensitivity: 2.5
Date started: 10/14/94 Date. finishaed: 10/14/94
Time started: 15:00 Analyst.:: LHD

Parameter: Chlorides (Specific Ion Probe)
Method reference: SM 4500 CL-D

Result: 241 mg/Kg MDL or sensitivity: 2.5
Date started: 10/18/94 , Date finished: 10/18/94
Time started: 14:00 Analyst: LHD

If there are any questions regarding this data, please call.

Randal B. Myers . ~
Laboratory Manager '

R
PO

o > I S A S Lt AR
i A AR T TR S
$ N e ® . . [ .

. . o e PR K I

' b

'] . e "'-

:

11445 Rieger Road * Baton Rouge, LA 70809 * Ehione (504) FEI-AF67 Fax (504) 7820781 -




IL-ISL 095) Tf “Lesy-O5L G05) oon] ‘Gopa; V] sInoy mapy ‘povy S IHT

advyy Logpssgw] ‘welyy Y ppovy

e wgnmds fo upmfipi pu ey P bogirge) pepisdpey mf sy wenyloow gy +

“IDN >9 vy gy anp el sogpnense oy SO Pyl "IN Y TR Of S 53 SRANRRNIOESD &) SOfa P op
g!lbi-i!‘lliiil‘!i‘i ™ prppngo RUNEPY o
z8 5°6Z 00°S - pesZ by/bm  y6/8T/0T ‘os
02T - 09 00T £°62 0°sZ LZ°y by/bm  p6/sr/OT y )
SLIRIT D0/V0 NHAOOHT § 10539 INDIORY JIOSTT SITHN FIvd ISHL
, : HTds TAIdS TIINVS
SIAIdS

“aiSA TYIM SAAIdS ON ANV HAVNE NIIM SNOILIGAY (UVANVLS ON

D orzt o¥ZI by/bu  y6/8T/0T os
ot (-/+) asz > ey Lz*¥ by/bs  y6/81/0T o
. VEAT T wIIAT T AAIas  IWoridod FIaRvs SITRO HIva ISAL
; SEIRIT D0/¥0 |
~ SALVOrdna

¥yg-9IS  IWITID

Nﬂ&gﬁm HOLVH
QQ%&ZQD hh~.~<b@\mbz<-bmm< hh~ﬂ<b@

IONI m@-~°h<¥°ﬂ<ﬂ NYIVAHONAEL




SUS IILU oL DEINCIU PN el

Benchmark,
Laboratories, Inc.

Tot: Soil Testing Engineers, Inc.
' 316 Highlandia Drive
Baton Rouge, LA 70810

The following analytical results have been obtained for the
indicated sample which was submitted to this laboratory:

sample I.D. AA27666 Location codeé: STE_BR

Location Description: Sample #3 (94-1666) , R
sample collector: CLIENT sample collection date: 10/10/94
Lab submittal date: 10/10/94 Time: 11:45 -

Raceived by: JLS validated by: CLB

parameter: Sulfates(as SO04) (Turbidimetire)
Method reference: EFPA 375.4

Result: 1240 mg/Kg MDL or sensitivity: 10
Date started: 10/18/94 pate finished: 10/18/94

Time started: 14:30 B Analyet: LHD
parameter: Sulfide | ot

Method reference: SW-846/9030 : - R
Result: 192 mg/Kg MDL or sensitivity: 2.5

pate started: 10/14/94 Date finished: 10/14/94
Time started: 15:00 Analyst: LHD

parameter: Chlorides (Specific Ion Probe)
Method reference: SM 4500 CL-D

Result: 214 ng/Kg ‘ MDL or sensitivity: 2.5
pate started: 10/18/94 ~ pate finished: 10/18/94

Time started: 14:00 Analyst: LHD
If there are any questions regarding this Qaia,“pleasé call.

