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SUBSURFACECONDITIONSDATA REPORT
NORTHSAFETYAREA
THIRD RUNWAYEMBANKMENT
SEA-TAC INTERNATIONALAIRPORT

1NTRODUb'_I'ION

This data report presents information on subsurface conditions, based on

geotechnical and hydrogeologic field testing and laboratory testing to support

the North Safety Area (NSA) construction for the Third Runway Embankment
Project at the Sea-TacInternational Airport.

The site is located at the Sea-TacInternational Airport, in SeaTac,Washington

(refer to Figure I, Vicinity Map). The shaded area on Figure I is presented on

Figure 2, Site and Exploration Plan,showing exploration locations both for this
report and those performed previously by Hart Crowser and others. Cross

sections showing inferred geologic conditions are provided on Figures3 and 4.

Figure 5 shows "wet season" or winter, groundwater elevation contours for the
Shallow Regional Aquifer. Late summer or "dry season" groundwater elevation
contours are shown in the Phase 3 Fill Subsurface Conditions Data Report (Hart

Crowser, 1999c).

This report discussesthe subsurface soil conditions in the North Safety Area

followed by a discussion of the hydrogeologic conditions. Appendices A and B
follow the main text and present results of our subsurface explorations and

laboratory testing, respectively.

PURPOSEAND SCOPE

The purpose of thisreport is to provide information on subsurfacesoiland

groundwater conditionsaffectingconstructionin the NSA. Proposed
constructionin thisarea includesthe Third Runwayembankment, retainingwall,
and relocationof South156th Street.Additional information in other reportsis

listedin the referencesat the end of thisreport. The information presented

herein providesthe basisfor our geotechnicalengineeringanalysesand
recommendations.

Information presented herein was obtained in general accordance with Task

5.0--Explorations and Tests,presented in our proposal dated August 23, 1999,

and subsequent modification.
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GENERALIZED GEOLOGIC DESCRIPTION AND SUBSURFACE SOIL CONDITIONS

Thissection providesa descriptionof the geologic andsubsurfacesoilconditions

within the North SafetyArea (NSA), shownon Figure2, basedon Hart

Crowser'sexplorationsat the siteand explorationsby others.

GeneralizedGeologicConditions

Generalized geologic conditionsin the project area have been describedin the
PreliminaryEngineeringReport,Volume 2 (Applied Geotechnolosy Inc., 1994).

The following isa summary of the geologic unitsidentified at the Third Runway

project site:

• Fill (loose to medium dense,locally dense,variablygraded, silt,sand,and

gravel);

• Alluvium (primarily softto stiffpeat, clay, and silt;and very looseto medium
dense, fine to medium sand);

• RecessionalOutwash (primarilylooseto dense,siltysand and gravel,and/or
medium stiffto hard, sandysilt and/or sandyclay);

• Glacial Till (dense to very dense, silty sand and gravel, and hard sandy silt);

• Advance Outwash (dense to very dense, non-silty to silty sand and gravel);
and

• Lawton Clay (very stiff to hard silt and clay).

Subsurface Conditions

Subsurface soil conditions interpreted from materials encountered in

explorations at the site and soil properties inferred from laboratory tests formed
the basis for the information contained in this report Variations between

explorations occur due to the variability in gradation, moisture content, and
density/consistency of soils at the site. The nature and extent of these variations

may not become evident until construction. If variations become evident, it will

be necessary to re-evaluate our interpretation of the soil conditions at the site, as
well as any recommendations based on those interpretations.

Generalized subsurface conditions in the area are shown on Cross Sections

105+20 and 110+47, Figures 3 and 4, respectively. The following soil materials
were observed in this area.
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Soft Organic Clay and Loose,SiltySand with Organics (PEAT). Two borings

(HC99-B42 and HC99-B48) encountered peat in the upper 2-1/2 to 3 feet of the
explorations.These two borings are located on or within 35 feet of Miller Creek.

Other explorationsnearby and to the northwest have alsoencountered peat,

sometimesup to 10 feet or m.orein thickness.Figure2 indicates the general
region where peat is inferred to be present.

Soft to Stiff, Slightly Gravelly, Slightly Sandyto Sandy CLAY,and Slightly

Sandy, Slightly Silty to Very Silty CLAY. Clay was encountered at depths ranging
from about 4 to 10 feet from the ground surface.These soil units range from
about 4 to 8 feet in thickness,and are mainly located in the northern region of

the area, adjacent to Miller Creek.

Medium Stiff to Hard, Gravelly, Slightly Sandy to Sandy,Clayey SILT, Sandy

SILT, and Slightly Gravelly, Sandyto Very SandySILT.These materialswere
encountered in the majority of the explorationsin the area. Shallowdeposit

depths ranged from about 1 to 6 feet, and deeper layerswere encountered at
depths of about 10 to 30 feet.

Medium Dense to Very Dense, Slightly Gravelly to Gravelly, Slightly Silty to

Very Silty SAND. These soilshave been inferred to be the primary unit
underlying the soilsdescribedabove. The top of these soilsextend from depths
of lessthan 10 feet to more than 40 feet in the majority of the borings

performed for this study.

Summary of Results from Laboratory Tests

Tables I through 4 summarize the parameters determined from tests performed
on specimens taken from Shelby tube samples obtained during drilling. The

samples within the Shelby tubes were extruded and prepared for assigned

laboratory tests in general accordance with the applicable ASTM standards as
discussed in Appendix B.

Hyclrogeologic Conditions

Groundwater Occurrence

Groundwater was typically encountered in the borings that were advanced

during this phase of work. The water levels observed in the open borings at the
time of drilling (ATD) and subsequent to monitoring well installation and

development are shown on the boring logs (Appendix A). Heaving conditions
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were encountered at depth in the sandsduring drilling in HC99-B42 and
HC99-B48.

Groundwater Monitorinq

With the addition of 14 new wells, groundwater elevation data are now being

collectedmonthly_rom 34 wells in the NSA.Thesedata indicate seasonal
changesin groundwater elevationand flow pattern in the NSA. Available data

are compiled and presented in Table 5. Sinceregularmonitoring began in March

1999, seasonalgroundwater elevation fluctuations of 2 to 3 feet have typically
been observed,with the seasonallow level typically observed in September or

October, and highwater level observed in March and early April.

Groundwater Flow Mapping

Shallowgroundwater elevationsobserved in December 1999 are contoured on

Figure5. Thesegroundwater levels representearly wet seasonconditions,with
elevationsthat are typicallyabout 0.5 to 1.5 feet above the dry season lows
observed around October 1999.

Groundwater flow patterns appearto be generally unchangedby seasonalwater
level variations,with flow generally toward Miller Creek from the higherground

of the airport. Thisis consistentwith conceptual models of localhydrogeology
(Applied Geotechnology Inc., 1996), where recharge occurson the higher

ground of the airport, and water movesdown into the ShallowRegional Aquifer
before dischargingto the creek. Artesian conditions observed in some wells

(e.g., HC99-B43A) indicate an upward hydraulicgradient, consistentwith the

regional dischargeof groundwater to the creek drainage basin,and the effects of
local interbedding of more and lesspermeable soil units.

The pattern of groundwater flow is broadly consistentwith the implied

occurrence of significantrechargebeneath the existingairport. Not all water
levelsare necessarilyreflective of conditions in the Shallow RegionalAquifer,

since perchedzones occurabove the main water table.

Hydraulic Conductivity Testinq

Hydraulic conductivity testing was performed in seven monitoring wells in the

NSA. The slugtest method was usedto test wells HC99-B44, HC99-B48,

HC99-B50 through HC99-B52, HC99-B54, and HC99-B57. The locationsof
these wells are shown on Figures2 and 5. Hydraulic conductivity test resultsare

summarized in Table 6, and plots of the slugtest resultsare presented in

Appendix B.Test resultsin Table 6 are tabulated basedon the general material
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type observed within the screenedinterval of the wells. Three of the wells tested
(I-IC99-B48, HC99-B52, and HC99-B57) are screened in medium dense to
dense,shallowsands,and the geometric mean hydraulicconductivity for the
tests on these materialswas 2 x 1(73cm/sec. Three of the wells (HC99-B44,

HC99-B50, and HC99-B51) were screenedin Ell-likesoils,which have a

geometric mean hydraulicconductivity of 2 x 10_ cm/sec. The resultsfor these
three samplesare very similarto previoustest results(Hart Crowser, 1999b)

which had a geometric mean hydraulicconductivity of 1.8 x 10_ cm/sec for

wells completed in similarmaterials.Monitoring well HC99-B54 wasscreenedin
a sandy silt,which hadan estimated hydraulicconductivity of 3 x 1(Tscm/sec.

USEOF THISREPORT

This report has been preparedfor the exclusiveuse of HNTB and the Port of
Seattle, for the site and project describedherein.We completed thiswork

accordingto generallyaccepted geotechnicalengineering practicesin the same
or similarlocalities,related to the nature of the work accomplished,at the time

the serviceswere accomplished.We make no other warranty, expressor

implied.

Hart Crowser appreciatesthe opportunity to provide this information. Pleasecall
if you have any questions.

Sincerely,

HARTCROWSERpINC.

JOSEPHAD. CELES,E.I.T.

Staff Geotechnical Engineer

JAMESR. BEAVERrE.I.T. MICHAELJ. BAILEYt P.E.

Project Geotechnical Engineer Project Manager

F:\docs_jobs\497818\NorthSafety(rpt).doc
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Key to Tables1 through 4

Symbol Description

Wn Natural Moisture Content in Percent

)'T Total Unit Weight in pcf

a,o' Initial EffectiveVertical Stressin ksf

ap' PastEffectiveVertical Stressin ksf

o'c' ConfiningStressin ksf

c_1- a3 JPrincipalStressDifference (or axialstress)in ksf

c' Cohesion Intercept (based on effective stresses)in psf
!(_' EffectiveFrictionAngle in Degrees

(_a_,o' Average EffectiveFrictionAngle in Degrees

OCR OverconsolidationRatio

Cc CompressionIndex

Cr RecompressionIndex

e0 InitialVoid Ratio

¢v Coefficient of Consolidationin ft2/day

Es0 Modulus of Elasticity(determined at 50% of Peak Strength) in ksf

LL LiquidLimit in Percent
PI PlasticityIndex in Percent

Su Undrained ShearStrength in psf

497818/NorthSafeb/.xls - Legend of symbols
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Table 4 - Summary of Direct ShearTest Results

Boring Sample Depth Soil Description _W_ _'_'_*_*_!!_'!C"_ i_iiii_'i _!! _nt'
Number Number in Feet _ocz_

HC99-B54A S-1A 6.5 to 8.5 soft CLAY 32.9 118.8 0.0 30.8
32.7 116.2 0.0 29.3 29.8
31.4 116.7 0.0 29.2

HC99-B64 S-5 11.5 to 13 medium stiff,silty CLAY 15.3 134.4 0.0 31.1
13.9 137.6 0.0 29.3 29.1
14.4 136.0 0.0 26.9

497818/NorthSafety,xJs.Table4
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Table 6 - Summary of Hydraulic Conductivity Estimates

Screen
Interval Hydraulic
Depth Conductivity

LocalJon in Feet Soil Typesin Screen Interval in cm/sec

HC99-B48 7.5 to 12.5 Dense to very dense, gravellySAND 5 x 10.3

HC99-B52 5 to 10 Looseto medium dense, slightlygravelly,siltySAND with organics(PEAT) 1 x 10.3

HC99-B57 5 to 10 Medium dense,slightlygravelly,slightlysiltySAND 8 x 10"4
Geometric Mean:J 2 x 10.3

HC99-B441 40 to 50 Very dense,slighdygravelly,slightlysilty SAND 5 x 10"4

HC99-B50 13 to 18 Medium dense, slightlygravelly,siltySAND 1 x 10"4

HC99-B51 13 to 18 !Very stiffto hard, slightlygravelly,sandy SiLT 1 x 10.4
Geometric Mean: 2 x 10"4

HC99-B54 38 to 48 Very stiffto hard, very sandySILT 3 x 10"s

497818\NorthSafety.xls - Table 6
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APPENDIX A
FIELD EXPLORATIONS METHODS AND ANALYSIS

This appendix documents the processes Hart Crowser used in determining the
nature of the soils underlying the project site addressed by this report. The
discussionincludes information on_hefollowing subjects:.

• ExplorationsandTheir Location;
• The Use of Auger Borings;
• StandardPenetrationTest (SPT)Procedures;

• Use of ShelbyTubes
• PocketPenetrometer (PP)andTorvane ('iV);
• Excavationof Test Pits;
• Piezocone Penetrometer Probes

• Cone PenetrationTest Procedures;

• Monitoring Well Installation;
• Monitoring Well Development;
• Water LevelMeasurement;

• HydraulicConductivityTesting(SlugTesting);
• Double-RingInfiltrometerTest;and

• Referencesfor Appendix A.

Explorations and Their Location

Subsurfaceexplorationsfor thisproject includethe following:

• Borings
HC99-B42, HC99-B44, HC99-B48, HC99-B50 through HC99-B52, HC99-B54

through HC99-B58, HC99-B60, HC99-B62, HC99-B64, HC99-B72,
HC99-B75 through HC99-B80, and HC00-B160 through HC00-B175.

• Test Pits

HC99-TP23 through HC99-TP25, HC99-TP41, and HC99-TP43.

• Piezocones

HC99-P01 through HC99-P03, HC99-P03A, and HC99-P04 through
HC99oP10.

The exploration logs within this appendix show our interpretation of the material

encountered based on drilling (or excavation), sampling, and testing data. They

indicate the depth where the soils change. Note that the change may be gradual.

In the field, we classified the samples taken from the explorations according to

Hart Crowser Page A-1
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the methods presented on Figure A-1A - Key to Exploration Logs.This figure also

provides a legend explaining the symbols and abbreviations used in the logs.

Location of Explorations. Figure A-2 shows the location of explorations. Borings

and test pits were located using a global positioning system (GPS) survey by
Hart Crowser. Port of Seattle surveyors performed an x, y, z survey for the top of

casing elevations of all wells and ground elevations for piezocones, test pits, and
some borings completed without wells. Where available, the Port's survey

supersedes the GPS locations. Where Port survey data is not available, ground
surface elevations were interpreted from the aerial survey topography shown on

Figure 2. The method used determines the accuracy of the location and

elevation of the explorations.

The Use of Auger Borings

With depths ranging from 23.4 to 51.5 feet below the ground surface, nineteen
hollow-stem auger borings, designated HC99-B42, HC99-B44, HC99-B48,

HC99-B50 through HC99-B52, HC99-B54 through HC99-B58, HC99-B60,
HC99-B62, HC99-B64, and HC99-B72 were drilled from November 8 through

19, 1999. In addition, with depths ranging from 15.0 to 40.0 feet, sixteen hollow-

stem auger borings, designated HC00-B160 through HC00-B175, were drilled
between January 20 and 26, 2000. Sampleswere obtained by use of the

Standard Penetration Test (SPT)samples or a hydraulically pushed thin wall

sampler referred to as a "Shelby tube." In some cases,borings were re-drilled to

pre-determined depths immediately adjacent to existing borings, to obtain
additional Shelby tube samples.These re-drilled borings are identified by

appending a letter to the original boring number, i.e., HC99-B44A, but the
re-drilled boring logs are typically not included in this report; the recovered

Shelby tube samples are shown on the log of the original boring. The borings
used a 3-3/8-inch inside diameter hollow-stem auger and were advanced with a

truck-mounted drill rig subcontracted by Hart Crowser. The drilling was

continuously observed by an engineering geologist from Hart Crowser. Detailed
field logs were prepared of each boring. Using the Standard Penetration Test

(SPT),we obtained samples at 2-1/2- to 5-foot-depth intervals for these borings.

This report also presents six shallow borings, designated HC99-B75 through

HC99-B80, drilled on June4, 1999. These borings were drilled to evaluate the

subgrade conditions for the Seattle Public Utilities waterline located along South
160th Street. This waterline is located in an area that will be filled as part of the

Third Runway Embankment.
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Groundwater levelsin the boringswere noted at the time of drilling(ATD) and

following installationand development of observation wells where noted on the

boring logs and shown in Table 5.

The borings logsare presented on FiguresA-2 through A-38 at the end of this

appendix.

Standard Penetration Test (SPT) Procedures

Thistest isan approximatemeasure of soil densityand consistency.To be useful,
the resultsmust be usedwith engineeringjudgment in conjunctionwith other

tests. The SPT (asdescribed in ASTM D 1587) was usedto obtain disturbed

samples.Thistestemploysa standard2-inch outside diametersplit-spoon

sampler.Using a 140-pound hammer, free falling30 inches;the sampler is driven
into the soil for 18 inches.The number of blows (N value) requiredto drivethe

samplerthe last 12 inchesonly is the StandardPenetrationResistance.This
resistance,or blow count, measuresthe relative density of granularsoilsand the

consistencyof cohesivesoils.The blow counts are plotted on the boring logsat

their respectivesample depths.

Soilsamplesare recovered from the split-barrelsampler,field classified,and
placed into water tight jars.They are then taken to Hart CrowseCslaboratory for

further testing.

Some instances of "heave" are noted on boring logs.Heave is a phenomenon

that occurs typically within a sandsoilwhere there is excessseepage pressureat
the bottom of the auger (i.e.,water within the augers isat a lower elevation than

the groundwater levelsurroundingthe boring). A sufficient difference in water
levelswill causethe sandysoilsto be displace upward into the auger, thereby

disturbingthe soilformation. Therefore, the correspondingSPTN valuesdo not
accurately indicate density.Heave istypically controlled by sustainingthe water

level within the auger at or near the surroundinggroundwater level; no drilling
mud was used in the explorations describedin this report.

In the Event of Hard Drivinq

Occasionally very dense materialsor the presence of graveland/or cobbles

prevented driving the total 18-inchsample.When this happens,the penetration
resistanceis entered on logsas follows:

Penetration lessthan six inches.The log indicatesthe total number of blows
over the number of inchesof penetration.
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Penetration greater than sixinches. The blow count noted on the log isthe sum
of the total number of blows completed after the first 6 inches of penetration.

This sum is expressedover the number of inchesdriven that exceed the first 6
inches.The number of blows needed to drive the first 6 inchesis not reported.

For example,a blow count seriesof 12 blowsfor 6 inches,30 blows for 6
inches,and 50 (the maximum number of blows counted within a 6-inch

increment for SPT)for 3 incheswould be recorded as 80/9.

Use of Shelby Tubes

At some boring locations,as noted on the logs, a 3-inch-diameter thin-walled
steel (Shelby) tube samplerwas pushedhydraulicallybelow the auger to obtain

a relatively undisturbedsamplefor classificationand testing of fine-grainsoils.
The tubeswere sealedin the field and taken to our laboratory for extrusionand

classification.The undisturbedsampleswere typicallyobtained for consolidation

and shearstrength testing.

Pocket Penetrometer (PP) and Torvane (TV)

The pocket penetrometer and torvane procedures provide quick approximate

testsof the consistency(undrainedshearstrength) of a cohesive soilsample.

The pocket penetrometer device consistsof a calibratedspring mechanism that
measurespenetration resistanceof a 1/4-inch-diameter steel tip over a given

distance.The penetration resistanceiscorrelated to the unconfined compressive

strength of the soil, which is typically twice the undrained shear strength of a
saturated,cohesivesoil.

The torvane device consistsof a 1-inch-diameterplate with eight equallyspaced

and radially arranged 1/4--inchvanes.The vanes are pressedinto the soiland the
device is rotated. The vanes force a shearfailure to take place over the area of

plate face.The resistanceat failure,as measuredby a calibratedsprin&

correlates to the undrainedshearstrength of the sample tested. The exploration

logsshow the resultsof the pocket penetrometer and torvane tests.

Pocket penetrometer and torvane test resultsare generally consideredvalid only

for predominantly fine-grained(non-sandysoils).Resultsmay be artificially low

for tests on disturbed samples(i.e., SPT)compared to relatively undisturbed
samplesfrom test pits or Shelby tubes.
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Excavation of Test Pits

Fivetest pits, designated HC99-TP-23 through HC99-TP25, HC99-TP41, and
HC99-TP43, were excavated acrossthe site with a tractor-mounted backhoe

provided by Port Construction Services.The test pits were excavated on
November 9 through 10, 1999. The sides of these excavated pits offer direct

observation of the subgrade soils.The test pits were located by and excavated

under the direction of an engineering geologist from Hart Crowser. The

geologist observed the soil exposed in the test pits and reported the findings on
a field log. Our geologist took representative samples of soil types for testing at
Hart Crowser's laboratory. Groundwater levels or seepage during excavation

was noted by the geologist on the log.The density/consistency of the soils (as

presented parenthetically on the test pit logs to indicate their having been
estimated) is based on visual observation only, as disturbed soils cannot be
measured for in-place density.

The test pit logs are presented on FiguresA-39 through A-41.

Piezocone Penetrometer Probes

We useda piezocone penetrometeras a meansto supplement our visual
classificationof soilsprovided in SPTsamples.The logs of these probes are

provided on FiguresA-42 throughA-52. Piezocone locationsare shown on
Figure2. The cone probes, designatedHC99-P01 throughHC99-P10 and
HC99-P03A, were advanced to depths rangingfrom 9 to 18.5 feet below the

ground surface by Northwest Cone Explorationon December 1, 1999. The

piezocone was mounted to a small bulldozerfor locations in wetlands or with
difficultaccessfor cone probes designatedHC99-P01 through HC99-P04. The

significantlyheaviercone truck was usedfor the other piezocone locations.The
cone probe configurationused in the investigationis similarto that shown on

FigureA-1B. This figurealso shows the classificationmethod usedto developthe
soilbehaviorindex represented on the individual logs for classification purposes.

