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GEOTECHI\ilCAL II\WESIIGATION
LIVINGSTION, I,A" LIGO SITE

We have completed the geologic and geotechnical investigation of the LIGO site located
at Uvingston, Louisiana. Please find below our findingp 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 electronic Cone
Penetrometer Tests (CPT), seismic piezocone tests (SCP) and crosshole seismic tests.

Appendix C presents the results of seismicity researctr, ffid Appendix D contains
idealized subgrade profile plots where both CPF.:, ,,conveBlional geotechnical test
results are summarized, and Appendix E includesithe results,,of chemical and corrosion
potential investigations. ,j , '' .,,,,,,,,

att ttt,,,,,,",,'t, -'

SCOPE OF WORK: 'ri',,r',, it,,

This investigation was authorized by the $lifornie'Institute of Technolog5r on February
18, 1.993 . The investigation was perfomcdiia'geneial accordance with our proposal of

t*:z_ *il
/ L f E

tol

January 8, 1993.

Field Investigation

The field geotechnical.,,inv6Stigqtion,,included the drilling of trventy (20) conventional
geotechnical boringg,and performing forty nine (49) CPT soundings. The locations of
borings and CPTs are shoyn in Figpre A-1 of Appendix A During the performance of
borings the soil cores wBre vistrallytlassified and recorded on boring logs. Samples from
these cores were, therl 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
permit.
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The attached boring logs indicate the tlpes of soils and strata encountered. Relatively

undisturbed 3-inch diameter tube sarnples 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 (SP'l) were performed on the split-

spoon samples in boring B-1. This test consists of dropping a l4Gpound 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 boring log under the 'SPT' column.

The depths at which the driven and pushed split-sppon samples were obtained are

indicated as cross-hatched square symbols and as 
",*f'Ermbol 

in the "Sample" column

on the boring logs respectively. The depth betw94 w,!ri ,,the tube samples were

obtained are shown as shaded symbols under-.l!{Sample"'colqmn of the boring log.

,, -.

Forty nine (49) CPTs were performed to further.identiff the in situ properties of these

soils and to assess the variability or uniformity'iof_-engigercring properties of various soil

strata of the area investigated. The results o{ these soundings are shown in Appendix
B. Also included in the same appendix'r,are the resnlts of three (3) Seismic Cone

(piezocone) Penetrometer (SCP) tests androne'crosshole seismic test performed to
determine the dynamic properties,of the subgrade.

,..,,'it.,,ri'ittlti:.'t,r,,.., 

t"tt'','t'tt'

WATER CONDITIONS,rtt,,,,ti,,,..,.r- .,,,"111'1"1,,,,,',:'

, !::r,r. ,, ::::, 
,

The ground water inffuation,'was,,derrcloped during the geotechnical sampling. In
.1 ... .

addition, temporary:pol1'vinylchloride (PVC) pipes with screens and removable caps

were installed in nvo,(2) of the boreholes for overnight water obsenntions. These are

discussed later in this reporL Thei were later removed and the holes were grouted.
"t .,,,.,,,,,,,,t

I,,4,BORATORY 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

trirudal compression tests. The results of these tests are shown on Appendix A The

compressibility of the soils were determined by performing twelve (12) consolidation

2
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tests. Detailed and summary results are shonm in Appendix A Appropriate columns of
t}te boring logs also contain the results of laboratory tests. Elghty four (84) natural
moisture content and thirty two (32) density tests were performed. In addition forty nine
(49) Atterberg Umit determinations and twelve (12) percent finer than the No.200 sieve

and nvo (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 $'.Other laboratories for testing.
These samples were tested for corrosion potential, including pH, sulfates, sulfides, and
chloride contents as well as resistivity. The summ.aries'aqd coB,ics of laboratory reports
are included in Appendix E. :1rr';1.,r: ""1 -.,,, ,."

,..i1' ,,. 
tt 

.,., 
,, , 

i 
' 
l

LIMITATIONS - '. .'...
t,

Professional judgments and recommesdations are preBented in this report. They are
based partly on evaluations of techil l,information gathered, partly on historical
repofts and partly on our general experieqgewittr subsurface conditions in the area We
do not guarantee the performqgee','of thC'project io ary respect other than that our
engineering work and the judgqrent :r,eq{erod" meet the standards and care of our
profession. If during construction soil eonditions are encountered that vary from those

discussed in this report or historical reports or if design loads andf or configurations
change, Woodward-C$de Consultants should be notified immediately in order that they
may evaluate effects,.'if .any, on foundation performance. It should be noted that the
borings may not tepresent potentially unfavorable subsurface conditions between
borings. If such conditions pectimd wident, 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

938 107C\LICO.TX[ IJC'O



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 performingvarious 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 tlre proposed embankment site.

Results of Atterberg limits and natural moisture content tests for strata under the water

table were used for preliminary determination of eompressibility of various soils.

Consolidation test results, then were used to determine setflenlent properties of the

subsoils. Settlement analpes were perforqgd..qrdrorst case soil conditions for
embankment and beam tube loads j ri-,,r.',,.r

t' 
tt' 

:l:

Pile capacity and bearing capacity ana$ses were also performed.
-.,, ti.:" ' :

Pile capacities of subsoils at the apex wererOevetopeO.

'''' :::

Drilled shaft capacities at the i'an{,a1,1hg U the southeast arm were computed.

Slope stability analyses usi{rg Eishop., thd 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 the ground swface to a depth of 18ft. The adjacent borrow
ditch was assumed to be'5ft dJep. *ritf, embankment stopes of l:Z.Computations were

also done using a 10O psf surcharge and an earthquake loading factor of 0.1, in both
vertical and horizontat iirectirn . ifrc 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 t1pes, soil workability
for embankment and other constructiorl and the suitability of soils for lime or portland

cement stabilization.

938107C\uCO.Tt0 LICK)



SITE CONDITIONS AND GEOI,OGY

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 drained areas. 
",,4

..,,.jt' 
,;,,,,,,,,,

The site is located in the Coastal Plain Physiographic.fbovinoe,,wtich is an elevated sea

bottom about two hundred miles wide followiqg,'the shores'of Gulf of Mexico and

extending North along the Atlantic coast to @pe'Cod, In Louisiana the Coastal Ptain

is divided into a series of terraces which au$fOlw the Gulf Of Mexico Shoreline.

These terraces form low elevation "uplandsn"'re.LatjveLo the Mississippi River alluvial
planes and coastal marshlands. ,.:i:,i: :, , , , 

' ' ,, ,'
' ir,, t', r..,, , 

. ,

The alluvium at the Uvingston site is:,estimated to be about 2fi) feet thiclc The
geologic conditions are sequenti4l;'aed ils see,Ir ftom the geotechnical investigations show

minor spatial variations. .,t .,i,'i"',.',, 1.,,,r,,,, ' i
..il' ,. 

t 
,., 
t' ,,,,. , 

' 
,,.'

The surface outcrops throughout'the'site 
"i".ornposed 

of; clays, silty clays, silts and

sands. These deposits mmpriseft',Prairie Terrace Formation of the Pleistocene Series

which was deposited.about"lffi@ye* 
"go. 

The beginning of the Pleistocene Series
:rt:: . il: 'tll ::,

was approximatelyione'million yeals ago. A thin veneer of Holocene Alluvial deposit
(reworked Pleistocene)'overliei'the Prairie Terrace in the small creeks and branches.

Due to the extensive timbeilo.gging 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.

A./
The remainder of the site consists primarily of clay and silty clay deposits interbed.ed r'

with clayey silts and clayey sands with thin sand layers. Below the Prairie fr.r"J-fi
deposits of the Intermediate and High Tenace Formations, forming the mid and basal

6
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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.

SEISMICITT etuf Y%c sti&
fncf o k

The State of I-ouisiana is located in a Seismic Risk T.rlne 1 ( Appendix C, Figure C-1)
(Algermissen 1969), with ground accelerations of less than 0.1g. Recent seismic history
of the state (Appendix CTable C-1) shows that there havifuEniinor tremors reported
near Baton Rouge and Donaldsonville. The BatoU'RoUEe events of 1905, 1957 and
1958 have been reported to have had Modified,@rcalli'(MM) intensities of V
(Newman 1954). ,..li',r1-'':' , ,, ','

..atiti ,r.,,,,,. 
":'r

The Donaldsonville event of 1930 *ru t"p,ott{ tb have a MM intensity of VI. The
hlpocenter of this event is located about 50"miles ftsm the LIGo site .' .,,.

, 
...,it " 

,, : -

It has been predicted that a repeat of.thc.New Madrid seismic event of 1811-1812 will
affect the area at an MM intensity of V 'ffi. ,"i"""'1''

..::l:,'"t""t't""t"t:':,,r,, 
1,,,,'ttl,..,,,

FAULTS ':ri '';i:::!'rl:il rr.',,,,,' 'lt- "'

,-t,t ,, 
' ,t ,,, , 

't"tt 
, 

"

,t::, :it:: t:i ::: ,itii,:til

There are no surface or near,,,s-urfaee faults within the site that indicate topographic
evidence of displacemert (Appendix C,Figure C-2). The deep faults below the site are
in the Tuscaloosa freng Oil'and Gas '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, faHe C-4 end their locatiorui are approximate. The surface and
near surface faults (Scotlandville-Denham Springs and the Baton Rouge Fault) were
positioned based on observed structural damage or distress and prominent topographic
escarpments , closely spaced contour lines, abnrpt 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 paft of the
Tepetate-Baton Rouge Fault Zone which runs from Southwestern to Southeastern

7
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i,
t!
'IL':l

Iruisiana. The Bancroft Fault 7nne, which is parallel to and north of the Tepetate-

Baton Rouge Fault Tnne is not knoum 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 :] .

'1" '"

Soit TDes: ..'t",''"'

tt 
t 

i

A review of CPT and geotechnical boring "te-st,resutts ihovn good agreement

between two sets of data. Soil strata in geneiat,appears to show only gradual variations

from one boring or CPT location to the other'wi.th sosre outcrops of sands/silts or clap
showing between boreholes (Appendix,D). Cft results indicate the presence of thin
silt or sand layers in clays and clayey depqqin Some such thin layers could not be seen

in conventionatly obtained soil cores because'of smearing of the surfaces inherent to
Snrmy tube tlpe sampling procedure-

= l 
t ,,,,, ,,,.,,..,. l,i

The top two to five feet of$ejsoils arc prirnarily composed of silty clays and some

sandy clays. The consistenciqq'dfde top strata vary from very stiff to very sof!
depending on the soils relative elevation, drainage, and disturbance caused by timber
harvesting operations,The surficial soili are underlain by medium to very stiffsilty clays

and clays interspersed with dense torvery dense sand layers followed by medium to very
stiff clays. The unified classifietion of the soils show the site deposits to be composed

of CLM! CL and CH t1pe,dls. No discernible deposits of organic soils with the
exception the thin veneer of top soil, were encountered at this site.

Soil Strcnsth:

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

93B1(nC\IICO.D(T LrcO
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a\/

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 thin'(about L/8-L/4 inch) lenses of
silt" fine sand or ferrous oxide deposits. These lenses'igenerally are not continuous and

they do not contribute to the dissipation of excess.hydr $tdtic, pressures; thus, they do
not significantly affect the consolidation process: ,::Howevern t!rcy are responsible in
developing fissures which may result in the,cxhibition of low strengths during some

unconfined compressive strength tests. ,." '' , .'' ,'''
t t 

..., ''

Ground water, was encountered at v.aryi4g depths at,'different locations; while , in
general, the ground water wali enoountefd at an average depth below the existing
ground of about 8 feet at some locations',thegound'water was eitler not encountered

or encountered at 13 ft. or 25 ft"bclolv. Sorne of the shallow'ground waters" appear to
be perched waters which is,co1mryn, to this area. These shallower uground waters"

appeared to be under slight sian prossure"which may be the result of the tilt of silty
and sandy water bearing layers. ' ,

Gruund Water: ,.rti','t' 
' t' 

".'.,, 
't.' i

l

It should be noted that'the'ground *"t., elevations of the area is largely dependent on
precipitation and will fluctuatc$ith 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 shearwave velocities of the natural deposits (Appendix 2). The Crosshole test

e3B107C\LTGO.TXT I.CO



was performed to provide local verification of the SCP data. Test results show good

agreement. There appears to be relative uniformity in the dyramic 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 &s to 850 fps (Plates 5, 6, allrd 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 reliable indication of the layering

(See SCP test results B-SW-0l-SC and B-SW-35-SC,)- dlso in homogeneous layers the

presence of the water table will reflect wave pattgf,ns, falsely indicating them to be

layered; however, these tests can accurately predict the depth of,,shallow water tables.
.,lt ,.'.'

-; it 
t 

.

RESISTWITT AIYD CHEMICAL AI{ALY$5 rr,,,, 
,i

' 
,,

fr" pH, resistivity and sulfate, sulfide,,,,,?,,19,, chloride contents of the soils were

determined using three composite soil specimens'rep-resenting tpical soils of surface

deposits from 6 feet to 20 feetbelow the grCIrnd'elevation ( Appendix E, Table E-1).

j..:titl:::tt,:l'r 
,,,,,,, 

a,

Soils having similar engineeriugpropefiies,were composited and submitted for testing

to Soil Testing Engineers,Inci.randtooBerrc.hmark laboratories both of Baton Rouge,

Louisiana. Test results are ineludeatin Appendix E.
,,,, ::t'1:ll:t:l:;::11,,,,,,'11tt,,r,,.'.,..,,,.ttttt,...,..]..'.

Resistivities of the soils,at their,natural'moisture content indicate that they are tuirtually

non-4ggressive" astar as.their cormsion potential is concerned (Table E-2). A brief
description of the resistffi'rt method used by the laboratory is also included in
Appendix E. The pH tests,d the composite specimens indicate the soil to be,

practically, neutral.

STRESS-STRAIN PROPERTIES OF SOILSI

Stress-strain moduli E, Poisson's Ratio p, and moduli of subgrade reac'tions \, for
various q/pes of soils found at this site and the dynamic modulus G' are shown belour.

These values were obtained from a review of the stress-strain properties of the materials

e3B107C\UCO.TXT LIGO
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as exhibited in triaxid 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. ,'""','
.,,, ,,'

i:

The soils found in this area can be grouped into.fibur $egories;

Medium Clays

Stiff Clays

Sandy/Silty Clays

Dense Sand

,f ,r'
E =50SL,'000'tsf- .:, .,' ,

E =g m+,ry l$f
4=50&3,000$
;Q,'=,gQ$l, 500,*f

Tlpical values for Poisson's Ratio p are.givenAelo*:
..::i r ":

Saturated Clays .i'
Clays above the ,.1 ;'

Water Table

Sandy/Silty Claln "' ,

0.3:9.5

0.2-0.3

0,2-0.3

We recommend the use of a Poisson's Ratio of 0.4 for computations involving the in-

situ soils at this site.
't't,,,, 

,.tt

Typical Moduli of Subgrade reactions \ 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

Silty Sands

Clayey Sands

50-100 kcf

10G225 kcf

175-350 kcf

qlBr0Tc\LIco.DCr LIco
11



Dynamic modulus, M', for the tested locations is 14 lai.

EMBANKMENTS

I.oads:

The beam tube for the LIGO facility and its associated equipment and the maintenance

access road will be constructed over two connected embankments. At the time of the

preparation of this report the final elevation of the,.crest of the embankment, loads to

be imposed upon the embankment, the exaq.:ry io4'of,,,,the loads vis-a-vis the

embankment center line, or exact dimensionsiwere not available. Thus this and

following sections of the report are based $n',inf,pry.ration which accompanied the

California Institute of Technologr contract$r'$ umrk.
tt 

,. ' ',

We have used values derived from the,above source for.our computations. Engineers

performing the final design need to"crittgally review these values and make proper

compensations for changes in design pararneters: Two embankment heights have been

considered; 5 feet and 10 f""t. ,,,',,,"',t',,"', 1r ':i:

,, 
l- 

.r",tt',,i.,. 

t.,,,,,,,,, ttt"l,J'

The beam tube which is showdto--be f8r,incfts in diameter and manufactured of 1/8

inch thick stainless steel stockris assUined to have a weight of.67 pounds per linear feet.

The stiffening rings and'offi',pgfipheral equipment of the beam tube are assumed to

weigh 30 pounds per linear feet., Th" *n."ete slab to support the beam tube is
estimated to be 12 inches thick and22 feet wide weighing 3,300 pounds per linear foot.

The senrice road for the beam tube is assumed to be constructed with 6 inches thick
mesh reinforced concrete at 1500 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

e3B10C\LIGO.T)fi LIGO
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to 1 l/4 inches settlement due to the embankment loads. The majority of this
settlement is erpected to occur during the construction of the embankments.

Construction:

It is recommended that about 2 feetto 5 feet of the top loose and disturbed material
be removed and replaced with compacted engineered fitl material. The amount of
material to be removed should be determined in the field after the site is graded and 3,c,1 rl.',),

proof rolled to identiff the location and the extent,d soft and disturbed layers. f *'ora$|
,,''ttt , "1,.r, 

"ttt"ttttttt,,

The footprint of the LIGO embankm"rr, .orr"rru#fta wiiere-.a,large number of trees
were removed. Prior to the constnrction of thi emhkment the entire site should be
inspected to assure that no stumps

unconsolidated stump holes.

remain and'should be proof rolled to identi& rnrLov6t4ili:..,rr,, ,,' RAHouA! ol-
'r:ir,,:,:r:, ", .a, c l 6 i^r te t U, 

,
':lr:,rr::, i;:.+, Sirfrl flOtr!)

Ircal borrow materials appear to be suitable for Cmbankmcnt_construction. It should
be noted, however, that fine sands 

"od,,ril6tof 
this^are generally composed of well ) x

rounded particles and, in their,,pure form,(i.e.aff fiirl sand or all silt), they present 'Jttii"
stability problems unless they.ar,e,'@ed'wjth finer materials or stabilized with portland
cement. ,,!i' ..,. ,. .,'.,.,1,,."111,,,,,":-' "r''-t-* *'*"'f$- '*r5 ' a i{

,,,,,,,,,,, ,, ,,,,,,, - l#*;1ffflf;il ,i/r!',[/^,r
Soils with plasticity indexes of'xe to,25'with liquid limit not exceeding 40Vo aresuitable
for the construction,of these"emba#ents. Soils with higher plasticities should be
modified by mixing them with quickor hydrated lime. Soils with lower plasticities should
be stabilized with either{ime, portland cemenq or a combination of Tpe C fly ash and
lime. Modification of high plasticity soils should be performed to render them friable
and workable. Stabilization is recommended for low plasticity soils to develop chemical
cohesion and dimensional stability.

ool a{" ^
o,: oral[ i ,
FlLcrt':Nt>r'
nrduML

Embankment materials placed in the top 24 inches (with the exception of reinforced
earth), stabilized or otherwise, should be compacted to obtain a minimum of 98Vo

relative density as determined by the "Test Method for Laboratory Compaction
Characteristics of Soil Using Standard Effort", ASTM D 698-91, soil materials placed

'::{[2.'

D 619
g-&-"

L^+l^l u(, t Hl6 dfi(
si*opol(o e*

rr-a'ca Dt39 L -Dts s'l ;
938107C\LIGO.TXT LIGO
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below the top 24 inches should be compacted to a minimum relative density of 95Vo

(ninety five percent) as determined by the above cited method.