Randal B. Myers i
Laboratory Manager

.~

LLF4T Nfefer Ryuik = Dseors Ry eigre; 51 ~OL0D = Bliona (504) FR2-ASET * Fax (504) 751 -0781




Laboratories, Inc.
october 20, 1994

Toé Soil Testing Engineers, Inc.
316 Highlandia Drive
paton Rouge, LA 70810

- ie

The following analytical results have been obtained fér the
indicated sample which was submitted to this laboratory:

gample I.D. AA27665 Location tode: STE_BR

‘Location Description: Sample #2 (94-1666) :

sample collector: CLIENT Sample collection date: 10/10/94
Lab submittal date: 10/10/94 Time: 11:45 .
Received by: JLS validated by: CLB

parameter: Sulfates(as 504) (Turbidimetirc)
Method reference: EPA 375.4

Result: 1240 mg/Kg A MDL or sensitivity: 10
Date started: 10/18/94 Date finighed: 10/18/94
Time started: 14:30 Analyet: LHD '

parameter: Sulfide
Method reference: SW-846/9030

Result: 33.8 ng/Kg MDL or sensitivity: 2.5
Date started: 10/14/94 : pate finished: 10/14/94
Time started: 15:00 . Analyst: LHD

parameter: Chlorides (Specific Ion Probe)
Method reference: SM 4500 CL-D

Result: 586 mg/Kg MDL or sensitivity: 2.5
Date started: 10/18/94 : pate finighed: 10/18/94

Time started: 14:00 Analyst: . LED
If there are any questions regarding this ﬁéta, please ﬁall.

Randal B. Myers
Laboratory Manager

|
|
I

11445 Rieger Road * Baton Rouge, LA 70809 = Phone (504) 752-4567 * Fax.(504) 751-0781
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Benchmark,
Laﬁoratorzes, ch

october 20, 1994

To: Soil Testing Engineers, Inc.
316 Highlandia Drive
Baton Rouge, LA 70810

i
The following analytical results have baen obtained for the
indicated sample which was submitted to this laboratory:

Sample I.D. AA27664 Location code: STE_BR
Location Description: Sample #1 (94-1666)

sample collector: CLIENT

Lab submittal date: 10/10/94 Time: 11:45

Received by: JLS Validated by. CLB

Parameter: Sulfates(as 504) (Turbidimetirc)
Method refarence: EPA 375.

Result: 434 ng/Kg - MDL or oep.itivit?é 10
Date started: 10/18/94 Date finished: 10/18/94
- Time started: 14:30 Analyst: LHD

Paramaeter: Sulfide
Method reference: SW-846/9030

Result: 118 mg/Kg MDL or sensitivity: 2.5
Date started: 10/14/94 Date finished: 10/14/94
Time started: 15:00 ‘ Analyitz LHD

Parameter: Chlorides (Specific Ion Probe)
Method reference: SM 4500 CL-D

Result: 241 mg/Kg MDL or sensitivity: 2.5
Date started: 10/18/954 . Date finished: 10/18/94
Time started: 14:00 Analyst: LHD

}Ir there are any questions regarding this data, pleass call.

Randal B, Mycrl o
Laboratory Mgnager

LI P A “
4 - . . . ,. . .

11445 Rigger Road * Baton Rouge, LA 70809 * Bhone (504) 7E2-4567 Fax. (504) 751-078L ..
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Livingston Parish, Louisiana

Woodward-Clyde Consultants

LIGO/ Cal. Tech Project

for

Baton Rouge, Louisiana

Soil Sample Laboratory Resistivity and pH

Test Results
Composite Test No. pH Moisture Test Reading Resistivity Notes
Sample No. Content Content ohms ohm-cm
% %
1 Tan silty fine sand with small gravel
R, 6.68 16.1 (N) 13,000 89,700
R, 214 27,500 189,750
R, 275 8000 55,200
R, 33.1 3000 20,700
R 39.9 3000 20,700
2 Light gray slightly silty clay
Rs 6.98 245 (N) 3500 24,150
; 357 15,000 103,500
R, 44.5 20,000 138,000
R, 56.9 4,000 27,600
Ry, 76.2 13,000 89,700 3
5,000 34,500
3 Light gray and tan silty clay
Ry, 6.52 158 () 3000 20,700
R,, 19.0 4000 27,600
Ry, 22.9 4000 27,600
NOTES:
1) N is natural moisture content of sample as received
2) Soil bpx factor (SBF) = 6.90 cm
3) First reading after 6 hour "cure.” Second reading after 50 hour "cure." The high readings for R, and Ry,

which had 6 hour cure, were apparently due to dielectric influence of the distilled water without of
sufficient cure-time of allow "dissolution" and equillbrium of conductive clay minerals or chemical
electrolyte salts.

