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SUBSURFACE CONDmONS DATA REPORT
ADDmONAL FIELD EXPLORATIONS AND ADVANCED TESTING

THIRD RUNWAY EMBANKMENT
SEA-TAC INTERNATIONAL AIRPORT

INTRODUCTION

This data report presents information on subsurface conditions, based on

geotechnical and laboratory testing to support the final design within wetlands

and elsewhere along the toe of the permanent embankment slope, detention
ponds outside the embankment area, and MSE walls for the Third Runway
Embankment Project at the Sea-Tacinternational Airport.

The site is located at the SeaoTacInternational Airport, in SeaTac, Washington
(refer to Figure 1, Vicinity Map). The shaded areas on Figure 1 are presented on
Figures2 through 6, Site and Exploration Plan, showing exploration locations

both for this report and those performed previously by Hart Crowser and others.

This report discussesthe subsurfacesoil conditions in the toe of the permanent
embankment slope, Detention PondsA, E, F,52, and the Miller Creek Detention

FacilityArea, explorations performed for advanced testing in the north, west, and
south wall areas,and explorationsperformed in the permanent embankment

area between the north and the west wall areas. Appendices A and B follow the

main text and present resultsof our subsurfaceexplorations and laboratory
testing, respectively. Appendices C, D, and Epresent the resultsof cone

penetrometer (piezocone), shear wave velocity and pressuremeter testing
performed at the site by subconsultantsto Hart Crowser.

Appendix F presents the resultsof our subsurfaceexplorations in the Miller
Creek Detention Facility Area.

PURPOSE ANDSCOPE

The purpose of thisreport is to provide information on subsurfacesoil and
groundwater conditionsaffecting construction in these areas:

• Toe of the 2H:IV embankment between MSE wall locations;

• 2H:1V embankment between the north and west wall locations;
• MSE wall foundation soils;

• Viewpoint Park Stockpile;
• Detention Ponds A, E, F, and .52; and
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• Miller Creek Detention Facility Area.

Other reportswith additional information are listed in the references at the end

of thisreport. The information presented herein provides the basisfor our

8eotechnical engineering analysesand recommendations. Table 1 provides a
summary listof the explorations performed for this phase and their general
locations.

Information presented herein was obtained in general accordance with Tasks

1.3.1 through 133, 1.5, and 62 presented in our proposal dated April 5, 2000,
and subsequentmodification.

GENERAUZED GEOLOGIC DESCRIPTION AND SUBSURFACE SOIL CONDITIONS

This section providesa description of the geologic and subsurface soilconditions

within the areas of interest,shown on Figures2 through 6, based on Hart
Crowser's explorationsat the site and explorations by others.

Generalized Geologic Conditions

Generalized geologic conditions in the project area have been described in the

Preliminary EngineeringReport, Volume 2 (Applied Geotechnology Inc., 1994).
The following is a summary of the geologic units identified at the Third Runway
project site:

• Fill (loose to medium dense, locally dense, variably graded, silt,sand, and
gravel);

• Alluvium (primarily soft to stiff peat, clay, and silt;and very loose to medium
dense, fine to medium sand);

• RecessionalOutwash (primarily loose to dense, siltysand and gravel, and/or
medium stiff to hard, sandy silt and/or sandy clay);

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

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

• Lawton Clay (very stiffto hard siltand clay).
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Subsurface Conditions

Subsurfacesoil conditions interpreted from materials encountered in

explorationsat 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 soilsat 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.

North MSE Wall

Three additional borings, designatedHC00-B222, HC00-B225, and HC00-B301,
were drilled in this area. The soilsencountered in HC00-B222 and HC00-B225

were similar to those described in the SubsurfaceConditions Data Report, North
Safety Area, Third Runway Embankment, Sea-Tac International Airport (Hart

Crowser Inc., March 20, 2000). HC00-B222 extended to a depth of 100 feet,

much deeper than existingexplorations. These boringsconfirmed prior
assumptionsof the "underlying" soil unit at the North Wall location. This unit
was observed to be:

Very dense, non-silty to silty, non-gravelly to gravelly SAND. This unit was
encountered at a depth of 19 feet in HC00-B222 and at 20 feet in HC00-B225

and extended beyond the bottom of each exploration.

HC00-B301 was drilledwithin the area where the sewer line realignment might
potentially crossMiller Creek. The soilsencountered in the area were:

(Medium dense) siltySAND with organic material; over

(Soft) PEAT; over

Loose-medium dense, non-gravelly-slightlygravelly SAND with some organic
material; overlying

Very dense, slightly gravelly, siltySAND.

Embankment Between South 156th and South 160th

The following soil materialswere observed in this area:
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Medium dense, non-silty to silty SAND with organic material. This unit was
encountered in the test pits, HC00-B300, and HC00-B302 through HC00-B306

to depths ranging from about 1 to 7 feet below the existingground surface.

HC00-TP303 and HC00-TP304 graded from slightly gravelly to gravelly,
HC00-TP302 encountered interbedded lensesof silt and gravel, and HC00-B305
included a discrete area of dense, gravelly sand.

Medium stiff to hard, non-sandy to slightly sandy, slightly silty to silty CLAY.

This unit was encountered in HC00-TP301, HC00-B137, HC00-B300, and

HC00-B302 through HC00-B306 at depths of about 2.S to 7 feet below the

existingground surface. The layer thicknesseswere about 2 to 9.5 feet.

Stiff to hard, non-gravelly to slightly gravelly, sandy to very sandy SILT. These
materials were encountered in the majority of the explorations in the area.

Depths to the top of this unit ranged from about 3 to 5.5 feet below the existing
ground surface, with thicknessesranging from 6 to 12 feet. A discrete 2-foot-
thick layer of very sandy, very clayey silt was encountered in HC00-TP300 at a

depth of about 4.5 feet below grade.

Dense to very dense, slightly gravelly to gravelly, slightly silty to silty SAND.
Thissoil was encountered underlying HC00-TP301, HC00-TP304, HC00-TP30S,

HC00-B137, HC00-B300, and HC00-B302 through HC00-B306 at depths of
about 1 to 17 feet below the existing ground surface. The thickness of this sand

unit is not readily inferred as the explorations terminated within this soil layer.

Embankment Between South 160th and South 163rd

The following soil materials were observed in the area northwest of the
proposed West MSE Wall:

Medium dense FILL Fillwas encountered in HC00-TP308 and HC00-TP309

consisting of SAND with varying amounts of gravel, silt, and organic material.

The fill was encountered at depths of 4 to 5 feet below the existing ground
surface.

Loose to (dense), silty to very silty SAND with organic material. This soil was

encountered in HC00-B138 and HC00-B307 at depths of about 4..5and 2 feet
below the existing ground surface, respectively.

Medium stiff to stiff, slightly sandy to sandy SILT. HC00-TP308 and

HCOC)-B138encountered this soil unit at depths of about 4.5 to 5 feet below the

existingground surface. The thicknessesranged from 1.5 to 8.5 feel
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Medium dense to very dense, slightly gravelly to gravelly, silty to very silty
SAND. This unit was the undedying layer, and was encountered at depths of

about 0 to 13 feet below the existingground surface. The thickness of the layer
was not readilyinferred as the test pitsand borings terminated within this soil

layer.

West MSE Wall

Two additional borings designated HC00-B224 and HC00-B221 were drilled and
five cone penetrometer probes designated HC00-P22 through HC00-P26 were

pushedin thisarea. The soilsencountered were similar to those described in the
SubsurfaceConditions Data Report, West MSE Wall, Third Runway
Embankment,Sea-Tac InternationalAirport (Hart Crowser Inc., June, 2000).

HC00-B221 extended to a depth of 101 feet, much deeper than existing

explorations. These boringsconfirmed prior assumptionsof the _undedying" soil
unit at the West MSE Wall location. Two units were observed at depth in this

area including:

Very stiff to hard, clayey SILT,silty CLAY, and sandy SILT. Many of the existing
explorationsin this area terminated in this uniL in HCOO-B221, this unit was

observedfrom depths of about 20 to 58 feel

Dense to very dense, slightly gravelly to gravelly, slightly silty),to silty SAND.

This unit was encountered at below a depth of 58 feet the existing ground
surface. The thicknessof the layer was not readily inferred as the borings

terminated within thissoil layer. However, this layer extends at least to a depth
of 101 feet as evidenced in HCOO-B221.

Embankment Between South 168th and South 171st

The following soil materialswere observed to the south of the proposed West
MSE Wall:

Medium dense FILL Fill was encountered in HC00-TP311, HC00-TP313,

HC00-TP31 S, and HC00-TP317 consistingof Sand and Cravel with varying
amounts of sand,gravel, silt,organic material,and debris. The fill was

encountered at depths of 0.5 to 2.5 feet below the existing ground surface.

Loose to dense, non-silty to silty, non-gravelly to very gravelly SAND with
organic material. These soilswere encountered in the test pits excavated in this

area except HCOO-TP311,HCOO-TP313,and HCOO-TP31.5.The depth of the unit
ranged from 0 to 3.5 feet below the existing ground surface, at thicknessesfrom

2.5 to S feel HCOO-TP311encountered a large boulder in this uniL

Hart Crowser Page 5J-4978-23,-26, -._7,and-31

AR 045814



Medium dense, silty SAND with silt and sand lenses. HC00-TP315
encountered thissoil unit at a depth of2 feet below the existingground surface,
with a thickness of 1.5 feel

Medium stiff, SILTwith organic material. This unit was encountered in

HC00:FP311 at a depth of 0.5 foot below the existing ground surface,with a
thickness of 3 feel

Dense to very dense, slightly silty to silty, non-gravelly to gravelly SAND. This

unit was encountered at depths of 2.5 to 6.5 feet below the existingground
surface. The thicknessof the layer encountered in HCOO-TP310 was 6 feeL The

layer thicknessesin the other explorations were not readily inferred as the test
pitsterminated within thissoil layer.

Hard SILT. This unit was encountered only in HCOO-TP310 at a depth of 11

feel The layer thickness was not readily inferred as the test pit terminated within
this soil layer.

Viewpoint Park Stock Pile and Pond 52 Area Between South 171st and

South 176th (east of 12th Avenue South)

The following soil materialswere observedin the area of the Viewpoint Park
Stockpile footprint:

Medium dense to dense FILL HC00-TP221 encountered silty,gravelly Sand
with cobbles, organic material, and roots at a depth of 3.5 feet.

Loose to medium dense, slightly gravelly to gravelly, silty SAND with varying
organic material contenL This unit was encountered in the test pitsexcavated
inthis area except HC00-TP224. The depth of the soil layer varied from 0 to 3.5

feet below the existingground surface, with layer thicknessesranging from 2 to
4 feet.

Medium denseto dense, slightly silty to silty, slightly gravelly to very gravelly
SAND. This soil unit was encountered in HC00-TP222, HC00-TP224, and

HC00-TP226 at depths ranging from 0 to 2.5 feet below the existing ground
surface. The thickness of the unit was from 1 to 11 feel

Dense, sandy GRAVEL This soil was encountered only in HCOO-TP224at a
depth of 11 feet below the existing ground surface, and was 1.5 feet thick.
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Dense to very dense, silty, gravelly SAND. This soil unit was encountered at

depths of 2 to 12.5 feet below the existing ground surface. The layer
thicknesseswere not readily inferred as the test pits terminated within thissoil

layer.

South MSE Wall

Two additional borings,designated HCOO-B223and HC00-B220, were drilled in
this area. The soilsencountered were similar to those described in the

SubsurfaceConditions Data Report, South MSE Wall and Adjacent Embankment,

Third Runway Project, Sea-TacInternational Airport (Hart Crowser Inc., April 7,

2000). HC00-B220 extended to a depth of 101 feet, much deeper than existing
explorations. These bodngs confirmed the assumptions of the underlying soil
unit at the South MSE Wall location. This unit was observed to be:

Dense to very dense, slightly silty to silty, non-gravelly to gravelly SAND. This
unit was encountered in both of the new borings in this area. The layer extends
from a depth of about 20 feet to the bottom of each exploration, which isa

depth of 101 feet for i-IC00-B220.

Detention Ponds At E, and F

Pond A. Hand augers HC00-A300 and I-IC00-A301 were performed in this area.

The explorationsencountered (loose to medium dense), slightly silty to silty
SAND at depths rangingfrom 3.5 to 4 below the existing ground surface. A
(medium stiff to stiff),sandy SILT with organic material was encountered below

this layer. The silt layer thicknesswas not inferred as the auger terminated within
this soil layer.

Pond E. HC00-TP306 and HC00-TP307 were performed in the proposed

footprint of Pond E. Fillsoilswere encountered in the test pits at a depth of 2

feet below the existing ground surface. The Fill in HC00-TP307 consistedmainly
of Sand with varying amounts of silt,gravel, and asphalt debris. In HC00-TP306,
a (stiff), gravelly, very sandy SILTwith asphalt debriswas encountered.

A (dense) sandy GRAVEL, encountered at a depth of 2 feet below existing
ground surface with a thickness of 4 feet was encountered below the fill in

I-IC00-TF'306. This unit was overlying a 2.5-foot-thick layer of (medium dense)
SAND with organic material. Underneath this layer was a (stiff to very stiff)
slightly sandy to sandy, non-clayey to clayey SILTwith some cobbles. The

thickness of this silt layer was not inferred as the test pit terminated within this
soil layer.
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A (medium dense to dense) slightlydayey, slightly siltySAND, encountered at a

depth of 2 feet below the existingground surface,with a thickness of 2.5 feet
was encountered below the fill in HC00-TP307. This unit was overlyinga 2.5-

foot-thicklayer of (soft) sandy PEAT. Underlying the Peat was a 2-foot-thick layer

of (medium dense)very silty SAND with organic material. Underlying this unit
was a (medium stiff to stiff)non-sandy to sandy, non-clayey to clayey SILT layer.
The thicknessof this silt layer was not inferred as the test pit terminated within

this soil layer.

Pond F. HC00-TP318 and HC00-TP319 were performed in footprint of the

proposed pond. HC00-TP318 encountered a (medium dense) FILLconsistingof
slightlysilty to silty, gravellySAND with organic material at a depth of 3.5 feet
below the existingground surface. HC00-TP319 encountered (loose to medium
dense), silty,gravellySAND with organic material at a depth of 1 foot below the

existingground surface.

These soilswere overlying a (medium dense to dense) slightly gravelly to

gravelly, slightlysilty to very silty SAND at depths ranging from 1 to 3.5 feet

below the existingground surface with thicknessesof 2.5 to 7 feel

Underlying thislayer in HC00-'I'P318, a (stiff) very sandy SILTwas encountered
at a depth of 6 feet below the existingground surface with a thickness of 6.5
feel In both test pits (dense to very dense) gravelly, silty SAND was

encountered at depths of 8 to 12.5 feet. The layer thickness was not inferred as
the test pits terminated within this soil layer.

Miller Creek Detention FaciIity. This area contains Pond J and another pond
located abut 500 feet northwest of Pond J.

Pond J. HC00-B308 and HC00-B309 were performed within the footprint of
Pond J. Fillsoilswere encountered in both borings at thicknessesranging from

10 to 17 feel The fill in HC00-B309 consistedof medium dense to very dense

Sand with varying amounts of organic material and asphalt debris. The fill in
HC00-B30B consisted of medium stiff Peat with some amounts of gravel and
brick debris.

Underlying the fill was a soft to very stiff Peat. This soil was encountered at
depths from 10 to 17.5 feet below present grade, with a thickness ranging from

4..5to 15 feel The Peat contained varying amounts of gravel, sand, and silt.

This soil was overlying a medium dense to dense Sand encountered at depths of
22 to 25 feet from the existing ground surface. HC00-B309 had a 15-foot thick

layer containing gravel, which was not encountered in HCOO-B308. The

thickness of this soil unit was not inferred as the borings terminated in this layer.
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Proposed Pond. HC00-B310 through HC00-B312 were performed within the
footprint of the pond adjacent to Des Moines Memorial Drive.

A very loose to dense Fillsoil was encountered in HC00-B310 and HC00-B312
at thicknesses from 6 to 11 feeL The Fillconsisted of Sandwith varying amounts

of silt,gravel, day, and asphalt debris. This soil unit was overlying a loose to

medium dense Sandwith varying amounts of siltand gravel. The soilwas

encountered at depths ranging from 2 to 11 feet below present grade, with layer
thicknessesof at least 9 feel In HCOO-B310 and HC00-B312, the layer thickness

was not inferred as the borings terminated in this layer. In HC00-B311 the soil
underlying the sandwas a stiff,sandy Sill This layer was encountered about 11
feet from the existingground surface, and itsthickness was not inferred due to

termination of the exploration.

USE OF THIS REPORT

This report has been prepared for the exclusive use of HNTB and the Port of

Seattle, for the site and project described herein. We completed this work

according to generally accepted geotechnical engineering practices in the same
or similar localities,related to the nature of the work accomplished, at the time

the serviceswere accomplished. We make no other warranty, expressor
implied.

Hart Crowser appreciates the opportunity to provide this information. Please
call if you have any questions.

Sincerely,

HARTCROWSERpINC.

JOSEPHAD. CELES,E.I.T.

Staff Geotechnical Engineer

DOUGLASD. LINDQUISTt E.I.T. MICHAELl- BAILEY,P.E.

Senior StaffGeotechnical Engineer Project Manager
F:\Docs_obs\497826\DataReport.doc
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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 soilsundedying the project site addressedby thisreport. The

discussionincludesinformation on the following subjects:

• Explorationsand Their Location;

• The Use of Auger Borings;
• StandardPenetration Test (SPT) Procedures;
• Use of Shelby Tubes;
• Pocket Penetrometer (PP);
• Excavationof Test Pits;

• Piezocone Penetrometer Probes;

• Cone Penetration Test Procedures;

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

Explorations and Their Location

Subsurface explorationsfor thisproject include the following:

• Borings

HC00-B137 through HC00-B138, HC00-B143, HC00-B220 through HC00-
B22S, and HC00-B300 through HC00-B312.

I_ Hand-Augers Borings
HC00-A300 and HC00-A301.

• Test Pits

HC00-TP220 though HC00-TP224, HC00-TP226, HC00-TP300 through
H C00-TP319.

• Piezocones

HC00-P22 through HC00-P26

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 the methods presented on Figure A-1 (Sheet 1/2) - Key to
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ExplorationLogs. This figure alsoprovides a legend explaining the svmbols and
abbreviationsused in the logs.

Boringlogs for HC00-B308 through HCOO-B312 are located in Appendix F.

Location of Explorations. Figures2 through 6 show the location of explorations.
HCOC)-B301Ais shown asHC00-B301 on Figure2. These explorations were

located usinga global positioning system (GPS) survey by Hart Crowser. Port of
Seattle surveyorsperformed an x, y, z survey for the borings that were

completed with wells. Where available, the Port's survey supersedes the GPS
locations. Where Port survey data are not available ground surface elevations

were interpreted from the aerial survey topography shown on Figures2 through
6. The method used determines the accuracy of the location and elevation of

the explorations.

The Use of Auger Borings

With depths rangingfrom 11 to 101 feet below the ground surface, twenty-two

hollow-stem auger borings, designated HC00-B137, HC00-B138, HC00-B143,
HC00-B220 through HC00-B225, and HCOO-B300 through HCOO-B312 were

drilled between May 17, 2000, and August 16, 2000. Samples were obtained by
use of the Standard Penetration Test (SPT)samples or a hydraulically pushed thin

wall sampler referred to as a "Shelby tube." The borings typically used a 3-3/8-
inch inside diameter hollow-stem auger and were advanced with a truck-

mounted or track-mounted drill rig subcontracted by Hart Crowser. For borings
where pressuremeter testing was performed (HC00-B220 through HC00-B225),

mud rotary, drilling was performed to 40 feet using a closed system to keep the
drilling mud off the ground.