As indicatod by the soil profiles of the site, the tlpe of natural materials vary spatialy
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 compaction of embankment
materials. :' 

,l

a'

A,'i
All embankment slopes should be blanketed wit\'mlniqlum,,of 8 inches of clayey soils

compacted to 92Vo relative density (ASTM D ffi}l), which,tn Lurn should be covered

with 6 (six) inches of top soil suitable to deveffi Ftective cover of vegetation.
t,, 'ii-'.. t' 

,.tt:'

The liquid limits of tested soils are, in generaf,'.lg$s th4n 50 indicating that the swelling
potential for their srelling potential is.negligitle.'"',,,,,,,,, i.'

All borrorv materials should be tested at the$ource for characterization. Suitability of
borrow materials for this embaqhrnent should'be determined prior the approval of the
borfow soufce. 

,...;,'1',...;r-'i,1..:: 
r:,,,,,,,:,,, 'f',r:::'

"it .t '",,,,.,,,,1.,,,1 
"^l,i'1. 

j'1"
Preliminary facility plans t@;thai the load distribution across the embankment wilt A:_ f
not be uniforrn, trhus lon uniform,subsidence of the embankment may be expect"O 

'::jrf:
unless the crest of the,emb"nt eot ii reinforced to help distribute the loads more
uniformly. This c Hachieved,by. reinforcing the top 24 inches of the embankment
with geosynthetics or by-stabitizit-rg-the top 20 inches of the embankment materials with
hydrated lime or portland celnent, depending on t}re 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 elevatiorl this isolated
area may, depending on the final loading of the embankment at that site, need

X

,
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^ tf-lJ c

i,!r\p :, , ,l:.';"T.; n' , .r:o; 
,'*^R f"'

(.tr'"' *' ,a t(,' ,(r) f t'-'- I U f--

surcharging to avoid shear displacements. We reconrmend that surcharging of that area

be considered pending the deterrrination of final loads.

,,i'i',ir" ti;',CtvE n' t)ou.rr.l 0&.AG Laho t PfL.i:,
-. 'r:r..1.r', ,rl"(Ap 0F". 6ti":,tc- tu lr'J T6 r{r"\r..j ijt 1; t i- ,

The average unit wet weight of all specimens is, l# Fd,wrth an average unit dry weight

of 100 pcf . For computational purposes,w€ recommend using 120 pcf.

All computations and predictions presented here arisume that buildings at the apex or
F-p0t

at the trt of the embankments will be supported by foundations placed in or over the X

natural gound !g!gw the gpknlqTgll The founding of c,ritical strufires supported od)
piles or shafu over the fil-l is not recoinrnended because of the probability of negative L boo'I I

skin frictions affecting pile or shaft integrity. Ii is "t* *;;J;;;;;#; )".*:,t:;H,:i ' I t#o,.'i./rqoP,
will be allowed to settle and subside for a pcriod of atfuast nine months prior to the l"& I

construction of buildings or other facilities over iti 
' *. - *1;* .'e 

-J
*'iitl, Uf 4"n,ae,"':,f|,f,r, trsu''f s| 'taft Po*'r

.it i' 
,,.,,,dI.t8&F- 

":f'.'lJdon IlVtr f F-tcf n*t tstlll ;lcf oLL

BEARING CAPACITY '' ',.,.,:,i:

_"t1': l _ 
: _

The shear strengths of soils tested ar-s, nng€. , in excess of 1.2 tsf. For these soils the

bearing capacity is determin€d,to,,be'3"450,psf,( with a safety factor of 2.5). The bearing

capacity of weaker soils were"cqrlnputed to be 2,680 psf. We recornmend that a bearing

capacity of.2,700 psf 
,be- 

used'for g.'1r',...'., al design pulposes. Soils at the apex of the

facility yields a bearing,tapacity of,3,600 psf using a safety factor of 3.0.
.,,-,,,t::.tt a 

_,
",t . , l:.: ,,t' .:1,'

STABILITT AhIALYSIS :":::i' 
";]

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

, ffid 2.0 for saturated, flooded condition

T]I\IIT WEIGHTS

938107C\LIGO.TXT LIGO
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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
shafu will provide hrgh load capacities and they are recommended for use at this site"

The shaft capacities as presented assume a gut-off-of trvo feet below pre.lent grade. They

will carry loads by bothffction and end bearing. weJgggQolg{ th"i **pr"ssion
values be reduceO UV#be n# for shaffs in tension. R.er@rcing steel for shafts subject

to uplift pressure shoildqfend to within 6 inches of the bottom of the shaft.
\* g,--,-. pa. fi ..,1t,,,,',,,r,' ",, 

,

Consideration should be given to the group effect# shafuiinstaned in clusters of 4 or
more. Shafts in clusters should be installed witfi.aq,inipum cenier-to-center spacing of
no less thart 2 shaft diameters. Experiencg''has,.sfroyrn that the group effect of large

clusters of shafu is best accounted for in such'materials through use of the "Perimeter

Shear" formula. This formula assumes that the material enclosed within the shaft cluster

tends to act as a large block and the,forces resiStingthe movement of this block are
compared with the total load on the bloch lf,e safety factor of 2.5 or greater is obtained
with this formul4 no reductio11.fun,,3ffi capacity,is necessary. Otherwise, the allowable

foundation load is taken as 4op-ercent$,..the,total supporting pos'er of the block. The

Perimeter Shear formula may$e lrrirtten,rss: '

Q',=P ctL).6,

where:

Q = Ultimate supporting capacity of the soil block (kips)

P = Perimeter of shaft group (feet)

ci = Cohesion of soil layer (ixkips/square feet)

L = Irngth of shaft embedded in soil layer (i)(feet)
A = Horizontal area of shaft (square feet)
q

I

T

X
Sfcannr'.-D
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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 shafu has to be made aware of the fact that the soil profile

shows the presence of dense sand layen. Drilling of shafu 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 _..pr-h'
excavation has been completed and inspected.In *-we{tte qgryatio$gld remain i\ A

. open more than three hours. Should there be scepqgc,in exress of one inch, the trole srovty'
should be pumped dry and the concrete tremied',in'place'pro.p9 . Casing should not y'ouA

be pulled above the conctete surface during thq$acement of concrete. /t\t/V/U I AfL< L\

---.---.;
Shaft capacities for the tip of the southwest anU.were not computed since the friction
values for those soils are higher thus,.bearing capactiesiwould be slightly higher than

those for the southeast arm. We rCcorqpeqC the use of values computed for the

southeast arm. 
't 

,'* 
', 

t''t':if:::ri':r1'L:'

,j',,i-'il.u,.'TAB-LEJ
:.:i1: ..i;: 'il' 

,li:,,t,:l.

,-t ri, 
.....,: ..,, 

ttt,, , -,,'.:'

STRAIGIXT:SINDD SHAFT CAPACMES AT
...fiRMINAL..bATNS OF TTTE ARMS.:, : :.. . :::.,.

NOTES:
It

NR

Shafts are not recommended bclow 40 feet at the Southwest Terminal
Feet below existing grade
Not Reocmmended

Depth of fip
Embedment (feet)r

AltounHc Slryh Shdt Comprtssm Capadtles (Hps)
:,,' ,' Shaft Dlamctens (lnches)

t, 1t u 30 35

15
?i
25
30
35
Q
45
50

23
29

NR
NR
NR
NR
NR
NR

%
6
58
I
7l
n,

104
115

51
&
79
95

110
L26
181
156

6I
83

ru2
12L
t4L
160
r79
198

85
103
L26
r49
rT2
195
218
AL

938107C\UGO.TXT LIOO
17



?

Itl
I,

il
It
fl

TABLE 2

SIRAIGIIT.SIDED SHAFT C:/\PACrTIES AT APEX

NOTES:
'l

NR
Feet below existing grade
Not Reocmmended

PILE CAPACITIES 
:ir:if:r::rr:t" '' 

"t'-'' '''

.,, ..,llt'. , '.ii'
Capacities of various size p.ilbs r$e embankment apex area are shown in Table 3.

The use of timber piles are"hot rdeotrrmended at this site. Driving of timber piles to full
depth to develop frictional resistance-'lwill most probably destroy the piles since they
have to penetrate stiff to very,stiff clap and dense sands.

We recommend the'use of steel pipe or precast concrete piles. Considering the fact that
the soil profile strows vari"ti.*io-t1rpe and properties we recoulmend that if a decision
is made to use piles for foundalion a test pile program be developed to determine field
capacities.

Depth of Tlp
Embedment (fct)r

Allmblc Slngh Sbrft Comprcssor Capocltles (!dps)
Sbrft lXemctcrs (tnch6)

t2 1t A.,.' 3t) 35

15

m
25
30
35q
45
50

8
15

NR
I{R
NR
NR
NR
I{R

n
a
33
45
56
frt'
83,"
9i'.'

.,.{l
l' 33

,,'
','' 63

78

.&,'lul
,,132

23
u

',,,61
81

'r00
118

145
t69

29
56
n

101

ra
r45
tn
NI
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NOTES:
{t

TABI,E 3

PILE CAPACTTIES AT APEX

Depth of fip
Embedment

(fec0

AllowrHc Stngtc Pllc Cepeclttcc (ldpo)

Squsrc hust Concretc
(lnchcc) Stccl Hpe lXamcter (lnches)

72 t4 16 10 '' 12 t4 t6

30
35q
45
50

38
45
53
63
7l

45

t4
62
75
83

52
62
71

86
96 ,,

&
V9,:
33
40
451i:

,a
35',,

'4L.
49
55

35
42
49
58
65

4l
48
56
68
76

Feet below existing grade

Pile Foundation Settlements: r,1 i,, . 
-,'.

Analysis of pile foundation settlement of proposed structures is dependent on the
column loads as well as the ffiglld,configqration of the pile groups. Since specific

configurations or criteria are' not avaitaUte'at,'this stage a detailed settlement analysis

is not performed. For pil8driven.in sing" to* widely spaced or used in small groups

where the width of thep-iler,cap',is,,-ma[ relative to the pile length, the settlement of
piles driven to 40 ft. to45,ft. are estimated to be l/4 into l/Zin. These movements are
in addition of elastic shorteningrofpiles, which depend on the tlpe of the pile, actual
applied load and tha'dis iox CIf loads along the lengh of the pile.

,,,,i,,,i 

,,,,,,,:.i

Uplift

sP

^

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

-capacities. -*L' 
So), orl

f6,t6

938107C\LIOO.TXT IJCO
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TemDorary lnads

The maximum reconmended compression values may be increased

temporary wind loads.

2

Grouo EfilciencT
t{o uJ Do t(s f$tc rr6r" --{ !n!:-'

,?
by 30 percent for

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 har.d

clays' 
*- s(.f ,irr"ruu, o'rrrt ) 

, ,." , 
' "''''"',."-'i:-Rry1}P.:,r)'" 

],)"!"rrr,r,z"-:<<- t" ,.i'r, ,(l:|)--
Drivi{to gphrough the dense sands may.,bediffrcult. The hole.should be no larger

than 2ffibs less than the outside diameter of.theipile and no deeper than 5 feet less

than the tip embedment. Care should be takEn.to avoia 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 arid concrete pilesrnay be estimated using the ENR
formula. Higher blow counts may damage the piles. It is normally recommended that
the maximum number of blows.not,,€XCssd 100 and 75 blows per foot respectively for
open-ended steel pipe and squareprce$t,concrete piles. However higher blow counts

are sometimes allowed in order to,get,the,piles to grade. This requires close inspection
to reduce the chance of struc'&uallyrflamaging the piles.

,,. 
tt"r 't 

,' .r.,

Heave ,tl" ,t" 
" 

. 
"" 

.

t- 
'.,,,, 

ttttttttt..,,,, t 
i

When groups of piles are.driven 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 l/4-inch, it should
be redriven to at least its original final resistance.

gucc(ff Ho^' ttAil' Atpn'l srlooLA 7il't-
a,n. bd 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 elevatiog driving equipment, etc. should

be permanently kept. The inspection services would determine when thp desired
embedments are attained and preveht overdrivingli"Biltttructural damage of the
piles..

,tl'
spacing 

,,.r" 
ttt 

"'.,,
,,...- .,Jlt.,r,,':t'::rr,.

It is recommended that the piles be driven on miffiu^ 
"Crt*i-rc-center 

spacings of 3
pile diameters or 5 percent of pile length, whiclpver is greater.

,: 
:', 

" 
ti

Driving "'ilii'r,,,,,:,,, 
",,,,,..:,,,,,,,

i': ' 
:

It is recommended that the steel pipe pileg steel t{-piles and prestressed concrete piles
be driven with a hammer that developu a.minimum manufacturer's rated enerry of
19,500 foot-pounds per blow suspended frogr frxed leads.

'' 
't''1'11t11t tLtt'1tttt"' 

tt-

SETTLEMEhIT ,i.''',:'' ,-,,, '-.
, 

, 
. .,, 

,.,, 

:.:.: 
r

Settlement calculations.imade':':fq1:'6t'*rst case scenarios show that at the apex the
maximum expected prirrrary consolidation near the center of the building site (1,000 ftx
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 i1..r,' ,..,"

Along the embankment settlements will vary from l/2 in. to 2 in. depending on the
height and soil qpes at the specific locations. It is expected that 90Vo 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.

, "S, 
"*tl':iti: 

,( 

',?*r,

l:, :4: o'u0.,05,,u v

2l r,url ftt yloS n,'pf9 
|

1' 't 4^'+ r' rr'2t''o
' 
1. t'rt,rro 

-i*pflrro 
?
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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,isa summary of the geotechnicd investigation authorized by the California
Institute of Technologr for itre UCO facility'and it is prepared to satisS the
requirements of our contract with the Institute ^
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APPENDIX A

TABLE OF CONTEI{TS

Surnmary of Geotechnical Laboratory Test Results

Site I-ocation and Location of Borings and CPT Tests

Logs of Borings and CPTS

Unconfined Compression Test

Undrained Tiaxial Test j ''n

Consolidation Test 
,''.:t" 

t,,,,,.,,,,

Sieve Analysis ,,,,i.' i"'',..,,, """'..,,,
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IMPOKTANT INFORMATION
ABOUT YOUR

GrcTECFINICAL ENGINEERING REPORT

More construction problems are caused by site subsur'

face conditions than any other factor. As goublesome as

subsurface problems can be. their frequency and extent

have been lessened considerably in recent years. due in
farge measure to programs and publications of ASFE/

Thi Association of Engineering Firms Practicing in
the Creosciences.

The following suggestions and observations are offered

to help you rlduie the geotechnical-related.delays'
cost-overruns and other costly headaches that can

occur during a consttuction proiect.

A GEOTECFINICAL ENGINEERING
REPORT IS BASED ON A UNIOUE SET

OF PROJECT-SPECIFI C FACTORS

A geotechnicalengineering report is based on a subsur-

faie exploration pl-an designed to incorporate a unique

set of proiect-specific factors. These typically indude:

ite geh"tit nature of the stnrcture involved. its size and

configuration; the location of the structure on the site

and iis orientationr physical concomitants such as

access roads. parking lots. and underground utilities'
.nJifr" ievel of addiiional risk which the dient assumed

by virtue of limitations imposed upon the exploratory
piogra*. To help avoid costly problems, consult the

beoiechnical engineer to determine how any factors

ihich change subsequent to the date of the report may

af fect its recommendations.

Unless your consulting geotechnical engineer indicates

otherwise, your geotechnical engineennq 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;

. whlen the size or configuration of the proposed

structure is altered;
o wheD the location or orientation of the proposed

structure is modified;
. when there is a change of ownership, or
. for application to an adiacent site.

Geotechnical engineers cannot acce?t responsibilnV for problems

ihirh 
^ov 

dailop if thev are not consulted afw facun consid'

eredinthiir reports danlowent have changed.

technical engineers who then render an opinion about
overallsubsurface conditions, their likely reaction to
oroposed construction activity, and appropriate founda-
iiori 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 Fogram. no
matter how comprehensive, can rarealwhat is hidden by
earth, rock and time. The actualinterhce between mate-
rials may be far more gradualor abrupt than a report
indicates. Actual conditions in areas not sampled may
differ from predictions. Notfriry can be done n wvent the

unanticipated, but sterr can bc tafon to hclp minimiu thet/

impact. For this reason, mut awimccd owncrs retain their
geucchnical consultants throughthe constrwtiu stage. to iden-
tify variances. conduct additional tests which may be
needed. and to recommend solutions to problems
encountered on site.

SUBSUREACE CONDITIONS
CAN CFIANGE
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' constructian decisions

should not bc based on a geotechnical mginedng regort whose

adequacy may have hea afiecud bg tine. Speak with the geo-

technicalconsultant to learn if additionaltests are
advisable before construction starts.

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

GEOTECFINICAL SERVICES ARE
PERFORMED FOR SPECIFIC PURPOSES
AND PERSONS

Geotechnical engineers reports are prepared to meet
the specific needs of specific individuals A reportpre-
pareil for a consulting civil engineer may not be ade-
quate frcr a consmrcion contractor. or even some other
consulting civil engineer. Unless indicated otherwise,
this repori was prepared expressly for the. dient involved
and expressly for purposes indicated by tle dient. Use

by any-other persons for any purpose' ol py the dient
irr a differeni purpose. may result in problems. No indi-

vidual aher thaitht clicnt should awlv this rewrt lor its

tntmded purlc;e without first conferring with the geotechnical

ugineer. No pason should aplg this re?ort for 1ny Wrpose

aicr than that originally contnnglated vit[rout first conlerring

with the geotechnical mgineer.