table.001 94-1666




LIGO/ Cal. Tech Project
Livingston Parish, Louisiana
for
Woodward-Clyde Consultants
Baton Rouge, Louisiana

Seil Sample Laboratory Resistivity and pH

Test Results
Composite Test No. pH Moisture Test Reading Resistivity Notes
Sample No. Content Content ohms ohm-cm
% %
1 Tan silty fine sand with small gravel
R, 6.68 16.1 V) 13,000 89,700
R, 214 27,500 189,750
R, 275 8000 55,200
4 33.1 3000 20,700
s 39.9 3000 20,700
2 Light gray slightly silty clay
R 6.98 245 V) 3500 24,150
, 357 15,000 103,500
s 44.5 20,000 138,000
R, 56.9 4,000 27,600
Ry 76.2 13,000 89,700 3)
5,000 34,500
3 Light gray and tan silty clay
Ry, 6.52 158 ) 3000 20,700
Ry, 19.0 4000 27,600
R;s 22.9 4000 27,600
NOTES:
)] N is natural moisture content of sample as received
2) Soil box factor (SBF) = 6.90 cm
3) First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for R, and R,,

table.001

which had 6 hour cure, were apparently due to dielectric influence of the distilled water without of
sufficient cure-time of allow "dissolution" and equillbrium of conductive clay minerals or chemical
electrolyte salts.

94-1666




LIGO/ Cal. Tech Project
Livingston Parish, Louisiana
for
Woodward-Clyde Consultants
Baton Rouge, Louisiana

Soil Sample Laboratory Resistivity and pH

Test Results
Composite Test No. pH Moisture Test Reading Resistivity Notes
Sample No. Content Content ohms ohm-cm
% %
1 Tan silty fine sand with small gravel
R, 6.68 16.1 N) 13,000 89,700
R, 214 27,500 189,750
R, 275 8000 55,200
R, 33.1 3000 20,700
s 39.9 3000 20,700
2 Light gray slightly silty clay
R, 6.98 245 N) 3500 24,150
R, 357 15,000 103,500
Rg 44.5 20,000 138,000
R, 56.9 4,000 27,600
Ry 76.2 13,000 89,700 €))
5,000 34,500
3 Light gray and tan silty clay
R, 6.52 15.8 V) 3000 20,700
2 19.0 4000 27,600
R;; 22.9 4000 27,600
NOTES:
1) N is natural moisture content of sample as received
2) . Soil box factor (SBF) = 6.90 cm
3) First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for R, and R,

table,001

which had 6 hour cure, were apparently due to dielectric influence of the distilled water without of
sufficient cure-time of allow "dissolution" and equillbrium of conductive clay minerals or chemical
electrolyte salts.

94-1666




LIGO/ Cal. Tech Project
Livingston Parish, Louisiana
for
Woodward-Clyde Consultants
Baton Rouge, Louisiana

Seil Sample Laboratory Resistivity and pH

Test Results
Composite Test No. pH Moisture Test Reading Resisti;'ity Notes
Sample No. Content Content ohms ohm-cm
% %
1 Tan silty fine sand with small gravel
. 6.68 16.1 (N) 13,000 89,700
2 214 27,500 189,750
R, 275 8000 55,200
R, 33.1 3000 20,700
R, 399 3000 20,700
2 Light gray slightly silty clay
Rg 6.98 245 N 3500 24,150
R, 357 15,000 103,500
R, 44.5 20,000 138,000
R, 56.9 4,000 27,600
Ry 76.2 13,000 89,700 3)
5,000 34,500
3 Light gray and tan silty clay
R, 6.52 158 (N) 3000 20,700
Ry, 19.0 4000 27,600
Ry, 229 4000 27,600
NOTES:
D N is natural moisture content of sample as received
2) Soil box factor (SBF) = 6.90 cm

3)

table.001

First reading after 6 hour "cure." Second reading after 50 hour "cure.”" The high readings for R, and R,,
which had 6 hour cure, were apparently due to dielectric influence of the distilled water without of
sufficient cure-time of allow "dissolution" and equillbrium of conductive clay minerals or chemical
electrolyte salts.