In two locations, hand-auger borings, designated HC00-A300 and HC00-A301,

were drilled using portable gear rather than hollow-stem auger borings because
of access restraints. These hand-auger borings were drilled on May 12, 2000.

An engineering geologist from Hart Crowser continuously observed the drilling.
Detailed field logs were prepared of each boring. Using the Standard

Penetration Test (SPT),we obtained samples at 2-1/2- to S-foot-depth intervals
for all borings.

Groundwater levels in the borings were noted at the time of drilling (ATD) and
following installation and development of observation wells where noted on the

boring logs. Borings HC00-B137, HC00-B143, HC00-B301, HC00-B302,

HC00-B305 to HC00-B306, and HC00-B308 through HC00-B312 were
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completed as observationwell_. Groundwater level cannot be evaluated for

boringsusingmud rotary drilling.

The borings logsare presented on FiguresA-2 through A-18 at the end of this

appendix. FigureA-19 presents the hand-auger boring logs.

Standard Penetration Test (SPT) Procedures

This test is an approximate measure of soil density and consistency. To be

useful, the resultsmust be usedwith engineering judgment in conjunction with
other tests. The SPT(as described in ASTM D 1587) was used to obtain

disturbedsamples. This test employs a standard2-inch outside diameter split-
spoon sampler. Using a 140-pound hammer, free falling 30 inches;the sampler

is driven into the soil for 18 inches. The number of blows (N value) required to
drive the samplerthe last 12 inchesonly is the Standard Penetration Resistance.

This resistance,or blow count, measures the relative density,of granular soilsand

the consistencyof cohesive soils. The blow counts are plotted on the boring
logsat their respective sample depths.

Soil samplesare recovered from the split-barrelsampler, field classified,and

placed into watertight jars. They are then taken to Hart Crowser's laboratory,for
further testing.

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

that occurstypically within a sand soil where there is excessseepage pressureat
the bottom of the auger (i.e., water within the augers is at a lower elevation than
the groundwater level surrounding the boring). A sufficient difference in water

levels will cause the sandy soilsto be displace upward into the auger, thereby
disturbingthe soil formation. Therefore, the corresponding SPT N values may

not accurately indicate density. Heave is typically controlled by sustaining the
water level within the auger at or near the surrounding groundwater level; no

drillingmud was used in the explorations described in this report.

In the Event of Hard Driviny

Occasionally very dense materials or the presence of gravel and/or cobbles

prevented driving the total 18-inch sample. When this happens, the penetration
resistance isentered on logsas follows:

Penetration lessthan six inches. The log indicates the total number of blows
over the number of inches of penetration.
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Penetration greater than six inches. The blow count noted on the log is the
sum of the total number of blows completed _zft_rthe first 6 inches of

penetration. This sum is expressedover the number of inches driven that
exceed the first 6 inches. The number of blows needed to drive the first 6

inchesis not reported. For example, a blow count series of 12 blows for 6

inches, 30 blows for 6 inches, and 50 (the maximum number of blows counted
within a (>-inchincrement for SPT)for 3 incheswould be recorded as 80/9.

Use of Shelby Tubes

In some locations,a 3-inch-diameter thin-walled steel (Shelby) tube sampler was

pushed hydraulicallybelow the auger to obtain a relatively undisturbed sample

for classificationand testing of fine-grain soils. This was accomplished in borings
HC00-B221, HC00-B222, HC00-B300 to HC00-B301, and HC00-B308. to obtain
relatively undisturbedsamples. The tubes were sealed in the field and taken to

our laboratory for extrusion and classification. The undisturbed sampleswere
typically obtained for consolidationand shearstrength testing.

Pocket Penetrometer (PP)

The pocket penetrometer provides a quick approximate test of the consistency
(undrained shear strength) of a cohesive soil sample.

The pocket penetrometer device consists of a calibrated spring mechanism that
measures penetration resistance of a 1/4-inch-diameter steel tip over a given
distance. The penetration resistance is correlated to the unconfined

compressive strength of the soil, which is typically twice the undrained shear

strength of a saturated, cohesive soil. The exploration logs show the results of
the pocket penetrometer tests.

Pocket penetrometer results are generally considered valid only for

predominantly fine-grained (non-sandy soils). Results may be artificially low for

tests on disturbed samples (i.e., SPT) compared to relatively undisturbed samples
from test pits or Shelby tubes.

Excavation of Test Pits

Twenty-six test pits, designated HCOO-TP220though HCOO-TP224, HCOO-TP226,
and HCOO-TP300through HCOO-TP319,were excavated across the site with a

tractor-mounted backhoe provided by Port Construction Services (PCS). The
test pits were excavated on March 16, 2000, and May 2 through 5, 2000. 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
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geologist from Hart Crowser. The geologist observed the soil exposed in the
test pitsand reported the findings on a field log. Our geologist took
representativesamplesof soil types for testing at Hart Crowser's laboratory.

Groundwater levelsor seepage during excavation was noted by the geologiston
the log. The density/consistencyof the soils (as presented parenthetically on the

test pit logs to indicate their having been estimated) is based on visual
observationonly, as disturbedsoilscannot be measured for in-place density.

The test pit logsare presented on FiguresA-20 through A-32.

Piezocone Penetrometer Probes

We useda piezocone penetrometer as a means to supplement our visual
classificationof soilsprovided in SPT samples. Piezocone locations are shown

on Figure3. The logs of the piezocone probes performed by Northwest Cone

Explorationare presented on FiguresA-33 through A-38. The cone probes,
designated HC00-P22A, HC00-P22B, and HC00-P23 through HC00-P26, were

advanced to depths rangingfrom 5 to 24 feet below the ground surface by
Northwest Cone Exploration on May 18 and 19, 1999. The piezocones were

advanced usinga cone truck at all locations. The cone penetrometer
HC00-P22A met with refusal and the truck was moved 10 feet west for

HC00-P22B. HC00-P22A and HC00-P22B are shown as HC00-P22 on Figure 3.
The cone probe configuration used in the investigation is similar to that shown
on Figure A-1 (Sheet 2/2). This figure also shows the classification method used

to develop the soil behavior index 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, Qc in tsf (resistance to soil penetration developed at the cone
tip);

• Frictionresistance,F, in tsf (resistanceto soil penetration developed along
the friction sleeve); and

• Pore water pressure behind the cone tip, U0, in psi.

Cone Penetration Test Procedures

The electric piezocone penetrometer test procedure involves hydraulically
pushinga seriesof cylindrical rods into the soil at a constant rate of 2

centimetersper second and subsequently monitoring soil and pore fluid

responsenear the conical tip. The cylindrical rod at the bottom of the drill string
housesthe pressuretransducer and load cellswhich, during probing, measure
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the parameters indicated above. To be useful, the resultsmust be usedwith

engineering judgment in conjunction with other tests,preferably the SPT
procedure, which allows soil sample collection for direct comparison purposes.

Testswere performed in generalaccordance with procedures outlined in ASTM
D 3441, Standard Method for Deep, Quasi-Static,Cone and Friction-Cone
Penetration Tests of Soil.

The cone system is mounted on a truck or bulldozer to provide the necessary
reaction for the applied loads. The cone tip has a surfacearea of about 10

square centimeters (cm2) and an angle of 30 degrees from the axis. The friction
sleeve has a surface area of about 150 cm2. Prior to testing, a plastic filter

element, which has been saturated under vacuum 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 penetrates the soil, measurements are continuously
recorded on a portable computer at depth increments of about _5centimeters.

The classificationmethod used to develop an interpreted soil profile is based on

normalized parameters provided by the piezocone, as there are no soil samples
collected with a penetrometer system of this type.

The relationshipbetween the cone tip resistanceand friction ratio, which has

been normalized for soil overburden stresses,can be establishedto predict soil
behavior (Jeffriesand Davies, 1991 and 1993). This relationship has been

applied to the soil classificationchart developed by Robertson as reported in
Lunneet al., 1997 (refer to FigureA-1 [Sheet 2/2]) according to the following
equation:

= - log[Q.(1- )]I-"+ +L3.log(F)]"

Where:

Ic = Soilbehavior index

Q _ Normalized cone tip resistance
qr -t_ _

Q----

(_ )vo

qT z Corrected cone tip resistance
Ovo ,, Total overburden stress
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O'vo ,- Effectiveoverburdens stress

Bq = Normalized pore pressure
_u

Bq-_
qr -G.

F = Normalized friction ratio

A
R/= _- ]00%

qT --0",_

(s = Sleeve friction

Using the above equation and the classification chart presented on Figure A-1

(Sheet 2/2), we were able to develop the interpreted soil profiles provided on

FiguresA-33 through A-38. The classificationchart used for this study has been
establishedbased on observedsoil behavior from numerous studies for various

soil types.

Monitoring Well Installation

Monitoring wells were completed in HC00-B137, HC00.B143, HC00-B302,

HC00-B305 to HC00-B306, and HC00-B308 to HC00-B312, to allow long-term
groundwater elevation monitoring. The wells were drilled usingstandard hollow-

stem auger equipmenL Two-inch-diameter Schedule 40 PVC riser pipe and 2-

inch-diameter 0.020-inch machine-slotted screen were used for the well casings

and screens. The well screenand casing riserwere lowered down through the
hollow-stemauger. As the auger was withdrawn, No. 10/20 silicasand was

placed in the annular space from the base of the boring to approximately 2 to 3
feet above the top of the well screen.

Well sealswere constructed by placing bentonite chips in the annular space on

top of the filter sand to within 3 feet of ground surface. The remaining annular
space was backfilted with concrete to complete the surfaceseal. For security,
the monitoring wells were completed with locking stick-up steel monuments set
in concrete. The monitoring well construction detailsare illustratedon the
boring logs.

The monitoringwell were installed in accordance with Washington State
Department of Ecologyregulations.

Monitoring Well Development

The monitoring wellswere developed usinga Whale electric submersible pump,
surge block, and/or a stainlesssteel bailer. First,sediment was removed from

the bottom of the wells usinga stainlesssteel bailer. Then the wells were surged
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during development usingeither a surge block,a stainlesssteel bailer, or by
moving the submersible pump up and down within the well screen depth
interval.

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

development continued until negligible turbidity was visible. Sediment thickness
at the bottom of the well was measured and recorded before and after

development. Observationswere recorded on a Well Development data form.
Visual changesin turbidity during development were recorded in the comments

space on this form. The development water was dischargedto the ground
surface in accordance with the Third Runway project Storm Water Pollution
Prevention Plan (Parametrix, 1999).

References for Appendix A
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Key to Exploration Logs
Simple Description
Classification of soils in this rel:)ort iS hosed O_ _SUOI field and IoDOrOtOry oOservotions whiCl_ include density/consiste'_cy,

moisture ccmdition, groin size. and plcsticity estimotes on= snoul,_ not De construed to imply Get(: nor IObOrOtory test,n;
unsess presemte¢l herein. VisuoI--monuoJ r..Jossificotion methods of AS'I'M D 2488 were use¢l as on ;¢lentificotion guloe.

Soil descriptions consist of the following:

Density/consistency. moisture, color, minor constituents. MAJOR CONSTITUENT. oddltlonol re.arKs.

Density/Consistency
Soil density/consistency in borings is relotecl primarily to the Standard Penetrction Resistance.
Soll density/consistency in test pits is estimotsd bosed on _suol observotion ond is presenteO pore_t_eticotly on the test b;t togs,

StonclorO Sto_oor¢l Aoorox,mote
SAND or GRAVEL Penetrotio_ SILT or CLAY I:ewetroticx_ Snec-

Resistance (N) Resistance (N) StrenQt_
Density in Blcms/F'oot Consistency in Bicms/Foot ;. TSF

Very loose O - 4 Very soft 0 - 2 <0.:25

Loose 4 - 10 Soft 2 - 4 0.12.5- 0.2 r_

MeOium Oense 10 -30 Medium stiff 4 - B 0.25 - 0.5

Dense 30 - .50 Stiff 8 - 15 O.5 - 1.C

Very Oense >.50 Very stiff 1.5 - 30 ",.0 - 2.C

Hard >30 >2.0

Moisture Minor Constituents E.t,moteo ;=e-ce_toqe

Dry L_ttle Derceotobte moisture Not identifieO in Oescriotlon O -

Dared Some DercebtaDle moisture, orooobly below ooUmum Slightly (clayey, silty, etc.) 5 - 12

Moist ProOoDly neor dOt;mum moisture content C_oyey, s_tty, sandy, gravelly 12 - 30

Wet Much oerceotcDpe moisture, brobooly above OOtimum Very (clayey, silty, etc.) 30 - 50

Legends Test Symbols
Sampling Test Symbols cs G,oinSizeC,oss;f_cotion
BORING SAMPLES TEST PIT SAMPLES CN Consolidation

[] sD_tSooon [] GroO(Jc,)
TUU Trioxiol Unconsolidated Unoroine_

TCU Trioxiol Consoticc_eO UnOroinec
ShelDy

Tube _ Sneloy Tuoe TCD Triaxicl Consotiaotec Drcinec

_ C_t tincjs Z Bo¢j QU Uncon finec Compression

]_ Core Run DS Direct Shear

No So_'_Dte Recovery K PermeoDilty
=_ Pocket Pe_etrometer

P Tube Pusne0, Not Driven ADDroximote Compressive Strength in TSF

TV Torvone
ADorox_mote Sneer Strength in TSr

CBR Co)ifornic Bearing 'RotioGroundwater Observations
MD Moisture Density Re_otionsnio

Surface Sect : = ,' Woter Content in Perce'_:

L.. LiCl=iOLimit
Bentonite or _ Natural

PIostic Limit

Bentonite PID P_oI.oionizotion Reodin(:j

-" --_ _:= Water Level for Dote Inaicote0 CA Cnemiccl Anctysis
(ATD At Time of Drilling) DT In S;tu Density Test

•_ f _ Sond POCkSlotte(_ Screen

LTr_,8

3 =.
J-4978-26 BIO0

Figure A-I
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Electric (Piezocone) Cone Penetrometer
Schematic of Electric Piezocone (Typical)

I7. Indinon_er (Ix & ly)

-- Tic=or ('r)

Load Cells "::,-_-:..... FrictionSleeve(Fs)

Pore Pressure
" Transclucer(U)

PorousFilter
Element

_-- Cone13p(Qc)

Simplified Classification Chart (Jefferies and Davies, 1993 after
Lunne et al., 1990).._-- CENTER FOR ZONAL C1,ASSI_'ICATION(ZONES OF RADIi Ic)

1000 _.

_ _,_ ., ._._-._,,,:":-.,_.__._-_:,-:.,-.._,,_,_..
MNG I _NSOUOA_ON " _=,, _._._'_L.:'___._F-_...-.-.,'.;_._.; ..,,. _--. ".,'_...."

.. .... ..____ -. ..... , , :.

100 _ 6 -L " .; ;-._'.._&.._;T.' = %_-_r_.-;- .,;.-_'._ _'_1".." "-'..' . '.:;; _.. :"

- I "" 7. ,'; .._T_..._..:_,_. ,,_ : ..... ., ..... .4. '

/Vo_e//j, 5 •s- _ L:_ _="d rr_=_ . =my=rod_ =r_ m ,
O "- "" - _;; - ; ..... ;_--- :._-.:-1---- ::'_--,...... :':. ........

O = _" Fv_

_o _OO,S,O/" / Fvo
: _'C.'_U_NGLY . 3

Bq = u - u0
_ __ / \,%_\ / o_-F_o

2 f_'F = X 100%

qT " }'VO

l_ I I I I I I II _ I I I t r I Ir •
01 10 10

J.4978-26 6100
Figure A-1 2/2
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Boring Log HCOO-B137

N 19714 1

E 10657 STANDARD PENETRATION L.AS

So;i Descriptions o_._t. RESISTANCE TESTS
Top of cosln9 elevotion ;n Feet: 267.21 S¢lmpte
ADOrox.Groun_ Surface [levotion in Feet: 264 ;n Feet • Blows per FootI 2 5 10 20 50 100

0 II

Meaium st;ft, to stiR. moist, gray, I I
sllgt_tly sandy, silty CLAY with roots and
organic material.

I

S-2 _

Very Oense. moist to wet, gray, slig.Uy
gravelly, slightly silty to silty SAND with

trace organic material. I

I

S-3 •

l-- Gravelly zone L A:_.:-'.'

_ r.-.g.:._1
5 _.:._.::. S-_ • 50/2!

Bottom of Bar;rig ct 15.6 Feet. L
Comapete¢ 5/23/00. F

L

4-20
b

L

f

L "
!

= 25 ' 2 5 _0 20 5O tOO
• Wore, Content ,n Percent

.=
G

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

- an(J symDois, _r_ jj_jj_
2. Soil aescr;otions and s_ratum lines ore ;nteroret;ve

anCt CCtUC, cncnges may oe graaunl. J-4878-26 51003. Grounc water level ;f inG;coteO, is ot time of G_rJll;ng

z __ (ATD) Or for aate soec;f;ec. LeveJ may very *;t_ t,me. Figure A-2
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Boring Log HCOO-B138
N 19098

E 10627 STANDARD PENETRATION LAB
RESISTANCE TESTS

So;I Descriptions Depth Sum.In
in Feet • Blows per Foot

Ground Surface Elevation in Feet: 247 I 2 5 10 20 _)0 100
-0

Loose. moist to wet, orange and Drown,

silty, fine SAND wit_ trace orgonlc
materiol.

5-1
Meclium stiff to stiff, moist to wet, gray

wffh oronge mott|ing, sl;g_tly sanOy
CLAY-SILT.

5

S-2

-- Changes to gray. 10

S-J • AL

Very aense. ,'hoist. gray, cjrovelly, silty
SAND.

15
S-4

ATD

S-5 _ GS

Bottom of Boring at 20.4 Feet,
CompJeteO5/30/00.

E
!259 _ 2 _ 10 20 50 _00

_- • Water Content in Percent

o _L

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

- onct symOols. _j_r_bo _Fj_
2. Sail ciescriDtions and stratum lines are inlerDretive

ona actual changes may De g,oouo J'497B'26 5100
_ _ 3. Ground wOter level, if inaicateO, is at lime of ar/lling

__ (ATD) or for aate s_ecifie_. Level may vary with time. Figure A-3
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Boring Log HCOO-B143
N 18759

E 10701 STANDARD PENETRATION LA_
RESISTANCE T:'STS

So;I Descriotions Oemh Somp,e
To'_ of co$ln(_ elevot;on in Feet: 242.27 ;n Feet • Brows P,e, Foot

Al_pf'ox. GrouncZSurf=ce Elevat;on;n Feet: 239 5 10 20 50 100-,-0

Ve_oe..._oist.g,°ywit,Dro.,_ I _
X

motti;n(j, gravelly, silty SAND. F X

I ""

5 :"

L ;-, "S-2 50/6

<:! 1

,'-- 0raaes to very silty. ' 'l

10 S-3 ,5015
L

Bottom Of Bor;n_ c: 10.9 ;eet. [

Comoletec 5/26/00. L
I
1

I

F
--!5

I fI i,' !illF
I "

F

• W0te- Content ;n _ercent

I'll
rTr

.; 1. Refer to F';gure A-1 for exotonot;on Of Oescriot;ons

ond symDoIs, _r_DO WSE_
_ 2. So;I OescriotiOnS on0 stratum fines are interpretive
o ¢n¢ ccLuot Cm0nges moy Oe gr0c_,ol. J-4978-28 5100

_ 3. GrounO water level, ;f ;nclicatec, is at time Of Orillingz

z _ (ATD) or fo r acre soecif;ea. Level "_oy vo,y *;t,_ time. Figure A-4
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Boring Log HCOO-B220
N 14264 STANDARD PENETRATION LAB
E 10953 Demt. RESISTANCE TESTS
Soil Descriptions in Feet Samite • Blows I_r Foot
Approx. Grouno Surface Elevation in Feet: 294 _ 2 5 10 zo 50 100-0

Very loose, moist, brownisl_ red. silty
SAND with high organic content.

