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SUBSURFACE CONDITIONS DATA REPORT

ADDITIONAL 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-Tac international Airport.

The site is located at the Sea-Tac International Airport, in SeaTac, Washington
(refer to Figure 1, Vicinity Map). The shaded areas on Figure 1 are presented on
Figures 2 through 6, Site and Exploration Plan, showing exploration locations
both for this report and those performed previously by Hart Crowser and others.

This report discusses the subsurface soil conditions in the toe of the permanent
embankment slope, Detention Ponds A, E, F, 52, and the Miller Creek Detention
Facility Area, explorations performed for advanced testing in the north, west, and
south wall areas, and explorations performed in the permanent embankment
area between the north and the west wall areas. Appendices A and B follow the
main text and present results of our subsurface explorations and laboratory
testing, respectively. Appendices C, D, and E present the results of cone
penetrometer (piezocone), shear wave velocity and pressure meter testing
performed at the site by subconsultants to Hart Crowser.

Appendix F presents the results of our subsurface explorations in the Miller
Creek Detention Facility Area.

PURPOSE AND SCOPE

The purpose of this report is to provide information on subsurface soil and
groundwater conditions affecting construction in these areas:

Toe of the 2H:1V 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

vVVvVvYVYyVwYey
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» Miller Creek Detention Facility Area.

Other reports with additional information are listed in the references at the end
of this report. The information presented herein provides the basis for our
geotechnical engineering analyses and recommendations. Table 1 provides a
summary list of the explorations performed for this phase and their general
locations.

Information presented herein was obtained in general accordance with Tasks
1.3.1 through 1.3.3, 1.5, and 6.2 presented in our proposal dated April 5, 2000,
and subsequent modification.

GENERALIZED GEOLOGIC DESCRIPTION AND SUBSURFACE SOIL CONDITIONS

This section provides a description of the geologic and subsurface soil conditions
within the areas of interest, shown on Figures 2 through 6, based on Hart
Crowser’s explorations at the site and explorations by others.

Generalized Geologic Conditions

Generalized geologic conditions in the project area have been described in the
Preliminary Engineering Report, 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);

> Recessional Outwash (primarily loose to dense, silty sand and gravel, and/or
medium stiff to hard, sandy silt and/or sandy clay);

> Clacial Till (dense to very dense, silty sand and gravel, and hard sandy silt);

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

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

Hart Crowser P o)
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Subsurface Conditions

Subsurface soil conditions interpreted from materials encountered in
explorations at the site and soil properties inferred from laboratory tests formed
the basis for the information contained in this report. Variations between
explorations occur due to the variability in gradation, moisture content, and
density/consistency of soils at the site. The nature and extent of these variations
may not become evident until construction. If variations become evident, it will
be necessary to re-evaluate our interpretation of the soil conditions at the site, as
well as any recommendations based on those interpretations.

North MSE Wall

Three additional borings, designated HC00-B222, HC00-B225, and HC00-B301,
were drilled in this area. The soils encountered in HC00-B222 and HC00-B225
were similar to those described in the Subsurface Conditions 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 existing explorations. These borings confirmed prior
assumptions of 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.

HCO00-B301 was drilled within the area where the sewer line realignment might
potentially cross Milier Creek. The soils encountered in the area were:

(Medium dense) silty SAND with organic material; over
(Soft) PEAT; over

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

Very dense, slightly gravelly, silty SAND.

Embankment Between South 156th and South 160th

The following soil materials were observed in this area:

Hart Crowser
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Medium dense, nonssilty 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 existing ground surface.
HCOO0-TP303 and HCOO-TP304 graded from slightly gravelly to gravelly,
HCO0O0-TP302 encountered interbedded lenses of 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
HCO00-B302 through HCO0-B306 at depths of about 2.5 to 7 feet below the
existing ground surface. The layer thicknesses were 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 thicknesses ranging from 6 to 12 feet. A discrete 2-foot-
thick layer of very sandy, very clayey silt was encountered in HCOO-TP300 at a

depth of about 4.5 feet below grade.

Dense to very dense, slightly gravelly to gravelly, slightly siity to silty SAND.
This soil was encountered underlying HCOO-TP301, HCOO-TP304, HCOO-TP305,
HC00-B137, HC00-B300, and HCO00-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 Fill was encountered in HCOO-TP308 and HCOO-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 4.5 and 2 feet
below the existing ground surface, respectively.

Medium stiff to stiff, slightly sandy to sandy SILT. HC00-TP308 and
HCO0-B138 encountered this soil unit at depths of about 4.5 to 5 feet below the
existing ground surface. The thicknesses ranged from 1.5 to 8.5 feet.