The piezocone is arranged to measure the following parameters, which are used
for the soil classification:

• Tip resistance, qTin tsf (corrected resistance to soil penetration developed at
the cone tip);

• Friction resistance, fssin tsf (resistance to soil penetration developed along

the friction sleeve); and

• Pore water pressure behind the cone tip, Ubtin psi.
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The logs of the piezocone probesproposed by Northwest Cone Exploration are

presented on FiguresA-42 throughA-52.

Cone Penetration Test Procedures

The electric piezocone penetrometer test procedure involveshydraulically

pushinga seriesof cylindricalrods into the soilat a constant rate of two

centimeters per secondandsubsequentlymonitodng soiland pore fluid

responsenear the conicaltip. The cylindricalrod at the bottom of the drillstring
housesthe pressuretransducerand load cellswhich, during probing,measure

the parametersindicatedabove.The resultsare often usedwith engineering

judgment in conjunctionwith other tests,preferably the SPT procedure,which
allows soil samplecollection for direct comparisonpurposes.Testswere

performed in generalaccordancewith proceduresoutlined in ASTM D 3441,
Standard Method for Deep, Quasi-Static,Cone and Friction-Cone Penetration
Tests of Soil.

The cone systemis mounted on a truck or bulldozer to provide the necessary
reaction for the applied loads.The cone tip hasa surface area of about 10

squarecentimeters (cm=)and an angle of 30 degreesfrom the axis.The friction
sleeve has a surfacearea of about 150 cm2. Priorto testing, a plasticfilter

element, which hasbeen saturatedundervacuum in glycerin, is placed behind

the cone tip. Thisfilter element transmits pore pressuresto the transducer.Load
cellsmeasure end resistanceon the tip and frictional resistanceon the friction

sleeve. As the cone penetratesthe soil,measurementsare continuously
recorded on a portable computer at depth increments of about 5 centimeters.

The classificationmethod usedto develop an interpreted soil profile is basedon

normalized parametersprovided by the piezocone, as there are no soilsamples
collected with a penetrometer systemof this type.

The relationshipbetween the cone tip resistanceandfriction ratio, which has
been normalizedfor soil overburden stresses,can be establishedto predictsoil

behavior (Jeffriesand Davies, 1991 and 1993). Thisrelationship hasbeen

applied to the soilclassificationchart developed by Robertsonas reported in
Lunne et al., 1997 (refer to FigureA-1B) according to the following equation:

I c = _/{3 - log[Q. (1 - B_)]}2 + [1.5+ 1.3-log(F)] 2
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Where,

Ic -- Soil behavior index

Q -- Normalized cone tip resistance
qr --_o

Q = C_,o

qT = Corrected cone tip resistance
Cvo = Total overburden stress

C'vo = Effective overburdens stress

Bq = Normalized pore pressure
Au

8q-
q r - c__o

F = Normalized friction ratio

f,
Rj - .lOO%

qr --a_o

= Sleevefriction

Using the above equation and the classificationchart presented on FigureA-1B,
we were able to develop the interpreted soil profiles provided on FiguresA42

throughA-52. The classificationchart usedfor thisstudy hasbeen established
basedon observed soil behavior from numerousstudiesfor varioussoil types.

Monitoring Well Installation

Monitoring wellswere completed in selectedwells asnoted on the logs to allow

long term groundwater elevationmonitoring.The wellswere drilled using
standardhollow-stemauger equipment. Two-inch-diameterSchedule40 PVC

riserpipe and 2-inch-diameter0.020-inch machine-slottedscreenwere usedfor

the well casingsand screens.The well screenand casingriserislowered clown

throughthe hollow-stemauger.As the auger iswithdrawn, No. 10/20 silicasand
is placed in the annularspacefrom the base of the boring to approximately2 to

3 feet above the top of the well screen.

Well sealswere constructedby placing bentonitechipsin the annularspace on

top of the filtersandto within 3 feet of groundsurface.The remaining annular
spacewas backfilled with concrete to complete the surface seal.Forsecurity, the

monitoringwellswere completed with locking stick-upsteel monuments set in

concrete.The monitoringwell constructiondetailsare illustratedon the boring

logs.

The monitoring well installationswere constructed in accordance with

Washington State Department of Ecology regulations.
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Monitoring Well Development

The monitoring wells were developed using a Whale electric submersiblepump,

surgeblock, and/or a stainlesssteel bailer. First,sediment was removed from the
bottom of the wells usinga stainlesssteelbailer.Then the wells were surged

during development usingeither a surgeblock, a stainlesssteel bailer, or by

moving the submersiblepump up and down within the well screendepth
interval.

A minimum of ten casingvolumeswas removed during development, in addition
to the volume of water added during drilling,if any. Where possible,

development continued until negligibleturbidity was visible.Sediment thickness
at the bottom of the well was measuredand recorded before and after

development. Observationswere recorded on a Well Development data form.
Visualchangesin turbidity during development were recordedin the comments

space on thisform. All development water was dischargedto the ground surface
in accordancewith the ThirdRunway project Storm Water PollutionPrevention

Plan (Parametrix,1999).

Water Level Measurement

Water levelswere measuredusinga Solinstwater level probe, graduated in
0.01-foot increments. Depth to water was measured below the top of casingand
recorded to the nearest hundredth of a foot. Depth to water was converted to

groundwater elevation usingsurvey information for the top of casingin the
wells. Depth to water data and groundwater elevationsare summarizedin
Table 5.

Hydraulic Conductivity Testing (Slug Testing)

Hydraulic conductivitytestingwas performed usingthe slugtestmethod. In this
method the water level (hydraulichead) in the well is rapidly raisedor lowered,
and the rate at which it returnsto its initialstate isused to calculatehydraulic

conductivity for the formation surroundingthe well screen. Data were collected

usingan Aquistardata loggerin conjunctionwith a instrumentationNorthwest
PSI9000 pressuretransducer.Testswere conducted as follows:

• A transducerwas set in the well and allowed to equilibrate with ambient

conditions,and backgroundwater level data were collected.

• One or two slugrods(solidPVC rods)were rapidly introduced into the well

(causinga near-instantaneousrisein water level), to initiatea fallinghead

A-8Hart Crowser rage
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test. Water level data were collected in logarithmically increasingtime

incrementsusingthe data logger and transducer.Forwells where depth to

water was small,a falling head test was not attempted.

• Water level in the well was allowed to re-equilibrate.

• The slugrod or rodswere rapidlypulled from the well (causinga near-
instantaneousdrop inwater level) to initiatea risinghead test. Water level
data were collected in logarithmicallyincreasingtime increments using the

data logger and transducer.

• Most of the wells responded reasonablyquickly,and therefore multipleslug

testswere performed for most wells.

Data were pre-processedas describedin Butler(1998) and plotted on Figures
A-53 throughA-59. Hydraulic conductivity values were estimatedusingthe
methods of Bouwer and Rice (1976) for confined and unconfined aquifers.The
estimatedvalues are summarized in Table 6.

Double-Ring Infiltrometer Test

The double-ring infiltrometer test, based on ASTM D 3385, was used to measure
infiltration in test pit HC99-TP41. Previous tests performed in the area were

reported in the Phase 3 Fill Subsurface Conditions Data Report (Hart Crowser,
1999c).

The rings were driven into the ground about 6 inches. Bentonite was placed
around the outside of the outer ring, to prevent water from coming out around

the ring. The rings were filled with water, and the levels were maintained for a
short duration before beginning the test, to obtain a saturated infiltration rate.

Readingswere recorded on field forms and indicated essentially no infiltration
for 1.5 hours into the test. The test was terminated after steady rain caused

caving within the side of the test pit and buried the ring.

References for Appendix A

Bouwer H., and R.C.Rice, 1976. A slug test for determining hydraulic

conductivity of unconfined aquifers with completely or partially penetrating
wells, V.12 No. 3, 423-428, Water ResourcesResearch.

Butler, James J., 1998. The Design, Performance, and Analysis of Slug Tests.CRC

Press,Boca Raton, Florida.

Hart Crowser PageA-9
J-4978-18

All 044260



Hvorslev,M.J., 1951. Time lag and soil permeabilityin ground-water
observations,U.S. Army Corps of Engineers, Waterways Exper. Sta. Bull No. 36.

Jeffries,Michael G., and Michael P. Davies, 1991. Soil classificationby the cone

penetrometertest: Discussion,Can. Geotech. J.28, 173-176.

Jeffries,Michael G., and Michael P. Davies, 1993. Use of CPTu to Estimate

EquivalentSPTN6o.GeotechnicalTestingJournal.GTJODJ,Vol. 16, No. 4,
458-468.

Lunne,T. P.K. Robertson,and J.J.M.Powell, 1997. Cone PenetrationTesting in

Geotechnical Practice,BlackieAcademic and Professional,London.

Parametrix 1999. Seattle-TacomaInternationalAirport Third Runway Project

Geotechnical ExplorationsStormwater PollutionPrevention Plan,Prepared for
Port of Seattle,January 29, 1999.

Van Rooy, D., 1988. A note on the computerized interpretation of slugtest data,
Inst Hydrodyn. Hydraulic Eng. Prog. Rep. 66, Tech. Univ., Denmark, 47.

F:\docs_jobs\497818\NorthSafety(rpt).doc

Hart Crowser PageA-I 0
,I-4978-18

AR 044261



Key to Exploration Logs
Sample Description
Classification of soils in this report is based on visual field and laboratory observations which include density/conslstency,

moisture condition, grain size, and plasticity estimates and should not be construed to imply field nor laboratory testing
unless presented herein. Visual-manual classification methods of ASTM D 2488 were used as an identification guide.

Soll descriptions consist of the foflowing:

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT, additional remarks.

Density/Consistency
Soil density/consistency in borings is related primarily to the Standard Penetration Resistance.
Soil density/consistency in test pits is estimated based on visual observation and is presented parenthetically on the test pit logs.

Standard Standard Approximate
SAND or GRAVEL Penetration SILT or CLAY Penetration Shear

Resistance (N) Resistance (N) Strength
Density in Blows/root Consistency in Blows/Foot in TSF

Very loose 0 - 4 Very soft 0 -- 2 <0.125

Loose 4 - 10 Soft 2 - 4 0.125- 0.25

Medium dense 10- 30 Medium stiff 4- 8 0.25 -0.5

Dense 30 -50 Stiff 8 - 15 0.5 - 1.0

Very dense >50 Very stiff 15 - 30 1.0 - 2.0

Hard >30 >2.0

Moisture Minor Constituents Estimated Percentage

Dry Little perceptible moisture Not identified in description O- 5

Damp Some perceptible moisture, probably below optimum Slightly (clayey, silty, etc.) 5- 12

Moist Probably near optimum moisture content Clayey, silty, sandy, gravelly 12- 30

Wet Much perceptible moisture, probably above optimum Very (clayey, silty, etc.) 30- 50

Legends Test Symbols

Sampling Test Symbols GS GroinSize Classification
CN Consolidation

BORING SAMPLES
UU Unconsolidated Undrained Triaxiel

] Split Spoon CU Consolidated Undrained Triaxiol

] Shelby Tube CD ConsoLidated Drained Triaxial

] Cuttings QU Unconfined Compression

_-_ Core Run DS Direct Shear
K Permeability

)k No Sample Recovery
PP Pocket Penetrometer

P Tube Pushed, Not Driven Approximate Compressive Strength in TSF

TEST PIT SAMPLES TV Torvone

] Grab (Jar) Approximate Shear Strength in TSF
CBR California Bearing Ratio

] Bag MD Moisture Density Relationship

] Shelby Tube AL Atterberg Limits

J -- : Water Content in Percent

I L_. Liquid LimitGroundwater Observations __ Natural
Plastic Limit (NP=Non Plastic)

_ [_ Surface Seal PlO Photoionization Detector ReadingQ

CA Chemical Analysis

V Groundwater Level on Date DT In SituDensity Test(ATD) At Time of Drilling
=

Observation Well Tip or Slotted Section r-_r-

(_) Groundwater Seepage(Test Pits) _O_J_%

J-4978-18 3/00
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Electric (Piezocone) Cone Penetrometer

Schematic of Electric Piezocone (Typical)

-- Inclinometer(Ix & ly)

m

{Fs)

PorePressure
Transducer(U)

PorousFilter
Element

Tip(Oc)

Simplified Classification Chart (Jefferies and Davies, 1993 after
Lunne et al., 1990)
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Boring Log HC99-B42
N 21896
E 10933 STANDARD PENETRATION LAB

RESISTANCE TESTS
Soil Descriptions Depth Samplein Feet • Blows per Foot
Ground Surface Elevation in Feet: 263 I 2 5 10 20 50 100

(Soft), moist, dark brown, organic -0 j
CLAY. (PEAT) G-1 . ]Stiff, moist, gray, very sandy SILT with S-1 _k I

trace organics. "'- 5 \
ATD \Medium dense to dense, wet, gray, S-2 [_

gravelly SAND.
S-3 •

Stiff, moist, gray, slightly sandy CLAY. 10 /S-4

Medium dense to very dense, moist to S-S • "_",,,
wet, gray, slightly silty, slightly gravelly _ /

to gravelly SAND. 15 ATD /

-- 1.5 feet of heave. S-7 •

Hard, moist, gray, slightly gravelly,
sandy SILT.

30 S-9 ,-

._?
Very dense, wet, grey, gravelly, coarse ATD
SAND. 3.5 S- 10

i4O
Bottom of Boring ot 40 Feet.
Completed 11/17/99.

45

50

I

i
60 I 2 5 lO 20 50 100

• Water Content in Percent

F_
1. Refer to Figure A-1A for explanation of descriptions

and symbols. U. wm4mJ"a,La_ _..
_, _ 2. Soil descriptions and stratum lines are interpretive
_. 8 and actual changes may be gradual.
o _ 3. Groundwater level, if indicated, is at time of drilling J-4978-18 1119g

:, _ (ATD) or for date specified. Level may vary with time. Figure A-2
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Boring Log HC99-B44
N 21830
E 11034

Soil Descriptions STANDARD PENETRATION LAB
RESISTANCE TESTS

Depth SampleTop of Casing Elevation in Feet: 275.82 in Feet • Blows per Foot

Ground Surface Elevation in Feet: 273 ! 1 2 5 10 20 50 100

-o__(Loose) to dense, moist to wet, brown, . _ _
slightly silty SAND with trace organics. © G-I 4

_o ,A
" © _ S-I XJ - • I "_

" _7 _

/
Very loose, moist, gray with orange -:5 /1 ;(S-1A)
mottling, clayey, very silty SAND. /1 'S-2 ! _ ,=_ _ PP: 1.0,- /t S-1A I • 1.5, 2.0

. sS--2_ - "{d PP: 4.5.
• 4.5. 3,5

Medium dense to very dense, moist to -10 __ . _-/, AL,cNGS,

damp, gray, slightly gravelly, slightly . S-4 • "_
silty to silty SAND.

. . /
-15 _ ,

- s-5 i- -,
- I i- \
- I - " \

-_-20
. S-6 _ . D

t"
- _ -
. ATD

-25 s-7

i

Herd, moist, gray, slightly gravelly, sandy -30 S-8 _ . 4
SILT. " ,

- i "

" I "
-35 'S-9 =_I

. "-1 t

-40 '.:1
S-10 _ •

• '1 "

.1
__ - . , .

Very dense, moist to wet, gray, slightly -45 :.1 S-11 1 •

gravelly, slightly silty SAND. . ...1 .

• : I -

-50 .-1 ,S-12 " i '_

Bottom of Boring at 51.5 Feet. " :
Completed 11/'17/99. " i• 1

I
55

I

8 60=- 2 5 10 20 50 100cd
• Water Content in Percent

F_I. Refer to Figure A-IA for explanation of descriptions
and symbols.

2. Soil descriptions and stratum lines ore interpretive' __IE:_OI_
o_ 8 and actual changes may be gradual.Q o

_ 3. Groundwater level, if indicated, is at time of drilling J-4978-1_ "1'1/99
- - (ATD) or for date specified. Level may vary with time.} _ Figure A-3

=_ 4. Shelby tube samples pushed in adjacent boring HC99-B4-4A
located 5 feet south of HC99-B44.
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Boring Log HC99-B48
N 22058
E 11104
Soil Descriptions STANDARD PENETRATION LAB

RESISTANCE TESTS

Top of Casing Elevation in Feet: 270.02 Depth Sample • Blows per Foot
Ground Surface Elevation in Feet: 268 in Feet 1 2 5 10 20 SO 100

-0
(Loose), moist to wet, brown, silty SAND _._
with organics. (PEAT) <. >_

_ G-_ •

Medium dense, moist to wet, gray, silty ._ .4 S--1 4V._
SAND. - 5

S-2 _ ;oL
Dense to very dense, wet, gray, gravelly ATD S-3
SAND.

-- 6 inches of heave. -10 S-4-

/

Stiff, moist, gray, slightly gravelly, S-5
sandy CLAY. _"S- 1A

15
Stiff to very stiff, moist, gray, slightly S-6 •
gravelly, clayey, sandy to very sandy 4.S_2A \SILT.

S-7 •

Very dense, moist, gray, slightly S-8 •
gravelly, silty SAND. (TILL)

S-9 • 88/1

Bottom of Boring at 2.3.9 Feet.
Completed 11/16/99. 25

30

35

45 '

I "
50 I 2 5 10 20 SO 100

• Water Content in Percent

_, m'B
-F

T 1. Refer to Figure A-1A for explanation of descriptions

- and symbols. _rJ_O_
_) 2. SoH descriptions and stratum lines are interpretiveo" _ and actual changes may be gradual. J-4878-18 11/99

"_ =/ 3. Groundwater level, if indicated, is at time of drilling
._ _ (ATD) or for dote specified. Level may vary with time. Figure A-4

_ 4. Shelby tube samples pushed in adjacent boring
HC99-B48A located 5 feet northeast of HC99-B48.
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Boring Log HC99-B50
N 21813
E 11340

STANDARD PENETRATION LAB
Soil Descriptions RESISTANCE TESTS

Depth Sample • Blows per FootTop of Casing Elevation in Feet: 287.90 in Feet
Ground Surface Elevation in Feet: 285 1 2 5 10 20 50 100

0
Medium dense, moist, gravelly SAND I

with organics. _ • I

5 \\ (s-4)

Dense, moist to wet, very sandy /
GRAVEL. /

Soft, moist, gray, slightly sandy CLAY.

• Top:
Pp=l,O. I

10 1.0, 1.25 I
P- I"t w=_.o I

AL, CU I
, Bottom: I

Medium dense, moist, gray, slightly •
PP=2.0, i
2.0,2.25I

_, TV=2.1
gravelly, silty SAND. 15 \

Very dense, moist, gray, slightly
gravelly, very silty SAND. D 11

-20

Bottom of Boring at 2.3.4 Feet. S-7 • I
Completed 11/16/99. 25 1

30

35

40

45

50 5 10 20 50 100

• Water Content in Percent
_, n

.; 1. Refer to Figure A-1A for explonotlon of descriptions U
- and symbols. UA _ mmRC'=U

8 2. Soil descriptions and stratum lines are interpretive
a o end actual changes may be gradual. J-4978-18 11/99

=/ ,3. Groundwater level, if indicated, is at time of drilling
• P. (ATD) or for dote specified. Level may vary with time. Figure A-5
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Boring Log HC99-B51
N 21983
E 11557
Soil Descriptions STANDARD PENETRATION LAB

RESISTANCE TESTS

Top of Casing Elevation in Feet: 278.56 Depth _ Sample • Blows per Foot
;round Surface Elevation in Feet: 276 in Feet

._ 1 2 5 10 20 50 1O00 eo

(Medium dense), moist to wet, brown ant
gray, slightly gravelly SAND. _ G-1 s

.4 _I _"

Stiff, moist, gray, slightly gravelly, 5 (S-2)
slightly sandy CLAY. S-2 P _"=="_ =P=1.5,

1.5. 0.75

rv=l.0

,4 s-3 &L

/1

10 :,1 iX
Very stiff to hard, moist, gray, slightly \
gravelly, sandy SILT. (GLACIAL TILL) %-4 i 1,1

s-5 e/
\

15 \

_" :.1
5-6

2O

Very dense, moist, gray, slightly S-7 •

gravelly, silty SAND. (GLACIAL TILL) _-

Bottom of Boring at 2.3.¢ Feet.
Completed 11/12/99. 25

30

i

35

40

45

e_ 50 1 2 5 10 20 50 100
, • Water Content in Percent

r-_'-

.; 1. Refer to Figure A-1A for explanation of descriptions

and symbols. __i_O _

do _ 2. Soil descriptions and stratum lines are interpretiveo_ . and actual changes may be gradual. J-4978-18 11199
c. =/ ..3. Groundwater level, if indicated, is at time of drilling

= _ (ATD) or for dote specified. Level may vary with time. Figure A-6
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Boring Log HC99-B52
N 21904
E 11617
Soil Descriptions STANDARD PENETRATION LABRESISTANCE TESTS

Top of Casing Elevation in Feet: 287.34- Depth Sample • Blows per Foot
;round Surface Elevation in Feet: 285 in Feet

( 1 2 .5 10 20 .50 100
Loose to medium dense, moist to wet,
brown to dark brown, slightly gravelly, C-I •
silty SAND with organics• -_

!

s-1 - • I- \
I- AT s-2 . ,,'=

I "
S-3 ." _

Soft to stiff, moist, gray, slightly 10 : PP=0.75, I
1.75, 1.75

gravelly, slightly sandy CLAY. S-4 p . 1-e,,_ 1_'=2.05
- CU, AL ]

S-5 " •

15 .'
S-6 . / •

Very dense, moist,, gray, slightly

silty SAND• (TILL) ." _gravelly, very i

20 ,, ,,
S-7 . ',

25 s-8 ' 50/6
Bottom of Baring at 25.5 Feet.
Completed 11/15/99.

30

i "
• i
• 1

!