MOST GEOTECFTNICAL "FINDINGS''
ARE PROFESSIONAL ESTI MAf,ES

Site exploration identifies actual subsurface conditions
only at those points where samples are taken. when
they are taken. Data derived through sampliry and sub-

sequent laboratory testing are extrapolated by geo-
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LABORATORY DATA SUMI,IARY

Lrco 938107C

PT. TD
B-SE-1.GT
B-SE-1-GT
B-SE-1-G?
B-SE-1-Gr
B-SE-1-GT
B.SE.1-GT
B-SE-].-GT
B-SE-1-Gt
B-SE-2-GT
B-SE-2-GT
B.SE-2-GT
B.SE-2-GT
B-SE.2.GT
B-SE-2-GT
B-SE-6-GT
B-SE-6.GT
B-SE-6-c"
B.SE-5-GT
B-SE-1O-GT
B-SE-1O-GT
B.SE-10-GT
B-SE.1O-GT
B.SE-10-GT
B-SE-14-GT
B-SE-14-GT
B-SE-14-GT
B-SE-17-GT
B-SE-17-GT
8-SE-17-cr
B-SE.2O-GT
B-SE-2O-GT
B-SE-2O-GT
B-SE-20-GT
B-SE-2o-GT
B.SE-24-GT
B.SE-24.GT
B-SE-24-GT
B-SE-24-GT
B-SE-28.GT
B-SE-28.GT
B-SE-28.GT
B-SE.28.GT
B-SE-28.GT

* denotes UU

DEPTH COMPRESS. MT

0.5 16
2.O 19
8.0 2.49t 24

18.0 38
28.0 25
33.0 0.95 38
38.O 24
48.0 30
4.O 1.53* 15
8.O 15

14.5 2L
28.O 1.95* 23
38.O 31
43.0 2.Lt 20
4.0 17

13.s 19
18.0 24
22.5 29
2.O 2t
8.O 2t

18.O 1.91* 23
22.5 L.7 4
23.O 31"

5.0 19
13.0 2.23 23
22.s 29
4.0 L4
8.0 20

18.0 2.32r, 25
2.O 2t
6.0 14
8.0 1.30 16

13.0 23
18.0 23
0.5 24
2.O 22
8.O 19

18.O 1.85* 20
0.s 22
4.O 15
8.0 23

13.O t.82 22
22.5 25

I{ET DN

12s.3

rtz.2

131. 7

L25.4

t26.2

123. O

t22.6

124.5

r22.6

I29.2

r23.6

t26.8

Page 1

LL

43
43

4L
a2
50
59
35
4L

45

36
28

49

26
58

45

PL

1s
15

1s
20
L4
24
11
13

t4

15
13

PI SIEVE
70.9

28
27

26
62
36
35
24 39.7
28

9.2
31

20
15

5.0

13

19

15

22

28

41

15

I7
18

L7

34

9

40

2A

23
4L

T4
t4

9

27

38 15 23
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LABORATORY DATA SUI.{MARY

Lrco 93B107C

B-SE-30-GT
B-SE-3O.GT
B-SE-3O-GT
B.SE-3O-GT
B-SE-33-GT
B-SE-33-GT
B-SW-2-GT
B-SW-2-GT
B-SW-2-GT
B-SW-2-GT
B-SW-2-cT
B-SW-2-cT
B-SW-5-GT
B-SW-5-GT
B-SW-5-GT
B-SW-5-GT
B-SW-9-GT
B-SW-9-cT
B-SW-9-GT
B-SW-9-GT
B-SW-13-GT
B-SW-13-er
B-SW-13-GT
B-SW-17-GT
B-SW-17-GT
B-SW-21-GT
B-SW-21-GT
B-SW-2l-cr
B-S!{-21-GT
B-SW-21-cr
B-S!{-25-GT
B-SW-25-GT
B-SW-25-GT
B-S9t-25-GT
B-SW-29-GT
B-SW-29-cr
B-SW-29-cT
B-S!{-29-GT
B-SW-33-CT
B-SW-33-GT
B-S!{-33-GT
B-SW-33-GT
B-SW-33-cT
B-SW-33-cr

* denotes UU

4.0
8.0

13.0
22.5
6.0

18. o
4.O
5.O

13.0
18.0
28. O

38.0
6.O
8.0

13. O

18.0
2.O
8.O

13. O

22.s
8.0

13.0
22.5
8.0

22.5
4.O
8.0

13.0
18. 0
22.s
4.0

10. 5
13.0
18.0
4.0
8.0

15. 5
22.5
4.5

10. 5

18.0
23.O
33. O

43. O

56

26
51
25
47
22
7I

24
27
27
70
55

59

15
40
32

25
30
50
62
33

73
67
24

59

66
28

51

1.06 L4
22

2.36* 23
37

t.29 L4
o.97 30

t7
L.77 19
1.43* 15

35
27

O.74t 16
18

2.7 4 15
29

1.90 24
20

1.81* 20
L4

2.44 32
1.89* 14

13
20

2.24t 18
37
T7

t.72t 15
19

O.72r, 34
0.81 43

20
19

0.37 55
0.43 42
1.05 19

19
20
34
15
23

o.88* 51
24
28
22

134.9

t26.4

133.9
119.4

123.5
130.4

L26.4

134.0

t24.L

123. 6

t22.3
133.8

t26.7

131.8

tt4.4
115.4

100. 9

106. 1

I27.O

104.9

11102L

l7

11
20
72
15
13
22

12
13
11
48
l7

18

13
16
15

L2
1s
L7
27
13

25
24
13

22

25
L7

20

39

15
31
13
32

9

49

L2
14 72.3
16
22 94.7
38

11. 3
s2.4

4t

2

24
16

98.2

13
15
33
35
20

8.9
48
43
11

8.8
37

16.8
9.5

4t
11

31

Page 2
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LEGEND

Boring
Number

Test
Symbol

o
M

 *
x
o
al
A
a
n
ao
aI
a
o
Et

(D
.c)

'i.30\
rd

B.SE-I-GT
B-SE-2-G7
B-SE-GGT
B-SE-IGGT
B-SE-l,t-GT
B-SE.I7-GT
B-SE.2GGT
B-SE-z+GT
B-SE-2&GT
B-SE-3GGT
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-21-GT
B-SW-25-cT
B-SW-29-GT
B-SW-33-cT

Project: LIGO
Project Number: 93B107C

MOISTTJRE CONTE,NT
VS DET'TH

40 45 50

MOISTI]RE CONTENT, 7o

Woodward-Clyde Consultants



LEGEND

Boring
Number

B.SE.I-GT
B.SE-2-GT
B-SE-6GT
B-SE-IGGT
B-SE-1,rcT
B-SE-I?-GT

Test
Symbol

aa *
x
+

q)

e
91t
rd

Project: LIGO
Project Number: 938107C

MOISTTJRE CONTENT
VS DEPTH

t5 20 25 30 35

MOISTLTRE CONTBNT. 7o

Woodward-Clyde Consultants g



LEGEND

Boring
Number

B-SE-2GGT
B.SE.24-GT
B-S8.28-GT
B-SE-3GGT
B-SE-33.GT
B-SW-2-GT

Test
Symbol

o
a
A*
x
+

(D

e
|'r
l-
A.
H

Project: LIGO
Project Number: 938107C

MOISTT.JRE, CONIENT
VS DEPTII

15 20 40 45 50

MOISTURE CONTENT. 7o

Woodward-ClydeConsultants C



LEGEND

Boring
Number

B-SW-5-GT
B-SW-9-GT
B-SW-r3-GT
B-SW-1?-GT
B-SW-21-GT
B-SW-25-cT

Test
Syrnbol

o
A*
x
o

o)
.q)

l/|.30\
Fl

Project: LICO
Project Number: 93B107C

MOISTTJRB CONTENT
YS DEPTH

15 20 25 30

MOISTT'RE CONTENT. %

Woodward-Clyde Consultants (9



LEGEND

Boring
Number

B-SW-29-GT
B-SW-33-GT

Test
Symbol

a
M4

(D
.gl

riF30
L
Ei

Project: LICO
Project Number: 93B107C

MOISTURE CONTENT
VS DEI'TH

15 20 25 30 35

MOISTURE CONTENT. 7o

Woodward-Clyde Consultants g



LEGEND

Boring
Number

Test
Symbol

a
M

 *
x
+
A
a
tr
a
o

T
a
EI

(D
.(l)

Fi
J-
b.
rda

B.SE.I.GT
B-SE-2€T
B-SE4GT
B.SE.IGGT
B-SE-l,fGT
B-SE-I7-GT
B-SE-2GGT
B-SE-24.GT
B-SE-2&GT
B-SE-3GGT
B-SE-33-CT
B-SW-2-GT
B-SW-s-GT
B-SW-g-GT
B-SW-13-CT
B-SW-17-GT
B-SW-21-GT
B-SW-25-GT
B-SW-29-GT
B-SW-33-GT

Project: LIGO
Project Number: 93B107C

PLASTICITY INDEX
YS DEI'TH

Woodward-Clyde Consultants



LEGEND

(l)

a
,1\

Boring
Number

B-SE-I-GT
B-SE-2.GT
B.SE.rcT
B.SE-IGGT
B-SE-I+GT
B-SE-I7-GT
B-SE-2GGT
B-SE-24.GT
B-SE-2&GT
B-SE-3GGT
B-SE-33-GT
B-SW-2-GT
B-SW-5-GT
B-SW-g-GT
B-SW-13-GT
B-SW-l?-GT
B-SW-21-cT
B-SW-25-GT
B-SW-29-GT
B-SW-33-GT

Test
Symbol

o
A*
x
+
A
a
e
tra
o
.JI
a
EI

Project: LIGO
Proiect Number: 938107C

LIQI.]ID LIMIT
VS DEPTH

LIQLIID LLMIT, Vo

Woodward-Ctyde Consultants C



LEGEND

Boring
Number

B.SE-I-GT
B.SE-2-GT
B-SE+GT
B-SE.IGGT
B.SE.I+GT
B-SE-I7-GT

Test
Symbol

a
M

 *
x
o

o
-q)

:t{
J-\
rd

Project: LIGO
Project Number: 93B107C

LIQIiID LIMIT
VS DEPTII

40 50

LIQTIID LIMIT, Vo

Woodward-ClydeConsultants C



LEGENI)

Boring
Number

B.SE.2GGT
B.SE-2+GT
B.SE.28-GT
B-SE-3SGT
B-SE.33-GT
B-SW-2-GT

Test
Symbol

o
 *
x
o

€)e
I
hI

Project: LIGO
Project Number: 93B107C

LIQTJID LIMIT
VS DEI'TH

LIQTIID Ll}dtt, Vo

Woodward-Cl.vde Consultants e



LEGEND

Boring
Number

Test
Symbol

O

A*
x
o

B-SW-5-GT
B-SW-g-GT
B-SW-13-cT
B-SW-17-cT
B-SW-21-cT
B-SW-25-cT

{)
-q)

hL
rd

Project: LIGO
Project Number: 93B107C

LIQIJID LIMIT
VS DEPTH

LIQUID LINffi, VO

Woodward-Clyde Consultants C



LEGEND

Boring
Number

B-SW-29-GT
B-SW-33-GT

Test
Symbol

a

oe

-b.
lr)
H

Project: LIGO
Project Number: 93B107C

LIQTIID LIMIT
VS DET'TH

Woodward-Clyde Consultants e



COBBLES
GRAVEL SAI{D

SILT OR CLAY
coarse fine goars€ medium fine

U.S. STANDARD
SIEVE OPENING IN INCHES

6 4 3 21.5 13t4 3B

.S. STANDARD SIEVE NUMBERS

10 20 40 60 100 140 200

GRAIN SIZE IN MILLIMETERS

Boring
Number

Depth
(feet)

Symbol Classification

B-SE-l-GT 0.5 O (ML to CL)

B-SE-2-GT 4.0 t, (sc)

B-SE-2-GT t4.5 A (sP)

B-SE-6-GT 13.5 * (sP)

Proiect: LIGO

ProiectNumber: 938107C
GRAIN SIZE

DISTRIBUTION CURVES
| 1/2t,/94 SVANLST 30',107 Woodward-Clyde Consultants



COBBLES

GRAVEL SAND
SILT OR CLAY

coarse fine coars€ medium fine

U.S. STANDARD
SIEVE OPENING IN INCHES

8 4 3 21.5 13t4 3/8

.S. STANDARD SIEVE NUMBERS HYDROMETER

10 20 40 00 100 140 200

(9
z
U)a
L

z
IIJ(J
E
IIJ
o-

GRAIN SIZE IN MILLIMETERS

o
!u

=
u,,l
E

z
lrJ(J
E
uJ
o-

Boring
Number

Depth
(feet) Symbol Classification

B-SW-5-GT 6.0 o (cL)

B-SW-5-GT r3.0 FNn (cH)

B-SW-9-GT 8.0  (sP-sM)

B-SW-9-GT 13.0 * (sM-ML)

Project: LIGO

ProjectNumber: 938107C
GRAIN SIZE

DISTRIBUTION CURVES
1 t/21,/94 SVANLST 3Al07 Woodward-Clyde Consultants



GRAVEL SANI)
SILT OR CLAY

coarse fine coars( medium fine

U.S. STANDARD
SIEVE OPENING IN INCHES

6 4321.5 13t4 stB

. STANDARD SIEVE NUMBERS

10 20 40 60 100 140 200

GRAIN SIZE IN MILLIMETERS

Boring
Number

Depth
(feet)

Symbol Classification

B-SW-17-GT 22.5 o (cL)

B-SW-25-GT 10.5 F7n (sP)

B-SW-29-GT 15.5 A (sP-sM)

B-SW-33-GT 4.5 * (sM)

Project: LIGO

ProiectNumber: 938107C
GRAIN SIZE

DISTRIBUTION CURVES
r 1/21l94 SVANT_S7 3Br07 Woodward-Clyde Consultants



GRAVEL SAND
SILT OR CLAY

coarse fine eVCfil medium fine

U.S. STANDARD
SIEVE OPENING IN INCHES

6 4 3 21.5 1 3t4 3/8

.S. STANDARD SIEVE NUMBERS

10 20 40 00 lo0 140 200

GRAIN SIZE IN MILLIMETERS

Boring
Number

Depth
(feet)

Symbol Classification

B-SW-33-GT 10.5 o (sP-sM)

Proiect: LIGO

ProiectNumber: 93B1O7C
GRAIN SIZE

DISTRIBUTION CURVES
I 1/21l94 SVANLST 38t07 Woodward-Clyde Consultants



LEGENI)

Boring
Number

Test
Symbol

o
tr *
x
o
A
a
D
a
o
aI
a
o
E

-20q)
.a)

ri
-Fr\
H

25

B.SE-I-GT
B-SE-2-GT
B-SE-IGGT
B.SE-1+GT
B-SE-I7-GT
B.SE"2GGT
B-SE-24-GT
B-SE.28-GT
B.SE.3GGT
B.SE-33-GT
B-SW-2-GT
B-SW-s-GT
B-SW-g-GT
B-SW-13-GT
B-SW-17-GT
B-SW-21-GT
B-SW-5-GT
B-SW-29-GT
B-SW-33-GT

Project: LIGO
Project Number: 93Bl07C

WET T.]NIT WEIGIIT
VS DEI'TH

WET IIMT WEIGHT, pcf

Woodward-Clyde Consultants e



LEGEND

l0

Boring
Number

B-SE.I-GT
B.SE-2GT
B-SE-IGGT
B-SE-I4-GT
B-SE-I?.GT
B.SE-2GGT

Test
Symbol

on
A*
x
o

l5

-20(l)

e
,ai,
b.
rd
H2s

30

35

40

45
20 60 80

WET UNIT WEIGI[[, pcf

140

Project: LIGO
Project Number: 93Bl07C

WET I,]NIT WEIGHT
VS DEI'TH

E

I

t1

lr
lr

I

Tr

:l
:t
^l

I

I

I

a
I

I

I

I

A

Woodward-Clyde Consultants g



LEGEND

Boring
Number

B-SE.2+GT
B.SE-28-GT
B-SE-3GGT
B-SE-33-GT
B-SW-2-GT
B-SW-5-GT

Test
Symbol

o
M

A*
x
+

(D

a
ri
F

Project: LIGO
ProjectNumber: 93B107C

WET []NIT WEIGIN
VS DEPTH

WET UNIT WEIGHT, pcf

Woodward-Cl_vde Consultants C



LEGENI)

Boring
Number

Test
Symbol

a
M

A*
x
+

B-SW-9-GT
B-SW-13-GT
B-SW-17-GT
B-SW-21-GT
B-SW-25-GT
B-SW-29-GT

(D
.(|')

lr\

Project: LIGO
Project Number: 93Bl07C

WET IINIT WEIGIIT
VS DEI'TII

WET UNIT WEIGHT, pcf

Woodward-Ctyde Consultants



LEGEND

Boring
Number

B-SW-33-GT

Test
Symbol

a

€l
.(D

2
b.
rd

Project: LIGO
Project Number: 93B107C

WET T.]NIT WEIGIIT
YS DET'TH

WET IINIT WEIGI{I, pcf

Woodward-ClydeConsultants C



LEGEND

Boring
Number

B.SE-I.GT
B-SE-2-GT
B-SE.IGGT
B-SE-l,f-GT
B.SE-2GGT
B-SE-2,rcT
B-SE.28.GT
B-SE-3GGT
B-SE-33-GT
B-SW-2-GT
B-SW-5-GT
B-SW-9-cT
B-SW-13-cT
B-SW-r7-GT
B-SW-21-GT
B-SW-25-GT
B-SW-29-GT

Test
Symbot

a
a
A*
x
+
A
a
n
a
o
aI
a

0.8 t.2 1.6 2.O

SHEAR STRENGTH. tsf

Projecc LIGO
Project Number: 93B107C

SIIEAR STRENGTH
YS DEI'TH

Woodward-Clyde Consultants



LEGEND

Boring
Number

Test
Symbol

a
A*
x
o

a
@
tr
e
o
a
T
a

B.SE-I.GT
B.SE.2-GT
B.SE.IGGT
B-SE-I+GT
B-SE-2O.GT
B.SE-2+GT
B-SE-28.GT
B-SE.3GGT
B-SE-33-GT
B-SW-2-GT
B-SW-5-GT
B-SW-g-GT
B-SW-13-GT
B-SW-r?-GT
B-SW-21-GT
B-SW-25-GT
B-SW-29-GT

Project: LIGO
Project Number: 93B107C

SHEAR STRENGTII
YS DEPTH

Woodward-ClydeConsultants g



SITE IP,Q.!, nON, AI{.D LOCATION

OF..BORINGS AND CPT TESTS



{i
TI

ill

t
{'
I'i.

dN Rouo#

Y'-X[)
J

^ 
$ut'

gci' , /

lr.' 
- /
L

- {x)
.li.t{ ,

/qi

rde _

/i

LIGO

REFERENCE: U.S.G.S. NH 156 BATON ROUGE. LA. AND MISSISSIPPI PHOTOREVISED 1982.

Woodward-Clyde Consultants a-r.
Consurlrng Engrn€€rs, Georogrsrs 4
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LIGO

CALIFORNIA INSTITUTE., OF TECHNOTOGY

PASADENA, CALIFORNIA



s0lL
CLASSIFICATION

CHART

ROCK

Boulderg-ocr 6 inchot
-CoaUte Rock'2 to 6 incher
Grovel- Zmm. to 2 inch6E

s0lL
Sond - 0.05mm. to Zmm
Silt- O.0O5mrn to 0.05mm.
Cloy- finer thon O.O05mm.

f6

SILT (o/o by dry
'70&
weie hf )

KEY TO BORING LOGS

ffinrn'W't':ro Sl'no''

ffi u'ou,' ffi .J:,.? 
Eillrono.'on.

FFl rono WW, Fl,'egtone -Vil4;7$;33'ii,l.l'lliJ:'?"loromPrcr

V ru, m,yv m'ef,::i" %l4litt?'JlfliJ:',:::' 
und'ct'

Fl.,o, ffi tg1, WlZffgl:flff tFH T;;i'llJ.'Ji'','.'0"3[[,iii#,

coNSlSTEI{CY (slell

Vory Loo6o ' Less thcn 4 bhurs p€r foof

Looge-4 to lO blows/ft.

Medium - lO to 30 blorvs/ft.

Ocnse. 30 to 50 blows/ft

Vcry Dqrse'Morc thon 30 bkile/ft'

*ffiAHFj?j"ilffiri{j"gl?n'

-rl,=EglSooon Pushcd bY hond

Very Soft - Lcss thon 2 bloua Pr fool

Soft-Zto4 blowt^t.
Medium-4 to I blou6/ft
silff - I to 15 blou6/ff.

vsry stlff - 15 to 30 blouo/ft
Hord - More lhon 3O blowc/ft



II)GS OF.BORTNGS AND CPTS
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I.OGA OFIBORINGS AI{D CPTS



CLIEM:

LIGO
Livingston. Louisiana

California Institute of Technologr

BORING:

FILE:

DATE:

TECHMCI,AN:

APPROVED:

PAGE:

BSE.T.GT
938107C
8t9t94
M. Savoy

1 of2

LF

hH
=l!

Wrsh Bored: 30' - 50'
Free water was emountered at a depth of 30' during dry augering. The water level rose to and remained
at a depth of 27' after obcervation periods of s ad l0 minutes, r&pcctively.

Moirt.
Coltclt

(%)

gt|y 8nd rcddistr bn sILTs with some sand. a trace
and clay pockcts ro sriff, light gny and reddish un Silry CLAyS

-light gray and gny, lE'- 20'

, light gray and trn CLAYS with large silt pockers and streaks

-very stiff, grcenish gray, with silt pockets and calcareous nodules.
38'- 40'

(l) 70,9% passing the #200 sieve.
(2) Unconsolidated, undrained triaxial compression test run at 7.5 psi confming pressure.
(3) Atterberg from rnore clayey portion

unifiod Soil classifications based on limitcd labonrory rcet data and vigual oblcnrtions.

ffi (9 woodward-clyde consultants

Continuod Ncxt Pagc



PROJECT: LIGO
LocATIoN: Livingstonrlnuisinna

GLIENT: California Institute of Technologr

B6RTNG: B-SE-I-GT
FILE: 93Bf07C
DArE: 819194

TECHMCIAN: M. SAVOY

APPROVED:

PAGE: 2 of2

hH
=]L

45

50

J

o
=o

s.P.T.
Coryro*.