Hart Crowser Page 4
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Medium dense to very dense, slightly gravelly to gravelly, silty to very silty
SAND. This unit was the underlying layer, and was encountered at depths of
about 0 to 13 feet below the existing ground surface. The thickness of the layer
was not readily inferred as the test pits and 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 HCO0-P22 through HC00-P26 were
pushed in this area. The soils encountered were similar to those described in the
Subsurface Conditions Data Report, West MSE Wall, Third Runway
Embankment, Sea-Tac International Airport (Hart Crowser Inc., June, 2000).
HC00-B221 extended to a depth of 101 feet, much deeper than existing
explorations. These borings confirmed prior assumptions of the “underlying” 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
explorations in this area terminated in this unit. In HC00-B221, this unit was
observed from depths of about 20 to 58 feet.

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 thickness of the layer was not readily inferred as the borings
terminated within this soil layer. However, this layer extends at least to a depth
of 101 feet as evidenced in HC00-B221.

Embankment Between South 168th and South 171st

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

Medium dense FILL. Fill was encountered in HCOO-TP311, HCOO-TP313,
HCO0-TP315, and HCOO-TP317 consisting of Sand and Gravel 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 soils were encountered in the test pits excavated in this
area except HCOO-TP311, HCOO0-TP313, and HCOO-TP315. The depth of the unit
ranged from O to 3.5 feet below the existing ground surface, at thicknesses from
2.5to0 5 feet HCOO-TP311 encountered a large boulder in this unit.

Hart Crowser Page 5
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Medium dense, silty SAND with silt and sand lenses. HCOO-TP315
encountered this soil unit at a depth of 2 feet below the existing ground surface,

with a thickness of 1.5 feet.

Medium stiff, SILT with organic material. This unit was encountered in
HCOO-TP311 at a depth of 0.5 foot below the existing ground surface, with a

thickness of 3 feet

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 existing ground
surface. The thickness of the layer encountered in HCOO-TP310 was 6 feet. The
layer thicknesses in the other explorations were not readily inferred as the test
pits terminated within this soil layer.

Hard SILT. This unit was encountered only in HCOO-TP310 at a depth of 11
feet. 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 materials were observed in the area of the Viewpoint Park
Stockpile footprint:

Medium dense to dense FILL. HCOO0-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 content. This unit was encountered in the test pits excavated
in this area except HCOO-TP224. The depth of the soil layer varied from O to 3.5
feet below the existing ground surface, with layer thicknesses ranging from 2 to
4 feet.

Medium dense to dense, slightly silty to silty, slightly gravelly to very gravelly
SAND. This soil unit was encountered in HCOO-TP222, HCO0-TP224, and
HCOO0-TP226 at depths ranging from O to 2.5 feet below the existing ground
surface. The thickness of the unit was from 1 to 11 feet.

Dense, sandy GRAVEL. This soil was encountered only in HCOO-TP224 at a
depth of 11 feet below the existing ground surface, and was 1.5 feet thick.

Hart Crowser Page 6
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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
thicknesses were not readily inferred as the test pits terminated within this soil

layer.

South MSE Wall

Two additional borings, designated HC00-B223 and HC00-B220, were drilled in
this area. The soils encountered were similar to those described in the
Subsurface Conditions Data Report, South MSE Wall and Adjacent Embankment,
Third Runway Project, Sea-Tac International Airport (Hart Crowser inc., April 7,
2000). HC00-B220 extended to a depth of 101 feet, much deeper than existing
explorations. These borings 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 is a
depth of 101 feet for HC00-B220.

Detention Ponds A, E, and F

Pond A. Hand augers HCO0-A300 and HC00-A301 were performed in this area.
The explorations encountered (loose to medium dense), slightly silty to silty
SAND at depths ranging from 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 thickness was not inferred as the auger terminated within
this soil layer.

Pond E. HCOO0-TP306 and HCOO-TP307 were performed in the proposed
footprint of Pond E. Fill soils were encountered in the test pits at a depth of 2
feet below the existing ground surface. The Fill in HCOO-TP307 consisted mainly
of Sand with varying amounts of silt, gravel, and asphalt debris. In HCO0-TP306,
a (stiff), gravelly, very sandy SILT with asphalt debris was 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
HCOO0-TP306. 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 SILT with some cobbles. The
thickness of this silt layer was not inferred as the test pit terminated within this
soil layer,

Hart Crowser Page 7
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A (medium dense to dense) slightly clayey, slightly silty SAND, encountered at a
depth of 2 feet below the existing ground surface, with a thickness of 2.5 feet
was encountered below the fill in HCOO-TP307. This unit was overlying a 2.5-
foot-thick layer of (soft) sandy PEAT. Underlying the Peat was a 2-foot-thick laver
of (medium dense) very siity SAND with organic material. Underlying this unit
was a (medium stiff to stiff) non-sandy to sandy, non-<clayey to clayey SILT layer.
The thickness of this silt layer was not inferred as the test pit terminated within

this soil layer.