94-1666




LIGO/ Cal. Tech Project
Livingston Parish, Louisiana

Woodward-Clyde Consultants
Baton Rouge, Louisiana

Soil Sample Laboratory Resistivity and pH

Test Results
Composite Test No. pH Moisture Test Reading Resistivity Notes
Sample No. Content Content ohms ohm-cm
% %
1 Tan silty fine sand with small gravel
R, 6.68 16.1 (N) 13,000 89,700
R, 214 27,500 189,750
R, 275 8000 55,200
R, 33.1 3000 20,700
R 39.9 3000 20,700
2 Light gray slightly silty clay
R, 6.98 245 (N) 3500 24,150
7 357 15,000 103,500
8 44.5 20,000 138,000
R, 56.9 4,000 27,600
Ry 76.2 13,000 89,700 3
5,000 34,500
3 Light gray and tan silty clay
u 6.52 158 (V) 3000 20,700
2 19.0 4000 27,600
3 229 4000 27,600
NOTES:
D N is natural moisture content of sample as received
2) Soil box factor (SBF) = 6.90 cm
3) First reading after 6 hour "cure." Second reading after 50 hour "cure.”" The high readings for R, and R,,

which had 6 hour cure, were apparently due to dielectric influence of the distilled water without of
sufficient cure-time of allow "dissolution" and equillbrium of conductive clay minerals or chemical
electrolyte salts.

table.001 94-1666




LIGO/ Cal. Tech Project
Livingston Parish, Louisiana
for
Woodward-Clyde Consultants
Baton Rouge, Louisiana

Soil Sample Laboratory Resistivity and pH

Test Results
Composite Test No. pH Moisture Test Reading Resistivity Notes
Sample No. Content Content ohms ohm-cm
% %
1 Tan silty fine sand with small gravel
R, 6.68 16.1 N) 13,000 89,700
R, 214 27,500 189,750
R, 275 8000 55,200
R, 33.1 3000 20,700
R; 399 3000 20,700
2 Light gray slightly silty clay
R, 6.98 245 N) 3500 24,150
R, 357 15,000 103,500
Ry 445 20,000 138,000
R, 56.9 4,000 27,600
R, 76.2 13,000 89,700 ?3)
5,000 34,500
3 Light gray and tan silty clay
Ry, 6.52 158 | 3000 20,700
Ry, 19.0 4000 27,600
Ry, 229 4000 27,600
NOTES:
D N is natural moisture content of sample as recetved
2) Soil box factor (SBF) = 6.90 cm
3) First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for R, and R,,

table.001

which had 6 hour cure, were apparently due to dielectric influence of the distilled water without of
sufficient cure-time of allow "dissolution" and equillbrium of conductive clay minerals or chemical
electrolyte salts.

94-1666
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STE

Soil Testing Engineers, Inc.

316 HIGHLANDIA DRIVE o P.O.BOX 83710 ¢ BATON ROUGE, LOUISIANA 70884
TELEPHONE (504) 752-4790 o FAX (504) 752-4878

GORDON P BOUTWELL, JR., Ph.D VERNON C. ASHWORTH, MS

\C/IC;gREgsD’?E%AéLEDS' '\I\AASS CERTIRED PROFESSIONAL GEQLOGIST
HARLES S. ‘

CHING N. TSAI MS KENNETH A. FLUKER, MSCE

gg:itEDS ’\:VJ%%%;JTASEEY (1927-1992) DANIEL L. FRANKLIN, JR. MSCE

EUGENE G. WARDLAW, MS October 24, 1994

DAVID M. COLEMAN, MS
REGISTERED PROFESSIONAL ENGINEERS

Mr. Ara Arman
Woodward-Clyde Consultants
P. O. Box 66317

Baton Rouge, Louisiana 70896

Re:  LIGO Resistivity Tests
STE File: 94-1666

Dear Mr. Arman:

Attached is a data table of the resistivity soil test box determinations. The soil samples tested
were the LIGO composite samples provided by Woodward-Clyde.

The tests were performed in accordance with the Texas DOT TEX-129-E (1986) and the LA
DOTD TR 429-77 procedures.