Strc$
(r!f)

Moirt.
Contcot

(%)

Wot Unit
Wcigbt

(ocf)

L.L.
(%)

P.I.'
(5) Dcscription of Stratum

30 59 35

v€ry lfitt, gtenislr $ry CLAYS with silt pockers and calcareous
nodulcs

-trn !trd light gny, jointed, wirh silt pockcrs bclow 48'

6nonorloring-a.d'. -
Bucholc gourcd full depth.

Unificd Soil Classificationr bascd oa limited laboratory tclt dsr! r.d virual obrcnrationr.

NOV 21 91 WCSGBRt 38t07 BSmICT
(9 Woodward-Clyde Consultants



CLIBNT:

LIGO
Livingston, Louisisna

California Institute of TechnoloEr

BORING:

FILE:

DATE:

TECHMCIAN:

APPROVED:

PAGE:

B.SE.2.GT
93Br07C
u8t94
M. Savoy

I ol2

TF
=tr

Free water was etrcountered at s depth of 9' during dry augenng. The water level rose to and remained
at a depth of 2.5' after observation periods of 3 and 5 minutes, respectively.

Comprc*.
Strolr
(tr0

Moirt.
C.oorcot

(%')
Description of Stratum

, r"n, r€ddEh trn and light gray Silty CLAYS wirh fine sand and
fenous nodulcs

(cL)

tan, rrddislr ten end light grry Clayey SANDS wirh a rrace
fine gavcl, clay orcrks to more randy

(sc)

-bccoming frm sandy gilt with clay, 6'- E'

trn lnd light grry finc SANDS wirh a trrce of coarsc
mcdium slnd

(sP)

-vcry dcnre, white and tan, wirh rilt and clay, l8'- 20,

-very stiff below 28'

-bluish 
grry and tan, 2E'- 3E'

(L) 39.7Vo passing the #2fi) sieve.
(2) Unconsolidated, undrained triaxial compression test run at 2.9 psi conlining pressure.
(31 9.2Vo passing the #200 sieve.
(4) Unconsolidaled, undrained triaxial compression test run at 12.5 psi confining pressure.

unificd soil clagsificationr basod on limitcd laboratory tcat dat! rod visuel obrcrvatioas.

ffi (9 woodward-clyde consultants

Ncxt Psgc



B.SE-2.GT
93Br07C
uu94
M. Savoy

2of2

BORING:

FILE:
DATE:

TECHMCIAN:

APPROVED:

PAGE:

PROJECT: LIGO
LoCATIoN: Livingston, Louisiana

GLIENT: California Institute of TechnoloEr

LF

hH
=l!

o6

o

40

45

s.P.T.
Cooprcrs.

Strc|r
(t!0

Moirt.
CootcDt

(%)

Wct Udt
Wcitht

(ocO

L.L.
(%,

P.I.
(%') Description of Straum

/:
v€ry stn, un (;LAYS

(cH)

2.ll 20 t26 36 20

vcry surr, tan, hgtrt grry and grcenish gray Sihyef,FYS wiih-liG-
rand

(cL)

50

I

I

t----

I

I

J 

vcV nir, un and light grey CLAyS

| (ctD

I

f*a;;r-u;,i;g;i5d,. -

I 
Borcholc 8lourcd full dcprh.

I

I

I

Unificd Soil clarsificerioos bascd on limitcd laboratory rcst det8 ad visual ob&rvatioos.

NOV ?l 94 WCSGBRt 38t07 BsE02cT
(9 Woodward-Clyde Consultants



PROIECT: LIGO
LoCATIoN: LivingSton, Iruisiana

California Institute of Technologr

lul
trFJ
6=

BoRING: FSF-}CP
FILE: 93Bf07C
DArE: Sept. 1994
DRILLER: FI,GRO
APPROVED:

PAGE: I of I

Corytcc.
Str€ss
(tr0

Moi*.
Cootcat

(%)

NOV 22 94 WCSCBnt 38t07 BSE0SCP C Woodward-Clyde Consultants



PRoIECT: LIGO
LoCATIoN: Livingston,Louisiana

GLIEM: California Institute of Technologr

BORING:

FILE:

DATE:

DRILLER:

APPROIffD:
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Dry Augcrcd: 0' - 8' WaslrBorcd: E -U.5'
Free rratcr 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 p€riods of 5 and l0 minutesfrespectively.
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l7 28 l5

vcry 8ttn, tlght gtay, bros,n lnd rrn Silry CLAYS wirh sand streaks
and pockcts

(cL)

3l b/ft

54 b/10' (l) l9

Lrcrue, light gray snd l8n SANDS
(sP)

-vcry denre, white and tan below 13'

24

vcry Enrr, ugnr gray, gr€clu8h gray and tEn CLAYS yilh silt pockcts
and rtrceks

(cro

Itl
29

Firm, greenish gray and ran Clayey SILTS with ctay pockets and a
trace of fine sand

frriomor-uorlng-aa24.S': - - - - llLI
Borehole grouted full depth.

(l) 5.0Vo passing the #200 sieve.

unificd soil classifications bascd on limited laboratory rcst data "nd visual obrcwations.
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ULAI YYII}I STL'I'Y (;LAY LAYERS
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(1) Unconsolidated, undrnined trio:rial compression test run at ll.9 psi confining pressure.

Unifiod Soil classifications barod on limitod laboretory test dlta ald virual obrcrvatioos.
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Free water was encountered at a depth of 13' during dry augering.
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gtty, wn|rc rfft un stLTS or ctaycy sILTs wirh I rrEce

gray end tin Silty CLAYS wirh

3l t23

-*ifrbelow lE'

-light grry, tan and white, with silty sand streaks and pockers, l8'-
20'

-reddish 
brown, ran and light gray, with silt srr€aks and pockets,

slickensidee and silt lcnscs

&froir-orud;-ng-*-2a.s-'.-
Borchole grourcd ftrll deprh.
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No free water was emountered during dra augering.
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Description of Stratum
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29 -light gny and tan bclow 22.5'
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(l) Unconsolidated, undrained triaxial compression test run et 12.6 psi confining pressure.
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Free water was encountered st e depllr of 13' during dry augering. The water level rose to depths of
13.2" 13.0' and 12.8' after observation periods of 5; f0 and-iS m'inutes, respcctiyely.
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gray and tan Sandy CLAYS becoming very
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-with silt streaks below 22.5'
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Dry Augercd: 0' - 10' Wash Boad: l0' - ?A.5'
Free water was encountered at a depth of l0' during dry augeriag. The water level rose to depths of
9.5', 9.3' and 9.1' after obscrvation periods of 5, 10 snd 15 minutes, respectively.
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Moirt.
Controt
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(%) Dercription of Stratum

2l

Ilnn, trtustl bnown rnd ngtt gray SILTS with clay pockets, a trace of
slnd rd fcrlous nodules

(cI-ML)

l4 flrm, ugbl grly lnd trn stndy sILTs wilh clay pockers
(sM)

n

1.30 t6 tzg 45 2E Strlt to vcry stitr, ligDt gray and tan CLAYS with sand pockets and
strclks !o sady GLAYS

(cH/cL)

ZJ

23

.urr, ngnl griy rnd grieeilsh gray (jLAYS wlth silt snd srnd straks
(cH)

-very niff, ten, light gray end greenislr gray, wilh silt pockcts, strerkr
and finc rand below lt'

Bofom oflo-ring-at-2l.i .-
Borehole grouted full depth.

unifiod Soil clessificarions bascd on limitod laboratory tcat dets aod visual obscrvatiooE.
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Dry Augcrcd: 0' - l3t Werh Borcd: 13' - U.!
Frcc weter was emountered et a depth of 13' duripg dry augerrng. The water level rose to depths of
10.6', 10.4' and 9.9r eftcr oboervation periods of 5, l0 snd 15 minutes, respectively.
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(%) Dercription of Stratum

11

'r)

son b mcdium, ligbt grry rnd tln Silty CLAYS, wet, wirh clay
pockcts, fcnous trodulcs becoming vcty soft to soft

' (cL)

-mcdium, with sad. 2'- 4'

-medium 
b *itr 4'- l0'

-with inc slrd strcrks and pockets, clay pockets and ferrous nodules
4'- 6'

l9 23 9 Medaum to aitr, light grry end tan SILTS wirh silty sand srreaks
(MUCL)

20

t.oJ zv rzq .tl .I srrn to vcry 8tr[, Irght gray and rEn cLAYs with silty sard strcaks and
pockets to more sandy

(cH/cL)

6riom of udng-at-24.5-' .

Borchole gr,outed full depth.

(l) Unconsolidated, undrained triaxial compression test run at 13.2 psi conlining pressure.

Unificd Soil Classilications bascd oa limitcd laboratory tcst drta aod visud obscrvatioos,
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Dry Augered: 0t - 15' Wash Bored: 15' - t.5l-
Free water was encountered at a de-pth of 15' during dry augering. The water level rose to a depth of
13.3' after an obseryation period of 15 minutes.
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(%l Description of Stratum

'r') Mcdrum to $llt, trght grily md un Silty CLAYS with clry pockets,
ferrous nodulcg and a trrcc of finc srnd

(cL)

'/'/
'v
/e,/,,y

l5 ugil glry, na(r rno lln c|tycy sANDs, Sandy CLAYS with a trace of
medium rend

(crJsc)

l.E2

z5

'r1

25

r27 3E 23

vcry $tll, yc[ow, trn aill ltght
rnd 8 tracc offine sand

gmy CLAYS with silr srreaks, pockers

(cH)

-gray and trn bclow l8'

-with silt and sand strpaks and pockers, race of roots and organics
below 22.5'

fr ttom -of-Uotigl t Zl.i' .

Borehole grouted full deprh.

unificd soil clessificrrions barcd on limitod laboratory tcst dat lnd virual obgcrvatiols.
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SIL'I-Y CLAI WITH CLAY AND CLAYEY SAND LAYER.S
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Dry Augercd: 0'- l0' Wash BoGd: l0' -A.5'
Free water was encountered at s-depth of10'during dry augcring. The water level rose to depths of
9.5',93'and 9.2'after obsenation periods of 5, l0and 15 minutes, resp€ctively.

s.P.T.
Comprcrs.

Strcrs
(r$

Moirt.
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Wct Unil
Wcigbt
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(t, Dercription ofSrratum

75

urly Jury uLtrIJ wlln noots, r tttcc ot trne 3and, ofglnrcs, to light
gny ud brown with fcrmus nodulcr rnd clay pockets' (cL)

-tan, 2'- 4'

n
1.06 t4 135 zt mrn, rrght grry, bn rnd yellow Sandy CLAyS with silty sand streaks

(sc)

2.36
(l)

ZZ

23

37

126 56 39

vcry aifi, brown, trn and light gray CLAYS with silt streaks and
pockets

(cH)

-light gray and un, with silt streaks, pockets and a trsce of fine ernd,
l3'- t5'

-with rilt pockcts bclow lE'

-stiff to vety stiff, with sandy silt streaks, pockets and layers below
23',

noiio-m or uftig-r fzl.i' i
Borehole grouted full dcpth.

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

Udliod Soil Claggifications baccd on limiled laboratory tcst datr .nd virual obrcrvuions.
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Unificd soil clarsifications bascd oa limitcd laboratory tcst dat aod visual obrcrvatioag.
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Free water was etrcountered at a depth of l0' during dry augering. The water level rose to depths of
10.3', l0.l'snd 9.7'after observation periods of 5, 10 and ls minutes, respectively.
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to mcdium, brown, light grry and un
roots, clay pocketg end ferrous nodulcs

-with ranrl laycr at 2' 
(cL)

t n rnd light gray Clayey SANDS with clay pockets and
bccoming Sandy CLAYS

(sc/cL)

-gray and tan, 38'- 43'
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Dcrcription of Stratum

frrrt, glry rnd trn srlty cLAYs
(cL)

-tan atd light gny bclow 43'

6i'o-m ifuJri-ngl 50'. -
Borcholc grouted full dcpth.

Uniliod Soil Classifications basad on limitod laboratory tcst dats.pd visual obscrvations.
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(1) Unconsolidated, undrained triaxial conrpression test run aa 8.2 psi conlining pressure.
(2) Unconsolidated, undrained triaxial compression test run at 18.2 psi contining prensure.

unified Soil classific.tions bascd on limitod laboratory tcst data and visual obscrvetions.

BORING:

FILE:

DATE:

TECHMCTAN:

APPROVED:

PAGE:

B-SW-2-cT
938107C
8tr4t94
M. Savoy

I of2
Wesh Eord: 6' - 50'
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Dry Augcrcd: 0'- 13' Wertr Borcd: 13' -?A.5'
Free water luilt emountered at a depth of 13' during dry augering. The water level rose to depths of
5.t', 5.1' snd 4.4' after observation periods of 5, l0 rnd 15 minutes, r€sp€ctively.
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Free water was errcountered at I depth of l0' during dry augering. The water level rose to depths of
5.7', 5.5' and 5.lr after observation periods of 5, .10 and 15 minutes, respectively.
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Dry Augsrcd: 0'- l0' Wrrh Borcd: l0' - 2t|.5'
Frcc wrtcr was eB|xrntclGd rt r &ilh of 10' &ring rlry rugeriqg. The water level rose to depths of
9.7', t.9' snd t.7' after obserrstion periods of 5, lO rnd lS mhttcs, rcspcctively.
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(3) Unconsolideted, undreined triexial compressi(m test run et l2.l p6i contining pressure.
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Dry Augered: 0'-t' Wesh Borcd: t'-u.5'
Frcc water wss emountered st a depth of t' during dry augering. The. water level rosc to depths of 3.6',
3.4' and 3.1' after obsGrvation periods of 5, l0 and l5 minut€s, rcspectively.
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Dry Augcred: 0' - 10' Wastr Borpd: l0' - 24.5'
Frce nartcr wts encountercd at a depth of l0' during dry augering. The water level rose to depths of
5.6', 5.4' and 5.4' after observation periods of 5, l0 and 15 minutes, respectivery.
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--nifr, with rcrnc finc rrnd and clay pockes, silty rand strcaks and
pockets, 4'- 6'

t9 :!!n, rrn lnd liSht 8r!y Sandy CLAYS or Cleyey SANDS becoming
Silty SAD.IDS

(crJsM)

56 b/8'

52btE'

30 b/i

(l) 20

vcry ocns€, wlrlle rnd ttght gray tine SANDS wilh trrces of silt, clay,
corrse and medium grained sands and fine gravel

(sP-sM)

-denrc, l8'- 20'

2
34 59 37

vcry $tn, tan and gr€erustt gray CLAYS with a tface of silt and
ferrous
nodules

(cH)

Bonom of boring-ar-24.i .

Borehole grouted full depth.

(ll 8.8% passing the #2fi) sieve.

unificd Soil classificarions bascd on limitcd laboratory tcrt &ta and vieusl obs€nations.

NOV 2t 94 WCSCBRt 38107 BSW29GT
(9 Woodward-Clyde Consultants
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Livingston, Louisiana
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BoRING: FSW-3O-CP
F!LE: 93Bf07C
DArE: Sept.1994
DRILLER: FUGRO
APPROVED:

PAGE: I of I
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PROIECT: LIGO
LocATIoN: Livingston,Inuisiana

GLIEM: California Institute of Technologr

BORING:

FILE:
DATE:

DRILLER:

APPROVED:

PAGE:

B-SW-3r-CP
93Br07C
S€pt.1994
FT'GRO

lofl

hH
=lr

Moirt.
Collcot

(%)
Dcscription of Stratum
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BORING:

FILE:
DATE:

DRILLER:

APPROVED:

PAGE:

B-SW-32-CP
93Br07C
Sept. 1994
FI'GRO

lofl

PROJECT: LIGO
LocATloN: Livingston, Louisiana

California Institute of TechnoloEr

LF

hH
=t!

Co4rcrr.
Strccr
(t!D

Dcecription of Stntum

a

a

NOv 22 94 WCSGERt 3BlO7 BSW3zCP C Woodward-Clyde Consultants



PROJECT: LIGO
LocATIoN: Livingston, Louisiana

California Institute of Technologr

(l) 17.EVo passing the #200 sieve.

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

Uoifiod Soil Classifications basod on limircd laboratory tcst d.t! rrd visual obscdationg.

BORING:

F'ILE:

DATE:

TECHMCI,AN:

APPROVED:

PAGE:

B-SW-3}GT
93B107C
8t9t94
M. Savoy

I of 2

LF

hH
=lr

Frce water was emounter€d $ 8 depth of 4' duripg dry augering. The water level rose to depths of 2.5,,
l.t' and 1.5' after obs€rvation periods of 5, l0 snd l5 minutes, respectively.

a

a

58 b/ft

50 b/E"

56 b/ft

34btf.

50 b/9'

cry scnse, wnrte arxl lan une sAI\t s wrtn trtce

-with 4' claycy rand laycr at 6'

-with a tncc of gnvcl, 8'- 12'

-dense at 10.5'

-very denrc at 14.5'

gny rnd bmwn slickcnsided CLAYS wirh some organics

very $tr, hgnt gray, gr€cmstr grry, tsn and yellow
sandy silt pockets and strcaks

NOV 21 94 WCSGDRt 38107 BSW33GT
(9 Woodward-Clyde Consultants
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PROIECT: LIGO
LoCATtoN: LivingSton,Louisrana

cLIENT: California Institute of Technologi

BORING:

FILE:

DATE:

TECHMCI,AN:

APPROVED:

PAGE:

B-SW-33GT
938107C
8t9t94
M. Savoy

2 of2

TE
=t!

,O

45

50

[j s.P.T.
Comprces.

Strcrs
(t30

Moist.
Contcnt

(%\

Wct Unit
Woighl
(oc0'

L.L.
(%l

P.L
(%, Description of Stratum

vcry drit, ||gnt grty, grrcnidr gray, trn and yellow Silry CLAYS with
slody silt pockcts and strcgks

(cL)

(5) zz )l 3l vcry rtilt, lrght grty md gr€cnish grry CLAYS with a trrce of sand
end eilt bccoming light gray Clayey SANDS

(cH/cL)

Bonom of boring at 50' .

Boreholc grouad full depth.

($ Tests from silty clay with sand portion of sample.

Unified Soil clasgifications ba*d on limitod laborarory rcst data rnd vigual obs€rvations,

NOV 21 9r WCSOBRT 38107 BSW33CT O Woodward-Clyde Consultants
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LocATIoN: Livingstonrl-uisiam

GLIBNT: California Institute 6f fschnology

BORING:

FILE:

DATE:

DRILLER:

APPROVED:

PAGE:

B-SW-3+CP
938107C
S€pt. 1994
FT'GRO

l of 2

Coogor.
Stro$
(t!0

Dcrcription of Shtum

NOV 22 94 WCSCBRT 38107 BSW34CP
(9 Woodward-Clyde Consultants

Coatiauod Ncn Prgc



lvv vt- vl r

BORING:

FILE:
DATE:

DRILLER:

APPROVED:

PAGE:

B-SW-3'l-CP
93B107C
Sep.1994
FT]GRO

2 of2

LICO
Livingston, Inuisiana

California Institute of Technologr

huli:: u.l

=lr
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PROJECT: LIGO
LoTCATIoN: Livingston, Louisiana

GLIEM: Catifornia Institute of Technologr

BORING:

FILE:

DATE:

DRJLLER:

APPROVED:

PAGE:

FSW-3$SC
938107C
Sept.1994
FT]GRO

I of2

huJnLl
=t!