S-1

-- Cuttings in0icote soncty SiLT with red 5
and brown mottling.

_- Pressuremeter test. 10 "5-2

Dense, wet, brown, silty, very sonOy,
GRAVEL.

15
S-3 S

-- Pressuremeter test.

Very aense, wet, liQnt gray, sliQntty 20 S-4
silty, sanay GRAVEL.

Very aense, wet, I;gnt gray, silty, fine to
mea;um SAND.

25
s-5

L Pressuremeter tes:.-
30 S-6

_35

5-7

L

Very aense, wet, groy SAND.
s-g

F

-1-5o
L S-tO
L

-_55 s-11 _
L ,
_6o _ .

1 2 5 10 20 100
• Water Content in Percent

a'm
FT

1. Refer to F;@ufe A-1 for explanation of Oescriptions

; _ and symbots. _rO_OJ_J_
_ 2. Soil aescript;ons and stratum lines are interaretive
. on0 actual changes may De gro0uol. J'4978"27 5100
_ ,.3. OrounO water revel, ;f inOicotea, is at time of Orilling

u__ (ATD) or for Date soec;fie=. Level may va,y with time. Figurl A-$ 112
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Boring Log HCOO-B220
STANDARD PENETRATION LAB
RESISTANCE TESTS

Depth 5Oml_e

Soil Descriptions in Feet Blows per Foot2 5 10 20 50 100

IlllllFI
Very dense, weL groy. very sandy
GRAVEL. 75 s-15 m ,_o/5

Very dense, wet, groy, very grove,y,
medium SAND. 80 S-16 _ ,50/3

Very dense, wet, groy, very silty, fine

I' '
90

S-18 _ tH t ! _,

J[95 s-_9 ,_ _lJ i m ,5o/6

, .50/5

I

Bottom of Boring at 100.9 Feet. 100 S-20 F
Completed 5/24/00.

10,5

110

/ i

±12o , 2 5 ,o 2o so ,oo Im

3 • Woter Content ;n Percent

rT
. 1. Refer to Figure A-1 for explonotion of OescriDt;OnS

' _ ond SymOo,s. HI_J _r_ _)0 _j_

_ _ 2. Soil descriptions ond strOtum lines ore ;nteroretive= on_octuol¢.ongesracy_e cjroauo,. J-4978-27 5100
_. _ 3. Ground woter level, if ;ndicoted, is o'. time of drilling

_u_ (ATD) or for dote specifiea. Level racyvo,y .it. ume Figure A-5 2/2
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Boring Log HCOO-B221
N 17715

STANDARD PENETRATION LAB
E 10953 Debt. RESISTANCE TESTS

Soil Descriptions ;. Feet SomD*e * Blows De" Foot

Aoproximote Groun0 Surface Elevation ;n Feet0256 1 2 5 10 20 50 100

I Loose, wet, gray anti brown mottle_,

silty, gravelly, fine tO mealum SAND. I
(WEATHERED)

S-1
5

_ressuremeter test.

Pressuremeter test.

l Very aense, wet., gray-brown, silty. 10 I

gravelly, fine to mea;um SAND. 5-2
i

Dr;llec_ through 8-1rich coOble. 15 "S-3 50/: i
Pressuremeter test. : __!J

==ressuremeter test. _.._- i I
Very stiff to norO, moist, gray, clayey _L20

SiLTand siltyCLAY. I_. S_.

F

_ S-5

!-- C_ressuremeter test. •_" i
-- P-essuremeter test. L '

i Fi s-6 k
i r 1 q •
, _- i !
L_ Becomes !cm;noteCon(:Ioyerec. L

435
_- S-? L
-- p

; ; ;
°ressuremete, test. W t i-4o

-- Sor"e si;cKens;aes. . _- S-8 [_

'-;.s i

........ _u50 _--I

_cro, moist,gray,sonOy S_LT t S-'O '_!
U

" i

TSS s-'__ 5o/sI

L- ]
w-

Very Sense. wet, gray,slightlysilty " _ 1 "SAND. --60 '
= 2 5 _0 20 50 100

I Water Conte_t ,n Percent5
J
T

1. Refe, to figure A-! for exDlanot;om o f Oescri3t;OnS

[ _ cn_symbols.
_ 2.so_,aescr_ot_ooson_stroto_,_oesore_ote_0re,_ve _WSER

R m one OCtuC,cmcnges may be gro0uoL
=_ _= ..3. Grouse water levet, if ;nOicatea, ;s at time of or;ll;ng J-4978-27 5100
__z_ (ATD) or for Oate soec;f;eC. Leve! may vary w;tn _,me. Figure A'e 1/2

AR 045843



Boring Log HCOO-B221
STANDARD PENETRATION LAB

So;? Descriptions Depth Sample RESISTANCE TESTSin Feet • Blows Der Foot
1 2 .5 10 20 50 100

-- 1-foot heave. -60 S-12 rI / 150/5

rVery dense, moist to wet. gray, silty,

gravelly SAND. 55 S-13 50/5

- i

70 S- 14 50/3

75 S- 15 50/4

Dense. wet, gray. sl;ghtly silty, gravelly
SAND. ;co
1-foot heave. _ s-16

f Very (:lense. moist, gray, slightly grovelly

to gravelly, silty, fine to meoium SAND. _5 5-17

i
2 feet of ,nave. F-

9o s-18_ i 5o/_

Eit

-;L 100 S-20 L _ , • I I '50/6
Bottom of Boring at 100.5 Feel i i i I
Como_eted 5/22/00. l- t .... '

_ _ !! :i!!!f J l!llllir; _ '_=,,_J., i l lltilli

_ r ! _lll_t!l _ t ll!!ltl

i irij!!j!!il(!![
--!20

5 10 20 50 100w

6 • Wote_" Content ;n Percent5

LTG•_ =. 1. Refer to Figure A-1 for exD_cmot;on of OescrFDt;ons
- _ on0 symbols.

_ 2. So;' 0escr;Dt;ons onO stratum lines are ;nl.e_bret;ve _l_J_
o ._ (:no octuc_ c_cnges may De groo_;OL
=_ _= 3. Ground water levei, if ;nOicoteC, ;sct time of or;ll;ng J-4978-27 5100
z _ (ATD) OF fo, clare s_ec;f;e¢. Leve -_oy_ary w;t_ t;-_e. Figure A-@ 212

AR 045844



Boring Log HCOO-B222
N 21920 STANDARD PENETRATION LA_

E 11205 O¢.pt_ RESISTANCE TESTS
Soil DesariDtior_s in Feet Somple • Blows per Foot

ADproximote Ground Surface Elevation in Feet.._0276 t 2 5 10 20 50 100

Loose to medium Oense, moist to wet. f_-

brown to gray, slightty silty to silty,
slightly gravelly to gravelly, fine to
medium SAND. S-1

5
t. S-2 _ P

JlO

f
- Pressurementer test. 4 1 5

S-d.

Very aense, wet. gray. silty, gravelly, 20
time to meCliurn SAND. $-5 Z_r

-- Pressuremeter test. F

Very aense, wet, gray, sligntly silly, !25 E'_

nOn-Silty to very sonOy GRAVEL. j..
S-6 fl

I.-

L
-_50 S-7 m= I5
r

r-- Pressuremeter test. "_35

r Very aense, wet, gray. silly, gravelly,
fine to me0ium SAND. -_-40

S-B

Very oense, wet. gray, gravelly SAND. 45 S-9 ,50/5

r
I

Very aense, wet. gray. Stigntly Silty
SAND. + 50 S- _0 , ,50/6

5 feet of heave.

L ,

"L60 , 2 5 _o 20 50 _oom

• Water Content p_ Percent

J _

1. Refer to Figure A-_ for exomnat_on of oescri_tions

_ 2 Soil Oescriptions anO stratum fines ore interpretive_ aoa actual changesmay oe gr<:aual. J-4978-27 5/00
_ 3. Ground water level, ;f indicated, is at time of Orilling
=

_ (ATD) or for Oote soecineo. Level mayvaryw;:h_+me Figure A-7 1/2

AR 045845



Boring Log HCOO-B222
STANDARD PENETRATION LAE_
RESISTANCE TESTS

Soil Descriptions I)¢mm Samplein Feet • Blow= I_r Foot
1 2 5 10 20 50 100

-60 s-12
Very Oense. wet. gray, gravelly SAND /
1-foot of heave.

Very 0ense, wet. gray SAND.

1 foot heave. 65 S-13

1 foot heave. 70 S-14

75 S- 15 ,50/3

1-foot of _eove @ BO'.

HARD, moist, brown, organic SILT 1-foot -80 5-16 ,50/3

Very 0ense, wet. gray, grovel)y SAND.

85 5-17 !I GraOe Lo non-gravelly SAND. -'9o s-_B
_._ 1 foot heave.

___ Very Dense onO nor_, moist, *;gnt gro f

silty SAND anO SILT. (ASH) YY f

Very aense, wet. gray, gravelly SAND. -*-_'95 S-19 I
i foot heave.

-- 100

Bottom of Boring at 100.2 ;eet.
Completetl 5/18/00.

105

E
--120

I 2 5 10 20 50 100
== • Woter Content ;n Percent

•:; 1. Refer to F'igure A-1 for exolanot;on of aescribtions

- _' one. symOois. _r_r_J_
_. _ 2. so;t aescdbtions ancl stratum fines are interpretive
. ; ¢nc_ actuat changes may be groOuaL J'4978"27 6100
_- " 3. Groun0 water level, ;f ;nOicoteC, ;s at time of clr;ll;ng

; (ATD)or to, aote soecifiea. Levelmay vary*;t_ time Figure A-7 212

AR 045846



Boring Log HCOO-B223
N 13986 STANDARDPENETRATION LAB
E 10985 o..,. RESISTANCE TESTS

;n Feet Som_0e • Blows per FootSo;( Descr;ptio_s
AoDrox;mote Ground Surface Elevat;on ;n Feet:0309 t 2 5 lo 20 50 lo0" i

Drill action ina;cotes cjrovet.
i-
i

5 "S-t i
I"

-__ Mecliurn {:lense, cjroy-Orown, wet, slicjrJtlygravelly, s{Ity SAND. 10
Pressufemeter test. 5-2 ;.

Dense, wet, Drown, Sl;cjl'_tly s;tty, cjravelly
SAND. 15 S-3

i

20 s-4 50/5
Very oense, moist, groy. gravelly, s;Ity

SAND. i

- Pressuremetertest.

25 S-S 50/2

Bottom of Boring _t 35.0 Feet. __
Cam Pletecl 5/24700. L-

40 i

y-

&50
I

L

L

._ -[-60 _ 2 5 10 20 50 100
=u • Water Content ;n Percent

m_
r ]Fj

1. Refer to Figure A-I for explanation of aescr_otions

-; _ an(: symaols. Hii_l_l_]r(E]l_ B

_, 2. SO;] oescr;at;ons On_ stratum I;nes are ;nte,orel[;veanti actuot changes may be cjraauol. J-4878-27 5100
, _'_ .3. Grouncl water level, ;f ;n0;cotecL ;s at t;rne of Or;ll;ng

E _ (ATD) or for Uate sDec;fiea. Leve* may vOry w;th t;me. F#gure A-8

AR 045847



Boring Log HCOO-B224
N 18193

STANDARD PENETRATION LA_
E 10985 Dept. RESISTANCE TESTS
Soil Descriptions ;n Feet Samite • Blows per Foot

Approximate Ground Surface Elevation in Feet-0240 1 2 5 10 20 50 100
Drill action indicotes grovel.

10
Very Oense, wet, gray, slightly silty, fine S-1
SAND.

15
5-2

20 S-3
Very Oense, wet, gray, silty, gravelly
SAND.

-- Pressuremeter test.

Very (:lense, moist, gray, gravelly, silty 25
SAND. S-4

30 s-s

-- Pressuremeter test.

35 s-e
Bottom of Boring at 35.3 Feet.
Comptetec_ 5/22/00.

-40

45

5O

55

6Om
1 2 5 10 20 50 100
• Water Content ,n Percent

I'll

1. Refer to Figure A-1 for explanation of 0escriptions
"; _ and symDols.

8 ,_ 2. Soil OescriPt;ons onO stratum ,;nes are interpret;re _J_O_
= and actual changes may be groOuol.
_ 3. Grounc_ water leveh ;f ;nOicatea, is at time of 0r;ll;ng J-4978-27 5100

u_ ;, (ATD) or for clare spec;fiecl. Leve_ may vary wit_ time. Figure A-9

AR 045848



Boring Log HCOO-B225
N 21916 STANDARD PENETRATION LAB
E 11459 _,=t. RESISTANCE TESTS

Soll Descriptions ;n Feet Sommie • Blows per Foot

ApDroximote Ground Surface Elevation in Feet!0283 _ 2 5 10 20 50 100I
very stiff, moist, light brown, siigPttly I
sanely, clayey SILT.

5 s-_

-- Pressuremeter test.

10 s-2

Hard, moist., gray, clayey, sanOy SILT.

Pressuremeter test.
15 S-3

' Hora, moist, gray, gravelly, very sanay

-__ SILT. S-a _ 50/6
_ressuremeter test...._ 20
Very aense, moist, gray, silty, grovelly
SAND,

Pressuremeter test. S-5 5z'

f25
r

m Gravelly cirill action. I

s-6 X,-t- 30

-- Pressuremeter test. _'_ S-7 L
Bottom of Boring at 34.5 Feet. 7,.,35 I

ComD,etea5/1B/00. [ !
i

--40

r

L
L

L
I

,_ss
L
I

--60=, _ 2 5 10 20 50 1O0
'--" • Water Content in Percent

r •
; I. Refer to Figure A-I for explanation of aescriptions

onc_ symbols. _lr_o I_V_J_2. Soi_ aescriDtions anal stratum lines ore Enterpret;ve
_ OnQ actual changes may be groauaL
_ 3. Groun0 water level, ;f inclicotea, is o: time of Or;tling J-41)78-27 5/00
_ (ATD) or for OGre sDecifieci. Leve, _',oy vary w;tn time. Figure A-IO

AR 045849



.; 1. Refe- to Figure A-1 for exotanatian Of oescriDt,;ons

2. Sob aescrip'_ioms anc stratum ;Fries are interpret.ire
. a.¢ a¢:_c,c.a.ges may De g,ao=,_,. J'4978"26 5100

"_ _ .3.GrounC water *eve!, if ;n(:l;cotea, ;s at time of Cr;!t;m_

z _= (ATD) Or for aate s=ec;f;eC. Level may vary w;t_ ',i,_e Figure A-11

AR 045850



Monitoring Well Log HCOO-B302
N 20429

E 10825 STANDARD PENETRATION LAB
Soil Descnpl_'_ D_ RESISTANCE TESTS

Ground Sudace Bevabon in Feet: 290 ie r_e_ ,Sam_ • Bo,,m_ Foot
TOp of Casing Elevation in Feet: 292.91 1 2 5 lo 2o so loo

Trace of gravel.

brownmoffied,san0y CLAY.

AL

slightlygravellyto gravelly,very silty
SAND.

Bottom of Bonng at 18.9 Feet.
Completed 08/09/00. 20

'J(J//]J_ 30

I/I/l//< 35

" ' 'l]]l
2 5 10 20 50 100

Water Content in Percent

HART(_OW$-F.R
1. Referto FigureA-1forexplanal_nofde-_nplJonsanOsymbols
2. Soildescnpt_nsandstratum_nesare mterpmbvean0actualchanges 4978-31 08/00may begradual.

3. Groun0waterlevel,if indicate¢l,is at l_meof drilling(ATD)or fordate Figure A-13specified.Levelmayvaryw_ hme.

AR 045851



Monitoring Well Log HCOO-B303
N 20224

E 10971 STANDARD PENETRATION LAB
Soil De_'ipeons _ RESISTANCE TESTS

inF_ Samm • Blmwm" F._
Ground Surface Elevation in Feet: 304 1 2 5 10 20 50 100

brown,silty, fineto medium SAND. G-1 _. i

S-2 -GS

5

mottling,slightlysandy to sandy CLAY. S_

10

Medium (:lenseto very aense, moist, 15

SAND.
I,

S-8

2O

oooonn IllCompleted08/10/00. 25

30

u

3s

i,
J

4O
2 5 10 20 50 100

Water Content in Percent

E--

_WSER
1. Referto FigureA-1forexplanationof descnl_ns andsymbols.
2. So_ldascnpbonsand stratumItnesam interprUveand actualchanges 4978-31 08/00maybegradual.

3. Groundwaterlevel,if indicated,is attheeofdrilling(ATD)or fordate Figure A-14SlOedfm:l.Levelmayvary_ bme.

AR 045852



Boring Log HCOO-B304
N20009

E 10758 STANDARD PENETRATION LAB
Soil DescnolX_s D=_ RESISTANCE TESTS

ieF_¢ Sam_ • BIo_ imrFeel
;roundSuda¢_ Elevationin Feet: 286 1 2 S lo 2o 50 loo

-0
Very _ m (medium dense), damp m G-I
moisLbrow.andgray.=Jig_aygrave,y,
_lty SAND with organicmaterial.

5-2

Very stiff to ham. moist, g_ayand orange 5
molIlecl,sandy CLAY. 5-3 _'_ •

Laminated layersarKIorganicmaterial i
noted. S-4

\

lO \ \

Very Oense,mot,st,gray, siigntlygravelly, _7
silty SAND. 15 A';'D

5-6

Bottomof Bonngat 16.5 Feel
Completed08/09/00.

2O

25

_= 30
i

40
2 5 10 20 50 100

• WaterContentin I:_mDent

_J

2. Soilclescnpt_nsanclslratumlinesareinterpretiveantiactualchanges 4978-31 08/00may begraclual.

3. Grounclwaterlevel,if indicated,isat _ of drilling(ATD)of fordate Figure A.15
specif'm¢l.Levelmayvarywittttime.

AR 045853



Monitoring Well Log HCOO-B305
N 19808

E 10806 ST_R)ARD PENETRATION LAB
S_I Descn_ons DI_ RESISTANCE TESTS

_ Sudace Ekwabon in Feet: 284 ieF_ Samm * Bo_ p_ r-(xl
Top of Casing Elevation in Feet: 286.89 1 2 s lo 2o so loo

M_um Oensato aensa, oamp to most, .0
sl_uy slny. very grave,y SAND. G-+

S-2 -GS

5
S-3

moisLbrownsh-gray arm

orange moffied,sandyCLAY. S..4 .AL GS

-10
S-,5

S-6

Sand and gravel notedat bottom 2" of
15

Very(:lense.most to wet, gray and brown.
slightlygravelly, siltySAND.

S-7ATD
Bottomof Bonngat 18.5 Feel
Completed08/10/0(9.