35
• I

F "40

I "45

f "
_. 50 1 2 10 20 50 100
, • Water Content in Percent

i n

.; 1. Refer to Figure A-1A for explanation of descriptions U
and symbols. _r__

o

_ 2. Soil descriptions and stratum lines are interpretiveand actual changes may be gradual. J-4978-18 1"_/9_
<. =/ .3. Groundwater level, if indicated, is at time of drilling
;= _ (ATD) or for date specified. Level may vary with time. Figure A-7

AR 044269



Boring Log HC99-B54
N 21596
E 10921
Soil Descriptions STANDARD PENETRATION LAB

RESISTANCE TESTS
Top of Casing Elevation in Feet: 277.94- Depth Samplein Feet • Blows per Foot

round Surface Elevotion in Feet: 276 1 2 5 10 20 50 100
-0

Loose, moist, brown, slightly gravelly _ !
SAND. G- 1 ]]] _ • i

- I '

-5 ' :, CS-_A)I

siltySOft' moist, groy ond orangemottled,cLAY. 4" S- lAB" S--1A'S-2 S _ _ -_.1C Ik_/ \ I_1 (_S (_i D;pp. 1.0.L'CN' I

Si"  .9.o

- (S-le) I
S-3_" -- .2C -AL i

Medium dense, moist, gray, gravelly -10 : (S-1C)SAND. I
- PP: 1.0,
_ I O.5, 0.5

AL

S - (s-2c)
-- Becomes wet. S-4 _ • • PP: 2.0,

-15 \ : 1.5, 1.5 I

- \ ,

-20 :
- I

Very stiff to herd, damp, grey, very - I i
sandy SILT.

-25 !l i

- , I

S-7 /_ _ • ,
-,30

-- i
i

L ; -s-8 _ ._ ;
35 : ;

I
i

i

-40 '

_ - .Very dense, moist to wet, gray, slightly L s-,0 _ •

silty, slightly gravelly SAND. I45 : '.1- - I

± _ •
Bottom of Boring at 49.4 Feet. 50 1 2 5 10 20 50 00

T Completed 11/9/99• • Water Content ;n Percent

t. Refer to Figure A-1A for explanation of descriptions
and symbols.

-_ 2. Soil descriptions end stratum lines ore interpretive If..Blllyll,,d_D_lhlllll_Bl__l_
and actual changes may be gradual. lrid_ll/1L I _,/il.I Wlai&/1L

_ ,.3. Groundwater level, if indicated, is at time of drilling

_ (ATD) or for date specified. Level may very with time. J'4978"18 11/99
= _ 4. Shelby tube samples S-1A, S-1B, and S-1C and S-2C pushed F|guro A-8
Y _ in adjacent borings Hcgg-B54-A, Hcgg-B54B, end Hcgg-B54C respectively•

AR 044270



Boring Log HC99-B55

N 2g560 STANDARDPENETRAT,ON LAB
Soil Descriptions RESISTANCE TESTS
Top of CasingElevationinFeet: 289.81 SampleinFeet • BlowsperFoot
GroundSurfaceElevationinFeet: 288

1 2 5 10 20 50 100
-0

(Medium dense), moist, brown, slightly
gravelly, slightly silty SAND with G-1 •
organics.

S-1

-5 /
S-2 •

Medium stiff, moist, orange and gray _ _
mottled, slightly sandy, very silty CLAY. -_¢O

¢o S-3 _ •

-10
Medium dense to very dense, damp to
wet, gray, gravelly, very silty, medium S-4 - D\
to fine SAND. (GLACIALTILL) - ,K,

AT; S-5 . -GS

-15
/

" S-6 " _ /

5-7 _
-20

\
- \

S-8 _ •

-25

S-9

Bottom of Boring at 29.5 Feet. -30
Completed 11//9//99. -

-35

-40

-45

ew
_. -Ju 1 2 10 20 50 100
ao

• Water Content in Percent

7 I'm
-1-

•; 1. Refer to Figure A-1A for explanation of descriptions
- andsymbo,s. _rI_DI/IISER
_ _ 2. Soildescriptionsand stratumlinesore interpretiveo = and actual changes may be gradual. J-4978-18 11/99
<. _ 3. Groundwater level, if indicated, is at time of drilling

_ (ATD) or for date specified. Level may vary with time. FJ_LIro A-_

AR 044271



Boring Log HC99-B56
N 21656

E 11444 STANDARD PENETRATION LAB

Soll Descriptions Depth , RESISTANCE TESTS
Top of Casing Elevation in Feet: 295.25 in Feet Sompte • Blows per Foot: I
;round Surface Devotion in Feet: 293 1 2 5 10 20 50 100

0 R
(Medium dense), moist to wet, dark _ X

orange end brown, gravelly SAND. ._ _ _ •zLjV___

5 A]_- "J
:'. L •
':1

Medium stiff, moist, tan and gray '.1
mottled, gravelly, sandy, clayey SILT. -.'1

lO IS-2 -GS

15 :
Hard, damp, gray, slightly gravelly, very S-3 L-
sandy SILT. L-

20
Very dense, damp, gray, slightly S-4 50/6

-_ gravelly, silty SAND. (GLACIAL TILL) /-
Bottom of Boring at 21.0 Feet.
Completed 11/12/99.

25

30

35

40

45

_. 50 1 2 5 10 20 50 100
¢J
, • Water Content in Percent

-; 1. Refer to Figure A-1A for explanation of descriptions U
- and symbols. U_I_ _1_ _'=#

_ 2. Soil descriptions and stratum lines are interpretiveand actual changes may be gradual. J-4878-18 11/99
3 =/ ,3. Groundwater level, if indicated, is at time of drilling(ATD) or for date specified. Levee may vary with time. Figure A-IO

AR 044272



Boring Log HC99-B57
N 21768
E

11688 STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Sample • Blows Der Foot
Top of Casing Elevation in Feet: 296.08 in Feet _a 1 2 5 10 20 50 100

(Loose), moist, brown, silty SAND with _some organics. G-1

Medium stiff, moist, dark brown, sandy S-1 .
SILT. i

Medium dense, wet, grayish brown to S-2 •
brown, slightly silty, slightly gravelly _- _-_
SAND. __ ATD

Medium stiff, moist, gray, slightly sandy I \

CLAY. (Some orange mottling at top of I \
layer) 1 O _-4 _ PP=0.25.

\ 0.5. 0.75
' PP=O,0,0

S-5 _ PP=0.75,
0.5,0.5

\
15

Dense, moist, gray, slightly gravelly, I- S-6 •
clayey SAND.

-- Clay grades out, gravel content 20,
increases. S-7

i

I
i

25 1
S-8 w 50/4

-_ Hard, moist, gray, slightly sandy SILT. _" P
Bottom of Boring at 25.3 Feet. L
Completed 11/19/99.

3O
I

F
--_50 1 2 5 10 20 50 100

• Water Content in Percent

"-V

-; 1. Refer to Figure A-1A for explanation of descriptions

and symbo,s. _l/ll_{_l_ I_2. Soil descriptions and stratum lines are interpretive
8 and actual changes may be gradual. J-4978-18 11/99
_ 3. Groundwater level, if indicated, is at time of drilling

{ _ (ATD) or for date specified. Level may vary with time. Figure A-11

AR 044273



Boring Log HC99-B58

2125410892 STANOARDPENt,AT,ON

ATOL_ RESISTANCE TESTS

Soil Descriptions Depth Sample • Blows per FootTop of Casing Devotion in Feet: 293.50 in Feet
Ground Surface Elevation in Feet: 291 "0 1 2 5 10 20 .50 100

(Loose), moist, brown, slightly gravelly
SAND with trace organics. G-t i

Loose, moist, tan to brown, slightly _.
gravelly SAND. S- I •

S-2 _ • (s-3)
Medium stiff, moist, brawn and tan PP=2.5,
mottled, sandy, very silty CLAY. _- 2.5,3.5

S-3 I I_1 PP=3.25.
2.25. 3,5

10 S-4 p w=_.2CU, AL

S-5 "- •
\

Dense, gray, moist to wet, slightly \,
ctayey, gravelly SAND. S-6

15

Hard, damp, gray, slightly gravelly, sandy S-7

SILT. -20

S-8

-25Bottom of Boring at 24.5 Feet.
Completed 11/9/99.

-30

-35

-4O

-45

!

I
I
I

"_. -50 1 2 5 10 20 50 100
I

, • Water Content in Percent

_ m,m
r-rj

T, 1. Refer to Figure A-1A for explanation of descriptions
- and symbols. _rT_lo _s_l__, _ 2. Soll descriptions end stratum lines are interpretive

_ and actual changes may be gradual. J'4878"18 11199
_ 3. Groundwater level, if indicated, is at time of drilling

_ (ATD) or for dote specified. Level may vary with time. Figure A-12

AR 044274



Boring Log HC99-B60
N 21454

E 11826 STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions inDepthFeet Sample • Blows per Foot
;round Surface Elevation in Feet: 352

-0 1 2 5 10 20 50 100
Loose, moist, brown, silty SAND with
trace organic moterlol. (FILL) - !

5
s-1 /_ . •

Medium dense to very dense, moist,
brown and gray, gravelly, silty SAND. \(FILL)

\
I0 T,

S-2 X - • GS

. /
/

15 /

s-3 . F
- /
- _

2O _

Medium dense to very dense, moist, dark S-4 X . •
brown and gray, slightly gravelly to
gravelly, silty SAND with some organic
material. (FILL) • -

25
S-5 /_ - • \

- \

3O
s-6 _ .

- /
Very stiff, moist, light gray and ..35 _ /
orange mottled, slightly sandy SILT. S-7 /X_ . •

\

4O
Very dense, moist, light grey and light r S-8 E

_ brawn, slightly gravelly, silty SAND. J
Bottom of Boring at 40.9 Feet.
Completed 11/15/99.

45

_= 50 2 5 10 20 50 100
• Water Content in Percent

;: R
"-it-

•; 1. Refer to Figure A-1A for explanation of descriptions
- and symbols. MJII I_I_P'_ Illll JC'JI_.

2. Soil descriptions and stratum lines are interpretive _lwl=ml_lio

_ and actual changes may be gradual. J'4978"18 11/99
_<, w/ 3. Groundwater level, if indicated, is at time of drilling

{ _ (ATD)or for dotespecified. Levelmayvarywithtime. Figure A-13

AR 044275



Boring Log HC99-B62

Ann nx maApprox{mateteN 1958010894. .,.,.r_..I..._ STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Sample • Blows per Foot
Approximate Ground Surface Elevation in Feet: 278 in Feet 1 2 5 10 20 50 100

-O l
Very dense, moist, brown, slightly silty to =
silty, gravelly SAND. (FILL)

5
S-1

10

S-2

Dense, moist, brown, silty, very sandy 15GRAVEL. (FILL) S-3 r _ -GS

Medium dense to very dense, moist,
brown, very silty, very sandy GRAVEL.
(FILL)

2O

S-4 _ •

25

S-5 _ -GS

.30 "S-6 _E •

/

35 /_ /s-7

S-8 ____

40 S-9
Very dense, moist, brown, slightly clayey
to clayey, very gravelly SAND. (FILL) S-I0
Bottom of Boring at 41.9 Feet.
Completed 11/18/99.

,$5

50_. 1 2 5 10 20 50 1O0
=
=_ • Water Content in Percent

• J

.; 1. Refer to Figure A-1A for explonotion of descriptions
- and symbols. _r_lO i_j_

2. soll descriptions and stratum lines ore interpretiveo u_

o_ _ and actual changes may be gradual. J-4978-18 1119g
_ 3. Groundwater level, if indicated, is at time of drilling

_ (ATD) or for dote specified. Level may vary with time. Figure A-14

AR 044276



Boring Log HC99-B64
N 20681

E 10761 STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Sample • Blows per FootTop of Casing Elevation in Feet: 29¢.20 in Feet
Ground Surface Elevation in Feet: 292 1 2 5 10 20 50 100 i

Loose, wet, dark brown, silty, medium to I
fine SAND with some organic material. I

. s-1 _,
Loose to medium dense, moist to wet, _ S-2
brown, gravelly SAND.

._-3 •

Medium stiff, wet, gray, silty CLAY.
3-4

5-5 P I_I -DS, AL

3-6

Medium dense, wet, slightly gravelly, silty, \
fine SAND. .., \

\
\

Very dense, moist to wet, gray, silty, fine S-7 ' •
SAND with gravelly inclusions. 2O

s-8 50/5

25

S-9

3O

S-1O •

Bottom of Boring at 34.0 Feet.
Completed 11/8/99. 35

40

45

t_

_. 50 1 2 5 10 20 50 100=0

• Water Content in Percent

V • .

•; 1. Refer to Figure A-IA for explanation of descriptions U

and symbols. _r_r_O _

_ _ 2. Soil descriptions and stratum lines are interpretive. and actual changes may be gradual. J'4978-18 11/99
c. =/ 3. Groundwater level, if indicated, is at time of drilling

_ (ATD) or for date specified. Level may vary with time. Figure A-15

AR 044277



Boring Log HC99-B72
N 21023

E 10730 STANDARD PENETRATION LAB

Soil Descriptions Depth Sample RESISTANCE TESTS
Top of Casing Elevation in Feet: 283.81 in Feet • Blows per Foot
Ground Surface Elevation in Feet: 282 1 2 5 10 20 50 100

Loose, damp, brown, slightly gravelly G-1 •
SAND with some organics.

h,}

(D

_o S-1

Stiff, wet, gray, slightly sandy, clayey V
SILT.

S-2 kX •

-10 S-3 P

ATI

Medium dense to very dense, wet, gray, S-4 • ) -CS

slightly gravelly, very silty, SAND with

increasing gravel content with depth. -15 -._3. /s-5 • _ I
2O

s-6 5o/5

Bottom of Boring at 23.9 Feet.
Completed 11/8/99. 25

30

35

li

40

I

45

!
I50 1 2 5 10 20 50 100

{o
• Water Content in Percent

_ m'm
f-r-_

•; 1. Refer to Figure A-1A for explanation of descriptions

- and symbols. _l_ri_ i_j_2. soil descriptions and stratum lines are interpretiveo
o

"o o._ and actual changes may be gradual. J-4978-18 11199
_ 3. Groundwater level, if indicated, is at time of drilling

• R (ATD) or for date specified. Level may vary with time. Figure A-18

AR 044278



Boring Log HC99-B75

STANDARD PENETRATION LAB

Soil Descriptions Depth Sample RESISTANCE TESTSin Feet • Blows per Foot
Approx. GroundSurface Elevation in Feet: 284

-0 w 2 5 Io 20 50 Ioo
3 inches of Asphalt over loose, wet,
gray to brown, slightly gravelly SAND.

i
s-I _ !

I
-- Petroleum-like odor. 5-2 _ ;

Medium stiff, moist, gray to green, sandy - i
SILT. -- I \

\Medium dense to dense, wet, brown to r 5-3 -

gray, slightly silty, gravelly SAND. _ -

-t to S-4 _

I _ "-
S-5 ,5016

15

I -Very dense, moist, gray, silty, fine SAND 5-6 - ,50/5
with trace gravel.

2O

S-7 _ _50/6
Bottom of Boring at 23.0 Feet.

Completed 6/4/99. 25

35

40

i

-
5 0 _ Io 20 50 100

• water Content m Percent

I. Refer to Figure A-IA for explanation of descriptions'

and symbols. _,,_r_l_ I1_']_2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. J"4_78-07 8/_
3. Groundwater level, if indicated, is at time of drilling

(ATD) or for date specified. Level may vary with time. F/j_lre _-r_'

AR 044279



Boring Log HC99-B78

STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Samplein Feet • Blowsper Foot
Approx. Ground Surface Elevation in Feet: 275 1 2 5 I0 20 50 I00

3 inches of Asphalt over loose, moist,
green, silty, fine SAND to medium stiff,
fine sandy SILT.

Petroleum-like odor. 5-1

5

Loose, wet, gray to brown, fine to S-2
medium SAND.

Medium dense, wet, gray with orange S-3 x,
mottling, slightly gravelly, very silty \
SAND. _ IO
Medium dense to dense, moist to wet, 5-4
slightly silty to silty, gravelly SAND. \

S-5

15

Very dense, moist, gray, slightly S-6 - 50/4
-_ gravelly, silty, fine SAND. f

Bottom of Boring at 18.3 Feet. 20
Completed 6/4/99.

25

,o I
35

4O

45

I 2 5 to 20 50 100
• water Content in Percent

L,

1.Refer to Figure A-1A for explanation of descriptions J_

and symbols. _r_RO _"_
2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. IJ_40TB"_T ei_
3. Groundwater level, if indicated, is at time of drilling

(ATD) or for date specified. Level may vary with time. J#'_Ufe A--_

AR 044280



Boring Log HCSB-B77

STANDARD PENETRATION LAB

Soil Descriptions Oel_th SampJe RESISTANCE TESTSin Feet • BIo_s per Foot
Approx. Ground Surface Elevation in Feet: 266

T0 1 2 5 10 20 50 100
3 inches of Asphalt over very loose,
damp to moist, black, slightly gravelly,
very silty SAND with abundant charcoal

E-and wood debris. S-I _

5 _ \
Medium stiff, moist, brown to gray, S-2

L.:
m

___ slightly sandy SILT.

__ Petroleum-like odor. / 5-3;-_ - _Orange mottling. - \
Medium dense, wet, brown, slightly silty 10 _ "\

tosi,tyfinetomediumSAN° I S-. _ _- \
-- Petroleum-like odor. S-5 -

- \
15

¢.,..

Very dense, wet, gray, slightly gravelly ATD 5-6 A /,_ - 81/10
to gravelly, silty SAND. /- B'- _
Bottom of Boring at t8.8 Feet. 20
Coml_leted 6/4/99.

25

I

t -

4O

I- -

-+45

50 I 5 10 20 50 100
• water Content m Percent

n

1.Refer to Figure A-1A for explanation of descriptions

and symbols. _ II_a_"_2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual. J'4078"OY 0/00

3. Groundwater level, if indicated, is at time of drilling
(ATO) or for date specified. Level may vary with time. F'/_IPe A-II_

AR 044281



Boring Lgo HC88-B 78

STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Samplein Feet • Blows per Foot
Approx. Ground Surface Elevation in Feet: 262 I 2 5 10 20 50 100

-0
3 inches of Asphalt over loose to
mediumdense, moist, black, silty SAND
to medium stiff, sandy SILT with

scattered wood and organics. , ;
F

S-!

Stiff, moist, blue to green SILT with S-2
scattered wood fragments. %,,,

10
Medium dense to dense, wet, blue-gray, S-3 ,. '_
silty to very silty, medium to coarse \
SAND with scattered organics, r-

w..S-4
L.

Very dense, moist, gray, slightly S-5 50/6
-_ gravelly, silty, fine SAND. S

Bottom of Boring at 18.5 Feet. 20
Completed 6/4/99.

25

30

35

4O

50 i 2 5 io 20 50 100
• water Content in Percent

n

1. Refer to Figure A-IA for explanation of descriptions I_

and symDols. _L_FF_RO _'_2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. _1"'40T8"_' 8lt_
3. Groundwater level, if indicated, is at time of drilling

(ATD) or for date specified. Level may vary with time. F_lilfe A-6_O

AR 044282



Boring Log HC99-B79

STANDARD PENETRATION LAB

Soil Descriptions Depth Sample RESISTANCE TESTS
Approx.GroundSurfaceElevationin Feet: 279 in Feet • Blowsper Foot

2 5 I0 20 50 I00

3 inches of Asphalt over mediumdense, L
moist, brown, slightly gravelly, silty, fine F
SAND.

S-I

-- Petroteum-like odor.

Mediumdense, wet, brown, gravelly, S-2

coarse SAND. k_
Mediumdense, wet, gray to brown, 5-3
gravelly, silty to very silty, fine to
mediumSAND.

S-4

7
Very dense, moist, gray, gravelly, silty, 5-5
fine SAND.

15

S-6
Bottom of Boring at 17.9Feet.
Completed 6/4/99.

._0

25

3O

35

45

I 2 5 l0 20 50 100
• water Content_nPercent

1.Refer to Figure A-IA for explanation of descriptions

and symbols. _r__=_2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual

3. Groundwater level, if indicated, is at timeof drilling _'40_'8"'OT O/_
(ATD) or for date specified. Level may vary with time, J_lre _--_Jf

AR 044283



Boring Log HC99-B80

STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Samplein Feet • Blows per Foot
Approx. Ground Surface Elevation in Feet: 282 I 2 5 10 20 50 lO0

-0
3 inches of Asphalt over very loose to
loose, wet, black, slightly gravelly, silty

SAND with scattered charcoal and wood L
fragments. S-I K
Petroleum-like odor.

-5

Stiff, moist, gray with brown mottling, 5-2 =kslightly gravelly, sandy SILT with " _ \scattered organics and trace wood..:_ ...--..----
Medium dense, wet, brown to gray, S-3
slightly gravelly to gravelly, silty to very \

s,,tySAN° -,0 t

Petroleum-like odor in S-3 and S-4. - S-4

Very dense, moist to wet, gray, slightly S-5
gravelly to gravelly, silty SAND.

-15

Bottom of Boring at 17.8 Feet.
Completed 6/4/99.

-20

-25

-30

-35

-40

I-45

-50 i 2 5 TO 20 50 100
• water Content m Percent

n

I. Refer to Figure A-IA for explanation of descriptions _1_

and symbols. __1_O I_' _2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. ,_"40_'8--_Y 8/00
3. Groundwater level, if indicated, is at time of drilling

(ATO) or for date specified. Level may vary with time. Jl'_llfe _--_

AR 044284



Boring Log HCOO-B160
N 21820
E 11517 STANDARD PENETRATION LAB

Sell Descriptions Depth Sample RESISTANCE TESTSin Feet • Blows per Foot
Approx.Ground Surface Elevation in Feet: 290

O 1 2 5 10 20 50 100
Medium dense, moist, brown, slightly silty T S-1 )
to silty, slightly gravelly to gravelly /SAND with orgonic material.