Moirt.
Colt€lt

(%)
Description of Stratum

a
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PRoIECT: LIGO
LoCATIoN: Livinipton, Louisiam

GLIEM: California Institute of TechnoloEr

BORING:

FILE:
DATE:

DRILLER:

APPROVED:

PAGE:

BSW-39SC
93B107C
S€pt.1994
FI'GRO
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EE
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&

45
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o
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Cooprcrs.

Strc$
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Moirt.
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(%')
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P.I.
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T]NCOMII\TED COMPRESSION TEST



*r
at)

- 3000ao
-/Fa 2scn

LEGEND:
Point II)

. B-SE-I-GT

Moisture
Depth Content Vo

33', - 35' 38

STRAIN, 7o

Ihy Degree of Peak
Densrty Saturation Stress Strain
82.1 94 1910 psf 2.3 Vo

L/':PLPI
82 20 62

LIGO
T]NCONFINED COMPRESSION TEST

ASTM D2t669r
C Woodward Consultants

ocr 30 94 UNCONF3B 3810?



(A

^ 3000aar-]E
rY.FF0 25oo

LEGEND:
Point II)

o B-SE-2-GT

Moisture
Depth Contcnt Vo

43' - 45' 20

STRAIN, 7o

Dry Degree of Peak
Density Sahrration Stress Strain
105.7 88 42II psf 4.O %

I], PL PI
36 16 20

LIGO
I]NCONT'II{ED COMPRESSION TEST

ASTM D2I6G9Lg Woodward-Clyde Consultants



r.rta

oa
rYlE
tv.FFa z5oo

LEGEND:
Point ID Depth

r B-SE-l0-GT 23' - 25'

STRAIN, 7o

Moisture Dry Degree of Peak
Contsnt%o Dens$ Sahrration Stress Strain

31 94.3 103 3481psf I0.O %

PI

LIGO
TJNCONT'INED COMPRESSION TEST

ASTM D2I&9I
C Woodward-C Consultants



ctr
u)

a0
rY]
Fx
Fa 25oo

LEGEND:
Point ID Depth

o B-SE-l4-GT 13'- 15'

STRAIN, 7o

Moisture Ihy Ilegree of Peak
Conhent%o Density Sahrration Stress Strain

23 lOz.L 92 4464 psf 9.3 %

LL PL PI
49 15 34

LIGO
IJNCONT'INED COMPRESSION TEST

ASTM D 2I6G9I
C Woodward-Clyde Consultants



rrro
G 3000aa

HtuFF(t) 25W

LEGEND:
Point ID

o B-SE-2O-GT

Depth

8'- 10'

Moisture
ConkntVo

16

STRAIN, 7o

Dry Degree of Peak
Density Sahrration Stress Strain

lIL.1 84 26O7 pf 3.7 %

LL PL PI
45 L7 28

LIGO
I]NCONT'INED COMPRESSION TEST

ASTM D2I6G9I
C Woodward Consultants



fH(a

o(n
rv]EHFFo 25oo

STRAIN, 7o

LEGEND: Moisture Dry Degree of peak
Point ID Depth Conttnt Vo Dens$ Saturation Stress Strain

o B-SE-28-GT 13' - 15' 22 105.1 93 3643 psf I0.O %

LL PL PI
38 15 23

LIGO
T]NCOT{FII\TED COMPRESSION TEST

ASTM D2I6G9I
C Woodward-Clyde Consultants



c|r
q1

aa
ll
H,vFa 25oo

LEGEND:
Point ID

o B-SE-3o-GT

Depth

4'-6',

STRAIN, 7o

Moisture Dry Ilegree of Pe.ak
ConLent Vo Densi$ Sahration Stress Strain

14 t19.2 87 2118 psf 5.3 %
LL PL PI
2t 10 11

LIGO
I]NCOI\T'II{ED COMPRESSION TEST

ASTM D2L6G91

C Woodward-Clyde Consultants



5500

50o0

4500

4mo

*t)
v; 3000

0
F1
*Fa 2scp

2000

l 500

l0(n

500

234567891011

STRAIN, 7o

LEGEND: Moishrre Dry negree of peak
Point ID Depth Content 7o Density Sahrration Stress Strain LL PL PI

. B-sE-33-cr 6' - 8' 14 118.0 86 2582pf 8.3 % 26 11 15

LIGO
T]NCONFINED COMPRESSION TEST

ASTM D 2I6G9I

j-'+ (H {
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/

/

/

,/

C Woodward-Clyde Consultants



(t)

- 3000
tt)or-]
-tv.FFa 25oo

LEGEND:
Point ID Depth

o B-SE-33-GT 18' - 20'

STRAIN, 7o

Moisture Dry Degree of Peak
Content Vo Density Sahrration Stress Strain

30 92.3 96 1932 psf 2.3 Vo

LL PL PI
51 20 31

LIGO
I.INCOIVFINED COMPRESSION TEST

ASTM D 2I6G9I
C Woodward-C Consultants
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th

(na
rY'!E
tv.FFa zsm

LEGEND:
Point ID

o B-SW-2-GT

Depth

6'-8'

STRAIN, 7a

Moisture Dry Degree of Peak
ConlenJ%o Densrty Sahrration Stress Strain

19 104.8 80 3537 psf 10.0 %

LL
47

PL
15

PI
32

LIGO
T]NCONT'INED COMPRESSION TEST

ASTM D2169Ig Woodward-Clyde Consultants
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5500

5000

4500

4000

3500

CH
ar)

G 3000
\t)o
r-''lE
&
Fra 25c0

2000

1500

r000

2 3 4 5 6 7 8 9 l0 ll
STRAIN, 7o

LEGEND: Moishrre rhy Degree of peak
Point ID Depth Content Vo Densrty Saturation Stress Strain LL pL pI

o B-sw-s-cr 8' - l0' 15 t17.4 88 5482 psf 4.3 % z7 il L6

LIGO
T]NCONFIhTED COMPRESSION TEST

ASTM D2I6G9I
C Woodward-Clyde Consultants



5500

5000

4500

4000

c..r
(t)

-G 3000
\t)o
FI
4.FFo zscn

2000

1500

1000

500

2345678910 ll

STRAIN, 7o

LEGEND: Moisture Dry rlegree of peak
Point ID Depth Content Vo Density Safirration Stress Strain W pL pI

o B-sw-s-cr 18' - 20' 24 100.9 93 3792psf 6.0 % 55 l7 38

LIGO
UNCOTFIIVED COMPRESSION TEST

ASTM D2I&9I

r' -t -tH

/

I
I

I

I

l

C Wood de Consultants
ocl 30 94 UNCONF3B 38107



rHt)

^ 3000v)ar-]
-ltF
Fa 25oo

LEGEND:
Point ID Depth

o B-SW-9-GT 23' - 25'

Moisture
Contcni Vo

32

STRAIN, 7o

Dry Degree of Peak
Densrty Saturation Stress Strain
93.4 lO4 4906 psf 6.7 %

fLPLPI
59 18 4l

LIGO
UI\CONFINED COMPRESSION TEST

ASTM D21ffi9I
C Woodward-Clyde Consultants
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(h

-.s 3000tt)a
FI
HFFa 25cn

LEGEND:
Point ID

STRAIN, 7o

Moisture Dry Degree of peak
Depth Content 7o Density Satiration Stress Strain fJ-PLPI

67 24 43
. B-Sw-25-cT t8' - Z0' 42 75.3 90 854 psf 4.0 Vo

Consultants
ocT 30 94 UNCONF3B 38107



5500

5000

4500

4000

€-r
th

- 3000a0ri4.F
Fo 25m

2000

1500

1000

500

2 3 4 5 6 7 8 9 lo ll

STRAIN, 7o

LEGEND: Moisture Dry Degree of peak
Point ID Depth Content Vo Density Sahrration Stress Strain LL PL PI

. B-Sw-29-cT 4' -6' 19 107.7 86 2I22psf 6.7 % 24 13 1t

LIGO
I]NCONFII\TED COMPRESSION TEST

ASTM D2Iffi91
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C Woodward-Clyde Consultants
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aa

aar-]
Fl
&
F(a

STRAIN, 7o

LEGEND:
Point ID Depth

. BSW25GT 13'- 15,

Moisture Dry Degree of
Content Vo Density Saturation

56 64.6 93

Peak
Stress

744 psf

Strain

5.0 %

LL PL PI

73 25 48

LIGO
I.]NCONFINED COMPRESSION TEST

ASTM D2166.9Ig Woodward-Clvde Consultants



T]NERfiNED TR.IAXIAL TEST
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I

5000

4500

4000

3500

+r
ar)a
aa
3 2500
FIFa

1500

l0o0

500

2468lo12t416

STRAIN, 7o

LBGEND: Moisture Dry Ilegree of pesk
Point ID Depth Content Vo Density Saturation Stress Strain LL pL pI

o B-sE-l-cr 8' - 10' 24 r02 95 4923psf ro.o % 43 16 27

LIGO
T]NCONSOLIDATED TJI\DRAINED TRIAXIAL TEST

ASTM D 2E5O-87

C Woodward-Clyde Consultants
ocl 30 94 UNCONF3U 38107



LEGEND:
Point ID

. B-SE-2-GT

Depth

4',-6',

Moisture
Content Vo

15

rhv
Densrty

115

STRAIN, 7o

Degree of Peak
Saturation Stress Strain

83 2963 psf I5.O %

r.LPLPI
35 11 24

LIGO
TINCONSOLIDATED UNDRAII{ED TRINilAL TEST

ASTM D 2850.87e Woodward de Consultants



5000

4500

4000

3500

3000
r||

ar)

aar-\p 2s0o
FFa

1500

500

246El012t416

STRAIN, 7a

LEGEND: Moisture rhy Degree of peak
Point ID Depth Conlent Vo Density Saturation Stress Strain LL PL PI

r B-SE-2-GT 28' - 30' 23 103 93 3934 psf t0.0 % 45 t4 3l

LIGO
I.INCONSOLIDATED T]NDRAINED TRINilAL TEST

ASTM D 2850-87

C Woodward-Clyde Consultants
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qro

aa
p 2s0o
T3a

LEGEND:
Point ID Depth

o B-SE-IO-GT 18' - 20'

Moishrre
Content Vo

23

Dry
Density

100

STRAIN, 7o

Degree of Peak
Sahrration Stress Strain

90 3730 psf 15.0 %

LL PI

LIGO
I.]NCONSOLIDATED I]NDRAINED TRIA)ilAL TEST

ASTM D 2E50.87g Woodward-Clyde Consultants



CH
th

oap 2so0
FFa

LEGEND:
Point ID Depth

. B-SE-I7-GT 18' - 20'

Moisture
Contnnt 7o

25

Dry
DensW

98

STRAIN, 7o

Degree of Peak
Sahrration Stress Strain

93 4588 psf 13.0 %

LL PL PI
58 18 40

LIGO
TINCONSOLIDATED TJNDRAINED TRIA)ilAL TEST

ASTM D 2850-87

C Wood Consultants



5000

4500

4000

3500

c!
0

oo
? 2500
FFo

1500

1000

500

246810t21416

STRAIN, 7o

Moishrre Ihy Degree of Peak
Point ID Depth Content 7o Densr$ Satrration Stress Strain LL PL PI

o B-sE-24-cr 18' - 20' 20 103 83 3611 psf 9.7 vo 4l 14 27

LIGO
TI.NCONSOLIDATED T]NDRAINED TRIAXIAL TEST

ASTM D 2850-87

C Woodward-Clyde Consultants

-4 I

-/

I
I

/

I



e!
(t)

ool= 25ur
FF
ct)

I.EGEND:

Point ID Depth
. B-SE-30-GT 13'- 15'

Moisture
Contcnt Vo

23

Density

103

STRAIN, 7o

Ilegree of Peak
Sahrration Stress Strain

95 4644 psf 9.0 %

l/"-PLPI
56 t7 39

LIGO
T]NCONSOLIDATED T]NDRAINED TRIAIilAL TEST

ASTM D 2850-87cw Consultants



CH
(t)

a0
= 

2500
FF(t)

T.EGEND:

Point ID
o B-SW-2-GT

STRAIN, 7o

Moisture Ihy Degree of Peak
Depth Content 96 Density Sahrration Stress Strain

13' - 15' 15 114 83 2871psf 6.0 %

LJ,PLPI
22t39

LIGO
T]NCONSOLIDATED I]I{DRAII\TED TRIA)il.AL TEST

ASTL D 2850-87

C Woodward-Clyde Consultants



50@

4500

4000

3500

cti
(t)

aar-\
D 2500vF
ct)

r500

500

246810t21416

STRAIN, 7o

r'EGEND: Moishrre Dry rlegrec of peak
Point ID Depth Contcnt 9o Density Sahrration Stress Strsin LL PL PI

r B-SW-2-GT 38' - 40' 16 109 79 1473 pst 10.0 Vo 24 12 Lz

LIGO
I]NCONSOLIDATED T]NDRAINED TRIA)OAL TEST

ASTM D 2850.87

-r'
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C Woodward-Ctvde Consultants



LEGEND:
Point II)

O B-SW-g-GT

STRAIN, 7o

Moisture Dry Degree of Peak
Depth ContrlnL Vo Densi$ Satrration Stress Strain
8' - l0' 20 98 72 3533 dsf 6.8 %

I"J,PL

LIGO
T]NCONSOLIDATED I]NDRAINED TRIA)ilAL TEST

ASTM D 285GE7

C Woodward-Clyde Consultants



rHo

oa
) 2s0o
H
Era

T .GEND:

Point ID
. B-SW-I3-GT

Moishrre
Depth Contont%o

8',- 10', 14

Dry
Density

118

STRAIN, 7o

Degree of Peak
Sahrration Stress Strain

86 3689 psf IO.0 %

PI

LIGO
TJNCONSOLIDATED UNDRAIhIED TRINilAL TEST

ASTM D 285G87

C Woodward-C Consultants
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aa
Fl
FFa

LEGEI.{D:

Point ID Depth
. B-SW-17-GT g,- l0'

Moishrre
ContnnS%

18

rhv
Density

108

STRAIN, 7a

Degree of Peak
Sahrration Stress Strain

85 4396 psf 9.0 %
I"J,PLPI
32 16 L6

LIGO
T]NCONSOLIDATED T]NDRAINED TRIA)ilAL TEST

ASTM D 2850-87g Woodward-Clyde Consultants



r|.
(t)

0o
Flil
F-ra

LEGEND:
Point ID Depth

o B-SW-2I-GT g'- 10'

Moisture
Content 9o

15

rhv
Density

115

STRAIN, 7o

Degree of Peak
Saturation Stress Strain

85 3352 pef lO.O %

LL
25

PL
t2

PI
13

LIGO
I.'NCONSOLIDATED I'NDRAINED TRIA)ilAL TEST

ASTM D 285G87

C Woodward-Clyde Consultants



r:
(t)

ao
p 2s00
7F0

LEGEND:
Point ID Depth

o B-SW-21-GT 19'- 19'

STRAIN, 7o

Moisture Dry Degree of Peak
Contsnt Vo Density Sahrration Stress Strain

33 86 93 1304 psf 8.0 %

L,"-PLPI
50 t7 33

LIGO
T.]NCONSOLIDATED I'NDRAINED TRINilAL TEST

ASTM D 2850-87

C Woodward-Clyde Consultants



LEGEITID:

Point ID Depth
. B-SW-33-GT lg, - 20'

Mobhrre
Conteni Vo

51

rhv
Density

70

srRAIN, 7o

Ilegree of Peak
Sahrration Stress Strain

96 1770 psf 4.0 %

LL PL PI
66 25 4r

LIGO
I]NCONSOLIDATED T]NDRAINED TRIA)ilAL TEST

ASTM D 2E5&E7cw Consultants



CONSOLIDATION TI'ST
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o

STRAIN READINGS

Sample Dala:

FILE: 93Bl07C
BOR.ING: B-SF-fCT
DEFTII: 8'- l0'
DESCR.IPTION: (9,)
SPECIFIC GRAVTTY: 2.75
IMIIAL MOTSTTTRE CONTENT (%) :

TMTIAL DRY IJNTT WEIGHT (pcfl :

LL=43 PL=16 Pl=27
INUNDATION AT START

FrNAL MOISTURE CONTEM (%):
FINAL DRY UNIT WEIGHT (pcf):

27
9t

25
100

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

0.58
0.1

STRESS (ts0

NOV 7 94 CONSLV1 3BtUt

Woodward-Clyde Consultants



a
z
&
F.
v)
J
U
F
&
rY\

. STRAINR.EADINGS

Sample Data:

FILE: 938107C
BoRING: B-SF-I-GT
DEPTH: t'- 10'
DESCRIPTION: (CL)

SPECIFIC GRAVITY: 2.75 (assumed)
INITIAL MOISTURE CONTENT (%): 25
INITIAL DRY UNIT WEIGHT (pcf): f00
LL: 43 PL = 16 Pr: 27
INUNDATION AT START

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf);

27
98

STRESS (tsD

LIGO
CONSOLIDATION TEST

ASTM D 2435.80

Woodward-Clyde Consultants
NOV 21 94 CONSLD2 38107
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O STRAIN READINGS

Sample Data:

FILE: 93B107C
BORJNG: B-SF-ICT
DEFTII: 3t'- 40'
DESCRIPTION: (CX-CA)
SPECIFIC GRAVTIY: 2.76
IMIIALMOISTT RE CONTENT (%):
INITIAL DRY UNIT WEIGIIT (pcf):

LL=50 PL=1.4 PI:36
INUNDATION AT START

FINAL MOISTURE CONTENT (%):
FINAL DRY t NIT wEIGllT (pcf):

A
106

23
104

LIGO
CONSOLIDATION TEST

ASTM D 2435.80

o.52
0.1

STRESS (s0

NOV 7 94 CONSLV1 3Br(n

Woodward-Clyde Consultants
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. STRAIN READINGS

Semple Data:

FILE: 93Bf07C
BoRING: B-SE-I-GT
DEPTH: 3E'-40'
DESCRIPTIoN: (CLCH)

SPECIFIC GRAVITY: 2.76 (assumed)
INITIALMOISTURE CONTENT (%): 23
INITIAL DRY UNIT WEIGHT (pcf): lM
LL:50 PL = 14 Pr = 36
INUNDATION AT START

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf):

24
106

STRESS (tsfl

LIGO
CONSOLIDITION TEST

ASTM D 2435-80

Woodward-Clyde Consultants
NOV 21 94 CONSLD2 38107
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0.1

STRESS (tsf)

. STRAIN READINGS

Sanple Dala:

FILE: 93Bl07C
BORING: FSF-2-GT
DEFTII: t'- l0'
DESCRIPTION: ((X,)
SPECIFIC GRAWTY: 2.6
IMTIAL MOISTURE CONTENT ( %):
IMTIAL DRY UNIT WEIGIIT (pcf):

LL=41 PL=13 PI- 28
INI.'NDATION AT START

FINAL MOISTTJRE CONTENT (%):
FINAL DRY UNTTWEIGHT (pcf):

t4
tzl

L4
120

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

NOV 7 94 CONSLVI 381{n

Woodward-Clyde Consultants
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O STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: FSF-2-GT
DEPTH: 8'- l0'
DESCRIPTION: (CL)

SPECIFIC GRAVITY: 2.68 (assumed)
INITIAL MOISTURE CONTENT (%): 14
INITIAL DRY UNIT WEIGHT (pcf): 120
LL:4t PL = t3 Pr = 2E
INUNDATION AT START