Pond F. HCOO-TP318 and HCOO-TP319 were performed in footprint of the
proposed pond. HCOO-TP318 encountered a (medium dense) FILL consisting of
slightly silty to silty, gravelly SAND with organic material at a depth of 3.5 feet
below the existing ground surface. HCOO-TP319 encountered (loose to medium
dense), silty, gravelly SAND with organic material at a depth of 1 foot below the
existing ground surface.

These soils were overlying a (medium dense to dense) slightly gravelly to
gravelly, slightly silty to very silty SAND at depths ranging from 1 to 3.5 feet
below the existing ground surface with thicknesses of 2.5 to 7 feet.

Underlying this layer in HCOO-TP318, a (stiff) very sandy SILT was encountered
at a depth of 6 feet below the existing ground surface with a thickness of 6.5
feet. 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 Facillty. This area contains Pond ) and another pond
located abut 500 feet northwest of Pond J.

Pond J. HC00-B308 and HC0O0-B309 were performed within the footprint of
Pond J. Fill soils were encountered in both borings at thicknesses ranging from
10 to 17 feet. The fill in HCO0-B309 consisted of medium dense to very dense
Sand with varying amounts of organic material and asphalt debris. The fill in
HCO00-B308 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 feet 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 HCO0-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 wi;hin the
footprint of the pond adjacent to Des Moines Memorial Drive.

A very loose to dense Fill soil was encountered in HC00-B310 and HCO0-B312
at thicknesses from 6 to 11 feet. The Fill consisted of Sand with varying amounts
of silt, gravel, clay, and asphalt debris. This soil unit was overlying a loose to
medium dense Sand with varying amounts of silt and gravel. The soil was
encountered at depths ranging from 2 to 11 feet below present grade, with layer
thicknesses of at least 9 feet. In HC00-B310 and HC00-B312, the layer thickness
was not inferred as the borings terminated in this layer. in HC00-B311 the soil
underlying the sand was a stiff, sandy Silt. This layer was encountered about 11
feet from the existing ground surface, and its thickness 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 services were accomplished. We make no other warranty, express or
implied.

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

Sincerely,
HART CROWSER, INC.

JosepHA D. CeLss, E.LT.
Staff Geotechnical Engineer

Dougtas D. LinpQuist, E.LT. MICHAEL J. BAILEY, P.E,
Senior Staff Geotechnical Engineer Project Manager
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APPENDIX A
FIELD EXPLORATIONS METHODS AND ANALYSIS

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

Explorations and Their Location;
The Use of Auger Borings;
Standard Penetration Test (SPT) Procedures;
Use of Shelby Tubes;

Pocket Penetrometer (PP);
Excavation of Test Pits;

Piezocone Penetrometer Probes;
Cone Penetration Test Procedures;
Monitoring Well Instaliation;
Monitoring Well Development, and
Water Level Measurement

VVYyVVYVVYyVYyVYyVvYYVYY

Explorations and Their Location

Subsurface explorations for this project include the following:

» Borings
HCO00-B137 through HC00-B138, HC00-B143, HC0O0-B220 through HCOO-
B225, and HCOO0-B300 through HC0O0-B312.

» Hand-Augers Borings
HCO0-A300 and HCO0-A301.

» Test Pits
HCO00-TP220 though HC00-TP224, HCO0O-TP226, HCOO-TP300 through
HCO00-TP319.

» Piezocones
HCO00-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

Hart Crowser P
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Exploration Logs. This figure also provides a legend explaining the svmbols and
abbreviations used in the logs.

Boring logs for HC00-B308 through HC00-B312 are located in Appendix F.

Location of Explorations. Figures 2 through 6 show the location of explorations.
HCO00-B301A is shown as HC00-B301 on Figure 2. These explorations were
located using a global positioning system (GPS) survey by Hart Crowser. Port of
Seattle surveyors performed 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 Figures 2 through
6. The method used determines the accuracy of the location and elevation of

the explorations.

The Use of Auger Borings

With depths ranging from 11 to 101 feet below the ground surface, twentv-two
hollow-stem auger borings, designated HC00-B137, HC00-B138, HC00-B143,
HCO00-B220 through HC00-B225, and HCO0-B300 through HC00-B312 were
drilied 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 pertormed 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 5-foot-depth intervals
for ali borings.

Groundwater levels in the borings were noted at the time of drilling (ATD) and
following installation and development of observation welis where noted on the
boring logs. Borings HC00-B137, HCO0-B143, HC00-8301, HCO0-B302,
HCO00-B305 to HC00-B306, and HC00-B308 through HC00-B312 were

Hart Crowser Page A-2
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completed as observation well<. Groundwater level cannot be evaluated for
borings using mud rotary drilling.

The borings logs are presented on Figures A-2 through A-18 at the end of this
appendix. Figure A-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 results must be used with engineering judgment in conjunction with
other tests. The SPT (as described in ASTM D 1587) was used to obtain
disturbed samples. This test employs a standard 2-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 sampler the last 12 inches only is the Standard Penetration Resistance.
This resistance, or blow count, measures the relative density of granular soils and
the consistency of cohesive soils. The blow counts are plotted on the boring
logs at their respective sample depths.