20

25

3O

35

40
2 5 10 2o 50 100

• WalerContentinI=efc:lmt

1. RefertoFigureA-1forex01anlllJonof¢lesc:lipbonsandsymbols. _OW_ER
2. Soil0escripbonsandstratumlinesam mmrprebveandactual ctmnges 4978-31 08/00may begradual

3. Ground_ter level,if indicated,is atbmeor (trifling(ATD) or fordate Figure A- 16specifmd.Levelmayvaryw_ brne.

AR 045854



Monitoring Well Log HCOO-B306
N 19434
E 10866 STANDARD PEN_'_ k_ATION LAB
Soil Descrtm_ De_ RESISTANCE TESTS
Grouml _=unaceEJevationin Feet: 277 mr-e= Samm A illo==i=_ r-_

Too of Casing Elevation inFeet: 278.65 I 1 2 5 lO 20 so 100

,oai_._. _t c,_,_ _. -5 :ii I.
motUe¢l,sanOy,very silty CLAY. .-I

Loose to medium 0enN, moistto wet, gray t

_th orange motmng,siJgh_ grave,y, vary ATD ii S-4 ), -GS
silty,fine to medium SAND. , /

. ,_ -_
•t _

-- -- V-ery0ense, clampto moisLbrownish-g_y, : I _ _,
siigtlUygravelly,siltySAND. S-6 •

• j:
Bottomof Bonngat 18.3 Feel
Completed08/10/00.

2O

25

m

!:

_0
I 2 5 10 20 50 100

• WaterCcitt inPercent

u

1. RefertoFigureA-1forexo_anationof_ and symbols.
2. Soil_cnp_ns and sua_,munesare _ andac_t c_an_s 4978-3? 08/00

maybegradual.
3. Groundwaterlevel,if indicated,is at_ of drilling(ATD)of for date Figure A-17

spedfied. Levelmayvarywittttime.

AR 045855



Boring Log HCOO-B307
N 19082

E 10783 STANDARD PENETRATION LAB
Soil Descriotions _ RESISTANCE TESTS

Ground Surface _tion in Feet: 267 1 2 s 10 2o 50 _oo

i

,5 i

Noted gravels inrun. "S.4

10

gray, sligl_tJygraveJiy,sligtl,y silty to silty
SAND. S-6 •

15

Comp*etec108/09/00. ZO

III//I
1 2 5 10 20 50 100
• Wlt_" Content m Peccent

Wlg

I. Referto FigureA-1 forexplanal/_nof_ and symbols. _-_OWSF._
2. S_* d--=_:npl_sam stratum_ am mmlxwJvearia acwI manges 4978-31 08/00maybegradual.

3. Groundwaterlevel,if indicate, isat lime of drilling(ATD)or fordale Figuro A-18spec_f'md.Levelmayvaryw_ time.

AR 045856



Hand-Auger Log HCOO-A300 N lOeSSE 10762
So1"np_e Wate, _Oth SOIL DESCRIPTIONS

Content ;n Feet GrounC Surface Elevation im Fee',: 228

S-1 _ 33 0 7 (Loose to meal]urn oense), weL cork Crown. $;tty SAND w_t_

S-2 _ 27 (_ 1 _ organ;c material. I
2 (Meo_um Cerise), wet. gray, s;ity SAND w;tm trooe orgon=c

3 _ material. .,
(Meoium st;ff to '=t;ff). wet. groy, clayey, sanely SiLT wit_

5-3 _ 33 = trace organic material.
5

6 Bottom of I-_on0-Auger at 4.0 Feet

7 Completecl 5/12/00.

g Seepage noteci @ 1.0'

_oH

12

_3H

_6j
_7-_

_8-]
_9-J
20 J

Hand-Auger Log HCOO-A301 N 18727
S_o,e wo,e. Deot, SO,LDESCR,:'_,ONS E 10798

Content ;m Fee: Orounc Su,fcce E!evotion in Feet: 229

S-I _;_ 47 0 _ (Loose :.o mea;u_ oe_'se), too=st to wet. clark crown, very

S-2 _;_ 2" I -_ _ gravelly, silty SAN0 w;tm ¢oumaant organic "_oter,o_.

I I 2i (_oose'_o_eci;=_cieose)..et,oro*o:o_.oy._;,,ySA_:,,,,_i .3-J irc_e orgonlc mO_.eriot.
;

S-3 _ 19 4.S-4 28 -_ (Meciiu,_ Si;ff to stiff), we:, grcy, s=igntly Ctoyey, sanay SLT wire

S-_ _ 28 ._-to ! '.rcice orgomic motericil

6 i _ottor'- o_ _anci-Auge- o', 5.5 Fee:

? _ Cor_oteteci 5/12/00.

8_
4

9-1

I0_ Seepage noteci @ 1.5'

_6_

_9-i

2°-_
Jl •

Ill
_- i. Refer to r;gure A-! for ex_)_Onotion of clescria:;ons 1141_lll_lTi, i

OmO sy_nOolS.
8 _= 2. So;l cescr;pt;ons onc strcitum I;mes ore inte-oret_ve
° _= o_ _o',_o, c.o_cjes _oy oe groOoc,, a-4978-26 5100

_ 3. Groumowater conciit;o,_s. ;f ;nO_coteci. ci,'ec: :me t,me
, " Figure A-lg_ Of excovOt;On. Com=;t*oms _oy vary w;!m lime.

AR 045857



Test Pit Log HCOO-TP220 N 14690E 112e5
Senate Water Death SO|L DESCR_FIO NS

Content ir feet Approximate GrounO Surface Elevation in Feet: 346
O-

(LOOSe to medium aense), moist to wet. Orown, s_ignuy grovehy.

S-1 _ 2"_ 1- si*ty SAND.

-- 2- ? (Very aense), moist, gray. silty, gravelly, fine to meOium SAND.

S-2 _ 8 4-_

6-
7z

S-
9-

Bottom of Test Pit at g.o Feet.

10-" ComDletecl 3/16/00.

12-

16:
17"

18:
i

19-4

2o-1 i

Test Pit Log HCOO-TP221 N 14801E 11287
Sombre Water Lob Death SOIL DESCRIPTIONS

Content Tests ;n feet Approximate Ground Surface E_evat;on in Peel 344

0-_ (Mac;urn {::lense to aense), moist. Drown. silty, grove!ly SAND w;t_
1_ CaDDies. On(: organic material ono rOOtS. (FILL)

S -_, 16 2_

3q
S-2 22 GS 4-4 (Mec,ur-_ aense), mats:. DrOWn. gravelly, very silty SAND witn

5 "_ organlc material,

Roots grades out.

7 (Very cerise), moist, gray. silty, gravelly SAND.S-3 8
8-

g-

10-
Botto,"" o_ Test _;: at 10.0 Feet.

1- Com_eteO 3/16/00.

13Z

14-

15-

16-_

17-

t8-

_9-

_" 202

_L J

1. Refer to Figure A-1 for explanation of clescr;ot;ons Jl.B4lll,_a_m,Lm_mUa_a,_
OnO symOol$. riKln Et,,/R_ im':l_rl[

2. So;I ctescr]ptions an0 strot_JPn fines ore ;nterDret;ve
anO actualchanges may oe graauo,. J-4978-23 3100

3. Crounawoter conc:l;t;OnS. ;f in(:;cotec, ere at t_e time --,lll_'i'uril A-20
of excavation. Concl;tions may vary w;tn lime.

AR 045858



Test Pit Log HCOO-TP222 N 14e7"9E 11s81
Scmole Wore- Deoth SOIL DESCRIPTIONS

Content ;n feet Approximate OrounC Surfoce Eievat;on ;n l:ee',: 357

10_ 6 ;nones of ToDso;I (meO;um dense), wet. 0town. silty.
over

grovelly SAND w;th roots.

3 (Medium dense to aense), wet. groy. slightly Silty. very 9roveltys-2 is ? _ SAND.
S-3 1 I (Dense to very dense), moist, groy. silty, groveily, fine to

medium SAND.

,!111

12-

132
Bottom of Test P;t at 1,3.0 Feet.

14- Comoleteo 3/16/00.

15-
16-

17L
18-

i 2oJ

Test Pit Log HCOO-TP223 N 14S25E 11481
Somole Wcter Deotn SOIL 0ESCRIPTIONS

Content in feet AoDrox;mote Groun_ Surfoce Eievot;on ;n Feet: ,365

' i o-_; , (MeO;um Oense). wet. Drown to aorw Drown. sfigr_tly QroveHy.

S-_ 2'

S-2 _E 2z-
1

4_

(Loose). we:. Drown. s;_ty, grovel=y SAND.?
(Dense to very (:lense_. moist, groy. s;Ity, grove;_y SAND.

s-.__ _ 7-_

99

4

14_ : BotIor,', of Test P;t Ot 13.0 Feet.
Comoleteo 3/16/00.

1a-I
8 19" !

2o:

I'il
r i-ao

1. Refer to F;gure A-1 for eXDIOnotion of {3escriDtlons
=u onr! symoo,s H_u_r_t_ _bJ_J_ I)

2. So;* oescr;otions onCt stratum lines ore ;ntero,et;ve
onao:t_o,c_ongesracyDegroom:, J'4978-23 3100

3. Grouncwcter COnO;tions. ;f ;noicotec, ere ct the t;me Figure A-21Of exc"vction. Conc;tlons racy vOry w;tn time.

AR 045859



Test Pit Log HCOO-TP224 N 15s32E 12085
Sample Ware, Lob Death SOIL DESP.RIPTIONS

Content Tests in feet ADDrOXimote Ground Surface Elevation i_ Fee',: 363
O-

1- (MeOium dense), moist, groy, fine to meoium SAND

S-I X 9 GS 3-
w

4- GroOes to dense,

7 ?
9-

;0-
;I-Z

S-2 _ 11 12- ? (Dense). wet. gray. sandy GRAVEL.

S-3 _ 10 13-" (Very dense), moist, gray. silty, gravelly, fine to mec.u_" SA_14-

tS-
Bottom of Test _;t at 15.0 Feet.

16- Coml:>lete0 5/16/00.
17-

18-
I

I :03

Test Pit Log HCOO-TP226 N 15042
E 11269

Sample Water Deot_ SOIL DESCRIPTIONS
Content in feet ADOrOx;mote Ground Surface Elevation in Feet: 358

0-_

I I !-] 6 ;nc'hes of Toloso;t over (meciium aense), mo,s'. Orowr,.

S-I [_ 19 24- sligr_tly gravelly, silty SAND with organic _ateric.

S-2 _ 2' '_ (Meo;u_ oense), wet. gray aria orcnge :"nott,ec.s,igrl::y c-cve ,y.
..,--] silty SAND.

S-3 10 , (Dense to very dense), moist, gray. silty, gravelly, f;_e tc
mectium SAND.

6-J

Bottom of Test Pit at 9.0 Feet.
10 Cor_DleteC 3/I 6/00.

_24
132
14-

_52
t6-'
17-

_B-

_ 19-

-_ 20 J

m.mFT

u 1. Refer to Figure A-t for exDIonotion of OescriDtior_s _I_IlJmlI_'_IMIII_I_IDon0 symbols.
2. Soil oescriotions and stratum lines ore interpretive

on0 oct,,o_ changes _oy De groauo, J'4978-23 3100

.3. GrounOwoter conoitlons. ;f ;nciicate¢, ore at the time Figure A-22of excavation. Con(:litions may vary wit_ ti_,'_e.
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Test Pit Log HCOO-TP300 N 20404
E 10845

Scmole Water Death SOIL OESCRtDTIONS
Content. ;n Feet Grounc Surface Elevation in Feet: 299

O- (Medium oense), moist, Oork Drown, stigt_tly silty SAND w;tr_

S-1 _ 14 1 or_lonic moteriol. (TOPSOIL)

2 (Mecllum (::lense), moist, Drown, slightly silty, fine SAND wltn trcce_

S-2 _ 10 3 organic moteriol.

4

S-3 20 5 (Stiff), moist, orange to gray, very sonay, very c=oyey SILT.
6

7 (St;if), moist, gray to orange, slig_t=y gravelly, sona) SILT.

(Weatnerea)
S-'¢ ,_ 20 8

H 9 (St-_')_o£st, gray, sonny SILT.10

S-5 18 _1-"

12-"

13-

14

157 / eotto_,o' Test =it at ',s Feet.

16_ I Comole=ea 5/2/00.

17 ._

18-_ No grounawate r seeooge oDserve_.
4

19 _

2oJ I

Test Pit Log HCOO-TP301 N 20247
E 10838

E" pt I_T 'PI ISomole Water Death SOIL D.S_R ,_,NS
Content ;_ Feet Grour'O Surface Elevatio_ ;r_ Feet: 295

i_ U-_ (Mea_u,'m aense), moist, arown, silty SAND withs- : 2.3 _ _ (TOoSO_L)
organic P_(_t erlOl.

2 _ (Meaiu"" aense), moist, orowr SAND with trace roots.4S-2 20 3 -{
i i

S-3 _ 22 AL " _ (Stiff_. mo.s'., gray one orange CLAY

s4
6 _ (S_iff). moist, groy onc orcnge, shgntly gravelly, sonoy SIL T.

l 4 (Weomered)7-
S-4 _ 21

i _0--

i _2-
- OI

I 137 t (Very aense), moist, groy, gravelly, silty SAND,

5-5 :_ 9

16- _.., Bottom of Test Pi t Ot 15 Feet.
, Com_tetec 5/2/00.

18- Grounowoter seeoage ooserveo at c oent_ of 12_ feet.

=_ 19j2o-

- 1. Refer to Figure A--1 for exDIOnOtiOn of oescriotions

aria Symbols. Bll_lr_ i_l_Fl_
"" 2. Soil 0escriotions anti stratum lines are interaretiveo

_ ooaoct=olChangesmayoegroo=c_ J'4978"28 5100
z y, _3. Crounowoter concitions, if imaicotec, cre at me time Figure A-23¢= - of excovcbon. Conaitions may vary with time.
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Test Pit Log HCOO-TP302 N 20083
E 10880

Sample Water Depth SOIL DESCRIPTIONS
Content in Feet GrounO Surface Eievotion in Feet: 295

0-

(MeDium dense), moist. Dark brown, sllg_tcy Silty SAND w;','_
S- 1 /x 7 1 organic moterloL

2
(Medium dense), moist to wet. brown SAND witn silt on(: grove

S-2 /X 13 3 lenses.

, ?
S-3 _ 23 5 (Stiff to hard), moist, gray and oronge. S_ig_tly gravelly. "sanDy

6 SILT. (Weathered)

7

8

9

10

11

12 (Very stiff), moist, gray, Sligntly sandy to ScnOy S'L"S-4 _ 2=

1,4.

154 _ Bottom of Test P_t at 15 Feet.

16-_ CompteteO S/2/00,

187 GrounDwater seeocge observed O: c OeDt" O' e. fee,

Test Pit Log HCOO-TP303 N 19940
E 10887

S_mole Wcter Deotr SO;L DESCRI_TIONS
Content ;r, Feet Groun0 Surface ElevotEon in Feet: 297

0-1 (Me0;um Dense). moist. Drown. gravelly, silty SAND wit, roots

,4
S-_ 16 2J

3 j (Stiff). reals:., orange, gray ono tot. senoy S;L- wit_ trace rOC:S
S-2 [/% 18 ,¢-_ j in taD.

5;

J (PfOrO), moist, DrOwnist_ grOy, slign::ygrove_ry, sonoy S;L°.6_
S-3 _ !9 7._

9_

:i
12-4 __ Increosi_c_ Density wit_ OeDtn

1.-j

Flottom of Test Pt at 15 Fee:.

16 Complete0 5/2/00.
17

No grounowate- seepage oOserveC

=: 19_
-_ 20_
o

J

[Tj
1. Refer to Figure A-1 for explonotion of Ctescriptions

on(_ symoo,s. _rO_ jj_jlS_l_
2. Soi_ oescriDtions one strctum lines ore interpretiveo,,

=__ andoctuolcno_gesmay0e gr_C=O_ J-4978-28 5100
z _ 3. GrounDwater con0;t;ons. ;f ;nOicoteC, ore at the time

Of excavatior,. Conc!itions racy vary witn time. Figure A-24
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Test Pit Log HC00-TP304 N 198'35
E 10748

Somme Woter Deoth SOIL DESCRIPTIONS
Content in Feet Grounc Surfoce Elevotion in l:'eet: 284

0- (Meclium 0ense), moist. Drown. slightly grovelly SAN{) w,t'_ roots
1

S-1 10 2

3

5-2 17 4 (Stiff to nord), moist, groy. ton. ono oronge, slightly grovel_y,
5 son0y SILT.

6

7 -j m Increasing sonO OnO oecreosing silt, grove: sizes uo to 6 inches.
8 -4

1191

10 Wet. groy, stighlUy silty, grovelly SAND.

S-3 13

? (Very Oense), moist, groy. sl;glntly grovelly, silty SAND.12

S-4 13 1..3_

f

! 176_ Cor_oletee 5/2/00.1

18 "l Grounowote- seeooge observecl ot o Oeot_ o _ !0_ fee;.

20 J

Test Pit Log HC00-TP305 N 19427
E 10922

Somc)le Woter Depth SOIL DESCRIPTIONS
Content in Feet Grounct Su-fcce E_evotion ,,n Feet: 279

S -_ 7 11 i 3 inches of roots Over Cr"leCium Dense). moist, brow _, f:'_e :O

S-2 !..3 2-.' (Dense), mo_s:, grcy o_c Dredge. grcvelly, s;:_ySAND

H

5 _. I Grooing to very Oense, gray-brown.

7-4

:!-]
'12 " Bot:o_ of Test =:t o: _" feet.

Co_D_etec 5/2/0G.
_3J

t Refuso_ ct 11 feet.14 NO grour'owcte, see'_oge o3serve0

:2i ,
=_ _9-J

2oJ
I1'11
[ i]

1. Refer to FFgure A-1 for explonotion of Oescriptions

O"_C syr_bots. _r_l_o m_j_
_,_ 2. Soil oescriDtiOnS OnO strotur_ lines ore ;,_terpret;ve
=__ o_a oct=c, c_onges _oy De gro0=o_ J'4978"20 5/00
z _ J GrOunOwoter conditions, ;f ;nOicotec. ore Ot the time

o' exCovObon Con0itions may vOry witn time. F#gure .4-25
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Test Pit Log HCOO-TP306 N 18881
E 10498

So_'nDte Water Deatm SOtL DESCRIPTIONS
Content in Feet ;rounc Surface Elevation in Feet: 236

O- (Stiff), moist, brown, gravelly, very sandy SILT witr, large osonalt

S- 1 27 1 aebris. (FILL)

2 (Dense), moist, gray. sandy GRAVEL.
S-2 ,_ 10 3

4

5

6 ? (Medium (:lense). moist, gray SAND witm organic materiaa.
S-3 20 7

8 ?
' 9 (St;if), moist, gray, sl_gPttly sonOy SILT.

S-4 _ 25 ]

10

11- (Very s-'_fi, moist, gray, sonOy, clayey SILT with trace coDDles.

S-5 22 12-

13-

S-6 2_ 14-

15-

Bottom of Test Pit at 15 Feet.

16- CompleteC 5/3/00.
17-`

t 18-' GrounOwoter seeoage observeC at 0e_t_ of 5_ one 8 feet.

I i 19-J

I 2oJ

Test Pit Log HCOO-TP307 N 18771
E 10524

_: Scmote Water LaD De_tn SOIL DESCRIPTIONS
Content Test in Fee: Groun_ Surface ElevCtion in Feet: 235

4 0-_

'r_ , ") (Meaium oense to Dense), moist, brown, slightly silty, very _tcvelly,
S-_ _ 20 ''_ SAND w;t_ torge asphalt Debris. (;'ILL)r 2-1

S-2 _ 15 3 _ (Meaium aense to {:lense). moist, gray. sligPIUy clayey, sligntby s;;:.y
SAND w;tn thin cloy lenses.

S-3 41 4

5-_ (Soft). moist, aorw Drown-blaCK, sandy PEAT

7__- ? (Medium Oense), moist, gray, very silty SAND wit_ Organic
S-4 r'=J:E; ..30 GS B 7 material.L !