S-2
5 \

Herd, moist, gray and brown mottled, \
CLAY.

S-3 q i_I
r

-.10

I s-4 P il_ - uu, AL

S-5 P

15
Very dense, moist, grey, silty to very I .._ S-6 !e

silty, slightly gravelly to gravelly SAND. f ATD S-7 •

+20
Very dense, moist, gray, slightly silty to

silty, gravelly SAND. E S-8

±
I

25

S-9

Bottom of Boring at 28.4 Feet.
Completed 1/20/00. 30

35

f45 1 2 5 10 20 50 100,,4
, • Water Content in Percent

_J

Frj
"; 1. Refer to Figure A-1A for explanation of descriptions
- and symbols. __

8_ 2. Soil descriptions and stratum lines ore interpretiveand actual changes may be gradual. J-4978-18 1100
_ .3. Groundwater level, if indicated, is at time of drilling

• _ (ATD) or for date specified. Level may vary with time. Figure A-23

AR 044285



Boring Log HCOO-B161
N 22024

E 1"_5"_1 STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Sample
in Feet • Blows per Foot

Approx.Ground SurfaceElevationin Feet:274 I 2 5 10 20 50 100
-0

(Loose), wet, ton, slightlysilty,gravelly
SAN D.

j G-I
AI'D

"S-1
5

Medium stiff, moist, gray, sandy CLAY.

10 S-2

S-3 P

Hard, moist, gray, slightly gravelly, very
sandy SILT. 1.5 S-4

20 S-5

Very dense, moist, gray, silty, gravelly
SAND. (TILL)

s-6 so/_
25

Bottom of Boring at 24.8 Feet.
Completed 1/24/00.

3O

35

4O

45X 1 2 5 10 20 50 100=
• Water Content in Percent

._ 1. Refer to Figure A-1A for explanation of descriptions
- and symbols. _ I_
8 2. Soil descriptions and stratum lines ore interpretive

_ and actual changes may be gradual. J-4978-18 1/00
_ .3. Groundwater level, if indicated, is at time of drilling

• _= (ATD) or for date specified. Level may vary with time. Figure A-24

AR 044286



Boring Log HCOO-B162
N 21872

E 11400 STANDARD PENETRATION LAB

Soil Descriptions Depth Somple RESISTANCE TESTS
Approx. Ground Surface Elevotion in Feet: 285 in Feet • Blows per Foot

-0 1 2 5 10 20 50 100
(Medium dense), moist, brown, slightly
gravelly, silty SAND with organic G-1
material.

Very stiff, moist, brown and ton
mottled CLAY.

5 S-1 .e
•.S-IA :--(,.. (S-IA)

S-2 - AL
4.S-2.A

S-_ p

10 S-4
Medium dense to very dense, moist,

gray, gravelly, very silty SAND. /

/D15 S-5 - GS
\

\
X

X

20 s-6

Very dense, moist, gray, silty, gravelly
SAND. (TILL)

s-7 50/5
Bottom of Boring at 24.5 Feet. 25
Completed 1/24/00.

=

30

I

35

40

© 1 2 5 10 20 50 100
• Water Content in Percent

t. Refer to Figure A-1A for explanation of descriptions "-jr-
and symbols.

_; 2. Soil descriptions end stratum lines ore interpretive
and actual changes may be gradual. _lli_i_ri[_ll_r_j_

o° 8 .3. Groundwater level, if indicated, is at time of drilling_o
Y- (ATD) or for date specified. Level may vary with time. J'4978"18 "1/00

_ 4. Shelby tube samples S-1A and S-2A pushed in adjacent Figure A-25.= boring HCOO-B 162A.

AR 044287



Boring Log HCOO-B163
N 21984

E 11358 STANDARD PENETRATION LAB

Soil Descriptions Depth RESISTANCE TESTS
in Feet Sompte • Blows per Foot

Approx. Ground Surface Elevation in Feet: 278 1 2 5 10 20 50 100
-0

Medium dense, wet, ton, slightly gravelly,

silty SAND. ___
ATD G- 1 q

5 S-I .o
Stiff to very stiff, moist, ton to gray, 7"

sandy CLAY.
i

S-2 / ..4 1AL, GS

F-CU

S-3

0

S-4 r-

5 s-5

S-6 _ -AL, CN

Very dense, moist, grey, silty, gravelly
SAND. (TILL)

20 s-7

S-8

E3ottom of Boring at 24.8 Feet. 25
Completed 1/24/00.

30

35

4O

_. 45 1 2 5 10 20 50 100
, • Water Content in Percent

; 1. Refer to Figure A-1A for explanation of descriptions M
- and symbols. UA _ Ill_l_l_l

_ _ 2. Soil descriptions and stratum lines ore interpretive

_w w_lwi_! &

9 and actual changes may be gradual. J-4978-18 1100
_ ..3. Groundwater level, if indicated, is at time of drilling

= _= (ATD) or for dote specified. Level may vary with time. Figure A-2e

AR 044288



Boring Log HCOO-B164
N 21936

E 11302 STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Samplein Feet • RIows per Foot
Approx. Ground Surface Elevation in Feet: 280 1 2 5 I0 20 50 100_O

Medium dense, wet, brown, silty, gravelly 1 S-1 _ •

SAND. _ I
[

Stiff, moist, gray and orange I

mottled CLAY. I S-2 - I, ' !

I i

5 l i

s-3 P- I _ t -AL.cu I- !i
S-4 P_ 'l _e- -AL. CN i

10
s-5 _ L '

Mediumdenseto verydense,moist.
gray, slightly silty to silty, slightly S-6
gravelly to gravelly SAND. (TILL)

15 ll
___v _ \

ATD

S-7 • '

120

I -S-B - D _ 50/5
It25

I - -S-9 - ' 50/4
Bottom of Boring at 28.3 Feet.

Completed 1/20/00. 50

i -
_. 45 1 2 5 10 20 50 100

• Water Content in Percent

i
Er-;

•; 1. Refer to Figure A-1A for expl0nation of descriptions

- and symbols. _J_Jr_ JJ_J_

8 2. Soil descriptions oncl stratum lines ore interpretiveo and actual changes may be grociuol. J-4978-18 1100
_ ,3. Groundwater level, if indicated, is at time of drilling

• _= (ATD) or for dote specified. Level may vary with time. Figure A-27
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Boring Log HCOO-B165
N 21825

E 11163 STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Sample • Blows per FootTop of Casing Elevation in Feet: 278.48 in Feet

Approx. Ground Surface Elevation in Feet: 277 -O 1 2 5 10 20 50 100
Medium dense, wet, brown, slightly silty
to silty, gravelly SAND.

G-1 •

-5 s-1 -!

//.Medium stiff, moist, gray, CLAY. . _J-1.

-1t S-2

." S-2_ _ _ )
Medium dense, gravelly, silty SAND.

-1 S-3

- \
- X

Very dense, moist, gray, silty, grovetly
SAND. (TILL)

-2' S-4

S-5
-2

Bottom of Boring at 24.8 Feet.
Completed 1/21/00.

-.30

-35

-40

-45 1 2 5 t0 20 50 100
• Water Content in Percent

_, 1. Refer to Figure A-1A for explanation of descriptions
r-Fend symbols.

- 2. Soil descriptions end stratum lines are interpretiveII

- and actual changes may be gradual. _,_ll_ll_Jlrrb.J_.ll_

_ _ 3. Groundwater level, if indicated, is at time of drilling. (ATD) or for date specified. Level may vary with time. J-4978-18 11100
- =/ 4. Shelby tube samples S-1A and S-2A pushed in adjacent

_ boring HCOO-B165A. Figure A-28

AR 044290



Boring Log HCOO-B166

_ 2191711089 STANDARDPENETRAT,ON LAB
Soil Descriptions Depth Sample RESISTANCE TESTSin Feet • Blows per Foot
Approx. Ground Surface Elevation ;n Feet: 273 1 2 5 0 20 50 100

0-'r-

Medium dense, wet, brown, silty SAND J

with organic material. _ j G-1 rr[ _ ,ATD

5 S- I .i

- \Hard, moist, gray, very sondy SILT.

10 S-2 - GS

I
1 5 _

t -
1 -

1"20 S-4 q
s-5

25 s-6 •

i30 ' "

I "

"I .

I .

s-8 ><] •

-- Grovels noted. I .

" i

40 S-9 ' IBottom of Boring at 40.0 Feet.

Comp,eted,/2,/00. [ .i 1
45 2 5 10 20 50 100

• Water Content in Percent

•; 1. Refer to Figure A-1A for explanation of descriptions
- and symbols. _rO_l_ i_jl_

_) 2. soll descriptions and stratum lines ore interpretive
ond octuol chonges moy be groduol. J-4978-18 1100

_ _ 3. Groundwoter level,ifindicoted,is ot time of drilling

_ (ATD) or for dote specified. Level may vary with time. Figure A-29
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Boring Log HCOO-B167
N 21737

E 10999 STANDARD PENETRATION LAB

Soil Descriptions Depth Sampte RESISTANCE TESTS
Approx. Ground Surface Elevation in Feet: 276 in Feet • Blows per Foot

-0 1 2 10 20 50 100
(Loose), wet, dark brown SAND end I
PE.JkT. G- 1 • I

- i

_
Loose to medium dense, moist, brawn to 5 S-1 "; • I
gray, very silty SAND. - i

. I

10 S-2 • i - GS

-- Silt content increases with depth. S-3 P - HI -AL. CN
- \ I\

Medium dense to very dense, wet to \

i

moist, grey, silty, gravelly SAND. • \
15 S-4

'H
___V . i

AID

20 s-5 •

S-6 • 50/3
Bottom of Boring at 24.8 Feet. 25
Completed 1/25/00.

30

35

!

I
- r

4o . I

i
- 1
_ I

- !

45
= 2 5 0 20 50 100
_, • Water Content in Percent

-; 1. Refer to Figure A-1A for explanation of descriptions _1_
- and symbols. _AIm jD1n_13_lh _ED
8 8 2. Soil descriptions and stratum lines ore interpretive

I IAIlil _I_ Irw_lil'i

"-o and actual changes may be gradual.o . J-4978-18 1100
_<._ 3. Groundwater level, if indicated, is at time of drilling
: _ (ATD) or for date specified. Level may vary with time. Figure A-30
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Boring Log HCOO-B168

t_ 21789
10980 STANDARD PENETRATION LAB

RESISTANCE TESTS
Soil Descriptions Depth Samplein Feet • Blows per Foot
Approx. Ground Surface Elevation in Feet: 274 1 2 5 10 20 50 100

-0 I
(Medium dense), wet, brown, slightly silty

SAND. _ .

ATD G- I . •

Soft, moist, gray, slightly sandy, clayey 5 S-I •
SILT. - \

Loose, wet, gray, slightly gravelly, silty
SAND.

10 S-2 •

\
. \

Hard, moist, gray, slightly gravelly, • \
I " _slightly sandy SILT.

i Is s-3 • I
I

Very dense, wet to moist, gray, silty,
gravelly SAND. (TILL) : "

I
I

-_ 20 s-4 •

i "S-5 " •

Bottom of Boring at 24.,.3 Feet. 25
Completed 1/21/00.

I -

35

I .

I "
-_ 40

I ." 45& 1 2 5 10 20 50 100
• Water Content in Percent=,

T 1. Refer to Figure A-1A for explanation of descriptions
- and symbols. _r_Po _

_ 8 2. so;} descriptions and stratum lines are _nterpretiveo. and actual changes may be gradual. J-4978-18 1100
_ 3. Groundwater level, if indicated, is at time of drilling

_ (ATD) or for dote specified. Level may vary with time• Figure A-31
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Boring Log HCOO-B169
N 21653
E 10889 STANDARD PENETRATION LAB

Soil Descriptions Depth Sample RESISTANCE TESTS
in Feet • Blows per Foot

Approx. Ground Surface Elevation in Feet: 27.:3
-0 1 2 5 10 20 50 100

Medium dense, moist to wet, brown,

slightly gravelly to gravelly, slightly silty G-1 lITSAND.

ATD5 S-1 -

Dense, wet, gray, slightly clayey, slightly \
gravelly, silty SAND.

S-3 \ -AL (NP).
UU, GS

Hard, moist, grey, slightly sandy,

clayey SILT. 15 S-4

S-5 _ - AL, GS
CN, UU

Hard, moist, gray, slightly sandy to

sandy SILT. 20 S-6 X

,30 S-B
D

Very dense, wet, gray, slightly gravelly,
very silty SAND.

S-9 _ •35
Bottom of Boring at 35.0 Feet.
Completed 1/25/00.

4O

4-5 1 2 5 10 20 50 100.4
, • Water Content in Percent

.=

i n

-_ 1, Refer to Figure A-1A for explanation of descriptions
- and symbols. /,/A _II/I_D

2. Soil descriptions and stratum lines are interpretive i ilk4i i # _ iv II_lWllil i

_ and actual changes may be gradual. J-4978-18 1100
<. _ ..3. Groundwater level, if indicated, is ot time of drilling

: _ (ATD) or for date specified. Level may vary with time. Figure .4-3;?.
g
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Boring Log HCOO-B170
N 21602

F_ 10834 STANDARD PENETRATION LAB

Soil Descriptions Depth RESISTANCE TESTS
in Feet "_ar_p_s per Foot

Approx. Ground Surface Elevation in Feet: 269 1 2 5 10 20 50 100
-0

Medium dense, wet, dark brown to brown
silty to cleon SAND. G-1 _P

_.2
- Grades to gravelly. ATD ,

5 S-1 =.;

Medium dense to-dense, wet, gray, _
slightly gravelly, silty to very silty \SAND.

10 S-2

- /

- /
-_ 15 S-3 ze -GS

i -- \
Hard, moist, gray, slightly sandy,
silty CLAY. - \

20 s-4 •

I S-5 P - I_" I -At. UU

Very dense, moist, gray, silty SAND.

25 S-6
I

Bottom of Boring at 25.5 Feet. r

Completed 1/21/00. I 30

i

- I

40 !i
I

- I

I

- I

45 I 2 5 10 20 50 100
• Water Content in Percent

F,r3
_; 1. Refer to Figure A-1A for explanation of descriptions
- and symbols. _r_ _

_ 2. Soil descriptions and stratum lines are interpretiveand actual changes may be gradual. J-4978-'_8 1/O0
_ .3. Groundwater level, if indicated, is at time of drilling

_, (ATD) or for date specified. Level may vary with time. F#gure A-83
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Boring Log HCOO-B171
N 21426

E 10910 STANDARD PENETRATION LAB

Soil Descriptions Depth Sample RESISTANCE TESTSin Feet • Blows per Foot
Approx. Ground Surface Elevation in Feet: 284

_0 1 2 5 10 20 50 100

(Medium dense), wet, brown SAND.

I j G-1 D

ATD

Very stiff, wet, ton and orange mottled,

sandy SILT. 5 S-1 .ke

I s-2 P ;\
Very dense, moist to wet, slightly

gravelly, silty SAND. (TILL)
I0 S-3 •

I1 5 S-4 50/6
Bottom of Boring at 15.0 Feet.

Completed 1/25/00. If20

"_ t45 1 2 5 10 20 50 100
i • Water Content in Percent

V •

-; 1. Refer to Figure A-1A for explanation of descriptions U

- and symbols. _i_lil_ri{_ I_J _
g _ 2. Soil descriptions and stratum lines ore interpretive

o and actual changes may be gradual. J-4978-18 11OO
_ .3. Groundwater level, if indicated, is at time of drilling

:= _ (ATD) or for dote specified. Level may vary with time. Figure A*34

AR 044296



Boring Log HCOO-B172
N 21389

E 10838 STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Sornplein Feet • Blows per Foot
Approx. Ground Surface Elevation in Feet: 280 1 2 5 I0 20 50 100_0

Loose, moist, brown, slightly silty SAND. I

I G-I •
-5 S-I •

&

Stiff, wet, gray CLAY. \
\10 s-2 \

S--3 I_ -AL,UU
\
\

Dense, moist to wet, grey. slightlysilty S-4
to very silty, gravellySAND. _

ATD
15 S-5 •

20 s-6 •

Very dense, moist, gray, slightly clayey,
gravelly, sandy SILT. }

-* 25 S-7 D

i s-8 • H -AL.GS30 S-9 50/6 I

Bottom of Boring at 30.0 Feet. t ICompleted 1/26/00. i

I

!
I

35 _
!
i
i

I

-_ 40 :
!

i '!I
45 1 2 5 10 20 50 100

• Woter Content in Percent

! •

U
T 1. Refer to Figure A-1A for explanation of descriptions
- ond symbols. _i_r_ ii_l_

_ _ 2. Soil descriptions and stratum lines are interpretiveand actual changes may be gradual. J'4978"_8 "_/00
_ .3. Groundwater level, if indicated, is at time of drilling

• _= (ATD) or for dote specified. Level may vary with time. Figure A-35

AR 044297



Boring Log HCOO-B173
N 21378
E 10713 STANDARD PENETRATION LAB

RESISTANCE TESTS
Soil Descriptions Depth Sample • Blows per FootTop of Casing Devotion in Feet: 276.13 in Feet
Approx. Ground Surface Elevation in Feet: 273 1 2 10 20 50 100-0

Loose to medium dense, dark brown to
brown, slightly silty, gravelly SAND. "

G-1 •

-5
. S-1 _ _ •

. _ _
-I0 \
. S-2 _ _ -GS

Stiff, wet, gray, slightly sandy, slightly
gravelly SILT.

-15

. _-3 _ ,_ i

Loose to very dense, slightly gravelly to .
gravelly, very silty SAND. . ;_= _

-20 _-6
- 4 •-7

-25 S-8

Bottom of Boring at 25.8 Feet.
Completed 1//20//00.

3O

35

-40

L
i

_= -45 :1 2 5 10 20 50 100
, • Water Content in Percent

i n
im

T 1. Refer to Figure A-1A for explonatlon of descriptions
- andsymbols. /,/A_W_.I_

2. Soil descriptions and stratum fines are interpretive
_! W_Wlbll I

o m

o . and actual changes may be gradual. J-4978-18 1100
_ 3. Groundwater level, if indicated, is at time of drilting

• _= (ATD) or for date specified. Level may vary with time. Figure A-36
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Boring Log HCOO-B174
N 21394

E 10628 STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions Depth Sample
in Feet • Blows per Foot

Approx. Ground Surface Elevation in Feet: 267 I 2 5 10 20 50 100

(Soft), wet, dark brown PEAT. G-1 I

Medium dense, wet, brown, slightly S-1 • _,
gravelly to gravelly SAND.

I ATD
S-2

Stiff, wet, gray, slightly gravelly, very 10

sandy SILT. S-3 _/o

15 \
s-4 P \

\r
Very dense, wet to moist, gray, slightly t S-5 •
gravelly to gravelly, very silty to silty L
SAND. (TILL) -* 20

F

Bottom of Boring at 24.0 Feet. f S-6 •
Completed 1/26/00. 25

_ I45 1 2 5 10 20 50 100
, • Water Content in Percent

U
•_ 1. Refer to Figure A-1A for explanation of descriptions

- and symbols• _Jr_ _2. Soil descriptions and stratum lines are interpretive
_ and actual changes may be gradual. J-4978-'18 1/00
_ ,3. Groundwater level, if indicated, is at Lime of drilling

• _= (ATD) or for date specified. Level may vary with time. Figure A-87
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Boring Log HCOO-B175
N 21988

E 11687 STANDARD PENETRATION LAB

Soil Descriptions Depth Sample RESISTANCE TESTS
in Feet • Blows per Foot

Approx, Ground Surface Elevation in Feet: 278

-0 2 10 20 50 100
Medium dense, wet, brown, slightly silty

to silty, gravelly SAND. G-1 m B

_?
ATD

5 s-, _ " !!

Stiff, moist, gray, sandy CLAY.

10 S-2 #. •

S-3 \ P I k "AL.GS.
• CU

i

1.5 S-4 •

Very dense, moist, gray, gravelly, very .
silty SAND. . \

20 S-5 • : ,SI)/E

. I

Dense, moist, gray, very silty SAND.

25 s-6 •
"S-7 _ P - i

i

Hard, moist, gray, sandy SILT. . i

30 S-8
D i

S-9 _ " D b5,)/,=

Bottom of Boring at .34.9 Feet. 35 ii
Completed 1/26/00. " I r

i

ii

40 ii

i
_= _5 1 2 5 10 20 50 100
_' • Water Content in Percent=,
i • J

T 1. Refer to Figure A-1A for explanat;on of descrlptions

- and symbols. _l_r_ i_11_
_ _ 2. Soil descriptions and stratum lines ore interpretiveand actual changes may be gradual. J-4978-18 1/00

_ .3. Groundwater level, if indicated, is at time of drilling
= _= (ATD) or for dote specified. Level may vary with time. Figure A-38

AR 044300



Test Pit Log HC99-TP23 N 21924e 11199
Sample Water Lab Depth SOIL DESCRIPTIONS

Content Tests in Feet ;round Surface Elevation ;n Feet: 275

S-1 ,_ 15 O- (Loose). damp, brown, silty SAND with organic material.
1 _ (Medium dense), moist, brown, silty SAND with occasionalvr 2 organic SILT.

23 3

S-2 A 4

S-3 27 6 (Stiff), moist, gray, sandy SILT.

7 (Medium dense), wet, brown, very sandy GRAVEL.

S-4 12 8

9

10 ? (Stiff), moist, gray, silty CLAY.

V 112PP=1.0 12:
S-5 36 TV=I.0

A 13-"14-"

15-" Bottom of Test Pit at 15 Feet.

16' Completed 11/9/99.
17-

18-

19-

2_

N 21590
Test Pit Log Hcgg-TP24 e lOe4e

Sample Water Lab Depth SOIL DESCRIPTIONS
Content Tests in Feet ;round Surface Elevation in Feet: 270

O-
(Loose to medium dense), damp, brown, slightly silty SAND with

S-1 13 1 organic material.