Soil samples are recovered from the split-barrel sampler, field classified, and
placed into watertight jars. They are then taken to Hart Crowser's laboratory for
further testing.

Some instances of “heave” are noted on boring logs. Heave is a phenomenon
that occurs typically within a sand soil where there is excess seepage pressure at
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 soils to be displace upward into the auger, thereby
disturbing the 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
drilling mud was used in the explorations described in this report.

In the Event of Hard Driving

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 is entered on logs as follows:

Penetration less than six inches. The log indicates the total number of blows
over the number of inches of penetration.

Hart Crowser P
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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 after the first 6 inches of
penetration. This sum is expressed over the number of inches driven that
exceed the first 6 inches. The number of blows needed to drive the first 6
inches is 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 6-inch increment for SPT) for 3 inches would be recorded as 80/9.

Use of Shelby Tubes

In some locations, a 3-inch-diameter thin-walled steel (Shelby) tube sampler was
pushed hydraulically below the auger to obtain a relatively undisturbed sample
for classification and testing of fine-grain soils. This was accomplished in borings
HCO00-B221, HC00-B222, HCO0-B300 to HC00-B301, and HC00-B308, to obtain
relatively undisturbed samples. The tubes were sealed in the field and taken to
our laboratory for extrusion and classification. The undisturbed samples were
typically obtained for consolidation and shear strength 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-TP220 though HCO0-TP224, HCOO0-TP226,
and HCOO-TP300 through 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

Hart Crowser
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geologist from Hart Crowser. The geologist observed the soil exposed in the
test pits and reported the findings on a field log. Our geologist took
representative samples of soil types for testing at Hart Crowser’s laboratory.
Groundwater levels or seepage during excavation was noted by the geologist on
the log. The density/consistency of the soils (as presented parenthetically on the
test pit logs to indicate their having been estimated) is based on visual
observation only, as disturbed soils cannot be measured for in-place density.

The test pit logs are presented on Figures A-20 through A-32.

Piezocone Penetrometer Probes

We used a piezocone penetrometer as a means to supplement our visual
classification of soils provided in SPT samples. Piezocone locations are shown
on Figure 3. The logs of the piezocone probes performed by Northwest Cone
Exploration are presented on Figures A-33 through A-38. The cone probes,
designated HCOO-P22A, HCO0-P228B, and HC00-P23 through HCOO0-P26, were
advanced to depths ranging from 5 to 24 feet below the ground surface by
Northwest Cone Exploration on May 18 and 19, 1999. The piezocones were
advanced using a cone truck at all locations. The cone penetrometer
HCO0-P22A met with refusal and the truck was moved 10 feet west for
HCO00-P22B. HCO0-P22A and HCOO0-P22B are shown as HCOO-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, Q. in tsf (resistance to soil penetration developed at the cone
tip);

> Friction resistance, F, in tsf (resistance to soil penetration developed along
the friction sieeve); and

> Pore water pressure behind the cone tip, Uy, in psi.

Cone Penetration Test Procedures

The electric piezocone penetrometer test procedure involves hydraulically
pushing a series of cylindrical rods into the soil at a constant rate of 2
centimeters per second and subsequently monitoring soil and pore fluid
response near the conical tip. The cylindrical rod at the bottom of the drill string
houses the pressure transducer and load cells which, during probing, measure
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the parameters indicated above. To be useful, the resuits must be used with
engineering judgment in conjunction with other tests, preferably the SPT
procedure, which allows soil sample collection for direct comparison purposes.
Tests were performed in general accordance 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 surface area of about 10
square centimeters (cm?) and an angle of 30 degrees from the axis. The friction
sleeve has a surface area of about 150 cm®. Prior to testing, a plastic filter
element, which has been saturated under vacuum in glycerin, is placed behind
the cone tip. This filter element transmits pore pressures to the transducer.
Load cells measure end resistance on the tip and frictional resistance on the
friction sleeve. As the cone penetrates the soil, measurements are continuously
recorded on a portable computer at depth increments of about 5 centimeters.

The classification method 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 relationship between the cone tip resistance and friction ratio, which has
been normalized for soil overburden stresses, can be established to predict soil
behavior (Jeffries and Davies, 1991 and 1993). This relationship has been
applied to the soil classification chart developed by Robertson as reported in
Lunne et al., 1997 (refer to Figure A-1 [Sheet 2/2]) according to the following
equation:

I.=,/3-1og[Q-(1- B,)]}* +[15+13-log(F)]

Where:
Ic = Soil behavior index
Q = Normalized cone tip resistance
0-4=%
G'VO
Gr = Corrected cone tip resistance

Cvo = Total overburden stress
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o'vo = Effective overburdens stress

B, = Normalized pore pressure
Au
B =—
qT -cw
F = Normalized friction ratio
R, = —f’— 100%
qT —cvo
£ = 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
Figures A-33 through A-38. The classification chart used for this study has been
established based on observed soil 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 using standard hollow-
stem auger equipment. 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 screen and casing riser were lowered down through the
hollow-stem auger. As the auger was withdrawn, No. 10/20 silica sand 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 seals were 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 backfilled with concrete to complete the surface seal. For security,
the monitoring wells were completed with locking stick-up steel monuments set
in concrete. The monitoring well construction details are illustrated on the
boring logs.