The Sample 1 and Sample 2 test data shows a variation or "sharp" rise for the first tests (R,, R,
and R;) after tested at initial/natural moisture content. I have reviewed the tests, the test method
and resistivity technical literature. It appears that the resistivity rise is due, in part, to the
dielectric effect of the distilled water used for the test.

The initial/natural moisture content (tests R,, Ry, and R,,) are usable for in-situ conditions. The
final tests values (tests R, R;,, and R,;) are applicable for flooded conditions.

The tests are applicable for natural effects but, probably not applicable for electrical,
electromagnetic conditions, or static grounding conditions.

If there are any questions please call me.

Sincerely

A

Charles S. Hedges, P.E.

higo.let 94-1666

GEOTECHNICAL, ENVIRONMENTAL & MATERIALS CONSULTANTS

LAKE CHARLES. LA (318) 474-1340 « JACKSON, MS (601) 956-0851 « BEAUMONT. TX (409)721-5868
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~A_ Soil Testing Engineers, Inc.

Woodward-Clyde Consultants

LIGO/ Cal. Tech Project
Livingston Parish, Louisiana

Baton Rouge, Louisiana

Soil Sample Laboratory Resistivity and pH

Test Results
Composite Test No. pH Moisture Test Reading Resistivity Notes
Sample No. Content Content ohms ohm-cm
% %
1 Tan silty fine sand with small gravel
R, 6.68 16.1 (N) 13,000 89,700
R, 214 27,500 189,750
R, 275 8000 55,200
R, 33.1 3000 20,700
R 399 3000 20,700
2 Light gray slightly silty clay
R, 6.98 245 N) 3500 24,150
R, 35.7 15,000 103,500
R, 445 20,000 138,000
R, 56.9 4,000 27,600
Ry 76.2 13,000 89,700 3)
5,000 34,500
3 Light gray and tan silty clay
Ry 6.52 158 N) 3000 20,700
Ry, 19.0 4000 27,600
Ry, 22.9 4000 27,600
NOTES:
1 N is natural moisture content of sample as received
2) " Soil box factor (SBF) = 6.90 cm
3 First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for R, and R,

which had 6 hour cure, were apparently due to dielectric influence of the distilled water without of
suffictent cure-time of allow "dissolution" and equillbrium of conductive clay minerals or chemical
electrolyte salts.

table.001 94-1666




RESISTIVITY V.S. CORROSION TABLE E-2




TABLE E-2

RESISTIVITY VS. CORROSION POTENTIAL

Specific Conductivity, Specific Resistivity, Expected Corrosion
cm/ochm cm/ohm Attack

>10° . <1,000 very strongly aggressive

10°-3.3 x 10* 1,000 -3,000 strongly aggressive

33x10*-2x 10* 3,000 - 5,000 aggressive

2 x 10* -10* 5,000 - 10,000 moderately aggressive

10* -5 x 10° 10,000 - 20,000 slightly aggressive
<10° >20,000 .| * virtually nonaggressive

93B107C\CT.TE2 CALTECH 11-22-94




TEST METHOD FOR RESISTIVITY




Test Method Tex-129-E

Rev: November 1986

State Department of Highways and Public Transportation

Materials and Tests Division

METHOD OF TEST FOR THE RESISTIVITY OF SOILS MATERIAL

Scope

This test method outlines the procedure for obtain-
ing the resistivity of soil and aggregate materials.
Resistivity (ohm-cm) varies directly with the moisture
content of the material until the minimum resistivity is
obtained. This minimum resistivity value is defined as
the resistivity of the material. Resistivity is an important
factor in considering the use of metal pipe, earth-
reinforcing strips and other metal items in earthwork.

Sample

Secure a representative sample of the total material
of sufficient size to yield approximately 1300 grams of
material passing the No. 8 mesh sieve. Test Method Tex-
100-E should be followed in sizing and selecting a
representative size.
Apparatus

1. Portable resistivity meter. Vibroground
Model 293 or equal.

2. Small box with inside dimensions of 4 inches
x 6 inches x 1-3/4 inches (see Figure 2).

3. Straightedge.

4. Drying pans, mixing pans, trowel and small
sCoOp.

5. A No. 8 Standard U.S. Sieve meeting the
requirements of Test Method Tex-907-K.

6. 200 ml graduated beaker.