S-2 30 TV=I.5 2 ------- (Very stiff), damp, tan SILT.
3 (Medium dense), damp, light brown, slightly gravelly SAND.
4

S-3 4 5

6

7

8 (Stiff), wet, gray, slightly sandy, silty CLAY.

PP=I .O 9

TV=3.0 10

S-4 12 11-
12-

13-

14-

15-
Bottom of Test Pit at 15 Feet.

16- Completed 11/9/99.
17-

18-

19-

, 20 _
E

VLL
lrT_

"_ 1. Referandsymbols.t°Figure A-1A for explanation of descriptions __ROlI_
2. Soil descriptions and stratum lines ore interpretive

_ and octual changes may be gradual. J-4978"18 11199
¢ 3. Groundwater conditions, if indicated, are at the time Figure A-39= of excavation. Conditions may vary with time.

AR 044301



N 21774
Test Pit Log HC99-TP25 11802
Sample Water Lab Depth SOIL DESCRIPTIONS

Content Tests in Feet Ground Surface Elevotlon in Feet: 291
O-

(Loose to medium dense), moist, brown SAND with gray silt
S-I 10 I ;nterbeddlng, abundant organic material and some cobbles.

2

,:3 (Loose), moist to wet, gray to brown, slightly gravelly SAND.
5-2 15 4

5
(Very Joose), wet, dark brown, sandy GRAVEL.

S-3 13 6

7
(Hard), damp, blue-gray, slightly gravelly, slightly sandy SILT.

8

9

S-4 19 PP=4.5 10

33/=4.5 1 1

12-

13'
Bottom of Test Pit at 13 Feet.

14: Completed 11/9/99.
15:

16:

17:

18-
19:

2O

Test Pit Log HC99-TP41 N 19736E 10428
Sample Water Lab Depth SOIL DESCRIPTIONS

Content Tests in Feet Ground Surface Elevation in Feet: 264-

0-1_ (Loose), moist, clark brown, silty SAND with organic materialS-_ /\ 20

S-2 ___ 17 2- "_ and cobbles, f
(Medium dense), moist, orangish brown and gray, silty SAND.3

S-3 ___ 19 4 -- Grading less silty with depth.
5

6-" (Medium stiff), moist, gray, sandy, clayey SILT.72
S-4 _ 17 8

(Dense), moist, gray, slightly silty, gravelly SAND.9
S-5 _ 9 10

11

12-

13-
14

Moist, gray, gravelly, sandy SILT.S-6 9 15-
Bottom of Test Pit at 15 Feet.

16- Completed 11/10/99.
17:

18-

19 _

. 2O
E

1. Refer to Figure A-1A for explanation of descriptions
= and symbo,s. _r_1_ _
-_ 2. soil descriptions and stratum lines are interpretive

=_ and actual changes may be gradual. J-4878-18 11199

_ .3. Groundwater conditions, if indicated, are at the time Figure A-40of excavation. Conditions may vary with time.
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N 19655
Test Pit Log HC99-TP43 E 10494

Sample Water Depth SOIL DESCRIPTIONS
Content in Feet Ground Surface Elevation in Feet: 262

0
(Medium dense), moist, brown, silty SAND with organic material.

S-1 25 1

S-2 21 2 (Hard), moist, gray and tan with orange mottling, sandy SILT.

S-3 23 3 (Medium dense), moist, brown and ton with orange mottling,

S-4 10 4-" slightly silty SAND.
5-_ (Loose), moist, ¢jroyish brown, gravelly, coarse SAND.

6'

7' (Medium stiff), moist, gray and ton mottled, sandy CLAY.

S-5 17 82

9

10
(Very dense), moist, gray, slightly silty, gravelly SAND.11

12

13

14

15
Bottom of Test Pit fit 15 Feet.

16 Completed 11/10/99.
17

18

19

20

--T-

1. Refer to Figure A-1A for explanation of descriptions
= and symbols. _1'__
"_,_ 2. Soil descriptions and stratum lines are interpretive

-= and actual changes may be gradual. J-4978-18 11199

= ..3. Groundwater conditions, if indicated, ore at the time Figure A-41of excavation. Conditions may vary with time.
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J-4978-18 12/99

Figure A-42

AR 044304



J-4978-18 12/99

Figure A-43
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J-4978-18 12/99

Figure A-44
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APPENDIX B
LABORATORY TESTING PROGRAM

A laboratory testing program was performed for this study to evaluate the basic

index and geotechnical engineering properties of the site soils. Disturbed and

relatively undisturbed samples were tested. The testsperformed and the
procedures followed are outlined below.

Soil Classification

Field Observation and LaboratoryAnalysis.Soil samplesfrom the explorations

were visuallyclassifiedin the field and then taken to our laboratorywhere the
classificationswere verified in a relativelycontrolled laboratoryenvironment.

Field and laboratoryobservationsinclude density/consistency,moisture
condition, and grainsize and plasticityestimates.

The classificationsof selectedsampleswere checked by laboratorytests suchas

Atterberg limits determinationsandgrain size analyses.Classificationswere
made in generalaccordance with the Unified Soil Classification(USC) System,

ASTM D 2487, as presentedon FigureB-1.

Note that the term "trace" used on explorationlogsgenerallyindicatea material
within the soilmatrixthat constitutesa relativelysmallfractionby weight of the

total soil.The usage of thisterm in not associatedwith the ASTM simplified
classification procedure.

Water Content Determinations

Water contents were determined for most samples recovered in the explorations

in general accordance with ASTM D 2216, as soon as possible following their
arrival in our laboratory. The results of these tests are plotted or recorded at the

respective sample depth on the exploration logs. In addition, water contents are

routinely determined for samples subjected to other testing. These are also
presented on the exploration logs.

Grain Size Analysis (GS)

Grain size distribution was analyzed on representative samples in general
accordance with ASTM D 422. Wet sieve analysis was used to determine the

size distribution greater than the U.S. No. 200 mesh sieve. The size distribution

for particles smaller than the No. 200 mesh sieve was determined by the

hydrometer method for selected samples.The resultsof the tests are presented

Hart Crowser Page B-I
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as curveson FiguresB-2 throughB-10 plotting percent finer by weight versus
sievesize.

Atterberg Limits (AL)

We determinedAtterberg limitsfor selected fine-grainedsoil samples.The liquid

limit and plasticlimit were determined in general accordance with ASTM D
4318-84. The resultsof the Atterberg Limitsanalysesand the plasticity
characteristicsare summarized in the Liquid and Plastic LimitsTest Report,

FiguresB-11 through B-15.This relatesthe plasticity index (liquid limit minusthe
plasticlimit) to the liquid limit. The resultsof the Atterberg limitstestsare also

shown graphicallyon the boring logs.

ConsolidationTest(CN)

The one-dimensionalconsolidationtest provides data for estimating settlement

and preconsolidationpressure.The test was performed in general accordance
with ASTM D 2435. A relativelyundisturbed, fine-grainedsample was carefully

trimmed and fit into a rigidringwith porousstones placed on the top and

bottom of the sample to allow drainage.Vertical loadswere then applied

incrementally to the samplein sucha way that the sample was allowed to
consolidateunder each load increment. Measurements were made of the

compressionof the sample(with time) under eachload increment. Rebound was

measuredduring the unloadingphase. In general, each load was left in place
until the completion of 100 percent primary consolidation,as computed using

Taylodssquareroot of time method. The next load increment was applied soon

after attaining 100 percent primary consolidation.For the 4 tsf load increment,
the load was left in-placefor about 16 hoursto record secondary compression
characteristics.The test resultsplotted in terms of axialstrain and coefficient of

consolidationversusapplied load (stress)are presented on FiguresB-16 through
B-22.

Consolidated Undrained Triaxial Compression Test (CU)

The consolidated undrained triaxial compression test with pore pressure
measurements estimates the effective strength of the soil at various stress levels.

The test was performed in general accordance with ASTM D 4767.

A relatively undisturbed fine-grained sample was trimmed to a length of about 6
inches, encased in a rubber membrane, and placed in the triaxial cell. With the

sample in the triaxial test cell, an all-around pressure was applied hydraulically.
The sample was allowed to consolidate under the applied pressure with drainage

occurring through porous stones and slotted filter paper placed around the

o _ B-2Ha, Crowser rase
,I-4978-18
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sample. When consolidation was completed, drainage lines from the sample
were closed, a back pressure was applied to saturate the sample, and the sample

was loaded to failure under undrained conditions by application of increasing

axial load at a constant strainrate.

During loading, we recorded the magnitude of excess pore water pressure

developed. From the data, an effective stress plot was developed to illustrate the
variation in effective shear strength with varying consolidation (or overburden)

pressures. The data are plotted using shear stressversus principal stress as
Mohr's circles. The tangent to the Mohr's circles for a test series represents the

effective angle of internal friction (_'). The intercept along the vertical axis is the

effective cohesion (c').

Test results for the samples tested are presented on Figures B-23 through B-36.

For each sample the first figure presents shear stress and normal stress data in a

Mohr's circle format along with stress-strain plots, while the second figure in the

set presents the stress-stain data and a stress path plot. The effective friction

angles (_b')provided in Tables 1 through 4 of the main text were determined by

assuming that c' = 0 for drained conditions.

Unconsolidated Undrained Triaxial Compression Test (UU)

The unconsolidated undrained triaxial compression test estimates the total

strength of the soil at various stress levels. The test was performed in general

accordance with ASTM D 28.50. A relatively undisturbed fine-grained sample

was trimmed to a length of about 6 inches, encased in a rubber membrane, and

placed in the triaxial cell. With the sample in the triaxial test cell, an all-around

pressure was applied hydraulically, although the drainage valves remained

closed. Thus the sample was not allowed to consolidate. The sample was loaded

to failure under undrained conditions by application of increasing axial load at a

constant strain rate.

The data are plotted (Figures B-37 through B-42) using shear stress versus

principal stress as Mohr's circles. Because the test is a measure of the total stress

strength of a soil, the tangent to the Mohr's circle for a test extends horizontally

to the vertical axis in a straight line. The intercept along the vertical axis is the

cohesion (c = undrained shear strength, z, of the soil).

Direct Shear Test (DS)

The undrained direct shear test was performed by PSI, Inc., in general

accordance with ASTM D 3080-90. The test sample was trimmed from a

relatively undisturbed soil sample and placed in the direct shear box. The sample

B-3Hart Crowser ra_;e
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was not allowed to consolidateunder an applied verticalload prior to shearing.

A horizontal force was applied to the shearbox containingthe sample. In this

way, the samplefailsalong a predetermined failure plane.The shearing took
place at a constantstrainrate, andwas done quicklyenough so that no drainage
would occur.

The data are presented on a Mohr-Coulomb diagram plottingshear (failure)
stressversusnormal stress(FiguresB-43and B-44.The line through the points of

failure represents the effective angle of internal friction (4_)and the intercept

along the vertical axisis the cohesion intercept (c').

F:\docs_jobs\497818\NorthSafety(rpt).doc
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Unified Soil Classification (USC) System
Soil Grain Size

SizeofOpeningIn Inches (USSlandard) j GrainSizeinMillimetres

I I I I I I I 1[ t I t I I I I J i i i i t t I illtll I i i
r t ftttf I I t I tf!ft t r f r ftttff I I t tllftL t t _ _t_, _ '

GrainSize inMillimetres

COBBLES I GRAVEL 1 SAND SILTand CLAY
Coarse-GrainedSoils Fine-GrainedSoils

Coarse-Grained Soils

ow oc swCleanGRAVEL<5% fines GRAVELwith > 12% fines CleanSAND<5% fines SANDwith > 12%fines

GRAVEL>50% coarsefractionlargerthanNo.4 SAND >50% coarsefractionsmallerthanNo. 4

Coarse-GrainedSoils>50% largerthanNo.200sieve

lD6o/>4forGw l(D3o)_: /
lD_'_o/ <-3 G P and S P Clean GRAVEL or SAND not meetingG W and S W >6 for S W & 1< \D_o X Dso/ requirements for G W and S W

G M and S M Atterberg limits below A line with PI <4 G C and S C Atterberg limits above A Line with PI > 7

* Coarse-grained soils with percentage of fines between 5 and 12 are considered borderline cases required use of dual symbols

D_o,D3o,and D6oare the particles diameter of which 10, 30, and 60 percent, respectively, of the soil weight are finer.

Fine-Grained Soils

P PtML CL OL MH CH OH i
SILT CLAY Organic SILT CLAY Organic I Highly

Organic!
SoilswithLiquid Limit <50% _ SoilswithLiquid Limit >50% So_ls

m

Fine-GrainedSoils >50% smaller than No. 200sieve

60 I I I I I I I I 60

50 - - 50
CH

x 40 - -- 40
"O_= CL
.-->"30 - 3Otj

u_

E. 20 - _ M H or O H - 20

lo- ._--CL-ML _MML 10

0 ,"'/'f ....................I " I _1 or iO g I I I I
0 10 20 30 40 50 60 70 80 90 100 0

I_ Uquid Umit
J

U
HARTOtOWR.4
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PARTICLE sizE DISTRIBUTION TEST REPORT

200 100 10 1 0.1 0.01 00C;
GRAIN SIZE - mm

% GRAVEL % SAND % FINES
% 3"

CRS, FINE CRS. MEDIUM FINE sILT CLAY

o 0.0 0.0 0.0 0.0 11.6 39.1 33.0 16.3

LL PI D8S D60 DS0 D30 D15 D10 Cc Cu

O'_ 16 4 0.369 0.154 0.0797 0.0170 0.0044 0.0026 0.71 58.48

MATERIAL DESCRIPTION USCS NAT. MOIST.

O Clayey, very silty, medium to fine SAND SC-SM

Remarks: Project: Third RunwayNorthSafetyArea
o

Client: Portof Seattle

o Source: HC00-B44 Sample No.: S-3

J

J-4978-18 2/29/2000

__ FigureNo. a-2
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PARTICLE SIZE DISTRIBUTION TEST REPORT

4=
• . ¢= .a J

E

i ,
i

" i I ,i
E i , 1_

i I i }t :'i
1 i ii _:

.. _ ., :_

i I i 'i ,
200 100 10 0.1 0.Ol O.Cc:

GRAIN SIZE - mm

i% + 3" CRS. FINE MEDIUM FINE SILT I CLAY
32.7 36.9

oo 49 66 137

oo oo 15_ I 45_1 133 32.7 34o

LLI ,,O..0,00,0 010%"[ 2.62 0.289 0.197

5.49 0.327 0.227

T 1
MATERIAL DESCRIPTION USCS NAT. MOIST.

c Stighdy gravelly, very silty. SAND SM 12
[] Gravelly, very silty, medium to free SAND SM 9%

Remarks: Project: Third Runway North Safety Area

©

[] Client: Portof Seattle
:. Source: HC99-B50 Sample No.: $-6

:l Source: HC99-B55 Sample No.: $-5

L

J-4978-18 I_3199

__W_F,_ Figure No. B-3
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PARTICLESIZE DISTRIBUTIONTEST REPORT

' il !
i

t i,

'i i '1
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! !l
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i i li i,::_...... ' !i!!ii "iIil X
li ii _' '" "_. I ,i _i._ ,. "_!,i; lil -

i II :
200 100 10 1 0.1 0.01 0.00"

GRAIN SIZE - mm

% GRAVEL % SAND % FINES
%+3"

CRS. FINE CRS. I MEDIUM FINE SILT ClAY
0.0 0.0 13.9 2.2 5.2 13.6 38.5 26.6

0.0 0.0 6.1 2.7 12.3 37.1 41.8
I

LL PI D85 D60 DS0 D30 D15 [ D10 ! Cc i Cu

3.21 0.0498 0.0256 0.0061 0.0019 i

0.613 0.226 0.148 [
i

MATERIAL DESCRIPTION USCS NAT. MOIST.

o Gravelly, sandy, clayey SILT NIL
Z Slightly gravelly, very,silty, medium to fine SAND SM 1_-%

_,emarks: Project: Third Runway North Sat'cry Area
O

[] Client: Portof Seattle

- Source: HC99-B56 Sample No.: S-2

_- Source: HC99-B72 Sampl e No.: S-4

n
J-4978-18 12/3/99

HtIRTCRO_ Fi=_oNoB-4
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PARTICLE SIZE DISTRIBUTION TEST REPORT

2oo loo lo 1 ol ool ooo_
GRAIN SIZE - mm

% GRAVEL _ % SAND % FINES
% 3"

CRS. FINE MEDIUM FINE SILT _ CLAY
0.0 5.8 18.6 13.9 32.1 25.6

0.0 8.7 5.5 11.1 37.3 34.2

0.0 0.0 11.9 15.4 45.0 21.4

LL PI D85 D60 DS0 D30 D15 D10 Cc Cu

14.4 0.478 0.310 O.117

3.87 0.272 0.189

3.29 0.347 0.267 0.148

MATERIAL DESCRIPTION USCS NAT. MOIST.

0 Gravelly, silty, medium to fine SAND SM 16%
D Gravelly, very silty, medium to fine SAND SM 16%

_vellv, silty SAND SM 7%

Remarks: -_roject: Third RunwayNorth SafetyArea

o NSA Stockpile Fill

o NSA Stockpile Fill Client: Port of Seattle

Z_NSA Stockpile Fill o Source: HC99-B60 Sample No.: S-2

[2 Source: HC99-B60 Sample No.: S.J,
A Source: HC99-B60 Sample No.: S-6

1-4978-18 12/21/99

__1_O _ Figure No. B-5
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PARTICLE SIZE DISTRIBUTION TEST REPORT

lo i

94

i

6( i

i .t :

a
2O _

10 '
i

0 : I
200 100 10 1 0.1 0.01 0001

GRAIN SIZE - mm

% GRAVEL % SAND % FINES

%+ 3" CRS. FINE CRS. I MEDIUM FINE SILT I CLAY
m = I I

0.0 12.7 23.0 6.7 10.2 17.3 30.1

LL PI t D85 D60 DS0 D30 D15 D10 Cc Cu
30.3 ]0.8 4.71 0.330
17.5 2.98 0.581

MATERIAL DESCRIPTION USCS NAT. MOIST.

o Silty, very sandy GRAVEL GM 6%
[] Very silty, very sandy GRAVEL GM 9%

Remarks: Project: Third Runway North SafetyArea
o Phase I Embankment Fill

E]Phase 1 Embankment Fill Client: Port of Seattle

o Source: HC99-B62 Sample No.: S-3

D Source: I-IC99-B62 Sample No.: S-5

B'B
j- J-4978-18 12/21/99

_CJ__=R Figure No. B-6
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PARTICLE SIZE DISTRIBUTION TEST REPORT

z
,7

200 100 10 1 0.1 0.01 0.001
GRAIN SIZE -mm

[ 1 "/.GRAVEL "/.SAND % FINES

% + 3" CRS FINE CRS MEDIUM FINE SILT CLAY

o 0.0 0.0 4.3 1.4 6.1 18.5 46.6 23.1

0.0 0.0 2.9 0.9 4.0 12.4 43.3 36.5

0.0 0.0 6.9 3.4 13.7 37.6 31.2 7.2

LL PI D85 D60 DS0 D30 D15 D10 Cc Cu
o 24 8 0.320 0.0389 0.0224 0.0071 0.0022 0.0013 1.00 29,88

[3 28 8 0.175 0.0156 0.0087 0.0033 0.0014

A NV NP 0.771 0.245 0.173 0.0476 0.0114 0.0069 1.34 35.57

MATERIAL DESCRIPTION USCS NAT. MOIST

O Sandy, lean CLAY CL
r_ Sandy, lean CLAY CL
/x Slightly elavev, slightly gravelly, silty, medium to free SAND SM

Remarks: Project: Third Runway North Safety Area

O

Client: Portof Seattle

o Source: HC00-BI61 Sample No.: S-3

[] Source: IIC00-B163 Sample No.: S-2
A Source: HC00-B169 Sample No.: S-3

J-4978-18 2/25/2000

_W_ Figure No. B-7
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PARTICLE SIZE DISTRIBUTION TEST REPORT

.= _ =l 8 8
" " _ _ -_I = -: I!I ii I ; ; t

1

200 100 10 1 0.1 0.01 00(31
GRAIN SIZE - mm

% GRAVEL % SAND % FINES
% + 3"

CRS. FINE CRS. MEDIUM FINE SILT CLAY

o 0.0 0.0 12.6 5.3 12.6 26.8 42.7

[]: 0.0 3.5 9.6 6.1 17.3 41.4 22.l

0.0 0.0 1.9 0.9 2.9 27.8 66.5

X LL PI D8S D60 D$0 D30 DlS D10 Cc Cu
o 3.18 0.272 0.161

[] 3.80 0.380 0.289 O.148

0.194

MATERIAL DESCRIPTION USCS NAT. MOIST.

o Gravelly, verysilty SAND SM 13%
[] Gravelly, silty SAND SM 14%

Verysandv SILT ML 17%

Remarks: Project: Third Runway North SafeLyArea
G

[] Client: Portof Seattle

o Source: HC00-B162 Sample No.: S-5

D Source: HC00-BI65 Sample No.: $-3
Source: HC00-BI66 Sample No.: $-2

WW
r_ J-4978-18 2/23/2000

Figure No. B-8

AR 044334



PARTICLESIZE DISTRIBUTION TEST REPORT

z
E

2oo loo lo 1 ol ool ooo_
GRAIN SIZE - mm

,i ',GRAVEL "/.SAND "/.FINES

% + 3' CRS FINE CRS MEDIUM FINE SILT CLAY

0 0.0 0.0 4.7 4.3 12.0 40.2 38.8

0.0 0.0 5.9 4.1 14.4 42.8 32.8

0.0 0.0 15.6 6.9 20.5 46.4 10.6

LL PI D85 D60 D50 D30 D15 D10 Ce I Cu
o NV NP 0.649 0.201 0.160 i

[] 0.815 0.263 0.194 !
/x NV NP 5.09 0.460 0.368 0.254 0.144 ]