The monitoring weli were installed in accordance with Washington State
Department of Ecology regulations.

Monitoring Well Development

The monitoring wells were developed using a Whale electric submersible pump,
surge block, and/or a stainless steel bailer. First, sediment was removed from
the bottom of the wells using a stainless steel bailer. Then the wells were surged
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during development using either a surge block, a stainless steel bailer, or by
moving the submersible pump up and down within the well screen depth

interval.

A minimum of ten casing volumes 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. Observations were recorded on a Well Development data form.
Visual changes in turbidity during development were recorded in the comments
space on this form. The development water was discharged to the ground
surface in accordance with the Third Runway project Storm Water Pollution
Prevention Plan (Parametrix, 1999).

References for Appendix A

Jeffries, Michael G., and Michael P. Davies, 1991. Soil classification by the cone
penetrometer test: Discussion, Can. Geotech. J. 28, 173-176.

Jeffries, Michael G., and Michael P. Davies, 1993. Use of CPTu to Estimate
Equivalent SPT N, Geotechnical Testing Journal. GTJOD), Vol. 16, No. 4,
458-468. :

Lunne, T, P.K. Robertson, and J.).M. Powell, 1997. Cone Penetration Testing in
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Parametrix, 1999. Seattie-Tacoma International Airport Third Runway Project
Geotechnical Explorations Stormwater Pollution Prevention Plan, Prepared for
Port of Seattle, January 29, 1999.
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121 charle pc?

0IN 9/5/00
497826key

Key to Exploration Logs

Sample Description

Classification of soiis in this report is based on visudl field ond laboratory observotions which include density/consistency,
moisture condition, grain size, ond piasticity estimates ong snoulc not be construed to imply fietd nor laporotory testing
uniess presented herein. Visuol—manuc! ciassification methods of ASTM D 2488 were usea os on identification guice.

Soil descriptions consist of the following:

Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT, odditional remorks.

Density/Consistency

Soil density/consistency in borings is relgted primarily to the Stondord Penetrotion Resistonce.

Soil density/consistency in test pits is estimated bosed on visual observotion ond is presented pcrentretically on the test pit logs.
Stondara Stoncora Aooroximate

SAND or GRAVEL Penetration SILT or CLAY Penetrotion Snec”
Resistonce (N) } Resistonce (N) S(veﬁglh

Density in Biows/Foot Consistency in Biows /F oot in TS

Very loose 0- 4 Very soft 0- 2 <0.12%

Loose 4 - 10 Soft 2~ 4 0.125- 0.28

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

Dense 30 - 50 Stiff 8 - 15 0.5 - 1.C ;

Very dense >S50 Very stiff 15 - 30 1.0 -20 j

Hord >30 >2.C

Moisture ! Minor Constituents Estimotea Percentege

Dry Littie perceptable moisture l‘ Not identified in description 0- 5 !

Domp Some percepiable moisture, probadiy below optimum | Stigntly (ctoyey, silty, etc.) 5-12

Moist Probebly neor optimum moisture content ’ Cloyey, silty, sanay, grovelly 12 - 30

wet Mucn perceotable moisture, probcoiy above optimum Very (cloyey, silty, etc.) 30 - 5C

Legends

Test Symbols

Sampling Test Symbois

BORING SAMPLES TEST PIT SAMPLES CN  Consoiigation
X seiit Socon X Greo (uer)

Shetby Tube i o
y lu & Sneioy Tuoe TCD  Trioxici Consotigotec Drcinec

Core Run

No Sompie Recovery

N
[L_}T Cuttings Z Bag
1§

x

p

Tube Pusned, Not Driven

Gs Groin Size Clossification

TUU  Trigxiol Unconsoligcteg Unarainec

TCU  Trioxial Consoticoteg Undrainec

Qu Unconfinec Compression
os Direct Sheor i

K Permeapilty

s Pocket Penetrometer
Aporoximote Compressive Strength in TSF

v Torvone

{ Approximote Snecr Strengtr in TSP

Groundwater Observations

Surface Seol

Bentonite or

Bentonite

Water Level for Dote Inaicoteg
(ATD At Time of Drilling)

Sond Pack
Siottec Screen

i C8R  Colifornic Beoring Ratio
MD Moisture Density erationsnip

AL Atterperg Limits

'_H Water Conten: in Percen:

l_L~ Liguig Limit
Ngturol
Pigstic Limit

oip Photoionization Reoding
} CA Cnemicct Anciysis
A In Situ Dersity Test

HARTCROWSER

J-4978-26 8/00

Figure A-1

AR 045836



Electric (Piezocone) Cone Penetrometer
Schematic of Electric Piezocone (Typical)

.- Inclinometer (I, & L)

..o e Thierrniistor (T)
LoadCells ... .~ Friction Sieeve (F )
_ _._ Pore Pressure
Transducer (U)
Porous Filter
Element C

.- —-——— Cone Tip (Q,.)