10._ (Meoiur_ stiff to stiff), moisL gray. sanay, c;oyey SILT.S-5 29

! i "_' ' (Stiff). mOiS;, gray. SlignUy SCnC_y SILT12_

S-6
29 AL 13_ (Stiff), moist., gray SILT.

-f

S-7 _ 23 I_-_

15-_ Botto_ o_ Test Pit at IS Feel

16-{ ComDletec 5/3/00.
t7-]
18_ Groundwater seepage ObServeC at o Oeatr, of 7 feet.

4
® 19_

2o_'
o I'll

Ill
- 1. Refer tO Figure A-1 for exalanotion of OesCr;atiOn5 U_lBaBw#=IZidlm_llllBEllm_

OnCJ symooIs. riA_E41 41141JIBFm_rJ_

2. Soil oescrlDtions anal Stratum lines are ;mter_retlve= J-4978-28 5100and acLuo_ changes may be gro_uc,.

z _ 3. Grounowcter concl;tiOnS. ;f ;nciiccteO. ore at the time Figure A-28
© - Or excovct;o_. Conclitions may vary witm tir,',e.
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Test Pit Log HCOO-TP308 N 18537
E 10671

SOmbre Wore, Death SOIL DESCRIPTIONS
Content in Feet CrounCi Surface Elevation in Feet: 240

0-

(MeOium dense), moist, brown SAND with scotterea grove:, silt

1 pockets, onc roots ;n tad 6 inches. (FILL)
S-1 8 2

4

S-2 _ 18 S (Stiff), moist, gray to orange, very sanely SILT.

r
6

7 (Dense), moist, gray, gravelly SAND.

8

S-3 i1_ 15 9

U 10 _ t

11-" (Very (:lense), moist, Drown--gray. slightly gravelly, very Silty i

S-4 ' 14 12 - SAND. (Weotnere,'_)

1,.3-" Cra0es to gray.

15._

t Bottom of Test Pit at 15 Feet.16 Como=ete_ 5/3/00.

171- Sligmt grOunOwOter seeaoge oDserve0 at o aeDtP of g.'_ fee'.
18-_ Sligmt oetroleum-I;ke ooor Coming from excavation.

r 19.-_
20J

Test Pit Log HCOO-TP309 N 18468
E 10704

Samo,e Wate- Dear r_ SOIL DESCRIp'r:ONS

Content ;r Feet Croun0 Surfcce Devctio,_ in Fee:: 2_0

1

i , (MeO;um oense), moist, Drown, slightly silty, fine to meo,um
2' SAND with orgomc moter;o_ onO roots to 3 ._fee:. (F!LL)S-"

3;

S-2 _ 14 _" "_
5 _ (Dense), moist, orange aria gray. very silty SANDI I

71

9

1O "t ?i /Very aense), moist, arownisn gray, gravelly, silty SAND.-- (Wectneree_

s-3 12 ;
12-. i

13-_ _.- Craaes to gray.
J1_.
4

15_ I Bottom of Test Pit at _5 Feet.

16+ l Concreted 5/.3/00.CrounOwote, seeooge ooservea at a aeot.h of g_ feet.18-.

= 19 I
= i

20-

r I_T
1. Refer to Figure A-1 for explanation of OeSCr;Otions

On_ symbois. H_r_ m_l_j_
_,,, 2. So;! aescriot;ons on¢3 stratum lines ore ;nteroretive
=_ 7- cr_C cctuot changes may be graCiua,. J-4878-28 5100
_z w 3. Crounowoter conclitions, if inct/catea, ore at t'_e time Figure A-27o - of excovot;on. Cona;tions may vary w;tn time.
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Test Pit Log HCOO-TP310 N 17575
E 10809

SomDfe Water Deotl_ SOIL DESCRIPTIONS
Content in Feet Croun,_ Surface Elevot;on ;n Feet: 263

O- (MeOium Oense), moist, brown, slightly silty SAND w;t_ roots

1

S-1 15 2

3

S-2 16 4 (Me0ium (:lense). moist, brown, grovelly SAND.

5 (Dense). moist. {}roy. grovelly, silty SAND.
S-3 19 6

7 Grooes to (very (:lense).
8

9

10

11: ?

S-4 _ 23 12- (Hord), moist, groy SILT.
13-
14-

Bottom of Test P_t ot 14 Fee:.115
"_ ComDletecl 5//3//00.

1G_" Orounowoter seeDoge oOserveC at o oeotn of 9_f feet.17

J18

lg ,

2oJ

Test Pit Log HCOO-TP311 N 18634
E 10938

Somo_e Woter LOb Deotn SOIL DESCRIPTIONS
Content Test ;n Feet Ground Surfoce Etevot;on ;n Feet: 354

{ j 07 (MertJur_ Dense), mois'. DrOwn, Sligrttly Silty SAND w;tr_ _orge

_j 1 _ debris. (FILL)
S-! 128 2 _ (MeDium stiff), moist, oork Drown SILT with orgon,c moter,oL

, , 3_
(Meeium oense), moist to wet, groy, Shgnt_y SA_._S-2 22 GS ,4. J with 3--fOOt boulOer.

g,ovei,y, silty

] " (Very Dense). moist, Drown to groy, sJignUy grovelly silly SAN_..

o6 /

7-_
8 1

1 ! '
S-3 g 9 i

10

11Jj Bottom of Tesl P;t ot 1! Feet.
12"_ Comotetec! :5/4/00.

4 Refusolot _' feet.14.J

Moaerote to strong groundwater seeDoge

1:5 oOservec ot o ceDtn of 5 feet.
16

17

18-]
_gJ

J
2oJ

O

E_
1. Refer to Figure A-1 for exolonotion of Oescr;;:t;ons

onO symbols. _1_0 J_l_J_
R_ _ 2. So;! Oescriot;ons onO strotum lines ore interDretlv e
=__. one oct=o*changesrubybe groa=o,. J'4978"2e 5/00
z ,,, 3. OrounOwcter conO;t;ons, ;f ;nc_icoter!, ore at t_e time
--" -" Of eXcovotion. Con0itions moy vcry w;tn time. Figure A-28
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Test Pit Log HCOO-TP312 N 16490
E 11153

S_mole LOb Deot_ SOIL DESCRIPTIONS
Tests in Feet OrounC Surfoce E_evot;on ;n Feet: 363

0-
15 ;homes of roots over (me(:i;um dense to dense), rod,S:, brow",

1 slightly silty, gravelly SAND.
S-1 11 2

3

_:_ 4 (Very oense), moist, groy, stig_tly grovelly, silty SAN_.

S-2 12 5

6

7

8

9 Bottom of Test Pit at 9 Feet.
I0 Completed 5/4/00.
11-"

Refuso_ ot 9 feet.
12 Z No grounOwoter seepage observed.
13-

14-

15-'

17-'

19-

' 20 J

Test Pit Log HCOO-TP313 N 16339
E 10993

Somo,e Wo'.e, Deot_ SO:L DESCRIPTIONS
Comtent _m Fee.` Groumd Surface EievcUor in Fee'.:36:

, r O-_ (Mec;um dense), toO,S;,prowm, grcve!,y.Slignt.ySiltySAND w,t"

S-_ i._ 14 i i rooI.s. (_"LL)
2 j

t

I I 3 _ (Dense ',o very menseS, moisL groy. sr:gf_tly s;I;.y SA_,,D.

S-2 Z :0
57

7_

9
Bottom of Test Pit ot 9 Feet.

10 Completed 5/4/00.

-i NO CJrour_owcte _ seePoge observec, 12-_

4
17q

.I

=C 20-'

[Ii

; 1. Refer to FigureA-1 for exolonpIJon of descriDtlons _rlE_l_j_om_ symoo_5.
2. SOlJ oescrlpt;ons onO strctum _ines ore in_.erpret;veo =_ J-4978-20 5/00

E Ond OCtuClcncnges moy be groauO!.
z _ 3. Grounpwcter comO;tlons, if ;nOicol.ec, ore ot toe t;me Figure A-2g-= Of exccvc:iom. Cona;tions racy vO,y witr, time.
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Test Pit Log HCOO-TP314 N 16203
E 11060

Semele Water De¢)tl_ SOIL DESCRIPTIONS
Comtent in Feet Graun(: Surface Etevat;on ;,_ Feet: 366

0- (Me0ium 0ense to (:lense). moist, Drown. gravelly, silty SAN_ w:"
1 roots.

S-1 lg
2

3
(Dense to very oense), moist, gray on(: orange, sdg_uy greve:,y,

S- 2 14 4 silty _a.NO.
5

S-3 9 6 - Gracles to s|igntly silty SAND.

7

B

9
Bert.am of Test Pit at 9 Feet.

10 Completed 5/4/00.
11

Refusal at 9 feet.
_2-" No grounOwoter seepage absence.

14

I 2oJ

Test Pit Log HCOO-TP315 N 16114
E 11017

Somoie Water Denth SOIL DESCRImTIONS
Content in Fee: Grouno Surface Elevation;n Feet: 363

O-] (Meo/ur_ aense), moist. Orown. grove,_y, sdgnt_y s.,ty $AN_) wi:-
1 _ 25 : -' root.s. (F_L_.)S-

22

(Me0ium oense), moist, gray.s_ignt_ygravelly, s_ItySAND *,"S-2 17 3 _ s;_t__._on..._csane tenses.
_ (Dense to very oense_, rnais:, orow,_ to gray. s,qn'.,y _rcve.y.

: 5 _ silty SANE).

s-3 i:_ 9

8"
J

9_

10_ Bottom o¢ Test Pit at 10 Feet.
I1-_ Connn,e,ec5/4/00.
:2--;

NO CSounowate' seepage oose,vec.',3-

T7-

_B-"

20
m

;--" =1,
"; 1. Refer to Figure A-t for exDIonot;O_ af oescr;D(ians Jl.Jl_l),,jl,t_"jDa_h_E _

On(: symbols. I]W.IB_ l _.,InLI,/INh,IIGI1L

_ 2. So;_ cescript;ons an0 strotu"n _;nes are ;nter::_re_;ve J-4978-26 5/00
_ omC actuc! changes may De gradual

_ 3. Crounowoter conO;tlons, ;f ;naicotec. o,e ct the time Figure A-30of excavation. Con(:itions may _=ry witn time.
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Test Pit Log HCOO-TP316 N 15920
E 10996

Sample Water DeI)t h SOIL DESCRIPTIONS
Content ;r, Feet Groun,_ Surface Elevot;o. ;,_ Feet: 360

O- (LoOSe). moist, Drown, very gravelly, slightly s;Ity SAND witn ,ao_.s

S-1 11 1 on(: organic I'noter;ol.

2 (Loose to meciium (:lense). moist to we'. I;gnt brow_', grove.y, s,l_

S-2 26 3 _ SAND w;th roots, anti orgon;c rnoter;ai.

S-3 17 4 (Me0ium dense), wet. I;gnt grOy--Drown, grovetiy. S;Ity SAN_+

5 (Very Dense). (:lOmD. gray. slightly S;Ity SAND.
5-4 9 6

7 Bottom of Test Pit at 7 Feet.

B Comolete0 5/5/00.
g

No groundwater seeooge oDservea.
10

_2-"

13-

1,=-

16

;8

19J
2o-J

Test Pit Log HCOO-TP317 N 15857
E 11167

Sample Water Death SOIL DESCRIPTIONS
Content ;n Feet Groun_ Surfo("e Elevation in Feet: 371

0--] (Meciu_ dense to Dense). oareD. _roy. scnoy GRAV.C._. (F'LL)

S-t[ i 10 17

2 _ (Meaiur,n Dense), r'noist, 9rOy--brown, Stignt+y _l,cve*ly. sG_'tty Shty3 SAND.
i

S-2 _3 _ -

i' s2
6

S-3 10 7 4 (Very ,_ense). ,crop. groy. siigr_tiy s,,ty SAN0.

8 -_ Bottom of Test P;t at 8 Feet.

9 -_ Co_mete,_ 5/5/00.

No grounOwater seeoo(:je observeci.

:2H

1=-]

16-1 I

20 _

o m"m

- i. Refer to F;gure A-1 for exDIonotion of aescriat;ons

dO0,y_oo,s HARI1ERO_
Q m 2. So;i Oescriotlons On0 strotum I;nes ore ;nterDretive
=__. ano oct=a_c.onges moy _e g_oo=c_ J'4978"2@ 5100

z _ 3. Grounawote, cond;tionso ;f ;nO;caret, ore at the t;me Figure A-31of excavation. Concl;tior_s _cy vary w;tr, t,me.
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Test Pit Log HCOO-TP318 N 15384
E 10859

SC._,:_e Water Lab Death SO_L DESCRwOTIONS
Content Test in Feet Ground Surface Elevation in Feet: 360

0- f

1- | (Medium dense), dared to moist, light brown, grove y

slightly silty to silty SAND with organic material onc_ rootsLS- 1 10 2 to 3 feet. (FILL).

.3 _ Large roots.

4 (Medium dense to (:lense), clamp to moist, gray, slightly groveJly.
S-2

X 10 5 slightly silty
SAND.

-- 6
7 (St;if). mOiSt gray and red alternating beading, very sandy SIL "r.

V
16 GS g

S-3 A 1011-"

%--/ 10 13 (Very Oense), damp, groy. grovelly, silty SAND.S--4
-- 14

Bottom of Test Pit ot 14 Feet.
1.5' ComoleteO 5/5/00.

17 No groundwater seepage ooservect.

18

Test Pit Log HCOO-TP319 N 15206
E 10698

Sornole Water Lab Depth SOIL DESCRIPTIONS

Coment Test in Feet Ground Surfcce Elevation in Feet: 351

S-I 14 O_ (Loose to meOium Oense). Oomp to reals;., Drown, grovet=y. S;_ty
1 _ _ SAND wi!n rOOtS ono organic material

S-2 15 2-_ (Meaium Oense), moist, light Drown onct ton alternating oeodin9,

3 -_ _ grovelty, sitty SAND.4 _ Roots.
4

5 ._ (Meoiun" dense to dense), oareD, gray with reO-Drowr_ Deco,m_,
-_ sfignt_y gravelly, very silty SANE.

S-3 13 GS 6 -_

7

81 'Dense to very dense), damp, gray, gravelly, silty, fine toS-4 10

9 "t"1 _ me0;u-_ SAND.
104 Bottom of Tes; Pit at 9 Feet.
11 "1. Comoletec 5/5/00.

12_ NO grounOwcter seeooge ooserveC.
_3

_6J

19-1

t 20 _

o
• J

- I. Refer to Figure A-I for exoIonotion of descriptions

and symOols. H_]_O W_J_
v, 2. So;I aescriptions and stratum lines ore interore6ve

=__ oneoct_o,changesmoyoeCJroO-o,. J'4978"2e 5/00
z ; .3. Groundwater conctit;ons, ;f inCicote0, ore at the time Figure A-32O' excovotion. Cono;t;ons racy vary with time.
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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 tests performed and the

procedures followed are outlined below.

Soil Classification

Field Observation and Laboratory Analysis. Soil samples from the explorations

were visually classified in the field and then taken to our laboratory where the

classifications were verified in a relatively controlled laboratory environment.

Field and laboratory observations include density/consistency, moisture

condition, and grain size and plasticity estimates.

The classifications of selected samples were checked by laboratory tests such as

Atterberg limits determinations and grain size analyses. Classifications were

made in general accordance with the Unified Soil Classification (USC) System,

ASTM D 2487, as presented on Figure B-1.

Note that the term "trace" used on exploration logs generally indicate a material

within the soil matrix that constitutes a relatively small fraction by weight of the

total soil. The usage of this term in not associated with 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 AS'I'M D 422. Wet sieve analysis was used to determine the

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

tests are presented as curves on Figures B-2 through B-8 plotting percent finer by

weight versus grain size.

HartCrowser Page B-1
F.4978.23,.26,.27,and-31
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Atterberg Limits (AL)

We determined Atterberg limitsfor selected fine-grainedsoil samples. The liquid
limit and plastic limit were determined in general accordance with ASTM D

4318-84. The resultsof the Atterberg Limits analysesand the plasticity

characteristicsare summarized in the Liquidand Plastic LimitsTest Report,
FiguresB-9 to B-11. Thisrelates the plasticity index (liquid limit minus the plastic
limit) to the liquid limit. The resultsof the Atterberg limits tests are alsoshown
graphicallyon the boring logs.

Unconsolidated Undrained Triaxial Compression Test (UU)

The unconsolidatedundrained triaxialcompressiontest estimatesthe total

strengthof the soil at variousstresslevels. The test was performed in general
accordance with ASTM D 2850. A relatively undisturbed fine-grainedsample
was trimmed to a length of about 6 inches,encasedin a rubber membrane, and
placed in the triaxialcell. With the sample in the triaxial test cell, an all-around

pressurewas applied hydraulically,although the drainage valves remained

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

loaded to failure under undrained conditions by application of increasingaxial
load at a constantstrain rate.

The data are plotted usingshearstressversusprincipal stressas Mohr's circles.

Becausethe test is a measure of the total stressstrength of a soil, the tangent to

the Mohr's circlesfor a test seriesextends to the vertical axis in a straightline.
The intercept along the vertical axisis the cohesion (c), but also is equal to the

undrained shear strength(T) of the soil. The test resultsare shown on Figures
B-12 and B-13.

F:\docs_jobs\497826\DataReport.doc

Hart Cro_er
B-2,64978-23,-26,-27, and-31 rage
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Unified Soil Classification (lISP.,)System
Soft Grain Size
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PARTICLE SIZE DISTRIBUi-iON TEST REPORT

2oo loo lo 1 o.1 o.ol o.om
GRAIN SIZE- mm

CRS. FINE CRS. MEDIUM FINE SILT I CLAY
0.0 0.0 12.1 8.9 17.2 37.7 24.!

0.0 0.0 7.2 4.1 14.1 35.3 39.3

LL p! D85 DSO DS0 D30 D15 DIO C¢ C u

3.39 0.397 0.288 O.128

0.989 0.250 O.165 I

MATERIAL DESCRIPTION USCS NAT. MOIST.

G_velly, silty SAND SM 9%
"7Slishtly 8ravelly, verysiltyjnedium to coarse SAND SM 14%

Remarks: Project: ThirdRunway
o

[3 Client: HNTB

o Source: HC00-B138 Sample No.: S-5

D Source: HC00-B300 Sample No.: S-4

J

J-4978-26 6/14/2000
/4_t/'O__ _i_=_o.8-2
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PARTICLE SIZE DISTRIBUTION TEST REPORT

n"li

2oo too 1o I o.1 o.ol o+ooI
GRAIN SIZE - mm

CRS. FINE CRS. MEDIUM FINE SILT [ CLAY
oj -"_.o- 0.0 t2.s ..l 2t3 34.5

0.0 0.0 _ t7.4 80.6 2.0

[_ LL PI O86 D60 DD__..____ D30 O16 O10 C© C u
4.13 0.323

0.468 0.354 0.325 _ 0.267 0.215 0.191 1.05 1.85
L

MATERIAL DESCRIPTION _ USCS NAT. MOIST.

Cnavelly,v=rysilty SAND l SM 22%

z_Medium to fine SAND SP 9%

Remarks: Project: _ Runway SouthEnd
o

O Client: H]¢I"B

o Source: HC00-TP221 Sample No.: S-2

m Source: HC00-TP224 Sample No.: S-I

J-4978-23 6/15/2000

Fi_e No.B-3
mm _
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PARTICLE SIZE DISTRIBUTION TEST REPORT

'_ j • L

, i ! i
i _ •

: _ i

" i _

i :
I

: i

I :

20o _oo _o _ o.1 o.o_ o.oo_
GRAIN SIZE - mm

%GRAVEL % SAND % FINES%+3"
CRS. FINE CRS. MEDIUM FINE SILT CLAY

m

o 0.0 0.0 1.7 0.4 7.6 56.9 33.4
[] 0.0 0.0 10.5 3.0 12.2 45.9 28.4

LL PI D85 D60 DS0 D30 D15 D10 Cc Cu

0.346 O.196 O,160

i.39 0,278 0.216 00920 ....