MATERIAL DESCRIPTION USCS NAT. MOIST.

o Very silty, medium to fine SAND SM 14%
[] Slightly gravelly, very silty, medium to free SAND SM 15%
/x Slilzhdvsiltv, Fravelly SAND SP-SM 21%

Remarks: Project: Thtrd Runway North Safety Area

O

[] Client: Portof Seattle

O Source: HC00-B167 Sample No.: S-2

[] Source: HC00-BI70 Sample No.: S-3
Source: I-IC00-B173 Sample No.: S-2

rT J-4978-18 2/23/2000

_'_1__= R Figure No. B-9

AR 044335



PARTICLE SIZE DISTRIBUTION TEST REPORT

&
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200 100 10 1 0.1 0,01 0.001

GRAINSIZE- mm

,l ",GRAVEL ',SAND ',FINES

% + 3" CRS. FINE CRS. MEDIUM FINE SILT CLAY

o 0.0 0.0 0.4 0.2 1.7 6.5 75.8 15.4

0.0 0.0 16.5 2.5 4.3 18.6 51.8 6.3

0.0 0.0 2.6 1.1 4.1 16.1 46.2 29.9

LL PI D85 D60 DS0 D30 D15 D10 Cc Cu
o 28 5 0.0626 0.0301 0.0224 0.0119 0.0049 0.0025 1.87 11.89

r7 28 4 5.62 0.0804 0.0594 0.0320 0.0128 0.0084 1.52 9.55

25 8 0.216 0.0190 0.0114 0.0050 0.0018

MATERIAL DESCRIPTION USCS NAT. MOIST.

o Slightly sandy, clayey SILT ML 21%

[] Slightly clayey, gravelly, sandy SILT ML 18%

A Sandy, lean CLAY CL 17%

Remarks: Project: Third Runway North Safety Area

©

[] Client: Port of Seattle

A o Source: HC00-B169 Sample No.: S-5

Source: HC00-B172 Sample No.: S-8

A Source: HC00-B175 Sample No.: S-3

• J

U J-4978-18 3/3/2000

/_/__I_ FigureNo. B-IO
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LIQUID AND PLASTIC LIMITS TEST REPORT

: // jr

Dashed lineindicatesthe approximate /
upperlimitboundaryfor naturalsoils -7¢'-_'"_ "

/ /

- '/
/

/
/

_ __ / '/

/ J
__ / ,O_ /

// i

// • i
-- • t / i

,ML ¢)r OL MH ¢)r OH ti
10 30 5O 70 90 110

LIQUIDLIMIT

Location + Description LL PL P! -200 USCS

• Source:HC99-B44 Sample No.: S-3

Clayey, very silty, medium to fine SAND 16 12 4 49.3 SC-SIvI

• Source: HC99-B50 Sample No.: S-4
34 22 12 CL

Lean CLAY

• Source: HC99-B51 Sample No.: S-2
26 16 10 CL

CLAY

_' Source: HC99-B52 Sample No.: S-4

lean CLAY 22 14 8 CL

• Source: HC99-B54a Sample No.: S-IA
34 22 12 CL

CLAY

Remarks: Project: Third Runway North Safety Area

• Client: Port of Seattle

• Consolidation Test Location:

[-.q J-4978-18 3/I/2000

/'ILIRTOq_W_ Fibre No.e- 11
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LIQUID AND PLASTIC LIMITS TEST REPORT

Dashedlineindicatesthe approximate / /" _¢
upperlimitboundaryfornaturalsoils ---2=----------w/ /

i /

ii O_

i I
ii

= .J
/ /

..:.;.o.'Wr• °.oro.
10 30 50 70 90 110

LIQUIDLIMIT

Location + Description LL PL PI -200 USCS

• Sorer,e:HC99-B54b SampleNo: S-IB

Lean CLAY 21 14 7 CL

• Source:HC99-B54c Sample No.: $-1C

Lean CLAY 31 20 11 CL

• Source: HC99-BS8 Sample No.: S-3

Sandy, verysilty, lean CLAY 29 19 10 70.1 CL

Source:HC99-B64 Sample No.: S-5

Silty CLAY 18 13 5 CL-MI,

• Source:HC00-B160 SampleNo: $4

Lean CLAY 26 17 9 CL

Remarks: Project: TbardRunway North Safety Area
e

• Client: Portof Seattle

• Location:

JE

I,D J-4978-18 3/112000

' __ Figure No. B- 12

AR 044338



I LIQUID AND PLASTIC LIMITS TEST REPORT

t
Dashed line indicates the approximate

upperlimitboundaryfor naturalsoils _-------7 /

/

// C

- "
/

/

/// /
6 • i

- / /
/

- / ,O_'/ , i

i / ;

/ , ._ i :

_ 1#7 ' !

__ ML¢,rOL MHor OH !
7 ! i

10 30 50 70 90 _0
LIQUID LIMIT

Location + Description LL PL PI -200 USCS

• Source:HC00-BI61 SampleNo.:$-3

Sandy,leanCLAY 24 16 8 69.7 CL

i Source:HC00-BI62a SampleNo.:S-IA

Lean CLAY 30 19 II CL

• Source:HC00-BI63 SampleNo.:S-2

Sandy,leanCLAY 28 20 8 79.8 CL

• Source:HC00-BI63 SampleNo.:S-6

Lean CLAY 26 17 9 CL

• Source: HC00-B164 Sample No.: S-3

Lean CLAY 34 23 l I CL

Remarks: Project: Third Runway NorthSafe_ Area
:e

=
14 Client: PortofSeattle

• Location:

J-4978-18 3/I/2000

_'_W_J_ Figure No. B-13
i i

AR 044339



LIQUID AND PLASTIC LIMITS TEST REPORT

Dashed line indicates the approximate/ ,'/_ / !

upperlimitboundaryfor naturalsoils 7"-- 7 / / ,.
,,, 0'_/ c_ :

• //

,

/'1

,_ /f /.f

ML ¢trOL r H
10 30 50 70 90 110

LIQUIDLIMIT

Location + Description LL PL PI -200 I USCS

• Source:HC00-B 164 SampleNo.: S-4
31 18 13 CL

Lean CLAY

• Source: HC00-BI65a Sample No.: S-2A
31 20 11 CL

Lean CLAY

• Source:HC00-B167 Sample No.: S-3
13 12 l ML

SILT

• Source:HC00-B169 Sample No.: S-5
28 23 5 ML

SILT

• Source: HC00-B170 Sample No.: S-5
35 22 13 CL

lean CLAY

Remarks: Project: ThirdRunwayNorthSafetyArea
e

• Client: PortofSeattle

t

• Location:

U J-4978-18 3/1/2000

_'__=_ Figure No. B- 14

AR 044340



i|

LIQUID AND PLASTIC LIMITS TEST REPORT

Dashed line indicatesthe approximate

upperlimitbounda_for naturalsoils J /7 /__ f

/
/

/
/

- / /V
//, / O_V f

, / X/
, i
i ,

/! ,/ ,e . , I

<////._= MLorOL MHorOH I
I

10 30 50 70 90 1_C
LIQUIDLIMIT

Location LL PL PI -200 I USCS

• Source: HC00-BI72 Sample No.: S-3

Lean CLAY 21 13 8 CL

• Source: HC00-B172 Sample No.: S-8

SILT 28 24 4 NIL

• Source: HC00-B175 Sample No.: S-3

Lean CLAY 25 17 8 CL

Remarks: Project: Third Runway North Safety Area
e

• Client: Port of Seattle

Location:

i n
i
I J-4978-ig 3/1/2000

FigureNo. B-15
i

AR 044341



CONSOLIDATION TEST RESULTS
Stress (tons/ft2)

1/32 1/16 118 114 112 1 2 4 8 16 32

0.00 "_ _ I I r

F,
i ,

0.05 \

\,, j,
D---_ • "--_V--------e.- ..... _ "---_ :_ i l

]

0.10 'r ' :=
r

_ '

< ,

0.15

i
I

0.20

1

1 : I

0.25 I i t

"_ 0.00

0.50

= 1.00
._o I

1.50

2.00
U 2.50 ._
-- I D'-- _ _"_I / "_ i

c= 3.00 ;-_ = " -
i - "_f" i

8 3.50

Expl. Sample Depth W.C. % Atterberg Limit Wet Wt USC Description
I I

No. No. fit) Before I After LL PL I PI (pcf)

844 S-3 7-8.8 15% I 13% 16 12 I 4 139 pcf SC-SM I Clayey, very silty SAND
Remarks:

IB"IB
"-r

J-4978-18 112612000

Figure B-16

AR 044342



CONSOLIDATION TEST RESULTS
1/:32 1/16 1/8 1/4 1/_tress (1_onstrt_ 4 8 16 32

o.oo ! II li _

¢ ;

I i

0.05 i\ ,
\ ' ]I ,

0.10 \ ' ' '
C

- \i i
" Im I ;

0.15 I '
i "i
L

I i
L

0.20 ! ,'li

=0.25

•_. 0.00 _

= 1.00 Tc_

"-- 2.00 _

= 3.00 _ _

=° _- I I I_1!! I L_L_III :4.00
_J

No. I (ft Before t After LL PL i PI (pcf)
/

I B54A S-1A 6.5-8.5 39% I 34% 34 ' 22 ii 12 I 112pcf i CL ]CLAY
Remarks:

l _ J-4978-18 11/17/99
r- f--

Figure B-17

AR 044343



CONSOLIDATION TEST RESULTS
Stress (tons/ft2)

1/32 1116 118 114 112 1 2 4 8 16 32

o.oo , _._ ]

0.05 _ ':

\ :

"qK
_. I ,

i ii I_'
! , b , ,

0.10 4_---.__ i

t,f}

X

0.15
i

I

i
i

!

0.20 _; i:': ' [ _

: i i:
i I

i j g

, F /I0.25

-__>o.oo ..
0.20 , r D- _ '' i

v

oc 0.60 "_\,, I

ri ,. I0.80 _--__,L ....=,
) i

= 1.00 I i ,. i
1.20 I i ''

]

1.40 ; ' '' !, I

"_ 1.60 : i '' , _ ,i
i i

-;20018° l i 1 ,,._. : ,

Expl. Sample Depth W.C. % Atterberg Limit Wet Wt USC Description

B163 S-6 15.5 -16.3 21% I 16% 26 17 J 9 131 pcf CL Lean CLAY
Remarks:

r-r,
J-4978-18 2/16/2000

Figure B-18

AR 044344



CONSOLIDATION TEST RESULTS
Stress (tons/ft2)

1/32 1116 118 1/4 112 1 2 4 8 16 32
0.00

0.05

0.10
C

X
<

0.15

0.20 -----------"

0.25

_ o.oo ,t . " " E I

_.o.5o ' ' ';' i
_" ] ' J ,v i i i I

o= 1.00 .... t '

"O /

2.00 "-,v " : I.. I
,_ --=.--4 ) q

v_ ) ) , ! i '

2.50 ..... I ) I° I III i r8 _.oo ,,

Expl. Sample Depth W.C. % AtterbergLimit Wet Wt USC Description

No. No. fit) Before After LL t PL PI (pcf)
B164 S-4 7.5 -10.0 22% 19% 31 I 18 13 128 pcf CL Lean CLAY

Remarks: _O
J-4978-18 2/18/200CFigure B-19

AR 044345



CONSOLIDATION TEST RESULTS
Stress (tons/ft2)

1/32 1116 118 114 1/2 1 2 4 8 16 32
0.00

0.05

0.10

X
,<

0.15

I

0.20

Expl. Sample Depth W.C. % Atterber_ Limit Wet Wt USC Description

No. No. ,t) Be,orelA,ter"1"1" (pc,)B165A S-2A 9.5 -11.5 33% 27% 31 20 11 121 pcf CL Lean CLAY
Remarks:

• J

r-r3j
J-4978-18 2/3/2000

Figure B-20

AR 044346



CONSOLIDATION TEST RESULTS
Stress (tons/ft2)

I/"$2 1116 118 114. 112 1 2 & 8 16 32

A I

0.00 _"'"_ "_" _ "_ b,.. I '; _i::,. _ !i

o.o ',., ! ir
...... -I,------_. ........ .__

O.lO _" : _ :;
._= :l;i
_. i

1 '
x

< [ i
0.15

0,20 : !
I :i

F :

p '
0.25 ' =

-_o.oo I ' I '
0.50 r" i" \ I I

,-- 1.00 ! "_II I ' I•_- I I

_1.5o , I tI y/,(_ 2.50 i "'_

3.00 I " "__--------_i

I i
3.50 =

Expl. Sample Depth W.C. % Atterbercj Limit Wet Wt USC Description

No. No. fit) Before I After LL PL I P, (pcf)

B167 S-3 10.5-11.5 14% I 11% 13 12 I 1 1.37 pcf ML SILT
Remarks:

• J

J-4978-18 2/1/2000

Figure B-21

AR 044347



CONSOLIDATION TEST RESULTS
Stress (tens/ft2)

1132 1116 118 I14 112 2 4 8 16 32

0.00 ; _ i 1 , J

0.05 I " ,,,_<

, _
i _ _ "_ ""_-- _ D Iq

O.lO l i

u_ E

x i f
< i

0.15 t _ i '=

i
:
I

ii
i

i

0.20 _ '

i I '
i I i

t ' I !

0.25 , , : ; , , It
i

;=ooo o li
i

! , !

1.oo I =
1.5o : i
2.00 -"" i

2.50 "_-- ;
-$ i i

3.00 ' I

Expl. Sample Depth W.C. % Atterbercj Limit Wet Wt USC Description
I

No. No. (ft) Before After LL PL I PI (pcf)
B169 S-5 15.5 -16.8 21% 19% 28 23 I 5 130pcf ML SILT

Remarks:
II"ll
r-]r_

J-4978-18 2/9/2000

Figure B-22

AR 044348



600
i i i i i _.... :...i...i.,#...:.: :. :.j :

TOTAL EFF'ECT:L"VE ";' Y":"I" ;'"i "i" _"1 "_"': ' ] I i is i [ .... ::'] "i ': ......
' "Y "Y "Y" T ' ":'"':""":" ":'".' "": ""Y" ":'"":..... :'_P""':'":" , "'_""Y' '." ':..... ...............

C, kPa ..i..i..L.C-..L.....-.n..i..i..i.._,_.'...L..-..:..'.t.._..L.g.: ......... L..............
L " : : : : : : : : : : _': : : : : n : : : :

,_, ,de,::j :.i..i..i..f..i...;.._.._..[..,_.i_..i..!..i...i..i..i..H.i..ii._......_ _.; ........

: : t : : : : • : • : ' " '"7'+!"!"I": : : : : : : ! " :

4-00 ..:..:.!..:.!..:.,:..i..:::: : : : : :.....:_i:-"':::: .....:.._.. ._............ _..i,_. :..i.:.i..l..-_..i--!..::.....:..:.!-.:._ -:.: ....................
" •......................................................... , ............ _* .................... :...:--;-.;- '..._. _- i.......... : ...... ....

,,p._. ,:..,: ...... ..,..:.. .. ..

{/I ...i...7.4..7.. {.......i.® -.i...::.-.i...i..t......{.f7...._.i..i-it 71 • ,:._-.t..... ..... ............ _ t t............_..i................ : " ' , !:: 7 "

::i::i::i:::::::i::!::i::i::::i:::::::7::t:::::::::::::::::::::::::::::)::i::i::i::::::!:::::::t::L:i::i::i::::i::i::7::L::7::i::i:?_.i
•+_.+.+..t.._.._.._.._..t.+..+.+.._-._--.-.,..L_:.i.._..-:..,.,_..__ ':_ _....i..+..i..i....._.i..:..i....i..+..i.._.....-._,..,_...._i._.....H-.!.!.i+-.i..H..,.--!.!..!.-!....i...:: !_._..+.,......

: : i : i : i _ _ _..: ......._ . ...... :..: ....... :...'..t ._ .... 7...:...:..: .:..;..,<-° 20° / ............ ....
__-+1"+_'_!.,___,=..-__ ........i_-._'._ _.. _..,-,+ ! !'( ::::!::i::::i::7::7::! :....

.._.._..-..._.....;.._.x._.;..If ;...;...:...;..l...;..;..;.-;.,,I

,,'_!_.....'_,_::_ _::!" __+i_:;:!::i::l:: ;_:7:7:_:o
0 200 400 600 800 1000 120C

Tot<:l Normal Stress, kPa

Effective NormQl Stress, kPo

60Q
- ...... :: ........... , ", ::: .............. SAMPLE NO. 1 2 3
......:..:..:.._._ { i ........ i..:.i...: .... :..

..:..- ........... f-i .....- • .... i..-: .... WATER CONTENT,..... :..:...:..... :..:. :..:.l ....... :.............. 26. 1 30.2 32.6
500 1 • i : 4 IDRY DENSZTY, 9/cc 1.7 1.5 1.5

,:!i ....... :..i..: ....... :..: ........ i.-_-- :. _ ISATURATZON. Z 116..3 110.1 114.9

............... ................................. 'i _ VO'FD RATTO 0.594- 0.727 0. 751
o ;.:-.: ..:- . .. z ID_T..AMETER,cm 7.06 7.11 7.06

(a IWATER CONTENT, _ 24-. 3 28,4- 2g. 5
_ IDRY DENSZTY. g/co 1 . 7 1 . 6 1 . 6

IDZAMETER. cm 7.03 7.03 6.94
200 < HEZGHT, cm 15. 12 15. 17 15. O0

BACK PRESSURE, kPa 69 69 6_

"> ; .... : .... CELL PRESSURE kPo 261 4-52 64-5¢) 100

: ::::::::::: ::::::::::::: :::::i I::: : :::: FATLURE STRESS, kPa 290 575 4-4-0

.......... •. :..i.!. ::.,.... ! ............. PORE PRESSURE, kPa 14-1 298 4-93

0 STRATN RATE, _/mln. 0.040 0.040 0.040

0 6 12 18 24. ULTZMATE STRESS, kPa

Axial Strafn. % PORE PRESSURE, kPo

_ F'ATLURE, kPo 4.11 5,30 591

TYPE OF" TEST: _3 F'A]'LURE, kPo 120 155 151
CU with pore pre_.,-_ures

SAMPLE TYPE : She I by Tube CLTENT : HNTB

DESCRI"PTTON : Leon CLAY

PROJECT: Thi rd Runway NSA

LL= 34- PL= 22 p'r= 12.0

SPEC]'F"'rc GRAVTTY= 2.65 SAMPLE LOCATTON: HC99-BSO/S-4.

REMARKS :

_'mJ
J4978-18 _/_0/00

AR 044349



ST E S-STNA.OST.ESSPATHS.EPO.T

.,,. :

m 200

_. _ IO0 ,' " -0 / i : -"----- ..........
•,..' r........ i ......... •.......... i.....................

o- : i i :
• 0 '

,=,® "-,. i i ! : i

-1 O0

5= 10_ 15Z, 20= 5= 10Z, 15_. 20:%

400 ._ 4 1
I "_ I / : i

: i : i

m I 300

m 200

n "" O ............. ,......

_ 0") ._ i ......... " :

_ 100 _ :'/

0

_,; o
o Ox . , .

LIJ .... ...... • .......

-100

5Z 10% 15% 20_ 5_ 10% 15% 2C';

Stress Path legend: Tota Effective ....450
/"

Peak Strength Total Effective .................. _.t" .

a= ........ 1 t.

= ,: i ./ ...... ,, .

tan cx = .,-
300 " /

o

'¢' / "_/

0 150 ,.300 4-50 600 750 900 1050

p, kPa

CI lent: HNTB _ J4978-18 1/10/00
Project: Third Runway NSA

F'i le: 3RW Figure B-24

AR 044350



6O0
TOTAL EFFECTIVE "•.!..!.-'-.{..?-?-'i.-'!.}" r .!-'-.'.:..... !'-?--_,-:-I-!-!"!P .": ':.........

.._.._.._..... :...:..._.._.... _.._.._.._...... :..._.,.._.... !..!..!.._..... ............_.......

C kPa 108 14 • - • .....:.:...:,.:.'._ .... . ...:._. : : : •' :"1":;: : i : :" ." "T"r"'";'l"';': : I : : :
, deg 1,5.5 ,:32.8 ..L....:..J...!...i...,..L.I.._:..:..;..j...:...:..:..:........!........{...:...-.... : .............

o TAN _ 0.28 0.64. ............'........._".................. |'":...........:'"' ....._........."" ...........

o.,, 4-oo ::":' _"::': , .... :: ':_!l;;"iitii!!r?iii_i"!i ....!_

: : : : : : : : : : : : . . : : .... ii_ _ _ ; _ : :. " _ ... i......!......_.._.-!.-c ..... :..._.._..: .... ,...!.._..! ..... :'" _?"t .... ""_"?": ..... _ " :" "l" "..... " " " " .............

•_ ::ii i-i!i !!i i,,:4 -;Lii _!!i !..!.-i-._ ...!-.. _:..._.. :
el
® .:..-..:..._.... ...:...!..!.... _.!.:..._.... ......!.._.... .%,, !.-_;,,__-:j._.---: _--._ ..:. ..... :....