STRESS (s0

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf):

t4
lzt

LIGO
CONSOLIDITION TEST

ASTM D 2435-80

Woodward-Clyde Consultants
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o.47
0.1

STRESS (ts0

O STRAIN READINGS

Sample Data:

FILE: 93Bf07C
BORING: B-SF-2E-GT
DEPTH: 13'- 15'
DESCRIPTION: (CT.)
SPECIFIC GRAVITY: 2.70
IMIIAL MOTSTURE CONTENT ( %):
INIilAL DRY UNIT WEIGIIT (pcQ:

LL:3t PL = 15 Pr - 23
INT'NDATION AT START

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGIIT (pcf):

20
u0

2l
105

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

NOV 7 94 CONSLV1 3Bl(rt

Woodward-Clyde Consultants
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O STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: B-SF-28-GT
DEPTH: 13'- 15'
DESCRIPTION: (CL)

SPECIFIC GRAMTY: 2.70 (assumed)
INTTIAL MOISTURE CoNTENT (%): 2L
INITIAL DRY UNITWEIGHT (pcQ: 106
LL:38 PL = 15 Pl = 23
INT'NDATION AT START

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf):

20
110

STRESS (tsfl

LIGO
CONSOLIDITION TEST

ASTM D 2435.80

Woodward-Clyde Consultants
NOV 21 94 CONSLD2 3BlO7
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O STRAIN READINGS

Sample Data:

FILE: 938107C
BORING: B-SF-3047
DEFTII: 13'- 15'
DESCRIPTION: (([)
SPECIFIC GRAVTIY: 2.75
IMNAL MOISTURE CONTENT (%):
INTIIAL DRY UNIT WEIGHT (pcf):
LL=56 PL=17 PI= 39
INUNDATIONAT START

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGIIT (pcf):

25
106

A
103

LIGO
CONSOLIDATION TEST

ASTIVI D 2435-80

NOV 7 94 C{)NSLVT 38107

Woodward-Clyde Consultants
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O STRAIN READINGS

Sample Data:

FILE: 93B107C
BORING: BSF-30-GT
DEPTH: 13'- 15'
DESCRIPTIONT (CH)

SPECIFIC GRAVITY: 2.75 (assumed)
INITIALMOISTURE CONTENT (%): A
INITIAL DRY UNIT WEIGHT (pcf): 103
LL:56 PL=17 Pr=39
INUNDATION AT START

FINAL MOTSTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf):

25
r06

STRESS (tsfl

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

Woodward-Clyde Consultants
NOV 21 94 CONSr-D2 38107
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O STRAIN READINGS

Sample Daia:

FILE: 938107C
BORING: B-SF-33-GT
DEFTII: lt'- 20'
DESCRIPTION: (CE)
SPECIFIC GRAMTY: 2.72
IMNAL MOISTUR.E CONTENT (%):

INIIIAL DRY UNIT WEIGIIT (pcf):

LL = 51 PL:20 PI = 3l
INT'NDATION AT START

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf):

29
tn

2t
92

LIGO
CONSOLIDATION TEST

ASTM D 2,135-80

NOV 7 94 CONSLV1 3Br(n

Woodward-Clyde Consultants
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STRESS (ts0

. STRAIN READINGS

Sample Data:

FILE: 938107C
BORING: B-SF-33-GT
DEPTH: l8'- 20'
DESCRIPTION' (CH)

SPECIFIC GRAVTIY: 2.72 (assumed)
INITTALMOISTURE CONTENT (%): 28
INTTIAL DRY UNIT wEIcHT (pcf): 92
LL:51 PL: 20 PI: 31
INUNDATION AT START

FINAL MOTSTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf):

LIGO

29
94

CONSOLIDATION TEST
ASTM D 2435-80

Woodward-Clyde Consultants
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O STRAIN READINGS

Samiple Dara:

FILE: 93Bl07C
BORING: BSW-2-GT
DEFTII: 6'- t'
DESCRIPTIoN: (C[)
SPECIFIC GRAWIY: 2.75
INITI.AL MOISTTJRE CONTENT (%):
IMILAL DRY ttNIT wEIGtlT (pcf):

ll-=4fl PL=15 PI= 32
INUNDATION AT START

FINAL MOISTURE CONTENT (%):

FINAL DRY UNIT WEIGHT (pc0:
23
r03

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

0.46
0.1

NOV 7 94 CONSLVI 3BrUl

Woodward-Clyde Consultants
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O STRAIN READINGS

Sample Data:

FILE: 938107C
BoRING: BSW-2-GT
DEPTH: 6'-8'
DESCRIPTION: (CH)

SPECIFIC GRAVITY: 2.75 (assumed)
INITIALMOISTURE CONTENT (%): 23
INITIAL DRY UNIT WEIGHT (pcf): f03
LL=(t PL=15 Pr=32
INUNDATION AT START

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf):

26
r.03

STRESS (tsO

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

C Woodward-Clyde Consultants
NOV 21 94 CONSLD2 3Bl()7
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. STRAIN READINGS

Sample Data:

FILE: 93Bf07C
BoRING: B-SW-247
DEPTH: lt'-20'
DESCRIPTION: (CE)
SPECIFIC GRAVIIY: 2.7t
INITTAL MOISTURE CONTENT (%):
INITIAL DRY UNIT WEIGIIT (pcf):

LL=71 PL= 22 PI - 49
INT'NDATION ATSTART

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGIIT (pcf):

3t
86

37
85

LIGO
CONSOLIDATION TEST

ASTMD 2435-80

NOV 7 94 CONSLV1 3BlU'

Woodward-Clyde Consultants
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O STRAIN READINGS

Sample Data:

FILE: 93Bf07C
BoRING: B.SW-2-GT
DEPTH: 18'- 20'
DESCRIPTIoN: (CE)

SPECIFIC GRAWTY: 2.78 (as$med)
INITLALMOISTURE CONTENT (%): 37
INITLAL DRY UNIT WEIGIIT (pcf): t5
LL:71 PL:22 Pr: 49
INUNDATION AT START

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT wEtcI{T (pcf):

38
86

STRESS (tsfl

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

Woodward-Clyde Consultants
NOV 21 94 CONSLD3 38107
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O STRAIN READINGS

FIIJ: 93Bl07C
BORING: B-SW-I3-GT
DEPTH: 13'- 15'
DESCRIPTION: (ML/SM)
SPECIFIC GRAVITY: 2.62
INITTAL MOISTTJRE CONTENT (%):
IMTTAL DRY UNITWEIGHT (pcf):

LL=15 PL-13 Pt=2
INI'NDATION AT START

STRESS (tsO

FINAL MOISTURE CONTEM (%):
FINAL DRY UNIT WEIGHT (pcf):

Sample Data:

r3
IA

t2
tu

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

Woodward-Clyde Consultants
NOV 7 94 CONSLVT 381(n
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. STRAIN READINGS

Sample Data:

FILE: 938107C
BoRING: BSW-l3-GT
DEPTH: 13'- 15'
DESCRIPTION: (ML/SI\O

SPECIFIC GRAVITY: 2.62 (assumed)
INITTALMOISTURE CONTENT (%): 12
INITIALDRYUNITWEIGHT (pcf): lA
LL: 15 PL: 13 Pr = 2
INUNDATION AT START

FrNAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf):

13
tu

STRESS (tsO

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

Woodward-Clyde Consultants
NOV 21 94 CONSI D2 38107



o
F
&
A
o

. STR,AIN READINGS

Sample Data:

FILE: 938107C
BORING: BSW-2I-GT
DEPTII: t'- 10'
DESCRIPTION: (CLSC)
SPECIFIC GRAVITY: 2.68
INITI.AL MOISTUR.E CONTENT (%):
INITIAL DRY UNIT Vi'EIGHT (pcf):
LL= 25 PL= 12 PI = 13
INUNDATION AT START

FINALMOISTT RE CONTENT (%):
FINAL DRY UNITWEIGHT (pcg:

t7
r13

It
111

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

NOV 7 94 CONSLVT 38107

Woodward-Clyde Consultants
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STRAIN READINGS

Sample Data:

FILE: 938107C
BoNNG: B-SW-2l-GT
DEPTH: 8'- 10'
DESCRIPTIoN: (CI-SC)

SPECIFIC GRAVITY: 2.6t (assumed)
INITIALMOISTURE CONTENT (%): 18
INITIAL DRY UNIT WEIGHT (pcf): lll
LL:25 PL= 12 PI = 13
INUNDATION AT START

FINALMOISTURE CONTENT (%): l7
FINAL DRY UNIT WEIGHT (pcf): f|J

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

STRESS (ts|

Woodward-Clyde Consultants
NOV 21 94 CONSLD2 38107
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. STRAIN READINGS

Sample Data:

FIIJ: 93B107C
BORING: B-SW-25-GT
DEFTII: ltr - 20'
DESCRIffioN: (CH)
SPECIFIC GR.AWTY: 2.75
IMflAL MOISTURE CONTENT (%):
IMflAL DRY UNITWEIGHT (pcQ:

LL=67 PL=A PI:43
INUNDATION AT START

FINAL MOISTIJRE CONTENT (%):
FINAL DRY UNIT wEIGllT (pcf):

3t
u

46
7S

LIGO
CONSOLIDATION TEST

ASTM D 243s-80

STRESS

NOV 7 94 CONSLV1 38107

Woodward-Clyde Consultants
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gample Data:

FILE: 938107C
BoRING: B-SW-25-GT
DEPTH: 18'-20'
DESCRIPTION: (CH)

SPECIFIC GRAVITY: 2.75 (assumed)
INITIALMOISTURE CONTENT (%): 46
INITIAL DRY UNIT WEIGHT (pcf): 75
LL:67 PL= A Pr = 43
INUNDATION AT START

FrNAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGT{T (pcf):

38
u

STRESS (s0

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

Woodward-Clyde Consultants
NOV 21 94 CONSLD3 38107
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. STRAIN READINGS

Sample Data:

STRESS (ts0

FINAL MOISTURE CONTENT (%):
FINAL DRY UNITWEIGIIT (pcfl:

FILE: 93B107C
BoRING: BSW-33-GT
DEFTII: 23'-25'
DEscRImoN: (CT,)
SPECIFIC GRAWIY: 2.6
TNITIAL MOISTURE CONTENT (%):
INIIIAL DRY UNITWEIGHT @cf):LL:2t PL = l7 PI = 11
INUNDATION AT START

20
1U)

22
105

LIGO
CONSOLIDATION TEST

ASTM D 243s-80

NOV 7 94 CpNSLVI 381(n

Woodward-Clyde Consultants
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. STRAIN READINGS

Sample Data:

FILE: 93Bl07C
BoRING: B-SW-33-GT
DEPTH: 23'-25,
DESCRIPTION: (CL)

SPECIFIC GRAMTY: 2.6E (assumed)
INITIALMOISTURE CONTENT (%): 22
INITIAL DRY UNIT WEIGHT (pcf): 105
LL=29 PL=17 Pr= 11
INUNDATION AT START

FINAL MOISTURE CONTENT (%):
FINAL DRY UNIT WEIGHT (pcf):

20
r09

STRESS (ts0

LIGO
CONSOLIDATION TEST

ASTM D 2435-80

Woodward-Clyde Consultants
NOV 21 94 CONSLD2 3810?
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COBBLES
GRAVEL SAND

SILT OR CLAY
coarse fine coars€ medium fine

U.S. STANDARD
SIEVE OPENING IN INCHES

6 43 21.5 13t4 3tA 4 10 20 40 60 lo0 140 2oo

(,
z
6a

Fz
UJ

UJ(L

o
IJJ

z
l,-IJ
&

z
!!
c)E
IJJ
o-

GRAIN SIZE IN MILLIMETERS

Boring
Number

Depth
(feet)

Symbol Classification

BSE2GT t4.5 o (SP)

Project: LIGO

ProjectNumber: 938107C
GRAIN SIZE

DISTRIBUTION CURVES
9t2l94 SVANL568 3Bt O7 Woodward-Clyde Consultants



COBBTES
GRAVEL SAND

SILT OR CLAY
coarse fine coars€ medium fine

U.S. STANDARD
SIEVE OPENING IN INCHES

6 4321.5 1314 3/8

STANDARD SIEVE NUMBERS HYDROMETER

10 20 40 60 100 140 200

GRAIN SIZE IN MILLIMETERS

Boring
Number

Depth
(feet)

Symbol Classification

BSW25GT 10.5 o (SP)

Project: LIGO

ProjectNumber: 93B107C
GRAIN SIZE

DISTRIBUTION CURVES
9/284 SVANtS68 3B',t 07 Woodward-Clyde Consultants
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FU_GRo-. gFo_9ctE_NcEsf !Nc.-

6105 Rookin
Houston, TexasTTOT4

Tel: (713) 7/8-5580
Fax: (713) 7/8-5501

October 13, 1994
Report Number 0301.41 08
Via FederalExpress

Woodward-Clyde Consultants
2822 O'NeilLane
Baton Rouge, [A 70816

Attention: Mr. Ara Arman
Mr. Bob Sanders

CONE PENETROMETER TESTING
AND RELATED SERVICES

LIGO SITE
LIVINGSTON PARISH, LOUTSIANA

Dear Mssrs. Arman and Sanders:

Please find enclosed herewith the results of the cone penetrometer tests conducted at the above-referenced
location. Also, resuhs of the seismic cone penetrometer tesls along with one (1) crosshole seismic tesl
(B-W-3$SC) are included.

For your information, the soil stratigraphy was identified using Campanella and Robertson's Simplified Soit
Behavior Chart. Please note that because of the empirical nature of the soil behavior chart, the soil
identi0cation should be verified locally.

Seismic Piezocone Test

At three (3) of the locations seismic piezocone tests were canied 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 oone in which geophones
are incorporated to deteci a shear wave which is generated at the surface. A shear wave is generiteO Uy
means of a hammer blow against a wooden block. The shear wave travets to the piezocone in wnich ttrree
(3) seismometers are incorporated. A seismograph is triggered by the hammer blow and records the anival
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 diff6rence in
anival time of the shear wave for the two penetrations is the travel time through the one-meter soil intervat.

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

Crosshole Testino

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 world.



Woodward-Clyde Consuhants
Page 2 - Report Number 0301-4108

crosshole test anangement is shown on Plate 4. The crosshole method consists of generating shear waves
in the soil sunounding a source borehole and measuring the anival 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 accelercm€ter attached to the dfill rod, wfrich in tum triggers the recording equipment. The
recording equipment consists of a rccording digital oscilloscope. The shear waves trav-el through the soil,
and their anivals ere monitored with vertically-oriented geophones, or receivers, positioned in the receiver
boreholes (borings R-l and R-2) at the same depth as the bottom of the drill rod. The geophones are firmty
coupled to the rcceiver borehole using pneumatic packers. The shear wave anivals at tne geophones are
recorded with the digital oscilloscope. The test is repeated at S-foot intervals down to a SOfooiOeptn.

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
calcllating the shearwave 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. lf you should have any
questions, or if we can be of further assistance, please do not hesitate to contac{ us. 

- 
We look fonrvard to

worfting with you in the future.

Very truly yours,
FUGRO GEOSCIENCES, INC.

?---{4t;<
Recep viha{ O
President

RY/cam

f*t'



SOUNDING B€W.1.SC
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SOUNDING B€E€4.SC
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SOUNDING B€W€s€C
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Report No. 9+4108

tr E-M?

COMPRESSED
AIR HOSE

TRIGGER

ACCELEROMETER

TYPICAL SPACING
10 ft

PNEUMATIC
PACKER

RECEIVER
GEOPHONE

+-+

SOURCE
HOLE

(BoRrNG B- 1 )

RECEIVER
HOLE 2

(BoRrNG R-z)

RECEIVER
HOLE 1

(BoRtNG R- 1 )

SCHEMATIC OF CROSSHOLE
(Not to Scole) PLATE 4

PROCEDURE
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Key To Soil Classification and Symbots

SOILWPE
(Shown in Syrnbol Column)

Sand , Silt

l. t rrn
l.'..|r-U lllllt::l ltgJ|'i.ri::l lllllhifl Ltll
Sandy Silty

Predominant Type Shown Heavy

ffi
Fitl

t[il
Undisturbed Rock Core Split Spoon

Note: Slickensided and fissured clay may have loner 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

paper thin in size
1/8'to 3'thick
greater than 3"
containing shrinkage cracks, lrequently filled with
fine sand or silt, usually moro or less vertical
pertaining to cohesive soils that aro subject to
appreciable loss of strength when remolded
composed of alternato layers ol different soil
types
composed ot thin layers ol varying color and
lexture
containing appreciable quantities of calcium
carbonato
having wide range in grain sizes and substantial
amounts ol all intermediate particle sizes
predominantly of one grain size, or having a
range of sizes with some intermediate size miss-
ing

Cohesive Shear Strength
Tons/Souare Foot

Less Than 0.125
0.125 to 0.25
0.25 to 0.50
0.5Oto 1.00
1.00 to 2.00
2.00 and Higher

Floeculated:

Slickensided:

Deqree of Slickensided Develooment

Slightly Slickensided:

Moderately Slickercided:

Extremely Slickensided:

slickensides present at intervals of 1'to
2', soil does not easily break along
these plates
slickensides spaced at intewals of 1'to
2', soil breaks easily along these planes
continuoug and interconnected slicken-
sides spaced at intervals of 4. to t2',
soil breaks along the slickensides into
pieces 3'to 6'in size
slickensides spaced at interals of loss
than 4', conlinuous in all directions; egil
breaks down along planes into nodules
1/4'to g in size.

Parting:

Seam:
Layer:
Fissured:

Sensitive:

Interbedded:

laminated:

Calcareous:

Well Graded:

Poorly Graded:

SAMPLETYPE
(Shown in Samples Column)

No Flecovery

TERMS DESCBIEING CONSISTENCY OR CONDIIION

COARSE GRAINED SOILS (Major portion Retained on No.200 Sieve)
Includes (1) clean gravels and sand described as fine, medium or cours€, 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 silts. Condition is rated accordinjto retative density, as determinod by lab
tests or estimated from resistance to sampler penotration.

Clay

m
m
Cla)rey

Descrioiive Term Penetration Resistance*
lpose O - 10
Medium Dens€ 10 - 30
Dense gO - 50
Very Dense Over5o

* Blows/Foot, lrl0# Hammer,30. Drop

Descripiive
Term

Very Soft
Soft
Firm
stift
Very Stilf
Hard

FINE GRAINED SOILS (Major Portion passing No.200 Sieve)
Includes (1) inorganic and organic silts and clays, (2) sandy, gravelly or silty clays, and (3) clayey silts. Consistency is rated according to sh€aring
strength' as indicated by penetrometer readings or by unconfined compression tests for soils with pl > 10.

Relative Densitv
0to rO%

40to 70%
70to 90%

90to 100%

pertaining to cohgsive soils that exhibit a loose
knit or tlakey struqturo
having inclined planes of wEakness that are
slick and glossy in appearance.

Intensely Slickensided:
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PORE PRESSURE, TSF
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JOB NUMBER: 94-4108
ELEVATION: 0.00

RESISTANCE, ;TST, RAIO (%)
468

DATE: 09-14-1994
PLATE: 1 OF 2

CPT NUMBER:

CONE NUMBER:
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qlo

c).0
q,.0

92.0

91.1

89.4.

s.4
91.0

94.0.
q2.7

90.0.