MATERIALDESCRIPTION USCS NAT.MOIST.
o Verysilty,mediumtofineSAND SM 30°4
O Slishtly8ravelly,silty,mediumto fineSAND SM 22°/.

_emarks: Project: ThirdRunway
o

[] Client: HNTB

Source: HCOO-TP307 Sample No.: S-4
[] Source:HCOO-TP311 Sample No.: S-2

U 3-4978-26 5111/2000

FigureNo.B-4
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PARTICLE SIZE DISTRIBUTION TEST REPORT

2oo _oo _o _ o.1 o.o_ o.ool
GRAIN SIZE - mm

% GRAVEL %SAND % FINES%+3"
CRS. FINE CRS. I MEDIUM FINE SILT I CLAY

o 38.1 I 13.1
[] 0.0 0.0 0.0 0.1 5.9 81.8 12.2

0.0 0.0 5.3 3.0 17.5 46.5 27.7

_x_ LL I=1 085 D$0 Os0 030 DIS D1O Cc Cu

1 0.0674 0.0]60 0.0060 0.0038

0.307 0.209 o. 186 0.142 0.0909
0.695 0.297 0.231 0.0935

MATERIALDESCRIPTION USCS NAT. MOIST.
o 15%

Silty,mediumtofineSAND SM 6%
Slilzhtlv_-avellvTsilty,mediumtofineSAND SM 15%!

Remarks: Project: ThirdRunway
o

D Client:

A o Source:HC00-B302 Sample No.: S-5
D Source:HCOO-B303 Sample No.: S-2
A Source:HC(X)-B303 Sample No.: S-7

B'iI'

J-4978-31 8/18/2000

HART(_'OWSF.R _i_ _o.s.s
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PARTICLE SIZE DISTRIBUTION TEST REPORT

200 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm

% GRAVEL _ % SAND _ % FINES

/

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

0.0 0.0 30.9 _ 27.2 17.8 t 10.2

40.8 25.6

66.2 I1.6

LL PI D85 D$0 D50 D30 D15 I D10 C© Cu

l1.6 2.82 1.34 0.466 0.185

L26 I0 0.0415 0.0198 0.0062 0.0019

28 6 _ 0.0441 0.0328 0.0185 0.0079 0.0034 2.26 12.84

MATERIAL DESCRIPTION USCS NAT. MOIST.

o Slishtlysilty,very8ravellySAND SP-SM 3%
-1 CL 19%

CL-ML 30%

Remarks: Project:. Third Runway
o

r_ Client:

o Source: HC00-B305 Sample No.: S-2

r_ Sourca: HC00-B305 Sample No.: S-4

Source: HC00-B306 Sample No.: S-3
l"Jg
'T

J-4978-31 8/18/2000
_WSER Fig= too.s-7
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PARTICLE SIZE DISTRIBUTION TEST REPORT

U_E .....

E Illil ililllll! I1!11_ _i!lllil

_ _ i I!lbI1 Ilill__11!1
4C _ :::': ....

, , _ki I I:1

f'_lli I :
2(] _] _[[ i i i !'!!! ! ! :: : : • :: :':

S_ll :
lo ..... i I:.1 I ..... : .......

Io il ,, !1
2001_" ' lo ..... ok"' o.ol o.ool

GRAIN SIZE - mm

CRS. FINE CRS. MEDIUM FINE SILT [ CLAY

0.0 0.0 8.3 4. l 11.9 39.0 36.7
I

0.0 0.0 9.4 3.6 11.9 37.7 37.4

0.0 5.5 9.0 6.5 15.8 38.4 24.8

i LL PI D6S D60 DSO D30 DlS [ DIO Cc Cu

1.17 0.251 0.182

I1.19 0.250 0.172

4.35 0.377 0.273 0.116

MATERIAl. DESCRIPTION US(IS NAT. MOIST.

o Slishtly 8ravelly, very s;Ity, s=N_Sm_ato 5he SAND SM 16'/,
r7 Slishtly 8raveny, _ sLky,mecSumto SeeSAND SM 15%

A Cn-avelivTsilty SAND SM 8%

Remarks: Project: Thud Runway
O

[3 Client: HH_

z_ o Source: HC00-B306 Sample No.: S-4

D Source: HC00-B306 Sample No.: S-5
Source: HC00-B307 Sample No.: S-3

J-4978-31 8/18/2000

__?Ol/VP_.R Fiswe No. B43
i
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LIQUID AND PLASTIC LIMITS TEST REPORT

_ upI_rF_atbOu_forr_alsoils 7/--- /7 "/ ,; _.'_ .,,

-

___ MLor OL MH or OH
/ r ;

10 30 50 70 90 110
UOUID LIMIT

i.o_amo_._ri_, t " I PL P! -200 I USCS
Sourue:HC00-BI37 Sample No.: S-2

Lean CLAY 27 17 l0 CL

• Source:HCOO-BI38 Sample No.: S-3

CLAY-SILT 20 14 6 CL-ML

• Source: HC00-B300 Sample No.: S-3

Lean CLAY 29 16 13 CL

Rmln_rks: Projlct: Third Runway

• Client:

Loc41_Dfl:

im

U
J-4978-26 6/14/2000

FLmm=No. "----n
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LIQUID AND PLASTIC LIMITS TEST REPORT
0

Dashed line indicatesthe ILop_ / /
f

/
upperlimitboundaryfornaturalsoils _ /z / J

_z- / !.'" f I

/I,,-'I J J
_ - ,,- ._o_.-, ,/,.,'I I
:--_TY r i

, i ML or OL I
----_---/l//_"_"////"//" ML or OL , MH or OHI

10 30 50 70 90 110
UOUID LIMIT

USCS

• Sound:TP-301 S_apl¢ No.: S-3

Lean CLAY 31 19 12 CL

• Source:TP-307 _ No.: S-6

SET 26 26 0 ML

Client: HNTB

Lo_n:

AR 045888



UQUID AND PLASTICLIMITS TEST REPORT

eo Dashedlineindicatesthe appropriate / // / rupperlimitboundaryfornaturalsoils_ ,._
/ / /

90 _ / / I/ /// __
40 r/

/
/

30_ /

. /55. //
20-- /

d

1o_ - / J7 ....

,, __ ML ¢_rOL MH ¢,r OH"7"'''''__ .
i i

10 30 50 70 go 11C
UQUID UMIT

Locab_ �DescripbonLL PL PI -200 USCS

• Sotm:e: HC00-B302 SampleNo.: S-4
29 17 12

• Source: HC00-B305 SampleNo.: S-4
26 16 l0 66.4 CL

• Sorer.e: HC00-B306 Sample No.: S-3

28 22 6 77.7 CL-ML

Remarks: Project: Third Runway

• Client: HNTB

Location:

J-4978-3 1 8/18/2000

/4_RTO_ie_'__-q V_,,No.B-11

AR 045889
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0

0 5.00 I0.00 15.00 20.00 25.00 30.00

Normal Stress. psi

30. O0
..... i i. ,............. + ........ , ...... SAMPLE NO. 1

....._.............i..:...............i..LII :i tWATER CONTENT, _ 22.4,

25.00 .....: ...........:":"_"; ..... :..................... _ IORY DENSI'TY. pcf 106.9
.... _ _......... :": ............. : ............... I_ ISATURA'r_0N. • 108.5
ii;i;;:_::i;i"_._. _ _t-"IvOT D RATIO 0..$47

"_ ': ........"............ : -:: ....... : .......... z /O_J_METER. am 7.20
20.00 I_ |HI=.TGHT ' cm 15.59

!!/i i!!!ii!!!i!!!!ii!i!!!!iii!ii!!:!:Ig

®= 15.oo ? m_-tORY DENSTTY. pcf 106.9

!! i ,., _SATURATTON, _ 108.1

!-- Jvo'rD RATIO O. 547
_" IDZJ_METER. cm 7.20

10. O0 < IHETGHT. cm 15.59
O

"; . i , BACK PRESSURE, psi 0.00

5.00 CELL PRESSURE, psi 3.00
FAILURE STRESS. psi 23.27

...... ......... _..... "............ :-. _........ PORE PRESSURE psi

..... i.... ................ i- ":- ; ;......... "

0 STRAIN RATE. _/mi n. 0.300

0 5 10 15 20 ULTTMATE STRESS. psi

Axial Strain. _, PORE PRESSURE, psi

TYPE OF TEST : O_ FA'L'LURE. ps i 26.27

Unconsolidated un¢lraine_ <33FATLURE. psi 3

SAMPLE TYPE: Shel by Tube CLTENT: HNTB

DESCRTPTZON : Leon CLAY

PROJECT: Third Runway Wet Ioncls

LL,, 29 PL,, 16 PT= 13.0

SPECTF'ZC GRAVITY,, 2.65 SAMPLE LOCATTON: HC00-B300

REMARKS :

IBm
T J,978-=_ _/I=/oo
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"'!"_'"_'":". "'_'"?"_""_'."! "'!'" _""":'". "':'""_"'_"'_",'" _"! """'"":"_,"i"""_"!",'" !"_'° _'""'_."i"'i"'_"" """."!'" _'"i"'_........ !"!'""."_"!"_:'"'_'"_ "'_"!

,- !ii.....iifi-iii!....i-ii/i ....._:iii_-::....? i!ill"....F.i.,_...._._............_i-._

i iiiiiiii!,!!!!0
0 4-. O0 8. O0 12. O0 1(5.00 20. O0 24., O0

Normo I Stress. psi

18.00
...... ....... _ " " I ........ _'''I" + ............ _ " " I ..... _ ......... SAMPLE N0, I
•...----!.-..,'-.'-.i--_-.!..t.---.--_..i.._ ..... ......

'iiii"!!i"i!+ii"!"!"!ii"_'i WATER CONTENT _. 182 1
15 O0 _ DRY DENSrr'Y, pcf 25.4-

il;il;i_i_iilll ii ilill i_i_i_iiiiiiiiIiiiii ;:i ii _ SATURAT_0N, = g2. g
-.:..?..:-.!..r.:..!.-!-.;._.+._..!.......... ?.;._.. i-- VOTD RA'I-J:O 3 922i-i

•;} .............._.......................................... z DIAMETER, in 2.84.
12.00 _ HE'/'GHT i n 6 01o. ....... •......i,.:..;,,; .............. ..; ............ , o

.:....._ .._..i..;..i_,......._.._..tiiiii:iiiiiillI WATER CONTENT, _. 182.1¢ 9.00 _ DRY DENSTTY. pcf 25.4.

_" I '::!II_ ! !;;it;_ ......... ;":_ _ SATURATION, _ .3.92"9922

,:iiiiii!i!i!iiii!!ii!iiii!iii!iiiii o16.00 D.'.'T_METER. in 2.84.

!/ii!i! !il"_ I _ BACK PRESSURE psi 0.00>

.3.00 CELL PRESSURE, psi 7.00

'!!ii!!::!!!!!'!!i!!!!!!!!!t!!!!!!!!!!ii   LURESTRESS. 1.1,..... PORE PRESSURE, psi
0 "" ...............................................STR,_IN RATE. g/mi n. 0.300

0 6 12 18 24. ULTTMATE STRESS, psi

Axial Strain. :¢ PORE PRESSURE, psi

TYPE OF" TEST: O'_ FATLURE, psi 18. 19

Uncon=sol i¢lotecl urlclro;ne¢::l 03 F'ATLURE, psi 7

SAMPLE TYPE : She I I:>y Tul:)e CLTENT : HNTB

DESCR'rPTTON : PEAT

PROJECT. Th i r(::l Runwoy
LL= NV PL= NP PT=

SPECTIL'_C GRAV]:TY= 2 SAMPLE LOCATTON : HC00-B151/S-4.
REMARKS :

_llll
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APPENDIX C
ADDITIONAL PIEZOCONE DATA

In addition to the piezocone resultsdescribed and shown in Appendix A, shear

wave velocity and dissipationtests were performed. Downhole shear wave
velocity testing was performed in each of the piezocone holes. The resulting
shearwave velocity profiles are shown on FiguresC-1 through C-5. Dissipation

testing was preformed in piezocones HC00-P23, HC00-P24, and HC00-P26.
The results of the dissipationstesting are shown on FiguresC-6 though C-8.
Northwest Cone Exploration, a subconsultant to Hart Crowser, performed these

tests and compiled the results.

F:\docs_jobs\497826\DamReport.doc
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GEO RECON INTERNATIONAL
, ) I appliedgeophysics

-_" June 9,
J00-704

HartCrowser Inc
1910 FairviewAvenue East
Seattle, WA 98102

Compressionaland Shear Wave Velocity Measurements
Proposed Retaining Wall Structure, Sea-Tac Airport 3'=Runway ProJect

This reportpresent the results of the geophysicalmeasurementsinthree bore holes
located on alignmentof the Proposed Retaining Wall Structure for the 3"=Runway at the
Seattle-Tacoma Airport. Down-hole Compressionaland Shear wave velocities for soil
aynamicmoclulideterminationswere measured inthe three Donngs The borehotes are
HC00 B-220 on the South, HC00 B-221 in the Middleand HC00 B-7"29on the North of the
proposed alignment. The fielclworkwas completed between May 24 and June 5, 2000.

COMPRESSIONAL AND SHEAR WAVE VELOCITIES

The borings were cased with threaded, 2-inch Schedule 40 PVC pipe. The 2-inch casings
were grouted in the bore hole annulus _th a weak cement grout The PVC casings were
enclosed in monument,casings at ground surface.

The measured compressional and shear wave velocities are presented on the tables
attached to this report. The tables show the averaged veloaties calculated from the interval
velocities for the bonng, the calculated interval velocities, the interval times, converted time
arrivals, the measured time amvals and depths clownthe bore hole. When the velocity
boundary does not coincide with a measurement depth, the velocitycalculation of that point
is not acc'J_jratefrom the preceding point of measuremem, and _ velocity computation
between those two points is not included in the velocityaverage

Figures 1 through 3 are the time-depth plotsfor the borings.The plotsare the corrected
down-holetime arrivalsof the measured Compressional (P) and Shear (S) wave particle
motion,plottedagainst the depth of measurement The velocities of the P and S waves are
computed from the slopes of the time amvals on the Figures, or as the averaged velocities

P.O. Box 55189 • Seattle, Wa. 98155 USA • (206) 362-9484 FAX (206) 362-9486
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of the inten_ velocities. These fzg_resv_re utilized to determine the depth of the velocity
changes in the attached tables and sunvnary presented below.

The velocityand thicknessof the immediate top layer (above the depth of 5 feet) was not
determined. The top layer above 5 feet varied from road sub.grade (B-221 and B.-:_:_)to a
possiblefill/cutsection(B-220).

The summariesof the measured P and S v_ve velocities in the boringsare as follows:

Boring HC00 B-220

Depth of Data P-wave Velocity S-wave Velocity Poisson'sRatio
(feet) (fee,t/second) (feel/second)

5 tO 15 2776 476 0.4849
15 tO 40 5814 1023 0.4840
40 tO 80 6588 1619 0.4679
80 tO 100 7189 1844 0.4648

Boring HC00 B-221

Depth of Data P-wave velocity S-wave Velocity Poisson's Ratio
(feet) (feesecond) (feetJsecone)

5 to 15 3554 640 0.4832
15 to 40 6055 1242 0.4780
40 to s229 1078 0.4778
55 tO 100 6661 1641 0.4677

BoringHC00 B-222

Depth of Data P-wave VeloQty S-wave Velocity Poisson's Ratio
(feet) ,(feet/secondt (feet/second)

5 tO 10 2018 289 0.4895
10 tO 40 4903 1137 0.4716
40 to 60 7292 1462 0.4791
60 tO 100 6838 1620 0.4703
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Poisson's Ratio is calculatecl as follows:

Where: p = Poisson's Ratio
Vp = CompressionalWave Velocity
Vs = Shear Wave Velocity

The Compressional(P) wave energy'_s a vertical hammer blowto a metal plate on the
ground surface,offsetfrom the borehole.The zero time of the hammer blow was
determinedfrom an impactswitchtaped to the hammer. Multiple hammer blows were
stacked to enhance the energy arrivals.A minimum of two, separate measurements were
made at each def:t,_point to verify the time historyof the particle motionat that depth.

The Shear (S) wave energy sourcewas a horizontal wood plank placed beneath the
Wheelsof a vehicle.The orientation of the plank was normal to a line through the center of
the boring. The shear wave source was offset approximately10 feet from the borehole, as
noted inthe attachedtables. An impactswitch taped to the handle of the hammer
determined the zero time.

Three detectors, spaced at 10-foot intervals in the borehole, were used to detect the
generated S wave energy. To minimizethe effect of the detector spiralas they are lowered
down the borehote; each detector package contains four sets of honzontal geophones (8
Hz geophones) placed on axes of 45 degrees. The axis of sensitivity of the geophones is
20 degrees. Utilizing the three detector packages, a minimum of two separate
measurements was collected at each depth point. The first and final data points, however,
are single measurements.

For the S wave data,tworecordings were made at each data point. The two separate
recordings were made with reversed (polarized) energy inputsutilizingthe opposite ends of
the wooden plank. The time arrival of the shear wave energy was determined by comparing
the times and directionof particle motion of the recorded wave motion of the two
recordings.

The panicle motion of the shear wave energy is polarized and is dependent on the direction
of the energyinput. On Blow 1, the particle motion is reversed from that produced by Blow
2. The polarizationof the energy helps the interpreterto separate S wave arrivals from
other energy amvals. Reversed particle motion, however, can also occur in other ways
such as out-of-phase noise or shear energy generated in the boring annulus and casing

AR 045905



pmooseeRet=mingWa, smJaum,3'=R_ Pmiect mage4of4
HartCro_er,Inc

(tube waves) and/or P to S conversionfrom the tube waves.

Tube wave energyamvals from energy propagationthrough the grout and casing generate
early amvals at _ detector, particularlywhen the grout/casing velocityis greater than the
formation velociW.Distinctionbet:,_--'__the early arrivalsand the arrival of the generated
directwave was largely determined by the continuityof the arrival times down the borehole
and comparisonto the material changes and blowcounts logged in the boring Excessive
tube wave energywas enhanced by the requirementto maintain a minimumof a 2-inch
annulus aroundthe casing.

The picked arrival times _ere convertedfrom the "slantdistance" travel path to the vertical
travel path down the borehole.The "slant distance" travel path is a result of the source to
borehole offset. The formula used for the conversion to the 'Corrected_me' vertically down
the borehole is:

DH Time = Record Time x [Cos(Arctan (_detector depth))]

Borehole driftwas not measured in the borings, and no corrections have been applied for
potentialdrift.The velocitychanges generally cormsponclto the logged material changes
and/or blowcounts,so that extreme drift of the borings offof vertical is not expected.

The recording equipmentwas an EG&G 1225, a 12-channel signal enhancement digital
recordingseismograph. The P wave was measured with a 25 milli-second record length
and the S wave was measured with a 100 milli-secondrecord length. The sampling rate
was 1000 samplesper record length.For the P wave recordsfile data was picked to from
0.025 milliseconds.For the S wave recordsthe data was picked to from 0.1 millisecorcls.
Varying amountsof time delays ware used in the measurements.

The informationpresented in thisreport is based upon geophysical measurements made
by generallyaccepted methods and field procedures, and our interpretation of these data.
The presented infom_ion is based upon our best estimate of subsurface conditions
consideringthe geophysicalresultsand all other informationavailable to us. These results
are interpretive in nature and are considered to be a reasonably accurate presentation of
the existing conditionswithin the limitationsof the method or methods employed.