..!.+.-.--....._-.-.._.._....i--i-.-.-_....._-._.._e,.,-_..'_._ ..... !.._--i......_.-!-.+.['_-;i_ ........_..... _"

..:..:..:..:..... :..:..:..: .... :..:..:..:..... :..;_,4..... '..:.: ..... -..:..... ................... -_:....... :.....:-.....................................
._:..i..! " ...:.... L..!..i .:..'_i .i..i..,L i..k, ..i..-..i .._...._[ii_i:..i..i..i _i.: i i...i..' i ....200 :: _ : _,r:z_ . :

® .......... , .... :. ; .....c.,iJ'__,_,..;..;..,4._._.._-_._./...........:_,_...!......-...._ ..'_........._..........;..I..\ .....

c: ! i i ! _ i ! : " /'' i i :i/ .... " .... " :i_t _: : _ _;" :t: : I II_ "
__%,"!__;'f_P!/-% !i!! ':!_\ '_i_;_;!ir:\_: ..........,:........A ""

1..i, il i(.....,,,1,11f l,1l'l.........1::i::L::.::i:::;
,':?!-tt--!!-r!-_ .....'"f!l: . - : _ : : • • _0

O 200 4.00 600 800 1000 1200

Total Normal Stress, RPQ

Effective Normal Stress, kPo

1200 : : .: ..... :",'"' ....... ," ":. SAMPLE NO. 1 2 3
. I. ;, . . :...I. ! ......; ..... :.. :..! .i

. : _.i.:.: ........: ;..;........... :.... WATER CONTENT, _. 16.8 16.8 16.8

. : :.,.,, ,.i ,- ..... i..i ...... :: : M IORY DENSETY, g/co 1 . 9 1 . 9 1 I

1000 : ;"! !' ! ! !"l";!' !"i" :ii! H< ISATURAT/ON, % 108.3 122.5 105.0
'! " •.................................................!!i il- ! !-_ : i _ IVOZD RATTO 0.4-11 0.563 0.4-2 -_

o --.;-: :.. _...:;.'.. :.:;].:' - : Z IDZAMETER, om 7.02 6 95 6 gT
a. 800 ..... : H I ' '._ ...... . .......... _...: ......... . HETGHT, cm 13.7,5 13.4-6 15.05I
m ........ .... IWATER CONTENT, % 15.6 15.6 19. 1

............ :"':""-- u_ IDRY DENSZTY, g/co 2 0 2 0 2 0• 600 ....
_ ISATURATZON, _ 1 lg.O 130. 1 14-6.8

 /vo=oRATTO O. 347 O. 318 O. 345

/DZAMETER, cm 6 91 6.87 6 8;
o 4-00 IHEZGHT, cm I_._4- 1,5.31 12.79

"> CELL PRESSURE kPa 261 4.04- 5=-_200

PORE PRESSURE kPa 103 200 30.i
0 " STRATN RATE, %/min. 0.04-0 0.040 0.0_0

0 6 12 18 24- ULTZMATE STRESS, kPQ

Axial Strain, % PORE PRESSURE, kPa

_ FAZLURE, kPa 582 738 8__0

TYPE OF TEST: _3 FAILURE, kPa 158 205 2-;6
CU with pore pressures

SAMPLE TYPE : She I by Tube CLZENT : HNT8

DESCR'rPTTON : CLAY

PROJECT; SeoTo¢ Thir¢l Runway

LL= 22 PL= 14 PT= 8.0 North Safety Area

SPEC_FTC GRAVTTY= 2,65 SAMPLE LOCATTON : HC99-852/S-4-

:REMARKS :

irl
J4.978-18 I/2¢/00

F; u e

AR 044351



STRESS-STRAIN AND STRESS PATHS REPORT

I .......................................................... i.......... i .......... i...........

J i i
• 800 _ i _ _
_" i ........... i i

e 600

o, _ o ......... i ................. _........... ; ........................................ _ ...-....?__
0'1 v : i

: =r"

........ ..! ..........................................

: ® .f'"i-_ ...... .i.., i,.....i.......i! i .!.-....._...................._..................o :: ---i ...... -...................
f ;0

,5= 10= 15= 20= ,5= 10= 15= 20%

; 1000 x I _ : _ 4 I
" I

• 800 i : i

600 :

_ "_ 13_ • ,i ............

; 4.00.ww

........: ,______--,-L---,........_ ................................0 ;; .......................•- / i
> 200 ,

w i i : i
0

5_ 10_ 15_ 20= 5_ 10_ 15% 20%

Stress Path legend: Total -- Effect ive ....450
; t /

Peak Strength Total Effective ..........................
/i /

a= 104 kPa 12 kPa ...... 11_" .... :.....

o( = 15.0 cleg 28.4 deg t /

0.27 0.54. ,,/J,_"_ _ i " ! 'i " ';J_ "_'_'TI'...._ "
ton O<

300

o

2_

- , .

G 150

i i: ......
_. ,.. / ..... '" "1_,/1 • "tl_// .....0

0 1,50 300 4.50 600 750 900 1050

p, kPa

CIient: HNTB d4978-18 1/24/00 "
Project: SeoTac Third Runway Nort

Locat [on: HC99-B52/S-4. _TC_itOW_FjI_

File: 3RWA Figure B-26

AR 044352



450 ....i....I.....i.i.::...l.._..i.,:,:................,.;.,,;..:
TOTAL EFFECTIVE _i._i`_._!._!`_!.`;.._i.`i_.i._!_..!_``_i_l`._.;._!.._!._'........ ._" "*

::,i:::I....i:: .,::.: .C, kPa 128 60 ".Y! ..... ri"Y! .... ;"!7"_ ..... !'"::_"_"1 .... ;"T_'- :-;_-_" ....," y;"7,"7-"",;;";"',-.'-'"", .... ;";7"; _" .... :" ......

_,. deg s. a 23.1 ..v.!..i..;i_-iitiiii!..i,..F.i.-i .. ,_i.?.; :. ......_.....
•! .........rii ......... i!!'_,"i:.j_" :!!il .... : ...."

o TAN _) O. 10 O. 4..3 .... '.:!?: : r! !-!-._ !--_: .i-.:---,.... !.! ..... I. ............

Y 300 : : : : : ' : : : " " " : : : : : : ; . . ; : : ,_: : : , : : : : : : : :

_._._._.._._._.._'._._.._._.._._._._._._.._._:.`_._i_:_._i_._._i_.i_i_L_`_i..!.-'._.:.....:......_h_;_`_h_h_i_i_._!_`_h_h_i_i_!_i_i_i_ .._i.._...i..|..._..._.-i..h.]..i..i.._...i.._.._.._ ..... h,, !.........
0] "'!"!'":'": ..... :'":'"'"" .... !" !""": ..... :'":" "'f "'! "]"!' !" 'i" ':'" _ "f_"" -" 'r ' !' '."" Y : ..... :'":'" f"" .... Y'!'":"..... i......!..!.4.... ....

! i i : I I: : : i : : : : ! : i : : i i,_r : : i _:::: : : : : : : : : : : •d_ 'rr:" ....._"!: ....!r:_l'_r!t:!_ :_:;;! rrr_ ....._!! ....!r:: ....,: ......_ "!r"r-!,!r: ......_:,":-"l-"_,r"_" ....::r .....

:_.,..:..i; ..... i......;._..... _/""f'"_"_::_:.i...i._..,. i.......iZ i_ ..i_.,.-_... . i..i._..,. ..................................................._:i:.l..::..4..:...i.. Y<..!.)_N.s..!..-_ _i!; .... !.i! .... i: : \

......... 4
::::::::::::::::::::::::::::::........ .... .......... .... ........ .... ........:,,.i..._...4..i...::...i..:,....i..i.....i.....:....i..._..._...i..:.....i.._i...i...:,....i..i.i...i.._....i. .

i..i..!.i..i..I.,i..;,pi..::;:i:::::?i::i::::::!:: :::i::i::!::'::::!:I::i::i:::: ::::i::::.:::.:::0
0 150 300 450 600 750 900

Total Normal Stress, kPa

Effective Normal Stress, kPa

60O
• : ....... ,........ _-:....... •..... ,. SAMPLE N0. 1 2 i

.,: ...... :. -. :. :

................ _ ........ WATER CONTENT, %.... : ..... i-....: .... :..i ........ :................. 23 . 7 25 . 1 23 . 1
500 ......... J IDRY DENSITY, g/cc 1.7 1.7 1.7

T: ......... :::; ..... :..... 7:" .... i...... -. I_ ISATURATiON, = 119.2 108.3 106.0

=========:=====================:======================::========........... _ VOID RATIO 0.527 0.565 0.57.,.3
o .............. ,.............. ,................ , ............... z IDZAMETER, cm 7.11 7.20 7.21

&. 400 : ..... : • : H IHEIGH T, cm 16 27 16 .66 15,61,z .. ......... !....

A I
IWATERCONTENT, % 22.6 19.0 21 . 5

_ IDRY DENSITY, g/cc 1 8 1 8 1
_- ua ISATURATION, % 1,33.2 107.,3 122.2

_- IVOID RATIO O. 4-50 0. 4-70 0. 4-.=,7
IDZAMETER, cm 6.99 7.05 7.C'5

o_" 200 < IHEIGHT, cm 15.99 16.03 15.24

O i: :: " ..... tACK PRESSURE, kPa 207 1,38 207

• 100 CELL PRESSURE, kPa 399 616 5-42Z3
.......... ............. FAILURE STRESS, kPa .326 .392 35;
" " : :"I ............................

..... :...r. ;........ :..:: ............. PORE PRESSURE, kPa 281 4-52 41_-

.... i :.-,I ....... :.--:. :..... :.: :-: ..... : :.
0 STRAIN RATE, _./min. 0.040 0.040 0.04,3

0 6 12 18 24 ULTIMATE STRESS, kPa

Axial Strain, % PORE PRESSURE, kPa

_1 FAILURE, kPa 444 557 4_

TYPE OF TEST : G3 FAILURE, kPa 118 165 12B
CU with pore pressures

SAMPLE TYPE: Shelby Tube CLIENT: HNTB

DESCRT'PTTON: Sandy, very sl I ty,

lean CLAY PROJECT: 3rd Runway North Safety Area

LL= 29 PL= 19 PI= 10.0

SPECIFIC GRAVITY= 2.65 SAMPLE LOCATION: HC99-B58/S-3

REMARKS :

rE_
U J4978-18 1/50/00

i,IAI"_TCI"CtOW._r._I Fi_ore 8-27

AR 044353
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Stress Path legend Total Effec ive ....45O

Peak Strength Total Effective ........ .I
,i

o= 127 kPa 55 kPo / _'"
/

o( = 5.8 (:leg 21 .4 (:leg -"I

/ton o_ = O. 10 0.3g ..
300 "_

i

0 ".......... "....... l ...................... _" ..........
n

: L_:._ i _
o: _so .............................-'_=_-_ /

i : s ! ,,' i \/ .............. i.............. : ....

•.::..!...._-:......+ •,/:/,x
,-_-":..._........._ ....f//

: . • .\ /,

0 i :_'/

0 150 ..300 4-50 600 750 900 1050
p, kPo

CI lent: HNTB I J4.978-18 1/30/00

IllJ/I_U_TCttOW_t -E/1

!L
Project: 3rcl Runwoy North Sofety

Location: Hcgg-B58/S-3

File: 3RWB Figure B-28

AR 044354



600 ..:...i...i..i. :. i I ..: i _ i...: : _T. :..:...:. :.TOTAL EFFECTIVE • : :: : i : :: ! : ! ! : : : _': , : ! ! : :

C, kPa 64 14, :..:..::: I.... :":"=":.... ....I T ::'."::'_;":" : : " : I _ T :-": : " ......... :: .....
• , .,|.. , .

4) • (:leg 14.3 32.7 :..L....L.:...:..:..:..-..:,_:..:..;.." ._..:...:..:..L:..L.L.J I. .... : ......
; i.--.I-:..i ! j !..I..; i..I

O TAN _b 0.25 0 64 ..................._"' ................ '...................' ......... ' ....
(9. " ...;..; .... i._..../ ........ ;..i..;..L.g._...._ ......... ;..; ..... ; _.... .• I .... : • - , ....

%" " : ............ f " : : " " " : " " * I " "•_ _----._..t-.._..-_.--.-!..Pi.-..-_..+.t.-._-.:..i-+._..!..i.-+..-.:.--_.!.-i..I._.._.-_..+.F_.-p_..!.._-+..!..! .....1- _..........
•.! "_-'_"_.... ?"Y--.-! .... i'.--'%_.... ?--_..._i_ -:-'-"-..+-r":-_.'i-'i"l"!'._-'9"_ .... -.-; i .--'r'!"<'+- "-_.-!.'Y:'-- : : : ..... :..... ........ ........., ......::: .... .....4:: ....................

200

0 200 _00 600 _00 1000 1200

Total Normal Stress, kPa

Effective Normal Stress, kPo

600 ..... ......:-.;-_..: ....... --...,... .........:..... SAMPLE NO. 1 2 3
.... : ......L .:..;.._ .I..........:... :.q.........

":': ...... a......:.................. ;'_':": ......... WATER CONTENT, % 21 8 18 4 lC.0._......_...:.._.:..i.i. ..... :...:..;..! .I. :..!.. :...:. • . -
500 ....... _J IDRY DENSITY, g/cc 1 .7 1 .8 1 .8

JSATURATZON. _ 106.0 105.6 107.0

VOTD RATIO 0.545 0.463 0.471
o z IDZAMETER, cm 7.25 7.28 7.25

n 400 _ IHEIGHT, cm 15.4.6 14..83 15.52v ...............................

I

" . i. IWATER CONTENT. _ 20.7 16.4 t 6.5
_ 300 _ IDRY DENSITY. g/cc 1 .7 1 .9 1.9

_" _l I i I _l:il i w ,SATURAT'I'ON, _ ,04.2 107.9 105.2
_- IV0ID RATIO 0.526 0.403 0._17
_. IDZAMETER, cm 7 22 7 18 7 17

_- J " . .O 200 _" HEIGHT, cm 15.39 14..6,3 15.__2/
....... " : ........... BACK PRESSURE, kPa 138 138 138

°_ • . i
........ .......... CELL PRESSURE, kPa 330 4.73 616

• 100
_3 ........... FAILURE STRESS, kPa 302 365 4.89

...................... PORE PRESSURE, kPa 227 334. 4-33

0 ..................... : : ..... " STRAIN RATE, %/min. 0.040 0.04.0 0.040

0 6 12 18 24. ULTIMATE STRESS, kPa

Axial Strain, _ PORE _RESSURE, kPa

_ FAILURE, kPa 405 504. 672

TYPE OF TEST: _3 FAILURE, kPa 103 139 1_4.
CU with pore pres_ure_

SAMPLE TYPE: Shelby Tube CLIENT: HNTB

DESCRIPTION: Sandy, lean CLAY

=ROJECT : Th i rd Runway NSA

LL= 2 _, PL= 16 PI= 8.0

SPECTFTC GRAVITY= 2.65 SAMPLE LOCAT!0N: HCOO-B161/S-5

REMARKS :

L
_1_ J4978-18 2/21/00

.,HAITCFIOW.F_FI  i ore B-29

AR 044355



STRESS-STRAIN AND STRESS PATHS REPORT
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:Peak Strength Totol Effective ............... _""
t .I

......... ja= 62 kPa 12 kPa

O< : 1-3,9 deg 28.4 deg .- _-

tmn cx = 0 25 0.54 .- :
300 " _ __ /

•" ..........ii ................................................_'/I ...... : ...............

5 i. illlill iiii.i 2;,
&

I .. /
150

_../7 I•. _ ./. _ / . /
" , ........ ,_.... :, /2" , : ' ! i L

0 " _ _/ _ : "

0 150 300 450 600 750 900 105C

p, kPa

CIient: HNTB _ J4978-18 2/21/00
Project: Third Runway NSA

Loco,o : H/MITC/ItOWS'"F./t'
File: 3RWJ Figure B-3O

AR 044356



600 T i : : • : . S . I

TOTALEFFECTIVE;iiiiii!ii:!:i:::::::::::::::::::::::::::::::::::::::::::::::::::::.....::;::1::,Xl:
C. kP_ 120 26 ..!..-.-f.;-..!---H-.-;.-'-.:-..'..:-.t.._=..:..:..:..'..x.;..i...............; ..............

• . : : : _1_.......
_p. deg 11 .6 ,.31.4- ....... i : : f ..........h !" 't •"t""l""':"' "?' ':""_.... _.,A_.t,, :.. |...:",.:...:,.._.., ..... :.,_..:..O ...... ."..... "......

,.; ...... :..',.,:...i...:...'..,-_-- i-. ,.'-._-.i- .-i.•.i--.; ..; .... _-._...... i.._.. :..-:,-.;..,

o TAN _ 0 21 0,61 ..:..::..-.....?..?..?_...;..i..i..S.l...i...!...;..;.... ;..i..t..!.., .......:................
• ..;.,;..;, ".._,,_.:,,.: ..... i-..:,.-;-.;.-i..i.._..L._.4 ..... i..i..;.,I,,i.-i..}-,}.., ...... ,. ,

a. _ :, ]l: il : ] iI • ' : :" • : " l: , _:l: :, ...... : .... : :
4OO ..L.i..L.;..L...;..;..;..;..'..:..;..;..;..... _..L.i..!..I..!..!..L._.... _..:..;._ ..;..i..L.-.._.L..L.i..i .....!..ML._.......... :..i........ :..;...........

,::6!i .....i.-_-.i--i....i-i..i.._.....i..t.i..i....id-i._ :7-_.i ....f i..f_....)-.i-i..i....i..ii._....!i-;i-ti: ....:......
4;

..... .... ........ ...............................•i.i.!..!....!..;..!..!....!..i..i..!....._--.i..i_,-,'-.,.:.;-i ....:_..x-: . i ! •xi..i.._----i:-i ....!:i ...._ .....
L " !''i''!'''! .... i'''!''i''i .... i"i i _-- _ _$''_''''''';'" "'_''i_ _''i''!" i''i _ !.... .... .... I'" .... Y"

: :l,'_ '/. _1 : :/.t_ ,,, ', :.,"t_ ...... _!:- ........ :....

•i;;}*i ....."t!_ ,,..i...::.-.i.....::.-:...-i....!..H..._,, .-i.....i....i':",:! _i_ ....... ti ......": ? ::.... •

0 200 400 600 800 1000 120C

Total Normal Stress, kPQ

Effective Norm_l Stress, kPcl

12OO
..... SAMPLE NO. 1 2 3

::i .1:1:::' :111:::11[ : :.:111:.::::1.:: : : " WATER CONTENT, _. 29.7 22.2 22.6

1000 ' _ pRY DENSTTY, 9/cc 1 . 5 1 . 7 1 . 6

VOID RATIO 0.778 0.566 0.607
o Z ID_AMETER, cm 7.21 7.23 7.29

n& 800 ' H HEIGHT, ¢m 15 .29 15 .22 15.79IWATERCONTENT. = 29. 1 20.6 20.3

,oo I• '. " ...... .... ISATURAT!ON, _ 100.5 112.8 98.7

i ..... I ?' _ IDZAMETER. cm 7.20 7.10 7.19

4-00 _'- S_ < /HEIGHT, cm 15.27 14.96 15.59

_/_. _..I/ : -I. " ] BACK PRESSURE, kP¢ 1-38 138 1,38
; r/ . ,,I CELL PRESSURE, kPa 330 4-73 61 "7'_ 200

m / .: Ii ii i.ii I. ii ...... ii il FAILURE STRESS, kP(3 381 4-88 523
• • ......... : r.: : ......... : ..... :. PORE PRESSURE, kPo 195 298 4-14.

0 STRAIN RATE, %/min. 0.040 0.040 0.040
0 5 10 15 20 ULTIMATE STRESS, kPo

Axial Str(_in, % PORE PRESSURE, kP_
_ FATLURE, kPo 516 662 726

TYPE OF" TEST: _3 FATLURE, kPa 135 175 203
CU with pore pressures

SAMPLE TYPE : She I by Tut3e CLIENT : HNTB

DESCRIPTTON : Somcly. I eom CLAY

PROJECT: Thi rd Runwoy NSA

LL= 28 PL= 20 PT= 8.0

SPECTFZC GRAVTTY= 2.6.5 SAMPLE LOCATION: HCOO-B165 S-2/3

REMARKS :

[]LJ
U J4-978-18 2/18/00

IArTCFIOW. .IEIlt i

AR 044357



STRESS-STRAIN _D STRESS PATHS REPORT
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Stress Path legend: Total Effective ....45O
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/

a= 118 kPa 22 kPa _ /
/

= 11._ deg 27.5 deg _
tan _ = 0.20 0.52 -" .... ..... /

300 _ ......../

o

150
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• :,;_l_i_/,........... ._ / .........o ii?'................... I.... [
0 150 300 450 601 750 g00 1050

p, kPa
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J4978-18 2/18/00

Project : Third Runwoy NSA T
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F'i le: 3RWG Figure B-32
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600
'!-!i'li"i'"i'i'"'"!"!"_""'l'"i"]'__i!- !!i r: '] i ....

TOTAL EF'F'ECTIVE '"!"!"9'I'"]'"]'"P'! """ P"P".""9' ""i'_'"P'P'i"! "'!"!'" ! ......... :"':""]" ....

C kPo 1 O0 0 ..i..i..:..I..L..:-..L.i ..... L.L.L._'..-..:..L.L L.i..i..i..L.L.:..;.... : ..........

_, de 9 18.. 33.7 • --_ ..... __"_:_ "#-_"_"_'-l--_":_:_:_"l__"__l ........ i '

o TAN _ 0.33 0,67 "!'..}'.'.'i'.'.l_i;'.'._..'.i'.[,.'.'.![i[;'..'i'.'.1|['i.'.!..![.!_. _ S
..;..;......: ..... :... ............ .... ..... ...:..!..: .... :..:. : .... :..:.._,.:.. : :..:..:...:..... :...:..y.: ......... :.... :..: ................