91.1

9Ll'
93.1

938

93.6

t'

.:

H

}T

r'H

.G
:.G

G

,.G
G

,.G

,r'''G

G.G

.H
.H

B

B

r05

1(F

lGt
i;ri{F

r:r,1(5 '

1($:,rr

1(5

3

105

t(l5

31

38

1([5

1(F

n
n

3.7

4.4

III.
III.
m
u.
v.
w
rv
VI
ry
v.
ry
v
ry
uI.
v
v

105

105

105

l()5

1(b

105

16
38

13

l()5

3t
38

i2
105

n
37

* Source U.S. Geological Surrrcy
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TABLE C.2

LIST OF LOITSIANA EARfiIQUAKE DATA SOURCES

Neumann" F. and Bodle, R.R., 1932, United States Earthquakes 1930, U.S. Department

of Commerce, Coast and Geodetic Sumey, Serial No. 539, p.7-25.

Neumann" F., t942, United States Earthquakes 1940, U.S. Department of Commerce,

Coast and Geodetic Survey, Serial No. 647, p.l'74.

Braz.ee,R. J. and Cloud, W. K, 1960, United States Earthquakes 1958, U.S. Deaprtment

of Commerce, Coast and Geodetic Sumey. p;"\'76.
, . 

t.,

Eppley, R. A and Cloud, W. trL, lg6L, United States Earthquakes 1.959, U.S.

Department of Commerce , Coast G-e@tic Survey, p. 1-115.

,.i ',,i :r::, .r ..'

von Hake, C. A, and Cloud, W. K, 1966,''U.nitCd, States Earthquakes 1964, U.S.

Department of Commerce ,€oast a4d,,Geodetic Suwen p. 1-91.
tr'-, ttt' 

, 

tt t,, .' 
' ' 't'

Coffmar\ J. L. and von Hake, C. A., 1973€anhquake History of the United States, U.S.

Department fo Commcrce ional $ganic and Atmospheric Administration,

No. 41-1 (through l97A), p..!;tQ$. "r1"

t: ,t 
, 
,..tt .,,,,t,"',,,..,,,,, ...,,itt

Docekal, J., 1970, Earthquakes,,of the,stable interior, with emphasis on the riridcontinent,

v. 2, A dissetation"ples the faculty of the graduate college in the

UniversityrcfNebraska in-partial fulfillment of requirements for the degree of

Doctor of .PhiioqA. PhyJ ;.p,,,,1'332.
,,,r,,,,,,,i1,,,.,,,,,'

Mississippi Power and Light Company, lg7z,Preliminary SafetyAnalysis Report, Grand

Gulf nuclear station, Units, 1 and 2, Nuclear Regulatory Commissio& Publec

Documents Room, Table C.3.2.

93B107C\CT.TC2 CALTECH 1t-zl-94



TABI,E C.3

DATA SOT'RCES FOR SIIE AI{D VICINITY
FATJLT 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 I-ouisianq 1984

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

.,,,,,1.,,
:rl '

McCulloh, R.P., Surface Faulf in Fast,"Baton Rouge Parish, Louisiana
Geological Suney, Open File Series No;'9-f'p, 1991

,,;:,1,: . t:

Wallace, W.8., Fault and Salt Map of South Inuisiana 1982

Nuclear Power Projects: GRAND C!{IJ. AND NEW ORLEANS (CHEF
MENTEUR AREA), WCC Archives, title'and date of rePoft unknown

Murray, G.E., Geolory of th€,,,Atlantic and GUf Co*tal Provinces of North
America, 1961 . 

,',-,,,,,,,,,,,,

Algermissen, S.T., 1969 Seismic rick studies in the United States: Fourth
World Conference on Edhguake,.En$neering Santiago, Chile, January 13-18,

1969 Proceedings, vn''lr..p;,,,14:27,::i
.

Bath, Markus, 1966, Earthqiake,,enerry and magnitude, in v. 7 of Physics and
chemistry of the Eqt!: Ordqrd and New Yorlq Pergamon Press, p. 115-165

Gutenberg$. a nicfrter,"CF., 1956 Magnitude and energ/ of earthquakes:
Annali --di e sicq v. 9,,no. 1, p. 1-15

' ,,, ,::' :,,

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

885

Richter, C.F., 1958, Elementary Seismolory: San Francisco, California" W.H.
Freeman and Co., Inc., p. 768

Wood, H.O., and Neumarl F., 1931, Modified Mercalli Intensity Scale of 1931:

Seismological Society of America Bulletir5 v. 2L, no. 4, p.,277'283

938197C\CT.TC} CALTECH tt-8-94



APPENDIX E

TABLE OF CONIENTS

Composite Samples Table E-l
Chemical Analysis Test Results

Resistivity Test Results

Resistivity v.s. Corrosion Table E-2

Test Method for Resistivity

93B107C\APP.TOC CALTE,CH



TABI,E E-l

LIGO

COMPOSITE SAMPLBS FOR RESISTWITY

AI{D CHEMICAL ANALYSIS

Composite Number Boring Number Depth (ft) PI

1 BSE.2.GT

BSE.2.GT

BSE17.GT

10-11,,,,

18.5

168 "",'

2 BSE.1.GT

BSE.2EGT

BSE.33.GT

,*16
'8-10

.s5
BSE.2&GT

BSE6GT
BSW.21.GT.,.

BSW-21-GT"rr

BSW-17-GT

BSE:LGT,

BSE I,LGT'.

,G8

G8'

8.1o

46
6-8

8-10

&10

94Br07C\Ct T-Er CALTECH LL-ttx





STE
Soil Tesling Engineers, Inc.

316 HIGHLANDIA DRIVE . P.O, BOX 83710 r
TELEPHONE (5U) 752-4790 .

BATON ROUGE, LOUISIANA 70884
FAX (504) 752-4878

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

CHARLES S. HEDGES, MS

CHING N.TSAI,MS
CHARLES W MCCUMSEY, (\C27.19C2)
RONALD H. JONES, ME

EUGENE G. WARDLAW MS

DAVID M, COLEMAN, MS

REGISTERED PROFESSIOI.IAL ENGINEERS

Mr. Ara Arman
Woodward-Clyde Consultants
P. O. Box 66317
Baton Rouge, Louisiana 70896

VERNON C, ASHWORTH, MS

KENNETH A. FLUKER, MSCE

DANIEL L. FRANKLIN, JR. MSC:

October 24,7994

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,ffi
Charles S. Hedges, P.E. 7

CSFVslh

GEOTECHNICAL, ENVIRONMENTAL & MATERIALS CONSULTANTS

LAKE CHARIES, tA (318) 474-1340 o JACKSON. MS (601) 956-0851 . BEAUMONT.TX (409)721-5868



tsencfrmar(
Lahoratuics, Inc.

Date started. LOlL8l94
Tine started: 14:00

Paraneter: Sulfates(as SO4) (Turbidinetirc)
Method reference: EPA 375.4
Resultt 434 ng/Kg MDL or sensitivity: 10
Date startedz LOlt8l94 Date finishedt ,LOlL8l94Tine started: 14:30 Analyst: LHD

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

Myers
Laboratory Manager

To:

October 2O, 1994

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

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

Sanple I.D. AA2?651 Location code: STE BR
Location DeEcription: Sanple #1 (94-1665) -
Samp1e collector: CLIENT
Lab subnittal date: LOlLOlg4
Received by: JLS

Parameter: Sulfide
Method reference: SW-846/903O
Result: 118 ng/Kg
Date startedz LOlL4l94
Tine started: 15:00

Parameter: Chlorides
Method reference: Slt
Result: 24L mglKg

Time: 11:45
Validated byl CLB

(Specific fon Probe)
4500 cL-D

MDL or sensitivity: 2.5
Date finishedr LolL4l94
Analyst: LHD

MDL or sensitivity: 2.5
Date finishedz LOlL8l94
AnaS.yst: LHD

/"1p3 n *

77445 ftiqer qed * tBaton RgW", LA 7O8O9 * lPfronc (5M) 7524567 * fq(5o4) 75L-o78a



tsencfirnnr(
Lahoratorfu,s, Inc.

To:

October 20, 1994

Soil Testing Engineers, Inc.
315 Highlandia Drive
Baton Rouge, L,A 70810

The following analyt,ical resultE have been obtained for the
indicated sanple which was subnitted to this laboratory:

Sauple I.D. lA2?665 Location code: STE BR
Location Description: SanpJ.e #2 (94-1665) -
Sample collector: CLIENT Sanple collection datez LOlLOlg4
Lab subnittal date:. LOlLOlgA
Received by: JLs

Paraneter: Sulfide
Method reference: SW-846/9030
Result: 33.8 ng/Kg
Date startedz LOlL4l94
Tirne started: 15:00

Parameter: Chlorides (Specific lon
Method reference: SI.! 4500 CL-D
Result: 586 ng/Kg
Date startedt L0l1.8l94
Tine started: 14:00

Time: 11:45
Validated by: CLB

MDL or sensitivity: 2.5
Date finishedt LolL4l94
Analyst: LHD

Probe)

MDL or sensitivity: 2.5
Date finished. LolL8l94
Analyst: LIID

Parameter: Sulfates(as SO4) (Turbidinetirc)
Method reference: EPA 375.4
Result: L24O ng/Kg MDL or sensitivity: 10
Date startedz LOlL8l94 Date finishedz LOlL8l94
Time Etarted: 14:30 Analist: LHD

If there are any questions regarding this data, pLease caII.

QzlG%
Randa1 B. Myers
Laboratory Manager

77445 fiicger Red * lBaton figuge, LA 7O8O9 * lPfronc (5O4) 7524567 * tFq(io4) 757-0787



tsencfrmnr(
LaSoratoiies, Inc.

TO:

The fotlowing analytical results have been obtained for the
indicated sanple wlrictr was submitted to this laboratory:

sample I.D. e427666
locltion DescriPtion: sanPle #3
Sample collector: CLIENT
f,ab submittal date: LolLOlgA
Received bY: JLS

Parameter: Sulfates(as
Method reference: EPA
Result: L24O ng/Kg
Date started: LOlLBlgA
Time starteds 14:30

Parameter: Sulfide
Method reference: SW-845/9030
ResuLt. L92 ng/Kg
Date started: LOlL4l94
Time started: 15:00

Parameter: Chlorides (Specific Ion Probe)
Method reference: SI'! 4500 CL-D
Result: 2L4 mglKg MDL, or sensitivity: ?.,5
Date started z'Loi1glg4 Date finishedz LOlLel94
Time started: 14ioo AnalYst: LIID

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

-^,(j/,ulcYzr.-^
Randal B. MYers
LaboratorY Manager

October 20, 1994

Soil Testing Engineersr Inc.
316 Highlandia Drive
Baton Rouge, LA 70810

Location code: STE-BR
(e4-1665)' Sanple collection datez LOlLolg4

Tine: 11:45
VaLidated bY: cLB

So4) (rurbidinetirc)
3'15.4

I'IDL or sensitivity: 10
Date finishedr LOlL8l94
Analyst: LHD

MDL or sensitivitY: 2.5
Date finishedz LO lL4l94
Analyst: LIID

77a45 fiieger Red * tBaton RpWe, .(A 7O8O9 * lPftone (5O4) 7524567 * fq(5o4) 757-0787
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JA-rsrsr9a

tsencfimnrk.
Lafinato/irs, Inc.

October 20, 199t1

To: soll tegtl'ng . EngLneere ' Inc '
316 lllghlandla DEIY?
giton iouEe, ra 70810

rhef,ollowlnganal1tlaal-rcrultebav-e.beenobtalncdlorthc
i.ndleated aanple vh{ch rar'Ii;^rt{ea to thLc laboratoEys

aenplr t.D. 1f27666 I'ocatlon cod': STE-BR

LocatLon p""t-rf,iif"": Sanpte f3 (94-1666)
6anple cotteci;;;-c;iElfr 

:" ' - -- iatpll'corlcctlon daFe: Lollolgl
r.,au eubnLttar-aiiei-iolLols1 t[1ne: 11:45

Receivcd bY: JIJS Valldated bY: CtrB

Pararneter: Sulfatee (aa q94)
il;tldd ref,crence I gPA 375 ' 4

Reeult: L24o urElKq - .- -bate etartcdz LOlL8l94
'l[l.nc etarted: 14:30

Pararogter: sulfLds
i;tlr"a -iEterence : st{-g 46 / 9o3 o

Reeu]'t: 192 nElKg
Date gtartedz Loll4l94
Elne etarteds 15300

Paraneter: ChlorLdeE (sPecltlc
G$;a-rlference: su 45oo cL-D
Rcgult z 2L4 DglKg-oate gtartedt LO l'^slg4
tlne etarteds 14 ! 0o

are any guestlong raEard!'ng thlr {ata' pleaae call'

-/--,(h/wgYv.ta*
*33ll.:;"Hff:E.r

(Iurbtdtnetlrc)
MDIJ or mnrl,glvlty: 10
PiCa flnlshed. Lolr,sl94
AnalYall LrID

,i i.. :..,.:.,

MDL or reneltLv*'tYl 2 '8
olte .flnlehecl I Lo I Ll l 94
Atralyst: LIID

Ion Probc)

UDL or lrngitlvLtY: 4:5.
o"Ec 'ilnlrhcal r.olte 194
AnaIYat: LIID

If there

ttt8ttS z$faa zr\yd - otncro 4vr?Fras+ ?agog - ofoou (gu) 7do-d-€67 * !Fq,/t0l) 797.-0781



ootober 20' 1994

EoLl TeetLnE Englneorr, Inc'
316 HLEhlandla Drtv'
iaton iougc, IA 70810

Parameter: 8u1f J.dc
i.lfiJa reference: 8w-846/e030
Reeult: 33.8 nE/Kg
Date atarted2 LolL4l94
Tlne etarted: 15100

Lrtoratfres, Irtc,

|ro:

trhs fotlowlng analy{ilcal reeults havc bcen'obtalncd' lor thc
LndLcated aanple whlch t.g-Bnbslt€ea to thls laboratory3

grlDl.t.D.}13?c65locatl.on:codc:gr8-Bn'
Locatlor, u"""-ilpifo": S-anp1c #2 (94-1566)
Sanplo collectoi: CLIBIT 

'-' ' - '-ianpfi'colloctLon datc: L0lLolgl
il;'il;r;ili-d;i";-io7iots4 rll?! 11345

ReceLved by: itrJs valldated by: CIJB

Paraneter: sultatee(as q94l
ull[oa refcrencll gPA 375'4
Rcsultl L24O trg/Xg
Date Etarted:. LOllelgi
llLne etalted: 14130

Paraneter: chlorldeE (speclftc Ion Proba)
ir.ltt"a trefetrsnce: st't 4500 cL-D
neeult3 586 DglKg tl[DL or eenrltivttyl 2'5
Date ctarted z LO I L8lg4 Date ll.nlehed: Lo l L8 |94
;fi; ;a;;a;ei rci oo. AnalYl,t,' r 

LIIP ! :

'.i
If ther6 are any queeti.onc reEarding ttrl'g cdta, plcaic cal'l'

eula
Randal B. l{Ycrr
Iaboratoz? tlanqgcr

i1 j..r:

(rurbtdlnetlrc)
IIDIJ Or eenritlvttYt lo
batc '' ! lnl'rhcd: lo I Le I 9 t
Analfgt: I'llD

MD! or ronct'tl'vLtY: ?:6
oitr. flnlshed: I'olL4l94
AnalyEt: LHD

7524567 , fcC-6O4) 7t7'O767
77445 Kltgt Rgd' tD&on RQVa, IA TOEO/ ' lPfrorll (5O4)



JUITJIUIUI

. :; .'
t.;,'

TI1s followJ.ng analytlcal reaulte bava U".tt obtal'ncd . for thc
Lndlcated eaiptc wf,lch wae rubnl.ttod to thlr laboratorys

8r|!E,1. I.D. H27664 l,ocatlon coda: SIE-BR
r,ocltton Deecrlptlon: Sanple #1 (9{-1666)
sanplo soJ.lactor: CLTIEI{I
Lab-subnlttal datet LOlLolg4 ELne: 11s45
Rscelvecl by: iIIJs valtdated:by: CIJB

(turbtdfu ctl.rc)

llDlr or 3.nfl'tlvlty: 10
Datr flnlihcd: Ial Ls I 94
Ntalyrt: f'HD

To!

Plranrtrr: 9ulfata.(aa SO{}
Mcthod rcfcrcnca: EPA 375.{
Regultt 434 \ElKg
Datq rtartedz L0lL$l94
Tine etarted: 14330

Paranetc: sulf 1d3
Mctlrod reference: SW-8{6/9030
Rcau1t: 118 aglKE
Datc atartedz LOlL4l94
flne starteds 153oo

Pararnater: Chlorldee (SPcolflc
Uetlrod reference: SU 4500 cL-D
Reeult: 241 ng/Kg
Date rtartcdz LOlL8l94
trLne atarted: 14:OO

Sotl feetLnE EnElneera, rns.
316 ELghlandla DrLve
Baton Rouge, IA 70810

Dgtc. !.lnlehe3:
analy.it ii IHD:

fon Frobe)

If tlrero 'ars any queetions regardl'ng

_I

narfdal E. Myrrt
Irboratory Manager

lfDL or rcnlltlvLtYl 2.5
LolLAle{

t{DIr or aeneltlvity: 2.5
Date flnlthed: LOlLAl94
Analyet: LHD

thle data, plearc call.

t1445 lRlg6 dOd * Seon 4gtu4l2, .fA 7UO9 * sftote' (5'@0'''
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:Js{ rJru ror Dcl\\-r]| Flr\n

Octobet 20r 199{

6o11 Teltl'ng Englneore, Inc '
315 HlghlandLa Drlva
giton iouge, r,e 70810

tsercfiinnrk
Laiuato/ias, hnc.

tro:

'lhe'olIow!'nganalytl.cal-reculteharle.bsonobtal.ngdforChg
LndLcated eanple vhl.clr rag-IuUtfttea to tlrlg laboratory:

5up1. t.D. 112?666 catlon cod': srE-BR

rccatLon Deec;Jiilo": sanple f3 (e{-1656)
Samp1a coftecloi: CLIENT '-iarnpti'collectlon daFe: LOILO|9A

r.ad cubntrt"i-aii"i-ioi rolgc Tlne: 11:{5
IteceLved by: Jrrs valldated by: CIJB

Pararoeter: Sulfates(ae 99{l (turbtdtnetlre}
il;tb"-e ref,erance: EPA 375'4 ?^?.  e aarrq{ri
Rseult: LZilo &lrlKl MDL or eonst'tslvlty: 10

Date gtartcd z Lol:.;slsl DiEe Ctnlrhedc LOlLElg0

iffi ;A;Gei iriio' 4n.lry:o trID : : .,
Paranstcr: Srrlf ldc '' : 

"
ieu;e-ikerJncer sI{-8{6/9030 : "
Reeult: 192 uElKg
Date gtartcd z LolL4l94 Date '!lnj'shed: LolL4l94
nlne etarted! 15300 Analyst: IJllD

Paraneter: ChlorLdes (spectflc Ion Probe)
i;il;a-iefet"nc", slf {5oo cL-D
Rcault ? 2L4 nE/Kg UDL or lansltlvlty: 2'5
Dare ctartcd z- LOltslg4 piEc 'flnlehcd3 tgl16lg4
rLne gtartcds 14 3 00 Analyot l I"HD

any qu€Etlone rcgardlnE ttiti qata'' pleaaa cbl1'

^./( ) 'it(H"J/&{272";
Randal B- t{Yerr '/'
L,aboratory ManaEef

If there are

7*e-d-€67 * g4.Gt 1) 737.-0781ttaat a\!c6a z<ya - o*orc e? z4 ?Aoe - @Eoat (gu)



Labnatorizs, Inc.

llo:

guttl. t.D. el3?c65 locatlon;codca 8trE-BR

Locatlor. o.."-iliif-n: 
-sanpLe 

i2 (94-1566)
Sauple coltecloi]-Clrng 

!-- r' '-ianpl" colloetion datc: Lollolgr
il;"illirtili.I-.i":-ioliots4 ql1?'- 113{5

ReceLved by: irrJs Valldated by: CIJB

($rblahetlrc)
!{DIJ Or eenai'tlvltYl lo-oate'' tlnr.rhedr Lo I L8 I 9r
Analfg{: I,IID

MD! or mncr'tLvLtY: 4:5pito: tlnlahed: Lo lLil94
NralYBt: t[lD

ootob€r 20' 199{

BolI Eect!.nE Englnecre, Inc'
316 Htghlandta Drt'vi
giton iouga, I,A 70810

; - i,

rbelollovlnganalytlcalregultahavc.becnobtalncdlor
Lndleated eanple whlch r.s-r"bnittea to thls laboratqryt

Paraneter3 sur!ateq-(1E- 99lt
i"tn"a-ref,crencoi gPA 375'4
Itcsul.t: L24O t!g/K{t
oate etarted3 Lol1gl94
:[Lne etarted: 14:3O

Paraneter: Sulllde
ir"tt "a reference: St{-846/9030
Reeult: 33.8 ng/Kg
Date etartedz Lol14l94
trLne etarteds 15s00

Paraneter: Chlorldes (Speclfic Ion Probe)
ifetttda referenee: st't 4500 cL-D
ResuLts 585 mglKg !tDr' or eenrltLvlty: 2'3
Date etarted z- Lol11slg1 Dlts ttnlrhedc Lgl1'8l94

;fi; ;i;6ei ui oo- lrtaryifi3'' ulIP i, :

:i
If ther6 are any qlUcationg regardlng ttrl's data, pleaic cal'l'

i

l, uug Klqfr 89at' D*at ftgtuga' 'LA'
I'l'

7t24567' fcC-6O4) 757-O7eI

Qzls?
Randar E' lfltcrr
Iaboratory ltanqE.r

il j..": : '.'