For _econ International:

_" Jr.
Principal Geophysicist
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DownhoteCompressionaland Shear Wave VelocityMeasurements

Bomhole: HC00-B-220 - Retaining Wall StnJCtUm, SeaTac 3rd Runway

CompmssionalWave Data - IntervalVelocityComputations

Depthof Recorded Corrected Interval Interval Average
Data Time Time Time Velocity Velocity

5.0 13.150 6.386 n/a
10.0 11.050 8.213 1.827 2736
15.0 11.650 9.990 1.776 2815 2776

VelocityChangeat 15 feet

20.0 11.875 10.829 0.839 5958
25.0 12.400 11.667 0.838 5967 5814
30.0 13.100 12.548 0.881 5678
35.0 13.875 13.438 0.890 5616
40.0 14.650 14.293 0.855 5849

VelocityChangeat 40 feet

45.0 15.400 15.101 0.808 6186
50.0 16.075 15.821 0.720 6946
55.0 16.775 16.555 0.734 6811
60.0 17.525 17.331 0.776 6441 6588
65.0 18.250 18.078 0.746 6699
70.0 19.000 18.845 0.767 6516
75.0 19.750 19.609 0.764 6541
80.0 20.500 20.371 0.762 6560

VelocityChange at 80 feet

85.0 21.200 21.082 0.711 7036
90.0 21.900 21.791 0.709 7051 7189
95.0 22.550 22.449 0.658 7597

100.0 23.250 23.156 0.707 7073

Bottomof Casing at 100.7 feet.

Source to Boreholeoffset:9 feet. Velocitiesin feet per second.
Casingstickupabove ground:0 feet. Depthsin feet - Times inmilli-seconds.

n/a - Not includedinVelocityAverage. VelocityBreaksfrom Time-Depth Plot.

Page 1 of I
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Downhole Compressional and Shear Wave Velocity Measurements

Borehole: HC00-B-220 - Retaining Wall Structure, SeaTac 3rd Runway

Shear Wave Data - Interval Velocity Computations

Depth of Recorded Corrected Interval Interval Average
Data Time Time Time Velocity Velocity

5.0 22.700 10.794 n/a
10.0 28.700 21.069 10.274 487
15.0 37.400 31.834 10.765 464 476

Velocity Change at 15 feet

20.0 40.600 36.850 5.016 997
25.0 44.800 42.016 5,167 968 1023
30.0 49.200 47.016 5.000 1000
35.0 53.400 51.627 4.612 1084
40.0 57.800 56.314 4.686 1067

Velocity Change at 40 feet

45.0 60.500 59.261 2.947 1697
50.0 63.600 62.539 3.278 1525
55.0 66.500 65.579 3.040 1645
60.0 69.700 68.886 3.307 1512 1619
65.0 72.700 71.975 3.089 1619
70.0 75.700 75.048 3.073 1627
75.0 78.700 78.108 3.061 1634
80.0 81.600 81.060 2.952 1694

Velocity Change at 80 feet

85.0 64.300 83.805 2.745 1821

90.0 87.000 86.544 2.739 1826 1844
95.0 89.600 89.178 2.634 1898

100.0 92.300 91.908 2.729 1832

Bottom of Casing at 100.7 feet.

Source to Borehole offset: 9.25 feet. Velocities in feet per second.
Casing stickup above ground: 0 feet. Depths in feet - Times in milli-seconds.
n/a - Not included in Velocity Average. Velocity breaks from Time-Depth Plot.

Page 1 of I
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DownholeCompressionaland Shear Wave VelocityMeasurements

Bomhole: HC00-B-221 - Retaining Wall Structure, SeaTac 3rd Runway

CompressionalWave Data - IntervalVelodty Computations

Depthof Recorded Corrected Interval Interval Average
Data Time Time . Time Velocity Velocity

5.0 4.800 2.331 2.331 n/a
10.0 5.025 3.735 1.404 3561 3554
15.0 6.000 5.145 1.410 3546

VelocityChange at 17 feet

20.0 6.500 5.927 0.783 6390
25.0 7.100 6.680 0.753 6642 6055
30.0 7.925 7.591 0.910 5492
35.0 8.725 8.450 0.859 5819
40.0 9.525 9.293 0.843 5934

VelocityChangeat 40 feet

45.0 10.425 10.223 0.930 5377
50.0 11.350 11.170 0.948 5275 5229
55.0 12.325 12.163 0.993 5037

VelocityChangeat 55 feet

60.0 13.075 12.930 0.767 6518
65.0 13.800 13.670 0.739 6764

70.0 14.525 14.406 0.737 6786 6661
75.0 15.225 15.117 0.710 7041
80.0 15.975 15.875 0.758 6594
85.0 16.750 16.657 0.782 6394
90.0 17.500 17.413 0.756 6611
95.0 18.250 18.169 0.755 6618
100.0 19.000 18.924 0.755 6624

Bottomof Casing at 101.2 feet.

Sourceto Boreholeoffset: 9 feet. Velocitiesin feet per second.
Casingstickupabove ground:0 feet. Depthsin feet - Timesin milli-seconds.
n/a - Not includedin VelocityAverage. VelocityBreaksfromTime-Depth Plot.
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DownholeCompressionaland Shear Wave VelocityMeasurements

Bomhole: HC00-B-221 - Retaining Wall Structure, SeaTac 3rd Runway

Shear Wave Data - IntervalVelocdyComputations

Depthof Recorded Corrected Interval interval Average
Data T_me Time Time Velocity Veloaty

5.0 20.600 9.213 9.213 nJa
10.0 23.600 16.688 7.475 669 640
15.0 29.900 24.878 8.191 610

VelocityChangeat 15 feet

20.0 32.400 28.979 4.101 1219
25.0 35.700 33.147 4.167 1200
30.0 39.100 37.094 3.947 1267 1242
35.0 42.700 41.057 3.964 1261
40.0 46.400 45.015 3.958 1263

VelocityChange at40 feet

45.0 51.000 49.786 4.771 1048
50.0 55.500 54.422 4.637 1078 1078
55.0 59.900 58.934 4.512 1108

VelocityChange at 55 feet

60.0 62.800 61.946 3.012 1660
65.0 65.900 65.134 3.188 1568
70.0 68.900 68.208 3.074 1627
75.0 71.800 71.170 2.963 1688 1641
80.0 74.800 74.222 3.052 1638
85.0 77.800 77.267 3.045 1642
90.0 80.800 80.306 3.039 1645
95.0 83.800 83.340 3.034 1648

100.0 86.800 86.369 3.030 1650

Bottomof Casingat 101.2 feet.

Sourceto Boreholeoffset:10 feet. Velocitiesin feet per second.
Casingstickupabove ground:0 feet. Depths in feet - Times in milli-seconds.
n/a - Not includedin VelocityAverage. Velocitybreaksfrom Time-Depth Plot.

Page 1 of 1
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DownholeCompressionaland Sheer Wave Veloc_ Measurements

Borehole: HC00-B-222 - Retaining Wall Structure, SeaTac 3rd Runway

CompressionalWave Data - IntervalVeloc_yComputabons

Depthof Recorded Corrected Interval Interval Average
Data Time Time Time Velocity Velocity

4.6 8.175 3.416 3.416 ,. n/a
9.6 8.225 5.696 2.280 2018 2018

VelocityChangeat 10 feet

14.6 8.250 6.806 1.110 4503
19.6 8.850 7.883 1.077 4644
24.6 9.725 9.009 1.126 4441 4903
29.6 10.525 9.971 0.962 5196
34.6 11.375 10.928 0.956 5228
39.6 12.225 11.853 0.925 5404

VelocityChangeat 40 feet

44.6 12.850 12.539 0.686 7291
49.6 13.500 13.234 0.695 7194 7292
54.6 14.150 13.918 0.685 7302
59.6 14.800 14.596 0.677 7380

VelocityChange at 60 feet

64.6 15.500 15.318 0.722 6929
69.6 16.200 16.035 0.718 6966
74.6 16.900 16.750 0.715 6995
79.6 17.625 17.488 0.737 6781 6838
84.6 18.350 18.223 0.736 6797
89.6 19.075 18.957 0.734 6810
94.6 19.800 19.690 0.733 6821
99.6 20.550 20.447 0.757 6606

Bottomof Casingat 100 feet.

Sourceto Boreholeoffset: 10 feet. Velocitiesin feet per second.
Casingstickupaboveground:0.45 ft. Depthsinfeet - Timesin milli-seconds.
n/a - Not includedin VelocityAverage. VelocityBreaksfrom Time-Depth Plot.
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DownholeCompressionaland Shear Wave Velodty Measurements

Borehole: HC00-B-222 - Retaining Wall Structure, SeaTac 3rd Runway

Shear Wave Data - IntervalVelocityComputations

Depthof Recorded Corrected Interval Interval Average
Data Time Time Time Velocity Velocity

4.6 25.300 10.401 10.401 n/a
9.6 40.400 27.689 17.288 289 289

VelocityChange at 10 feet

14.6 39.800 32.626 4.938 1013
19.6 41.600 36.902 4.276 1169 1137
24.6 44.600 41.199 4.297 1164
29.6 48.700 46.043 4.844 1032
34.6 52.200 50.070 4.027 1242
39.6 56.000 54.230 4.160 1202

VelocityChange at 40 feet

44.6 59.200 57.710 3.480 1437
49.6 62.400 61.121 3.411 1466 1462
54.6 65.600 64.464 3.363 1487
59.6 68.900 67.913 3.428 1458

VelocityChange at 60 feet

64.6 71.900 71.020 3.108 1609
69.6 74.800 74.009 2.989 1673
74.6 77.800 77.083 3.073 1627
79.6 80.900 80.244 3.161 1582 1620
84.6 84.000 83.396 3.152 1586
89.6 87.000 86.442 3.046 1642
94.6 90.000 89.481 3.040 1645
99.6 93.100 92.616 3.134 1595

Bottomof Casing at 100 feet.

Sourceto Boreholeoffset: 10.2 feet. Velocitiesin feet per second.
Casingstickupabove ground:0.45 ft. Depths in feet - Times in milli-seconds.
n/a - Not includedinVelocityAverage. Velocitybreaks from Time-Depth Plot.

Page 1 of I
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Holt Ddllmg, Inc. track mounted rig at location HC00-BZ25.

AR 045917.01



CONTENTS

I Introduction

2 Site cond/fions
3 Formation of the hole for the pressuremeter
4 _'essuremet_r

5 The pressuremeter test
6 References

Photographs

Front Holt Drilling, Inc. track-mounted rig at location HC00-B225.
1 Pressuremeter on back of all-terr'_ support vehicle
2 Pressuremeter with membrane removed. Displacement sensor in center of the

pressuremeter (stainless steel shield in background, behind instrument)

Figures

1 Schematic drawing of pressuremeter
2a Test HC28 in silty sand at 30 feet in Hole HC00-220
2b Test HC 18 in silt/clay at 28.5 feet in Hole HC00-221
3a Cohesive model analysis for Test HC18
3b Frictional model analysis for Test HC18

Tables

1 Details of material types and SPT values at pressuremeter test locations
2 Unload-reload shear modulus and estimated strength properties

Appendices

I Basic pressuremeter data and strength determination
H Pressuremeter testing in fills and glacially-consolidated granular materials

AR 045918



1 Introduction

During the period May 1%24, 2000, pressuremeter testing along with a standard geotechnicai
investigation was conducted at six locations on the proposed location of retaining walls for the
SeaTac ThirdRunway. The field investigation was under the direction of Mr. Doug Lindquist, P.E.
of Hart Crowser, Inc. Seattle, Washington The drilling for this testing was performed by Holt
Drilling, Inc., Washington, -#rig both a truck-mounted mobile auger dri/l rig and a track-mounted
rig. The pressuremeter testing was conducted by Hughes Insitu Engineering Inc.

2 Site conditions

In general the conditions at the four locations were geologically similar and of glacial origin. There
were several feet ofrecem soft materials over sandygravels and dense till wkh some silty layers. At
most locations, the samly gravels contained only a low percentage of cohesive fines. The general
material descriptions of the pressuremeter test locations are presemed in Table I.

3 Formation of the hole for the pressuremeter

In order to conduct a pressuremeter test, the pressuremeter must be inserted into the _round with
minimal disturbance. In dense material, a hole has to be drilled which is as close as possible to the
diameter of the pressuremeter. In materials which have only a limited amount of fines to act as a

binder, it is very difficult to cut a hole which will both remain open and not collapse, and be of the
appropriate diameter for a good pressuremeter test to be performed. As the displacement range of
the three-inch diameter pressuremeter used was limited to a maximum diameter of four inches, a hole
had to be cut and remain open at no larger than 3.3 inches to obtain useful data. To cut this hole, a
2-_s/16'' tricone was used with thick drilling mud.

Because of the rapidly varying soil conditions, it was difficult to establish a procedure which was
successful on all occasions. As a result, some 36 attempts were made. Only about half of these tests
produced useful data. In many cases, the hole cut for the pressuremeter was either greater than four
inches in diameter, or it collapsed such that the pressuremeter could not be placed in the pocket.

With the deeper tests below 30 feet in holes B222 and B223, the hole above the nominal three-inch

diameter test pocket, which was drilled with a four-inch bit, collapsed or squeezed in at the 20-foot
level, such that there was considerable difficulty withdrawing the pressuremeter from the hole. In both
holes the outer shield was destroyed.

(In granularmaterialsthatarefreefi'omgravel,andhavea sP'r blowcountlessthen 20, a three-inchdiameterself-
boringpressuremetercanbeused,mwhichthematerialdisplacedby,thepressuremeteris washedor drilledup the
insideof the pressuremeter.The self-boringpressuremeterwouldnothavebeenable to penetratein these dense
materials,particularlywith thepresenceofgravel.)

AR 045918.01



4 Pressuremeter

The pressuremeter used for this study ksamonocel] pressuremeter. At the center oft.he pressuremeter
are three dectronic displacement sensors, spa_c__[_120degrees apart. Over these sensors is the flexible
membrane,clamped at each end, which is pressurized to deform the adjacent material. The membrane
is covered by a protective sheet of stainless steel strips. The essential details of the instrument are
shown in Figure 1. The electronic signals from displacement sensors and the pressure sensor are
u'ansmktedby cable to the surface. During the test, the average expansion against pressure curve is
displayed on a computer screen.

Photograph 1 shows the pressuremeter assembled and ready to go be lowered into the hole.
Photograph 2 shows the pressuremeter with themembraneandprotective shield removed. One of the
covers over a displacement sensor is visible in the middle of the pressuremeter.

The pressuremeter was"expanded by controlling the flow of compressed nitrogen.

5 The pressuremeter test

In view of the difficulties in forming the test pocket, the pressuremeter test was varied, in an attempt
to coax as much information out of the test before one of the displacement sensors reached its limit.

For discussion purposes, consider the two tests shov,_ in Figure 2 - one in silty sand, and the other
in silt'clay, both at about the same depth. The maximum pressure for the sihv sand is cver 300 psi.
whereas that for the silty clay is lower (less than 200 psi). The slope of'he unload-reload loops in the
silty sand steepen as the strain and pressure increases. However, the last two loops tend to be parallel.
In ideal tests, in which there is little disturbance, all these loops tend to be parallel. In disturbed
material, successive slopes steepen and tend to reach a limit close to the undisturbed state. In Fiszure

2a the last two loops are similar, between 12,000 and 13, 000 psi. In Figure 2b, the two loopsare

almost parallel, between 4,000 and 4,500 psi. Hence, there is possibly less disturbance in Figure 2b.

Therefore, the aim is to try and determine the likely maximum slope of the unioad-reload loops from
which the shear modulus can be calculated. These values have been tabulated in Table II. In this table

some of the tests are still in very disturbed material, particularly in Hole HC00-B222. Hence, the
modulus presented can only be considered a lower limit in these materials.

The other feature of the Figure 2 test is to note that the pressure in the silt/clay tends to a limit
pressure at 170 psi, whereas the pressure in the silty sand test is still rising. In cohesive material, the
pressure tends to a limit pressure at much less strain than a purely frictional material. This tends to

confirm that the test in Figure lb is indeed in a more cohesive material, as indicated by the drill logs.

To gain some indication of the strength properties the field data is compared to the ideal
pressuremeter test derived from a frictional or a cohesive model. In Figure 3 the field pressuremeter

AR 045919



te_ m me silty day test shown in Figure 2b is compared with a frictional model (Figure 3a) and a
cohesive model (Figure 3b). If the materialsurrounding the pressuremmer has not been disturbed,
then in general the shape of the ideal pres,surcmmercurve follows the same form as shown in Figure
5 in Appendix II. However, as illustrazedin Figure 3, the match is poor. Hence,, this modeling
process ess_tiaUy can only be used to develop an ideal pressuremmer curve which envelops the field
data.

Hence this simple analysis would indicate that the silt/day has a friction angle of 38 degrees and no
cohesion or a cohesive strength of 48 psi and no fi-iction.Using this process limits can be set on the
possible mechanical properties. However as some judgement is required in this curve matching
process the results should be viewed with caution.

6 References

General Reference on Pressuremeter Tests

Mair, R.J. and Wood, D.M. 1987. Pressuremeter testing: methods and interpretation. CIRIA Ground
Engineering Report. Butterwonhs, London.

Hui_hes, J.M.O. 1999. Pressuremeter testing in tills and glacially-consolidated granular materials. 52"_
Canadian Geotechnical Conference, P,e_'_, Saskatchewan.
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Table I. Material types and SPT values at pressuremeter locations

Date Hole Test Depth Material s SPT s

(It)

May.17 HC00-B222

HC2 15.5 Gravellyclay 29

HC3 14 Gravelly.clay 29

HC4 23.5 Gravel 66

HC6 36.5 Gravelsand otnwash 50/5"

May 18 HC00-B225

HC7 9 _ silt 23

HC8 14 sandy,silt 32

HC9 19 till 50/6"

HCI0 24 till 50/6"

HC 11 33 till 50/6"

May 19 HC00-B22!

HCf2 9.5 till 65

HCI6 17 sliD' sand 23

HC17 30 silt/clay 34

HC18 28.5 silt/clay 34

HC19 40 silt/clay 36

May.22 HC00-B224

HC24 24 till 50/4"

HC25 35 till 50/3"

May 23 HC00-B220

HC26 8 silt3"clay 42

HC28 30 silty/sand 50/5"

HC29 40 sand 89/11"

May 24 HC00-B223

HC31 9 silty,sand 16

HC34 24 till 50/2"
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Tablerr. Unload-reloadshearmodulusand estimateofstrengthproperties

Date Hole Test Depth ' Shear modulus 3 Friction angle '
(ft) (psi)

May 17 HC00-B222

HC2 15.5 >I,000: -

HC3 14 >I,000= -

HC4 23.5 >5,_g)0 = >38

HC6 36.5 >5.000 2 >38

May 18 HC00-B225

HC7 9 12,000 40

HC$ 14 4,000 >40

HC9 19 9,500 >40

HC10 24 25,000 >40

HCI 1 33 I%000 >40

May 19 HC00-B221

HC12 9.5 2.500 >4c_

HCf6 17 > 1.200 :

HCI7 30 5.500 38

HCI8 28.5 4.500 38

HC 19 40 11,000 >40

May 22 HC00-B224

HC24 24 >10,000 >40

HC25 35 12.000 >40

May 23 HC00-B220

HC26 8 >1,200 38

HC28 30 12.000 >40

HC29 40 10,000 >40

May 24 HC00-B223

HC31 9 > 1,000 >40

HC34 24 17,000 >40
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Notes:

I Depth recorded in Table is at the bottom of the pressuremeter. The center of the
pressuremeter is 1.5 feet back.