Simplified Classification Chart (Jefferies and Davies, 1993 after
Lunne et al., 1990)

—[ CENTER FOR ZONAL CLASSIFICATION (ZONES OF RADI I,.)

1000
1 INCREASING
= DILATION
— INCREASING INCREASING
— PLASTIC HARDENING OVERCONSOLIDATION
100 =
2 E
: —
o -
10—
s =
< b
gl L
= L
o
-
< -
-~
S 1
§ . ] 11111!1; SRR f 7
° o o ° HARTCRO
o WSER
J-4978-26 6/00
Figure A-1 2/2
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CHARLIE-8 PC2

01N 8/30/00 1=1

HBORINGS

Boring Log HC00-B137

N 19714
E 10657

Soii Descriptions
Top of cosing elevation in Feet: 267.21 g‘g:’;(
Approx. Ground Surface Elevation in Feet: 264

-0
Medium stiff, to stiff, moist, groy, (
slightly sandy, silty CLAY with roots ond
organic material.

Very gense, moist to wet, gray, sh‘gh'Uy
grovelly, siigntly siity to siity SAND with
trace organic maoteriol.

- Grovetly zone

Bottom of Boring c: 15.6 Feet.
Comoieted 5/23/00.

N
(@]

T YT TryTTTTTITT "“'}‘“‘—l"'—r"" T T #

-
N
w

1. Refer to Figure A-1 for expionation of descriptions
and symbpois.

2. Soil descriptions and stratum lines are interpretive
ond cctuc! cncnges Mgy be gradual.

3. Grounc water tevel, if indicoted. is 0! time of crilling
(ATD) or for acte specifiec. Leve! may vory with tirme.

SR NNNNNNNNY 000 020, 0,0.9.9,)

Sompie

w
[}

(7]
|
N

STANDARD PENETRATION LAS
RESISTANCE TESTS
4 Blows per Foot

1 2 5 10 20 S0 100

L ! ]
RHIT U]
T TR
t v H I .
a | ‘
| | |
F ! ! ! !
| ' ! |
o | i '
| | i
i
r | ]
) i
R i ‘
N N i
L i “ ' ! i
[ ' |
Il ,
Sl | |
L L |
| J :
' !
g ! !
BNl I !
T2 5 10 20 50 100 ‘
® Wwater Content n Percent
[ £ 4
| 7 J

HARTCROWSER
J-4878-26 §/00
Figure A-2
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CHARLIE -8B PC2

CVD 8/16/00 1=t

BORINGS

Boring Log HC00-B138

N 19086
E 10627

. L STANDARD PENETRATION LAB
Soil Descriptions Depth Sompie RESISTANCE TESTS
Groundg Surfoce Elevation in Feet: 247 in Feet 4 Blows per Foot .

+0 12 S 10 20 SO 100
Loose, moist to wet, oronge ond brown,
silty, fine SAND with trace organic
material. ™ o
Medium stiff to stiff, moist to wet, groy i S-1 i N °
with orgnge mottiing, siightly sandy
CLAY-SILT. o -
+5
L s-2 R q
I~  Chonges to groy. ~+10
L s-3 L ) I-J - AL
\\
L \
Very agense, moist, groy, gravelly, silty i i \
SAND.
i N
+15 A g
-4 X N 50/5
' ] |
- - !
v '
ATD !
od -
+20 !
S-5 0| -
Bottom of Boring ot 20.4 Feet. Z 1450/4 -GS
Compieted 5/30/00. o o
| 1
~25 LU
1 2 5 10 20 50 100
. ® woter Content in Percent
[ 2
AN

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

ond sympols.
2. Soil descriptions and stratum lines ore interpretive mm

ond actuc! chonges moy be groduc'.
3. Ground woter level, if indicated, is ot time of orilling J-4978-26 5/00
(ATD) or for date specifiec. Level may vary with time. Figure A-3

AR 045839



CHARLIE - 8 PC2

DIN B/30/00 1<t

BORINCS

Boring Log HC00-B143
N 18758
E 10701

Soil Descriptions Depth
Too of casing elevotion in Feet: 242.27 in Feet
Approx. Ground Surface Elevation in Feet: 239

Very dense, moist, gray with brown
mottiing, gravetiy, silty SAND.