TOEO/' lPfione (5O4)
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Ootober 20t

Tot SolI lleetJ.ng Englneerer Ino.
316 ELghlandla DrLvs
Baton Rouge, IA 70810

arnglr I.D. 112?664
r,oeltton Deecrl.ptlon: sanpla #1
sanple collactor: cIrIENlf
Lab subulttal dater LolLolg[
Rccelvcd bY: JIJS

;:i, .l.i
The followJ.ng analltlcaX. reeultg have liacn oltal,ned . tor thc
lndl.cated eanpla rhLch wae subnLttcd to thlr laboratory3

I"ocatlon codi! SrE-BR
(9{-1556)

ELue: 11145
Valldated r byr CIJB

Para.nrtrr: SuJ.fatca(aa
Mothod rofcrence: EPA
Results 434 m'lKg
Datc rtirtedt LO|L$l94
lDimE gtarteds 14!30

so{} (Etrrbl.dLnottril,
375.4

Paranetrr: sulfide
Mcthod relerence: SW-845/9030
Reeult: 118 nglKg
Datc ctartedz LOlL4l94
Slue sterteds 1530o

Parancter: ChlorLdea (Epeolflc
UetJrod reference: Stt 4500 CL-D
Reeult: 2{1 Dg/Kg
Date rtartedz tol1'glg0
TLne atartad: 14: OO

If tlrere'ar6 any queetlong regardl.ng

UDL or 3.ntl'tlvttY: 10
Datc ltntbhcd. IoTLs I 94
Nralyot! IJ|D

l{DL or rcnrltLvltyl 2.5
D.atg,.f.lntebqa t Lo I Ll I e{
Analy.it ri IiHDI

fon Probe)

UOf. or ceneltlvl,tyl 2,5
Data ftnichcd: LOl1'8l94
Analyrt: I.,IID

tble data, plcaee call.
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NOTBS:

LIGO/ Cal. Tech Pruject
Livingston Parish, Louisiana

for
Wo o dwanf'Clyde Co nsultants

Baton Rouge, Louisiana

SoiI Sample Laboratory Resistivity and pH
Test Results

N is natural moisture content of sample as received

Soil box factor (SBF) : 5.90 cm

First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for R, and Rr,
which had 6 hour clue, 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.

r)

2)

3)

Composite
Sample No.

Test No. pH
Content

o/o

Moistrr
Content

oh

Test Reading
ohms

Resistivity
ohncm

Notes

I Tan siltv fine sand with smal gravel

Rr 6.68 15.1 (|D 13,000 89,700

& 2t.4 27,500 189,750

R3 27.5 8000 55,200

R1 3 3.1 3000 20,700

R5 39.9 3000 20,700

) Light gray slightly silty clay

R6 6.98 24.5 (N) 3500 24,150

R7 35.7 r5,000 103,500

Rs 44.5 20,000 138,000

& 56.9 4,000 27,600

R,o 76.2 13,000

5,000
89,700
34,500

(3)

5 Light gray and tan silty clay

R,, 6.52 ls.8 oD 3000 20,700

R,, 19.0 4000 27,600

R,, 22.9 4000 27,600

9il-1666



NOTES:

LIGO/ Cal. Tech Project
Uvingston Parish, Louisiana

for
Wo o drvard- Clyde Consultants

Baton Rouge, Louisiana

Soil Sample Laboratory Resistivity and pH
Test Resulb

N is natural moisture content of sample as received

Soil box factor (SBF) = 6.90 cm

First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for R, and Rr,
which had 5 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.

l)
L)

r)

Composite
Sample No.

Test No. pH
Content

Vo

Moisture
Content

o/o

Test Reading
ohms

Resistivity
ohm..cm

Notes

I Tan silty fine sand with small gravel

Rr 6.68 16.1 O1") 13,000 89,700

R2 21.4 27,500 189,750

R3 27.5 8000 55,200

R1 33.1 3000 20,700

R5 39.9 3000 20,700

) Light gray slightly silty clay

R5 6.98 24.5 (N) 3500 24,150

R7 35.7 15,000 103,500

R8 44.5 20,000 138,000

Re 56.9 4,000 27,600

R,o 76.2 13,000
5,000

89,700
34,500

(3)

J Light gray and tan silty clay

Rrt 6.52 15.8 (I.J) 3000 20,700

R,, 19.0 4000 27,600

R,, 22.9 4000 27,600

94-1656



NOTES:

LIGO/ Cal. Tech Project
Livingston Parish, Louisiana

for
Wo o drvard- Clyde Consultants

Baton Rouge, Louisiana

Soil Sample Laboratory Resistivity and pH
Test Resulb

N is natural moisture content of sample as received

Soil box factor (SBF) = 5.90 cm

First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for R, and Rr,
which had 6 hour cnre, 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
electrolvte salts.

l)
2)

3)

Composite
Sample No.

Test No. pH
Content

Vo

Moishup
Content

oh

Test Reading
ohms

Resislivity
ohm.cm

Notes

I Tan silty fine sand with small gravel

Rr 6.68 16.l (N) 13,000 89,700

R2 2t.4 27,500 189,750

R3 27.5 8000 55,200

R. 33. I 3000 20,700

R5 39.9 3000 20,700

) Light gray slightly silty clay

R6 6.98 24.5 OD 3500 24,r50

R? 35.7 15,000 103,500

R8 44.5 20,000 138,000

& 56.9 4,000 27,600

Rro 76.2 13,000
5,000

89,700
34,500

(3)

a
J Light gray and tan silty clay

R,, 6.s2 15.8 (I.t) 3000 20,700

R,, 19.0 4000 27,600

R,, 22.9 4000 27,600



NOTBS:

LIGO/ Cal. Tech Prcject
Livingston Parish, Louisiana

for
Wo odvyard-Clyde Consultant

Baton Rouge, Louisiana

Soil Sample Labonatory Resistivity and pH
Test Resulb

N is natural moisture content of sample as received

Soil box factor (SBF) = 6.90 cm

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

l)
2)

r)

Composite
Sample No.

Test No. pH
Content

o

Moisturc
Content

o/o

Test Reading
ohms

Resistivity
ohm.cm

NoJes

I
I Tan silty fine sand with small gravel

Rr 6.68 16.l (N) 13,000 89,700

R2 21.4 27,500 189,750

R3 27.5 8000 55,200

R4 33.1 3000 20,700

R5 39.9 3000 20,700

) Light gray slightly silty clay

R6 6.98 24.s OD 3500 24,150

R7 35.7 15,000 103,500

R8 44.5 20,000 138,000

Re 56.9 4,000 27,600

R,o 76.2 13,000

5,000
89,700
34,500

(3)

J Light gray and tan silty clay

R,, 6.52 15.8 (N) 3000 20,700

R,, 19.0 4000 27,600

R,, 22.9 4000 27,600



NOTBS:

LIGO/ Cal. Tech Project
Uvingston Parish, Louisiana

for
Woodrvard-Clyde Consultanb

Baton Rouge, Louisiana

Soil Sample Laboratory Resistivity and pH
' Test Results

N is natural moisture content of sample as received

Soil box factor (SBF) = 6.90 cm

First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for R, and Rr,
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.

l)
z)

3)

Composite
Sample No.

Test No. pH
Content

o/o

Moistuie
Content

Yo

Test Reading
ohms

Resistivity
ohncm

Notes

I Tan silty fine sand with small gravel

Rr 6.68 16.1 (N) 13,000 89,700

R2 2t.4 27,500 189,750

R3 27.5 8000 55,200

R4 33.1 3000 20,700

R5 39.9 3000 20,700

2 Light gray slightly silty clay

R6 6.98 24.5 (N) 3500 24,150

R7 35.7 15,000 103,500

RE 44.5 20,000 138,000

Re 56.9 4,000 27,600

Rro 76.2 13,000
5,000

89,700
34,500

(3)

J Light gray and tan silty clay

R,, 6.52 r5.8 OD 3000 20,700

R,, 19.0 4000 27,600

R,, 22.9 4000 27,600



NOTES:

l)
2)

r)

LIGO/ Cal. Tech Project
Livingston Parish, Louisiana

for
Wo o drvard-Clyde Consultants

Baton Rouge, Louisiana

SoiI Sample Laboratory Resistivity and pH
Test Resulb

N is natural moisture content of sample as received

Soil box factor (SBF) = 6.90 cm

First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for Rr and Rr,
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
electrolvte salts.

Composite
Sample No.

Test No. pH
Content

o/o

Moisturc
Content

Yo

Test Reading
ohms

Resistivity
ohncm

Notes

Tan silty frne sand with small gravel

Rr 6.68 16.1 (N) 13,000 89,700

R2 2t.4 27,500 189,750

R3 27.5 8000 55,200

R1 33.1 3000 20,700

R5 39.9 3000 20,700

2 Light gray slightly silty clay

R6 6.98 24.5 (N) 3500 24,150

R7 35.7 15,000 103,500

Rs 44.5 20,000 138,000

Re 56.9 4,000 27,600

Rro 76.2 13,000

5,000
89,700
34,500

(3)

J Light gray and tan silty clay

Ru 6.52 15.8 (N) 3000 20,700

R,, 19.0 4000 27,600

R,, 22.9 4000 27,600
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STE
Soil Tesling Engineers, Inc.

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

CHARLES S. HEDGES, MS

CHING N. TSAI, MS

CHARLES W MCCUMSEY, (1q27-19q2)
RONALD H, JONES, ME

EUGENE G, WARDLAW, MS

DAVID M. COLEMAN, MS

3]6 HIGHLANDIA DRIVE . P.O. BOX 83710 . BATON ROUGE, LOUISIANA 70884
TELEPHONE (5M) 752-4790 o FAX (504) 752-4878

October 24,1994

VERNON C. ASHWORTH, MS

CERTIFIED PI]OFESSIONAL GEOLOGIST

KENNETH A. FLUKER, MSCE

DANIEL L. FRANKLIN, JR, MSCE

REGISlERED PROFESSIONAL ENGIN€ERS

Mr. Ara Arman
Woodward-Clyde Consultants
P. O. Box 66377
Baton Rouge, Louisiana 70896

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 I and Sample 2 test data shows a variation or "sharp" rise for the first tests (R , Rr,
and Rr) 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,, Ru, -d R,r) are usable for in-situ conditions. The
final tests values (tests \, R,o, and R,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.

'Hre&
Charles S. Hedges, P.E.

Re:

GEOTECHNICAL, ENVIRONMENTAL & MATERIALS CONSULTANTS

IAKE CHARIES. LA (318) 474-1340 . JACKSON, MS (601) 956-0851 r BEAUMONT. TX (409)721-5868



NOTES:

AII\ttrITIttll
Soil lesling Engineers, lnc. LIGO/ Cal. Tech Prcject

Livingston Parish, Louisiana
for

Wo o drvard- Clyde Consultanb
Baton Rouge, Louisiana

Soil Sample Laboratory Resistivity and pH
Test Results

N is natural moisture content of sample as received

Soil box factor (SBF) = 6.90 cm

First reading after 6 hour "cure." Second reading after 50 hour "cure." The high readings for R, and Rr,
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.

r)

3)

Composite
Sample No.

Test No. pH
Content

Vo

Moisture
Content

o/o

Test Reading
ohms

'Resistivity

ohmcm
Notes

I Tan silty fine sand with small gravel

Rr 6.68 16.l (N) 13,000 89,700

& 2t.4 27,500 189,750

R3 27.5 8000 ss,200

R{ 33.1 3000 20,700

R5 39.9 3000 20,700

Light gray slightly silty clay

R6 6.98 24.5 OD 3500 24,150

R7 35.7 15,000 i03,500

Rs 44.5 20,000 138,000

Re 56.9 4,000 27,600

R,o 76.2 13,000

5,000
89,700
34,500

(3)

J Light gray and tan silty clay

Rtt 6.52 15.8 OD 3000 20,700

R,, 19.0 4000 27,600

R,, 22.9 4000 27,600
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TABTE 8.2

RESISTWITT VS. CORROSION POTEI}TTIAL

Specific Conductivity,
cm/ohm

Specific Resistivity,
cm/ohm

Expected Cormsion
Attack

> 10-3

10'3 -3.3 x 10a
3.3 x 104 -2 x l}a

2x L04 -104
10"{ -5 x 10'5

< 10-s

< 1,000
1,(m -3,ooo

3,000 - 5,000
5,000 - 10,000
10,000 - 20,000

>20,000

very strongly aggressive
strongly aggressive

aggressive
moderately aggressive

slightly aggressive
virtually nonaggressive

g3BTOC\CT.TEI CALTECH
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Scope

This test method outlines the procedure lor obtain-
ing the resistivity ol soil and aggregate materials.
Resistivity (ohm-cm) varies directly with the moisture
content of the material until the minlmum resisttvity le
obtained. This minimum resistivity value is delined as
the resistivity ol the material. Resistivity is an lmportant
factor in considering the use of metal pipe, earth-
reinlorcing strips and other metal iteme in earthwork.

Sample

Secure a rcpresentative sample ol the total material
ol sulficient size to yield approximately 1300 grams of
material pa.ssing the No. 8 mesh sieve. Teet Method Tex-
100-E should be lollowed in sizing and selecting a
representative size.

Apparatus

l. Portable resistivity meler. Vibroground
Model 293 or egual.

2. Small box wlth inside dimensions ol 4 inches
x 6 inehes x l-3/4 inches (see Figure 2).

3. Straightedge.

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

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

6. 200 ml graduated beaker.

7. A balance wiih a minimum capacity of 1500
grams which meets the reguirements ol Test Method
Tex-901-K, Class II-D.

8. See Figure I lor eguipment set-up.

Materials

Distilled or demineralized water.

Procedure

I. Select a representalive sample of the
material to be tested lor resistivity.

2. Dry the sample to constant weight in an
oven at a temperature of 140" t goF and allow to cool
at room temperature.

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

Test Method Tex-129-E

Rev: November 1986

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

5. Place the wires lrom one clip on the lelt of
the meter dial and the wires lrom the other clip on the
right.

6. Fill the soil box with the well-mixed dry soil,
compa.ct lightly with lingers and level oll the top with a
straightedqe. Connect the resistivity meter to the side
terminals ol the box. Place swltch in Adj. posilion 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 ol distilled or demineralized water at room f
temperature and mix until all the water is dispensed
unilormly through the soil. Fill the soil box by lightly
hand-compacting the wet soil, making eure that the soil
completely lills the box. Level ofl 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 aborre procdur€, using the mme
sample, adding distilled or demineralized water in in-
crements ol 50 ml for sandy soils and 100 ml lor clayey t
soils. Ineure that each addition oI water is dispersed
evenly through lhe sample. The resistivity neadings
should decrease lor several readings before an inc.rease
is noted. The lowest resistivity reading before an increase
will be the reading to use lor calculatng the resistivity ol
the soil, as shown on the data sheet (paqe 3). The
resistivity lor sandy soils is generally higher than lor
clayey soils. The eandy soils rnay contain higher levels ol
eoluble salts and not always increase alter geveral
decreasing readings. For sandy soils the reading used to
calsulate the resistivity value will be when total saturation
occtrs. This is when water is obsened rising lo the sur-
Iace during compaction of the eample.

State Department ol Highways and Public Transportation

Materials and Tests Division

METHOD OF TEST FOR THE RESISTIVITY OF SOILS MATERIAL

l-ll:i
!_:

Calculations

Resistivity (in ohm-cm) = Box Factor X Resietance.
Soil Box Factor - A- ;"'"
A=
D=
S.B.F. =

4',
S.B.F. = 6.67 cm

Area ol one electrode
Distance between electrodes

cm
6' X 1.75', X 2.54 fi:



NOTES:

l. The dial reading is resistance in ohms and is
measured between the two electrodeg that are separated
by 4 inches of soil in this procedure.

Test Method Tex-129'E

Rev: December 1982

2. Resistivity varies with temperature; there-
Iore, it is important that the soil and added moisture be
at unilorm room temperature when mixed and tested.
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Project:

Teet Method Tex-129-E

Rev: December 1982

lccation: By:

Soil Type:

Iaboratory
Number

Resie-
tanc-e

(ohms)
Depth

Location (It)

Weight
Soil
(s)

Water
Added Multi-
1ml) plier

Dial
Reading', -i

il
itr

,l

F
;l

.a

Example f,l SH 000 3-6 1300

'Minimum resistance reading

Resistivity (ohm-cm) = Box Fac'tor X Resistance

R = 6.67X2300'

R = 15,341 ohm-cm

0

150

150

ls0

150

ls0

l04

l04

l04

l04

104

l04

1.0

1.0

.57

.33

.23

.24

10000

10000

s700

1100

2300' ,

24W

-.1

,ii:

4
I

{
n
t

:1
;a

'i
,.j

'il
'1
IJ

n

,1

:l



Test Method Tex-129-E

Rev: November 198?

ilolc:
Sloinlcrt Sfccl Elcctrodcr
20 Go. (Type 304)

J

-)
I

:. 1

I
J

roP vrEw
I

FRONT VIEW

:l
J

,l

Soil Box For Laboratory Resistivity Determination

MateriqL Ud" Plcrstic
Bottom - I Pc. 6 l/2' x 4 l/2' x l/4'
Ends - 2 Pcs. 4 l/2' x | 3/4' x l/4'
Sides - 2 Pcs. 6' x | 3/4' x l/4'
Electrode - 2 Pcs. 20 Ga. Stainless Steel 6' x I 3/4'

2 Ea. No. 8-32 x 3/4' Round Head Stainless Steel or
Brass Machine Screw with Rubber Washer and Stainless
Steel or Brass Washer and Nut.

Flgure 2
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