2 These tests are in dis-mrbedmaterial. The modulus measured will be lower than the
undisturbed modulus.

3 The shearmodulushasbeendeterminedformtheunloadreloadportionsofthe

pressuremetercurve.Thisshearmodulusisthesecantshearmoduluswhichisapplicable
over a strain range of Oto O.S %.

4 The friction angle has been estimated by comparing an ideal pressuremeter curve to the
field data. In view of the disturbance in many of the tests, the match is not well defined.
Hence, the frictional angle cannot be determined with certainty. The lower limit of the
fi'iction angle has been presented in the table.

In Test HCIS, a simple cohesive modal would indicate a shear strength of 4S psi .andne
cohesion. However, this cohesion would be applicable for short-term loading only.

5 The ma:erial identification has b_n estimated from the samples taken either above or
below the pressureme-,er test level.
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" _o_,.. in center ofPhcto_aph._ Pressuremeter with membrane removed. Displacemem sensor" .or
the pressureme:er and stainless steel sl_e!d m background, behind instr-,men:
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Appendix I

Basic pressuremeter data and strength determination.
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PRESSUREMETERTESTING IN TILLS AND GLACIALLY-CONSOLIDATED
GRANULARMATERIALS
J.M.O.Hughes, President, Hughes Insttu Engineering Ltd., 804-938 Howe Street, Vancouver, Canada

ABSTRACT: In general,granulartillsand glacially-conzolidatedoutwashmaterialsare strong, and present few problems in
geotachnm=lengine_ing_ defom_tlonisa ¢oncam.Throe materialsam very stiff.However. in heavily-losded structures
a moredeCliledundea=_ndingof'd_enmtarklll_as _ be mcluirad.Conventlon=lsite invatlg_don techniques often rely
on laboratorytas_ngoflaminas,_ intbela _ am _ to obtain.The pressummeteroften=an alternative method
of distainingin-situ=tlffnassandstrengthparametamL

RESUMe:"En g_n4cal,lestlnlinl _ gnmulauxIt mat6rlaux¢onetftu6sd'eaux de fusionglaciarament ¢onsolid_ sont
r6sistants, et pr6sentantpeu de probl&maseu nNasu de ring6nierie gJotechniqueo0 la d6formation eat ¢oncem_e. Ces
mat6naux sont tr_s rigides. Cependantdana Ins structuresIouRlament¢harg(L,es,_une comprehension plus detaill6e des
propri6tH du mafr_riau,peut4tre requlae._ techniquesdes recherche=dana leasites convonl_onnels,se fient souvent aux
testsd'qkmardJllonsau laboratoir¢¢oquldana ¢es m&masmat6riato¢eat dificiled'obtenir.La proesiom6treoffre une mlthoOe
attematNe pourobtenirIns param_tmsde rigidit6et_sistanea.

1. THE PRESSUREMETERTEST.

The pressuremetertest, as developedby M6nard0hasbeen
available for a long time. In many materials, such as stiff
clays, it is a particularlyuseful tool for ol_ainmg in-situ
proper_es. However,;'tis notalwayslasy to usesu__,_Je___sfully Sign===_=
in densegta¢i=lmaterials. If thereis e major void presentin
the testpo¢_ the membranecanexpandin an uncontrolled
manner and possiblyrupturebefore the test is completed.
TP.ts problem can be overcome using heavy reinfomed
membranes. However,the compressibilityand the stiffness
cf these membranes can in some circumstanceshave e
sign!flcantinfluenceon theresults.

To a certainexZent,thisproblemcanbe overcome.Relatively
flex:h-_eand incompressible membranes can be used,
provided that the onset of potential rupture can be Ou=rm=t=i=h=_l
rec_gn=ed, tf the displacementmeasurementsam made (u_eer_awa_
eleczronicallyat several pointsinside the membrane, and Am_lik,,rh,dlu_pm_-ercJrcut
fur_er, if the expansionprocess is by injectionfluidin an
incremental manner intothe pressuremeter,then it is often
possible to recogn_,ethe onsetof ruptureby obser_qngthe
non-uniformityof the cavityexpansionand the movementof D=r4mcemem=era,or
the strain sensorsrelativeto the volumeof fluidinjected. (mnmmep_etnt _moe=

The pressurerneterdescribedinthispaper is showninFigure
1. The displacements are measured electricallyat three
iocal:onsat the centreof the pressuremeter,and the pressure
is measured elec_cally inside the probe. W'_ this
arrangement, the signals from the sensors are monitored
continuously during the test on a computer screen. The
membrane requiresonly250 kP8to expand fully.Further,It
is rigidenough to measureshear modulusup to 2 GPa. In
goo_ material,the pressurerange is in the orderof 20 Mpa.
Pre=suremete_ofthis pressurerange8re oftenreferredto as
high-pressuredilatometers.

Figure 1. Schematic details of pressuremeter
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Z FORMATION OF THE TEST POCKET 3. OBSERVATIONS

The formetmnof the test _ ts cribcadto the suoce_l of The generalshapeof the curveis smooth, with the curvature
the _ ForUse_ shownin Figure1, a hole 76 mm sk_ly _ _ amlim.Clearly, the preuure is tana;ng
indiameteris required.Co_, a _ of diameter 85 mm to • limit. The final unloadingcurve is else very smoo_r.
ormomsdrilMdtojust abovethe test MveLApocka_ 1.5m However, _ rite of change in the movement lnwarcs
diameter long, is then drilledbelowthe base of the large" increased rapidlyas the pnmsumreducesand the adrenal
hole. The meffiodof formationof _ pilotholedependson fails inwards.
the expectedmaterial. In vwy densetllls, inwhich rocks em
not_ orwt_m the _ am so densethat they Ire The general slopeof the unload-reloadloopsas measurec_
firmlyhe/din_ till, aoore blrret can producea satlsfaotory alongthe a=¢mof the loops arevery ctoseto each offier.The
hoP.Hewers, inmorngrayly material,a _cone bit 74 mm shearmodulus,whichis 0.5 times the slope, is 220 MPa an0
in diameter can be succur_'ful.However, it is particularly 218 MPa respectively.Further, the slope of these unloa0-
important to stabilizethe wall of the pilothole using thick reload loops is much steeper_an the general slope of the
mud. Drillers ere _encad in making holes, but ere presauremetercurve.
usuallynotconcernedaboutthe eboolumamount the holes
is oversize. Some expenmentationis requiredto determine As a first a_, b_erdopeofthese lines is a measure
the appropriaterates of mud flow end rot_on, of the Iow-stnlin elasticshear modulus, in some instances,

value is _ closeto the seismicG_. Seismic methocs
8 .__ could probably be used more economically to obtain the

tzu:x:i_L_220 M_4 _ maximum shear modulus if this was the only informatlon
requirecLHowever_ good definitionof the unloao-reloaO

I l loop_ Shearmoduluscan bedefinedas e function of snear6

/ j str,in._--" _ _f I The general shape of the pressuremetercurvecan be usecl

• 4 to give an indicationof the fundamentaladrenal properties.
/ The slope of both the loadingsection of the pressuremeter

Curve(plOCUldon a logscale) and the unloadingcurve (agam
o. plotted to • log scale) can be usedto give l estimate of :._e2

/ I/ II / _ctionai characteristicsof the malaria,./ / 10
0 ' i _

il'J "i II l,ll!
Radial displacement (%i _. J ! ! ],4_ Sr_'_ 0J ]

Figure2 isan almostperfectexample of a test in coarse out- _ I //
wash senti which has subsequentlybeen ovenoaclecl _ _,l-_ _ i i

o. -- i
glac_aldon.Thistest was doneat I depth of 14 m, It a site inWashingtonState. The neam_/cliffson the nver bank of this ..a / I
mmenalstandabout15m inheighton a slopeof 70 degrees.
The material is very densewith an SPT blowcount of over
100. It is likely_at obtainings semptefor iaDorato_ strength
tests tram a boreholewouldbe verydifficult. 1

1 10 100

The hole forthe pressuremeterwas drilledwitha tsiconebit Log RadlaJdistdae.mam__n (%)

2me smaller than the required hole size (76me). The F_gure3. Initial loadinganalysisby Hughesat al. (Ig77)
resui_ngt_oleis almcatthe ideslsize,as the gap betweenthe

wall andthe pressuremeter is less than I am. It should be The analysis of the loadingcurve,presentedin Figure3, is
stressed that this successis notalways achievedin glacial basedon a very simple closed-formsolutiondevelopedover
material.Butw_thexperience,the numberofai_ortedtests in 20 years ago (Hughes, Wro_ and Windle, 1977). The
glaaal materialis usuallywel under10%. Figure2 shows the analysis of the unloadingcurve, devaloped by Yu (Igg6) is
pressureagainstthe aver-agestrainas measuredon the three performed in the same manner. The slope of the unloac:
displacementsensors. As all of these measurements ere curve, plotted on • log scale (with the strain ongin taken as
made eleca'onically, clown hole, they are known with zero at the mmomum s_ain) is related to the fnctlon angle
considerableaccuracy, and to the state parameter. With the above test, botr_

methods give results Jnthe same order (a frictionangle of
about 43 Oegrees).
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4. CONCLUSION

Figure 4. Analysis of final unloading curve (Yu, 1996)
In many if_anoes, in hard glacial material it is very difficult

A more powerful method of analysis is available by using I to obtain a =ample which can be tilted under laDonltory
very simple inversion technique w_ computer modeling. If conditions. _, it is ofmn possible to drill a hole in these
the material is assumed to deform according to a simple materials in which the wills are relath_y smootl_. It is then
model, wP,J_ few parameters, then an ideal pressuremeter possible to conduct pressuremater tests which can be
curve can be developed, based on In lesumed s= of analy'zeato obtain some fundamental material properties.
material parameters. This ideal curve can then be compared
to Re field data. Adjus0Tter_ to the parameters can be made
until • reasonable match is made. If the simple model of 5. ACKN_WLE,:3GMENTS
Hughes, Wroth and Windle (1977) is used, only four
parameters w fraction angle, Critical state fric_on angle, The tas_g of cerise glacial material using the pressuremeter
secant modulus and lateral sb'ess m are required. The model has been deveJopad by our Company over several years, on
assumes that the material deforms under plane strain civil engineering projects primarily in British Columbia and in
con¢li'aons.This is a very simple model, which does not take Washington State.
into account three-dimensional effect= or elastic

compression. Both these effects are present. However they The help of the following Companies, who have supported
act in opposite directJons of almost equal amounts, this work in using the preasuremetar to obtain material

properties is very much appreciated, particularly in v_ew of
The model is used to predict a pressurameter curve based on the high drilling costs at many of these sites.
an assumed set of parameters, which is then compared to Agra E•rt_ and Environmental Ltd. Vancouver, B.C.
the actual field curve using interactive computer graphics. Klohn Cnppen Ltd., Vancouver, B.C.
This inversion process can be conducted yen/rapidly. The Macleod Geotaci_nical Ltd., Vancouver, B.C.
parameters _nthe ideQl curve which give a reasonable match Golder Associates, Inc. Seattle, WA
to the data are likely to be close to the material parameters Shannon & Wilson, Inc.. Seattle, WA
for l_e in-situ materiel. In general, there is not a unique set of Washington Department of Transportation, Olympia,WA
parameters which n'mtch the curve. However, for well-formed
tests, they lie usually within • very narrow band. The best
ideal preasurameter curve for the preuuremeter test (3. REFERENCES
discussed is presented in Figure 5. The parameters assumed
are fricbon angle = 43 degrees, critical state friction angle 32 HUGHES, J.M.O., WROTH, C.P., and WlNDLE, D.1977
clegrees, lateral stress 0.34 MPs and secant shear modular Pressurameter Tests in Sands. Geotechnique,
(from zero strain until onset of failure) of 117 Mpa. The same 27(2), pp. 455-477.
approactt can be e_Zended to t_e unloading curve of Yu et el. ROY, D. lgg7. Deformation behaviour of granular deposits
(1996). from self-boring pressuremetar. Ph.D. thesis,

Department of Civil Engineenng, University of
If the data is very well formed, the inversion process can be British Columbia, Vancouver, B.C.

use_ with more complex models such as developed by Roy YU, H.S 1996. Interpretation of pressuremeter unloading
(1997). AJtemet_gy, finite element or FLAC programs can be tests in sands. Geotachnique, 46 (1), pp. 17-31.
usecl to c:levelopan iOeal presauremetar curve.
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Monitoring Well Log HCOO.B308
N 22291
E 12160 STANDARD PENETRATION LAB
Soil D_,cnl_ons _ RESISTANCE TESTS
GroundSudace Elev-4bonin Feet: 279 in Feet Samme • Bo*s I_' Fo=

1 2 5 10 2o 50 loo
Top of Casing Elevat_n m Feet: 282.21 0

MeOlumsttff,oamp=morst, Orown, J I IITllt Ili

graveily PEAT (FILL). t I Ili(It I I !

I lllflll I 11
5

I lilllil I II
(a,1 I IIIllll I I I

Trace of brickdeiortsnoted. 10
- Medium-st_._LT:=__ E'nd_ra-_,---

slightlysandyto sandy,silb/PEAT wi_
some wooddebris.

-- Softto st;ff,moist to wet. dark brownto
gray, sligrttlysandyPEAT.

20

25
Medium 0ensa to Oense,moistto wet, dark
brownto gray, fineto coameSAND.

\
-30 s-9

Bottomof Bonngat 30.5 Feet.
Completed08/14/00,

35

4o

50 1 2 5 10 2o 5o lOO
• waterContentmPercent

_lr J

IMI

HaRTCROWS-F.R
1. Re(ertoFigureA-1forexplanat_nOfdescnptmnsandsymbols
2. SoildescriptionsandstratumlinesaremterprebveanOactualct,.anges 4978-31 08/00

maybegradual.
3. Groundwaterlevel,if indicated,is att_meOf¢lNkng(ATD)or foraate Figure I:-1

sgeofieo.Levelmayvaryv_h ttme.
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Monitoring Well Log HCOO-B309
N 22239 STANDARD PENETRATION LAB
E 12340 RESISTANCE TESTS
Soil Desctm_ons oeo_
GroundSurface Elevalx)nin Feet: 311 mFwt I Sarape • Blows_efFoot

Top of Casing Elevet_ inFeet: 313.69 t _ 2 5 _o Z0 so 10om i
Med,um (:lense.clampto mo_sLbrownto
gray. sligtlDygrdvefly,slightbJsiltyto silty,
fine to coarse SAND wi_ _ol'mk debris
an0 abunOantorgamcmatmial (FILL).

Z

-- -- V'-erydense, mocst,gray, slightlygravelly.
slightlysilty,fine to mediumSAND wit_ _-_
organicmaterial (FILL).

Very stiff, moral clarl_brown,gravelly,
slightlysanOyPEAT.

Medium dense to dense, moist, gray.
slightlygravellyto gravelly,fine to coarse

SAND.

i r-.

== MediumOense.wet. brown,silty, fine

Bottomof Bonngat 40.5 Feet.
o: Completed08114100. L

ii LF
_4s

L
L

i

1 2 5 10 20 50 100

• WaterContenttnPercem

_ILJ

/,MRTIO WSER
1 Refer to Figure A-1 for exlNanabon of OeSCnpt=ons and symbols

2. Soil0escnpUonsandstratumlinesare mtemrstlveandactualcrlanges 4978-31 08/00

maybegraOuaL Figure !:.23. Groun0waterlevel,if irclicatecl,isattime ofclrdhng(ATD)or for (:late
sbecif_=d.Levermayve_ _ time.
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Monitoring Well Log HCOO.B310
N22648
E 11521 STANDARD PENETRATION LAB

RESISTANCE TESTSS_l Descnl_m o=_
Ground SurfaceElevabonin Feet: 276 mFeet Samme • _ _ Fool

Too of C,a_n9 Elevabonin Feet: 278.09 -0 1 2 5 10 20 50 100
(Stiff).momt,Drown,_ighl_ gravelly,sanely G-_
SILT withOtllanic matlmalfFILLI. _._
Dense, moist,brovm to gray, silty, graveJly
fineto medium SAND wire traoe organics - S-I

an0 asphaltpieces (FILL).
-5

MediumOense,moist to weL brownto /
gray, slightlysiltyto silty, non-gravellyto " /
gravelly,fine to medium SAND. " S-2

-10

S-3

-15

.s-,=

Bottomof Bonngat 19.0 Feet.
Completed08/16/00. -20

25

30

-35

-40

4s

T

s0
1 2 5 10 20 50 100
• waterContent_nPercent

141

HaRTCROWSF.R
1.Refer to FigureA-1 for expla_t_ of _'_pU_S and syml_ls
2 Soildescnpuonsandstaturehnesare,nterpmuveand actualchanges 4978-31 08/00

maybegradual
3. Groundwaterlevel,if indicate¢l,is at timeofOnlling(ATD)or fordate Figure F-3

specified.Levelmayvarywithtin,re.

AR 045974



Monitoring Well Log HCOO-B311
N 22417
E 11370 STANDARD PENETRATION LAB
Soil Descr¢_ns De_ N RESISTANCE TESTS
Groun_ SurfaceElev_bonin Feet: 274 in Feet ' ' ,Sem_ • BC_S=0"Foot

1 2 5 10 20 5C, looTop of CasiNgElev-atlOnin Feet 277.48

SILT wd_ organ=CS.

MeclJumOense.moist,brovmto gray.slighUygravelly,silty,fine to coarseSAND 5-I

WlBt Organic matenel, l I I

-- I_/ed_m--dense,moist to wet, gray,silty,
_ne to mediumSAND.

Stiff,wet. Drown,sandySILT. 10 A_ "" '! 5-2 i

5-3

'15

Bottomof Bonngat 19.0 Feet. 20
Completed08/16/00.

25

1 30

L I

40

), r

t- T
[

1 2 5 10 20 50 1dO
• waterContentinPercenl

n
U

HdJ'CT_OWS-ER
1.RefertoFigureA-1forexptanafaonofdesc_Dbonsandsymbols
2. SoildescnDtionsariastratumtinesme mteq)ret_veanOactualcr_anges 4978-31 08/00

mayi_egradual.
3. GroundwaterlevaLif indicated,is attimeofdr_lting(ATD)orfor date Figure F.4

specJfied.Levelmayvarywltrlt=me.
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Monitoring Well Log HCOO-B312
N22773
E 11192 STANDARD PENETRATION LAB
Soil DescnmJons oeam RESISTANCE TESTS
Ground Surface Elevalaon in Feet: 284 tn FNI ,S41nID_ • Blows _r _=Ot

Top of Cas,ng Elevabon in Feet: 283.79 I 2 5 10 20 50 10o

very looseto (medium Oense).moist, 0 G-1 Z .
brown,slightlygravelly,silty,fine to coarse.
SAND with ctay Jumps(possibleFILL).

S-1

5

S-2

10

Looseto mediumOense.moistto wet,
brown,slightlysilty, fineto mediumSAND.

S-3

15

Water added to counterheave. S_

20

S-5

Water adaedto counterheave. .>5

5-6

Bottomof Bonngat 29.0 Feet.
Completed08,16/00. - 30

L

4O

L

E
-s0

2 5 10 20 50 100
Waler Contenl in Percent

IMI

1 Refer to FigureA-1 forexplanationof descriptionsandsymbols
2. Soildescnp*'onsandstratumlinesare mterpretweandactualchanges 4978-31 08/00

mayDegradual
3. Groundwaterlevel,if indicated,is at*,meof drilling(ATD)or fordate Figure F-5

specified.Levelmayvarywithtime
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