!::! :_ i ! .... _ i :....;:: ....,,.._':,.,-..;-._.!._ ......................!:::::: : ",_ ::i:x.:_ !..L...: : _:,_ . i... :

_ ....!i!iI!ii I! iii::__%:i:i!::........i l............ ._::::_: ',_ _i :,._ ;;,, ..............
200

.- :_i::.....i i i,..... :>,ii:i7,ii!r_::l:iiiil;i!i:-ii_ i_,I :!, \
===========================::i::!::!::!::::;::i::i::!::_ili!i;i, 'i!: ..... :

il ..i...i ..... i..t..;..;......i ..... i ........ ...i ........... :_........ Li..i..i .... i ........ ;. ;. ......i...i:._.L.i..i....: .... _..i...;..;.... _ _......i..... _...,..;..;.... _.{............... _ ........... :
i ....,,......,,,,.... ......... .... ........::i-3::i:::::/:i::_::_::,:@:::_.....,............ _-...._* _r :,: ......._0

0 200 4.00 600 800 1000 1200

Total Normol Stress, kPo

Effective Normol Stress, kPo

1200
............ : .......... SAMPLE NO. 1 2 3

......... ;". ....................... WATER CONTENT, % 2...3.6 2..3.9 21 .4.
: ....... :7 ::i: ............ ! ......... i . ..J IDRY DENSITY, g/co 1 .6 1 .6 1 .71 000

....i..L:.. :.:..:._. _ SATURATZON, _ 97 1 102.9 106 1..:.7 .......... :..:..:..:. . .

........................................ _......... _ VOID RAT'TO 0.645 0 616 0.556.... ....... : ;.;. ............. , . . .... .,

o ............................................. z IDZAMETER, cm 7.57 7.26 7.24.

800 : -4 HEIGHTo cm 15 17 14- 64- 15 16
..,. : : ....... ...... ,. :. • . .

i WATER CONTENT, = 25.5 25.5 20.5

m _ IDRY DENSITY, g/co 1 .7 I .7 1 .8
600 ",i ISATURATION, % 104.8 1 I 1 .2 116.6

- vO'rD RATIO 0. 595 0. 560 0.461
-: ID:::T__METER, cm 7.29 7. 18 7. 12

< HEIGHT, cm
o 4-00 1:5.01 14..4.7 14.91

3ACK PRESSURE, kPo 1 ..38 1.38 138

"'_ CELL PRESSURE, kP_ 330 4.72 616
¢ 200 " ,

...... ,. .......................... : FAILURE STRESS, kPo 446 599 710

...... ..L :.: : .... ...... :.:.. .: :... • PORE PRESSURE, kP_ 142 237 349
...... : ....... : : .......... : .... : ............ :..

0 STRAIN RATE, %/min. 0.04.0 0.040 0.040
0 6 12 18 24. ULTIMATE STRESS, kPo

Ax i o I S t ro i n, % PORE PRESSURE, kPQ

_ FATLURE, kPo 633 834- 977

TYPE OF TEST: _3 FAILURE, kPo 187 235 267
CU with pore pressures

SAMPLE TYPE: Shelby Tube CLIENT: HNTB

DESCRIPTION : Leon CLAY

.PROJECT ; Th i rd RunwQy NSA

LL= 34. PL= 23 PI= 11.0

SPECIFIC GRAVITY= 2 • 65 !SAMPLE LOCATTON : HC00-B164/S-3

REMARKS :

L
J4.978- 18 2/16/00

_TCr.Iow.C.Ell F_re B-=

AR 044359
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/
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File: 3RWE Figure B-34
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600 .i.i.-.i.l..!...i...i..-i--I.-!..i.-i-.i..'.-;-;-.!...i-.li ............":: .....
TOTAL EF_ECT:EME ....._....._..:...:...:...;..h._.._.._...:.._...!..-i...i...;..'..:-.i.._. !...........

C, kPo . .i..:. ' .... P!-!"!"! ..... !...;..L..i.,I..:..:..i..;., ...........::

_, _eg :!.-:r..:;-:-;l-T!_:t!_rrr;r:":!": ...... : ....

• :..:..:.! ..... :...:..._.-P._-._-..:,,l.-.:.--:-.,:..._-.l._.-P..:': ........ : .... •

o TAN _ y!!l-!!"i"ili'! ............ !..... [ii .... !i!

= 4o0 : : • ............. ; : iiiiliiiiliiii-,iii+[iiiii::: ........

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::I-::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!:::::_::_::.:_:_::::::::::::::::::::::::::_:-.: :\ .:$ 200 ...... ......... ::"

iiiiiiiliiiii ii :

/_ .... !. ........ ::! i!i .... !!!!i_!: .... : :

0
0 200 _00 600 800 1000 12::

Total Normal Stress, kPa

Effective Normal Stress, kPa

1200
; ................................ SAMPLE NO. 1 2 3

:i.. il i/[ i ii ii:. !: i WATER CONTENT, _ 20.3 17.9 19.4
: ................................ ; DRY DENSITY, g/co 1.8 1.9 1.8

1000 ..... : .......... : ................ i SATURATION, % 110.4 110.8 104.0

.................. ! ....:.......... : _ VOID RATIO 0.488 0 428 0.495
o ........... : .... : ..... : IDEA,METER, cm 7.21 7.22 7.26

& 800 9HEIGHT, cm 14 99 15.03 15 30:.L.LII. ...... : ........ "

[ /WATER CONTENT, = 19.3 16.1 16.9
_DRY DENSITY, g/co 1.8 1.9 1.9

_ 600 :/'_ _: t _SATURATION, % 112.3 111 .4 109 .5: i::_ I : _VOID RATIO 0.455 0.383 0.410

/// 1 : . _D_T_AMETER, cm 7. 16 7.14 7. 12o 400 C IHEZGHT, om 14.88 14.87 15.00
I

i BACK PRESSURE, kPo 138 138 138

"; CELL PRESSURE kPa 425 569 712
• 200

FAILURE STRESS, kPa 707 612 607

ri: . . . . PORE PRESSURE, kPo 143 323 466

0 STRAIN RATE, %/min. 0.040 0.040 0.040
0 6 12 18 24 ULTIMATE STRESS, kPQ

Axial Strain, % PORE PRESSURE, kPa
_ FAILURE, kPa 990 858 852

TYPE OF TEST: _3 FAILURE, kPa 283 246 244
CU with pore pressures

SAMPLE TYPE: Shelby Tube CLIENT: HNTB

DESCRIPTION: Sondy, lean CLAY

PROJECT: Third Runway NSA

LL= 25 PL= 17 PI= 8.0

SPECIFIC GRAVITY= 2.65 SAMPLE LOCATION: HCOO-B175/S-3

REMARKS:

n
J4978-18 2/29/00

H/M_T_t_OVy._.r_ _;_r_B-_
AR 044361



5T.ESS-ST_NA.OSTRESSPAT.S.EPORT
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0 100 200 300 _00 500 600

Normal Stress, kPa

600

" ! iiiiii SAMPLE NO. 1

....... :............ I........ .. '.... WATER CONTENT, % 16.9

". ......... " _ ISATURATION, % g6.9

o .......... '............. ' ............................ z IDZAMETER, cm 7 28
400 ...... _ I

•: i!!!} i i i......i:,'i ....... " HEIGHT, cm 14.89I
•--!.................................... IWATER CONTENT, % 16.9

ee 300 ....... ........: i..:..:.........:. ............ _ IDRY DENSITY, 9/cc 1 .8
-_-.:: ..... :. ..... : _ ISATURATION, % 96.8

IDZAMETER, cm 7.28

" I0 200 _ HEIGHT, cm 1_.89

BACK PRESSURE kPa 0
._

100 / CELL PRESSURE, kPa 62FAILURE STRESS, kPo 294

PORE PRESSURE, kPo

0 ....... : STRAIN RATE, %/min. 0.300
0 5 10 15 20 ULTIMATE STRESS. kPa

Axial Strain, % PORE PRESSURE, kPo

_ FAILURE, kPo 356
TYPE OF TEST:

O_ FAILURE kPa 62Unconsolidated undrained

SAMPLE TYPE: Shelby Tube CLIENT: HNTB

DESCRIPTION: Lean C!_AY

PROJECT: Third Runway NSA

LL= 26 PL= 17 PI= 9.0

SPECIFIC GRAVITY= 2.65 SAMPLE LOCATION: B-160/S-4

REMARKS:

JL
J4978-18 2/19/00

/_.tltTC/ltOW._-/F./'_ _,gu,_ _-_

AR 044363
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60.0 ..............................
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ii!
_ 30.0

! !.1.
0 ......... i ......

0 30.0 60.0 90.0 120.0 150.0 180.0

Normal Stress, kPa

24.0 . 0 ..... ;":" '", ........ '................... SAMPLE NO . 1
!...!..<1_!..: .................. : .....

......!i:; ! ....... ::--: WATER CONTENT, _, 31 .9
: : .......... _1 IDRY DENSITY, g/co 1.5200.0

.....i...i..!.-i i-:-i._ .........: : i-_-:. :. _< ISATURATZON, _, 104.7

..... :-.i...i-.:. i ..... :.... :..i i..i .......... ; ..... HP IV0"ro RATIO 0 808-'i "_"i'"i"-':"!"!-.;".-:-...-!..i-- !'i"': ....
0 !:"!-";. ..... ! .....-': ;......: .................. Z IDZAMETER, om 7.23

160.0 -!:: 'li-::i!li i................ ' _ IHEIGHT, om 15. 12
_" .. !..!...!..i.........i..; :..........: :........ ............ IWATER CONTENT, _. 31 .8
_ 120.0 _.............;" " "...... ' .............. _ /DRY DENSITY, g/¢¢ 1 .5
_- : " LU ISATURATION, _ 104.2

_) ....; : • I-- /VOZ D RATT0 0. 808

: :.../ .................................... _ /DIAMETER, cm 7.23
_3 80.0 /HETGHT, cm 15. 12

•_ ,

me 40.0 CELL PRESSURE, kPa 55.2
FATLURE STRESS, kPa 111 .6

........ PORE PRESSURE, kPa

0 STRATN RATE. _/min. 0.300

0 6 12 18 24 ULTTMATE STRESS, kPo

Axial StrQin, 7o PORE PRESSURE, kPo

TYPE OF TEST: _ FAILURE, kPa 166.7
_3 FAILURE, kPa 55.2

Unconsol idated undrained

SAMPLE TYPE: Shelby Tube CLIENT: HNTB

DESCRIPTION: Leon CLAY

PROJECT: Third Runway NSA

LL= 31 PL= 20 PT= 11 .0

SPECTFIC GRAVTTY= 2.65 SAMPLE LOCATION: HC00-B165a/S-2a

REMARKS :

Lu  ,978-18 2/2/00
If,MtTCtlOW..C..qe  ,9oreB- 8

AR 044364
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: !iiiiiiilii!illiiii iiilii!illiii!ilIiiiii!ii!iliii!iliI
0 ........... : " " ...... : : " "

0 40.0 80.0 120.0 160.0 200.0 2¢0 0

Normal Stress, kPo

240.0
........... .......... : ........ ........ SAMPLE NO. 1

..................i.-i ............ ........... WATER CONTENT,
..: .. i: :.... _..i..;._._. :..i.i.:. . ....... i. i.. J DRY DENSTTY, g/cc 11.91.9

200.0 , : .....i..-:..... i--i..i..: ........ :........ : ........L _ SATURAT'rON, _ 87.,5
-:..i-.i.. ..... :..i..;-.i .... :....:. : 1..:.....].!.. _ V0"l'O RATIO 0.361

O ................ _ l ' : ' " _ ' " _ ' ' ............................. : IDZAMETER, cm 7.41

160.0 .... ..-.. ..... .-.i ........: . .I.: .:.. _ HE'I'GHT, cm 15.60
" " .................................... _ ........ WATER CONTENT, = 11 1

e 120.0 ; DRY DENSITY, g/co 1 .g
,- J iSATURATTON, _ 81 . 5

" IvO'rDRATTO 0.361
: ID__AMETER, cm 741

o 80.0 " IHETGHT, ¢m 1560:.... _ ..... ;i ............ _...... :...... _ "

./j: : ::::::::2 :::::::::::i: :::::::::: BACK PRESSURE, kPo
"_" i. l : : _ CELL PRESSURE kPa 55 2

me 40.0 ..... i.:.: : ..... :.. • :. i FAILURE STRESS' kPa 1¢4.'6/ .....!..L i.Z : L............. i...... :..:...
.:.i :-..-. :.: .... : .......... : ......... .:.. PORE PRESSURE, kPo

...... : :....... i .... : ............ : ...... :....

0 STRATN RATE, _/min. 0.300
0 6 12 18 2¢ ULTIMATE STRESS, kPo

Ax i ¢ I S t re i n, % PORE PRESSURE, kPa
O_ FATLURE kPa 199.7

TYPE OF" TEST:
<_3 FAILURE, kPa 55.2

Unconsol idated undrained

SAMPLE TYPE: Shelby Tube CLTENT: HNTB

DESCRTPTTON: SI . clayey, sl .

gravel ly, silty, m-f SAND PROJECT: Third Runway NSA

LL= NV PL= NP PT=

SPECTF'TC GRAVITY= 2.6,5 SAMPLE LOCATTON : HCOO-B169/S-5

REMARKS :

i'll
d4978-18 2/18/00

ltAI'tTCr, Iow. .IEI',IF-igu B-39

AR 044365
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0 100 200 300 ¢00 500 600

Normal Stress, kPa

600

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::..._ : I SAMPLE NO. I
. :..:. :...:. I..;..:..i,: ...... ;, , .... ; ..... : :.:.

i.:..: ...:...;.i..i..;..:..;. :..... _..:..; _ ..... i.... WATER CONTENT, _, 20.7
J DRY DENSITY g/co 1 7

500 ..i..:.:..!..- i..!,:..: ................. : ....... < ' "
• H SATURATION , _ 106 • 5

.... _..ffl..l.._.i. l f..:.._._.i .................:.. ..... . P VOID RATIO 0.515

................... " ...................... H

o ..................:..i...i..;.:..i..i.;.;.i...:..i..:...:..: .... z DIAMETER, cm 7.20
4.00

iHEIGHT, ¢m 15.31

" . _

i

WATER CONTENT, % 20.6

e 300 P- DRY DENSITY, g/cc 1 .7
_- _ SATURATION. _ 105.9

VOID RATIO 0.515
DIAMETER. cm 7.20

200 HEIGHT, cm 15.31

BACK PRESSURE, kP@ 0,--

>
¢ 100 CELL PRESSURE, kPo 8_3
0 FAILURE STRESS, kPa 355

PORE PRESSURE, kP_

0 : : STRAIN RATE, _/m i n. 0. 300

0 5 10 15 20 ULTIMATE STRESS, kPo

Axial Strain, _, PORE PRESSURE, kPa

<_ FAILURE kP_ 437
TYPE OF" TEST:

<_3 FAILURE. kPa 83
Unconsol iclQted unclr_inecl

SAMPLE TYPE: Shelby Tube CLIENT: HNTB

DESCRTPTION: SILT

PROJECT : Th i rd Runway NSA

LL= 28 PL= 23 pT= 5.0

SPECIFIC GRAVITY= 2.65 SAMPLE LOCATION : HC00-B 169/S-5

REMARKS :

L
J4978-18 2/18/00

H/M'tTCttOW$'E/t FigureB-40
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C, kPo 'i;_"+if ; '_f7! ..... __ ......r_ '_ ............. _.-:-._.-i-.i.-!..:-._-.+. +..F ; .....................

"°" _I!_i:ii;_!_;i_...._' !_i_ii:_!;._:";fl;_''_::....""i i_/i_i::
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m

0

0 100 200 300 _00 500 _0O

Normal Stress, kPa

1200
• : " r .... ; - • SAMPLE NO. 1

...... :.: ....... :, .

: i i[ }..:.'.iii:[ : iiii[iiii:iii:iii WATER CONTENT, _, 22.6

1OOO L " ' _ IORY DENSTTY, g/co 1.7
:::: :i:::i:::::::::::::::::::::::::::::::::::::::::::::_ ISATURAT'r0N. _. 98.0

I-: VO'rD RATIO 0.622
H

o z ID.T.AMETER, cm 7.28

n 800 I-4 HETGHT, cm
15.15

m IWATER CONTENT, _ 22.8

m _ IDRYDENSITY. g/co 1.7600 SATURATTON. _ 98.7

P VOTD RATIO O. 622
IDZAMETER, cm 7.28

4-00 < IHETGHT, cm 15. 15

BACK PRESSURE, kPo 0

"; CELL PRESSURE. kPa 8-3
• 200
r_ FATLURE STRESS, kPo 5 1 3

PORE PRESSURE, kPo

O " STRAIN RATE, _/min.

0 6 12 18 24- ULTTMATE STRESS, kPo

Axiol Strain. % PORE PRESSURE, kPa

_ F'ATLURE, kPo 596
TYPE OF TEST:

03 FAILURE, kPo 83
Unconsol i_oted undrained

SAMPLE TYPE: Shelby Tube CLTENT: HNTB

DESCRTPTTON: Leon CLAY

PROJECT: 3rd Runwoy North Sofety Area

LL= 35 PL= 22 p'E= 1,.:3.0

SPECTFIC GRAVITY= 2.70 'SAMPLE LOCATEON : HC00-B170/S-5

REMARKS :

U J4978-18 2/2/,'00

_TCI_OW._.EJ_t Figure _-_

AR 044367
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0
0 30.0 60.0 90.0 120.0 150.0 1,50.0

Normal Stress, kPo

120.0
.... • ......... ....... ..... i..,..: i...i .. SAMPLE NO. 1

...... ii ii. iiiii..i i iiiliiiiiii:iill WATER CONTENT, _, 14..9

100.0 _ 4 IDRY DENSITY, g/co 2.0
',iii;; i ; _ ISATURATTON, _ 1 1 3.,.3

IvozD RATIO 0..348

o60.0 _ HETGHT, cm 14-.98

IWATER CONTENT, _ 14.9

6o. 0 _ IDRY DENSITY. g/co 2.0
.................................. _ ISATURATION, _, 11,3.3

i ,'VOZD RATTO. 0.348.

_. _ JDZAMETER, cm 7.21
o 40.0 /HETGHT cm 14 98

BACK PRESSURE kPo O 0
>

20.0 CELL PRESSURE, kPo 55,2
FATLURE STRESS, kPQ 99.3

PORE PRESSURE, kPo

0 STRATN RATE, _,/min. 0.300

0 6 12 18 24 ULT'rMATE STRESS, kPo

Axial Strain, 7o PORE PRESSURE, kPQ

0._ I:'ATLURE, kP_3 154.5
TYPE OF" TEST:

0"3 FATLURE, kPo 55.2
Uncon_ol idoted undrained

SAMPLE TYPE : She I by Tube CLTENT : HNTB

DESCRTPTION: Leon CLAY

PROJECT: Thi tel Runwoy NSA

LL= 21 PL= 13 PT= 8.0

SPECTF'TC GRAVTTY= 2.65 SAMPLE LOCATTON: HCOO-B172/S-3

REMARKS :

ri
U J4978-18 2/21/00

AR 044368



Due to a clerical error this
number has been omitted.
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6000 ..................
-.+--;--;--_.-i---,--;-._--_-.-,---+.-_---_--;'-#--;-'--'-. SAMPLE NO : 1 2 3
"--'T"T"r'r-r'.,'"r'I-T-T"T"r'T"rT"--T";-
"'T-t"T"_","_"_"_"_,'t"_"'t"?","?"_-'_"-_'" WATER CONTENT, % ..32.9 ..32.7 31 . 4

5000 ....... • .......... • ....
...L_:__L.L..._..z..L..;.... ;..&..I..Z---.----'--:---;-- _ DRY DENSITY, pcf 89.4 87.6 88.8
--'--;-;--;.-.----6-.;--4.... ;.----l------.+.-_.-4.-4-- _ SATURATTON, _ 98.4 9,3 7 92N-- * .

_) _1
m 4000 zl vOTD I_T'rO 0.921 0.959 0.9_34

"_ _i!!'4""+".--_.... i i!iii!!!!!i!i!!+'-+--_--+-"..+.__..,..._.. _ _DZAMETER, i n 2.4-2 2.42 2.4-2

e ._...-:..; .... ;..-'..;.._....-..;..4-_-. ,HETGHT, i n 1 . O0 1 . O0 1 . O0
3000 WATER CONTENT % .31 3 31 5 27 5

co ]]i]_] _-,DRY DENSITY, pcf 92.1 92.1 98.2L _n]
o LUlSATURATTON Z 99 7 100._ 101.2_) 2000 __ , , "
r- VOID RATIO 0 863 0 865 0.748

<IDZAMETER, in 2.¢2 2.42 2.¢2

1000 ,HEIGHT, in 0.97 0.95 0.90

NORMAL STRESS, psf 2000 4000 8000

0 FAILURE STRESS, psf 1192 2249 4478
0 .5 10 15 20 STRATN, _ 6.5 7.1 7.2

Strain, % ULTZMATE STRESS, psf
STRAZN, %

Strain rate, in/min 0._3_ o.1311 0.1311

SAMPLE TYPE: SHELBY CLIENT: HART CROWSER

DESCRTPTTON : GRAY CLAY

PROJECT: THTRD RUNWAY 4978-18

SPECTF'-_C GRAVITY= 2.75 ;AMPLE LOCATTON: Hcgg-B54A / S-1A

REMARKS: TN-STTU

_ROJ. NO.: 745-95082 DATE: 11/24/99

DIRECT SHEAR TEST REPORT

PROFESSTONAL SERVICE TNDUSTIEES

Figure B-43

AR 044370
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SAMPLE TYPE: Shelby Tube CLIENT: Herr Crowser

DESCRTPTTON : Gray silty CLAY
PROJECT: Third Runway - 4978-18

SPECTF--£C GRAVITY= 2.75 ;AMPLE LOCATTON: B-64, S-5

REMARKS: Tn-situ, some coarse

sand 'ROd. NO. : 745-95082 DATE: 12/10/99

DIRECT SHEAR TEST REPORT

PROFESSIONAL SERVICE _NDUSTEES
2---- ii ii_ln

Figure B-44

AR 044371
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