7. A balance with a minimum capacity of 1500
grams which meets the requirements of Test Method
Tex-901-K, Class 1I-D.

8. See Figure 1 for equipment set-up.
Materials

Distilled or demineralized water.

Procedure

1. Select a representative sample of the
material to be tested for resistivity.

2. Dry the sample to constant weight in an
oven at a temperature of 140° + 9°F and allow to cool
at room temperature.

3. Soils that form hard lumps or contain ag-
gregates will be crushed to pass the No. 8 sieve.

4. The sample will be reduced by a sample
splitter or quartering cloth to make a soil sample of ap-
proximately 1300 grams. Weigh sample to nearest 0.5
gram.

5. Place the wires from one clip on the left of
the meter dial and the wires from the other clip on the
right.

6. Fill the soil box with the well-mixed dry sail,
compact lightly with fingers and level off the top with a
straightedge. Connect the resistivity meter to the side
terminals of the box. Place switch in Adj. position dur-
ing preliminary adjustments. For maximum sensitivity
place the switch in Read position. Read and record the
resistance, in ohms, on the data sheet (page 3).

7. Empty the soil back into the mixing pan and

add 100 ml of distilled or demineralized water at room &

temperature and mix until all the water is dispersed
uniformly through the soil. Fill the soil box by lightly
hand-compacting the wet soil, making sure that the soil
completely fills the box. Level off the top of the hand-
compacted sample with a straightedge. Connect the
resistivity meter to the box (as in Step 6). Read and
record the resistance on the data sheet.

8. Repeat the above procedure, using the same
sample, adding distilled or demineralized water in in-
crements of 50 ml for sandy soils and 100 ml for clayey B
soils. Insure that each addition of water is dispersed
evenly through the sample. The resistivity readings
should decrease for several readings before an increase
is noted. The lowest resistivity reading before an increase
will be the reading to use for calculating the resistivity of
the soil, as shown on the data sheet (page 3). The
resistivity for sandy soils is generally higher than for
clayey soils. The sandy soils may contain higher levels of
soluble salts and not always increase after several
decreasing readings. For sandy soils the reading used to
calculate the resistivity value will be when total saturation
occurs. This is when water is observed rising to the sur-
face during compaction of the sample.

Calculations

Resistivity (in ohm-cm) = Box Factor X Resistance.
Soil Box Factor = 2
D

A Area of one electrode

D Distance between ele‘:crt{odes

SBF. = 6" X175 X 2.54 in.
4'

S.B.F. = 6.67 cm




Test Method Tex-129-E
Rev: December 1982 ~-

NOTES: -~

1. The dial reading is resistance in ohms and is 2. Resistivity varies with temperature; there- L
measured between the two electrodes that are separated fore, it is important that the soil and added moisture be
by 4 inches of soil in this procedure. at uniform room temperature when mixed and tested. -
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Test Method Tex-129-E
Rev: December 1982

Project: Date:
Location: By:
Soil Type:
Weight Water Resis-
Laboratory Depth Soil Added Multi- Dial tance
Number Location (ft) (g) {ml) plier Reading (ohms)
Example #1 SH 000 3-6 . 1300 0 104 1.0 10000
150 104 1.0 10000
150 104 57 5700
150 104 33 3300
150 104 .23 2300°
150 104 .24 2400

*Minimum resistance reading

Resistivity (ohm-cm) = Box Factor X Resistance
R
R

6.67 X 2300*

15,341 ohm-cm



: A Test Method Tex-129-E -

. . \ Rev: November 1987 e
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Soil Box For Laboratory Resistivity Determination _ _S

Material: 1/4" Plastic
Bottom -1 Pc. 6 1/2" x 4 1/2* x 1/4"
Ends - 2 Pcs. 4 1/2" x 1 3/4" x 1/4*
Sides - 2 Pes. 6* x 1 3/4* x 1/4*
Electrode - 2 Pcs. 20 Ga. Stainless Steel 6° x 1 3/4"

I 2 Ea. No. 8-32 x 3/4" Round Head Stainless Steel or

5

|

<.

Brass Machine Screw with Rubber Washer and Stainless
Steel or Brass Washer and Nut.

Figure 2
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