-
— Graces to very silty.
+10
Bottom of Boring ct 10.9 Feet. r
Compietec 5/26/0C.

T

T T " -

N
(@]

l—-7_ TTTTTTr—1 “_'" r T

N
w

1. Refer to Fiqure A-1 for exotonation of gescriptions

ond symbols.

Soil descriptions ond strotum iines are interpretive

cnc cctuol cncnges moy be gracual.

. Grounc water tevel, if indicctec, is ot time of drilling
(ATD) or for dcte soecifiea. Level may vary with time.

“won

Sempie

s-1

] es-2

STANDARD PENETRATION LAB
RESISTANCE TISTS
a Biows per Foot
i 2ﬁ ‘5 1020 S0 100 ‘
‘ |
- |
i ' |
| o
i .
; i
B |
N/
iy !
1
il 50/6[ :
ol T
ARl e
- X ' 1 | : 4 : :
|l i ]! <
L | H IERERIN { -
| R/ |
L X i 1' I I |'|, 1
{- i { H ° ! 150/5
i b ji
[ I i |
[ H ‘ i )i '

A o .

T I |
— to ;'

? ; 7| !i ' : : X
IR ' | |
o l! i

1! | : i
L |

i ! =
L | |

! | |
L
] |
| [ [ H
— T T '
i ! |
oo ' !
-

Lol I |
r ‘ |

i
R
T2 5710 20 S50 100

® Water Content in Percent

| 2.

[ 7 ]
HARTCROWSER
J-4978-286 5/00
Figure A-4
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chaorlie- 8 pc2

1=1

€W 6/7/00
487827\L0CS.dwg

Boring Log HC00-B220

N 14264
STANDARD PENETRATION LAB

E 10853 Deptn RESISTANCE TESTS
Soil Descriptions . in Feet Sampie a Biows per Foot
Approx. Ground Surfoce Elevation in Feet: 2940 1 2 5 10 20 SO 100

Very loose, moist, brownish red, silty L =

SAND with high organic content. L L

- 5_1 ™~ 4 ‘

L . X[ | N
—  Cuttings indicate sondy SILT with red +3 M

ond brown mottling.

\- Pressuremeter test. 4

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

A

L B §

10 *s-2 Z

=TT
Pl

- Pressuremeter test.

Very dense, wet, lignt gray, sligmly— - _
silty, sondy GRAVEL. 20 S-4 Z L 1

Very qense, wet, lignt groy, silty, fine to -
medium SAND. -

i

s-5 X . 1so0/6

L B L
T

W
(o]

- Pressuremeter test.

s-6 [X C 450/

LA I B
—~——

LRI |

4
T
()
w
w
'
~
LA S
L ]
>

— Pressuremeter test. | 40
C s-8 X [ . L80/11
Very gense, wel, groy SAND. Las i
C s-9 X [ . 4 50/5
P b
1so i !
| t s-10 X [ . 4 50/5
r_ -
- L
55
'[ s-11 - » 450/3
L i Ll
60 1 2 S 10 20 50 100
® Woter Content in Percent
| 2 4
as

1. Refer to Figure A-1 for explangtion of gescriplions

and symbols.
2. Soil gescriptions ond stratum lines are interoretive mmom

ond cctuai chonges moy be grodual.
3. Ground woter level, if indicated, is ot time of drilling J-4978-27 §/00
(ATD) or for cote soecified. Level moy vary with time. Figure A-§ 1/2
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chortie- 8 pc2

CVD 7/12/00 1.4
497827\L0GS dwg

Boring Log HC00-B220

Depth
Soil Descriptions in Feet
-[:60
Very dense, wet, gray, very grovelly 465
SAND. -
+70
Very dense, wet, groy, very sondy 95
GRAVEL. -+
Very dense, wet, groy, very grovelly, -
medium SAND. +80
Very dense, wet, groy, very silty, fine L
SAND. -_85
+90
L
+95
-
-+ 100
Bottom of Boring ot 100.9 Feet. :
Compieted 5/24/00. L
+105
L
+110
+115
J—120

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

ond symbols.

2. Soil descriptions and strgtum lines gre interpretive
and octucl chonges moy be grodual.
3. Ground water levei, if indicated, is ot time of arilling

(ATD) or for aate specified. Level moy vary with time.

S-13

STANDARD PENETRATION LAB
RESISTANCE TESTS

4 Biows per Foot

1 2 5

1020 SO0__100

L B A §

L, 14 50/5

Ty

L4 14 50/6

T T T

50/5

LI |

T

50/5

T T 17

450/3

——

LANNR BN B |

L ;LSO/S

=

LA B B )

T v

- L 50/6

LA AN B

b 450/5

T—rTT

LA B e |

T

1 2 5

10 20 50 100

Wwoter Content in Percent

HARTCROWSER

J-4978-27 5/00
Figure A-§ 2/2
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chortie Bpc2?

DN 8/30/00 11

497827\L0CS dwg

Boring Log HC00-B221

N 17715
E 10953

I

—erg, moist, gray, sondy SiLT.

S
w

wn
(@]

Deotn
. . in Feel
Soil Descriptions L n
Approximate Ground Surfoce Elevation in Feet:ozss
Loose, wet, groy ond brown mottled, L
silty, grovelly, fine to medium SAND. L
(wEATHEREDg L
=+5
— Pressuremeter test. -
-  Pressuremeter test. __ :
Very dense, wet, groy—brown, silty, 410
grovelly, fine to medium SAND. L
L
.~ Drilied through B-inch cobble. +15
—~_ r
i Pressuremeter test. .
[ Pressuremeter test. l}:
very stiff to harc, moist, gray, cloyey 20
SiLT ond silty CLAY. 'Tr:
i i
-LZS
"
—  Pressuremeter test. -
‘ F
- Pressuremeter test. ! -
| T30
‘ .
! P
i :
L~ Becomes !cminctec onc ioyerec. L
! +35
: L
i bl
Pressuremeter test. P
—40
Some siickensices. o
r
r
r
+
:
[
-
+4
r
-

Very dense, wet, gray. sligntly siity
SAND.

w
w

Fa—vrrtr

1. Refer ‘to Figure A-1! for explanation of descrintions
and symbpols.
2. Soil aescriptions ond strotum lines are interpretive
onc ccluc! chenges moy be graduat.

3. Grounc wcter level, if indiccted, is at time of
(ATD) or for dcte specifiec.

qril!ing

Leve: may vary with time.

STANDARD PENETRATION LAB
RESISTANCE TESTS
Sempie a Biows per Foot
12 5 10 _20 _ SC_100
-
S-lg : ‘\0 ]
; N\ |
3 N 1 |
L : N |
S-2 Z L [ M i
s | & .
b oo ‘ }*I i
{ ; i !
P A
X . Hii !
S5-¢ Lo ' o f[1]]! I :
;T | ; |
BN N ; |
i N
=R
B ; | | |
Lo ’_ } 3i!,; i | ! :
T q N ]

s DOE ot o
AR R | R |
S | |

= R A
b i ‘! N

S-8 XL ] , ! .’ :
| BRI I! :

RaREEil | |

s-s% t I l K
S \ | !

S-'CEF’L . .}| T | !
N .
RESNE |

S-1 —— ——y |
ﬁt i H 50/5 |
| | L ! }
i ! |

Z 510 20 50 100 '
® woter Content in Percent
| 2.4
am

HARTCROWSER
J-4978-27 5/00
Figure A-8 172
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chortie 8pc2

DIN B8/30/00 1=1

497827\10CS dwg

Boring Log HC00-B221

Soil Descriptions

[ 1-foot heave.

Very dense, moist to wet, gray, silty,
gravelly SAND.

N

1-foot heave.

Very dense. moist, groy, slightiy grovelly
\ to gravelly, siity, fine to meogium SAND.

2 feet of neave.

Dense, wet, groy, slightiy silty, gravelly
SAND.

Deptn
in Feet

60

]
1

¢ /]
o

o]
wm

(e}
o

B e R B R . B

TrTr +"|
©
o

(@}
o

Bottom of Boring ot 100.5 Feet.
Comoteted 5/22/00.

-
o
w

o

w

L B e e e T e T ——

120

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

and symbols.

2. Soi! descriptions ong stratum lines cre interpretive

end actuc! chcnges moy be groguo!.

3. Ground woter levei, if ingicotec, is ct time of orilling
Leve: may vary with time.

(ATD) or for dcte specifiec.

S-13

L X I

|

STANDARD PENETRATION LAB
RESISTANCE TESTS
4 Biows per Foot
1 2 5 10 20 50 100
| hd l50/5 ‘
; 350/5
_ I !
50/3
ud SC/4
- ! L /Tf !
i | i
¥ 1 RV
NSRRI L !
r RS sl l ’! i ‘
Dbl O
SO N
R ) (.
: !‘ g i Lilas0/s
EL I
: ”. !!!!‘I' , !
T ™50/4 |
SIS e
[ il ! |
L ,‘Ig P |
; Lo A I T8 50/4 k
SR |
SRR
B |! ]J , v‘ll
L e 71850/6 |
T |
Lo il | |
- ;: _||] E}
RN
A . f
{ ! T i
SR oo
I
- il
i LR N A ) .
] T ;
- L |
SR
RN |
1 2 5 c 20 5 100

® Woter Content in Percent

| 4

an
HARTCROWSER
J-4978-27 §/00
Figure A-6 2/2
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1=1 chortie- B pe2

CVD 6/7/00

497827\10CS dwg

Boring Log HC00-B222

N 21820
E 11205 Deptn

Soil Descriptions in Feet

Approximate Ground Surface Elevation in Fee_t_:0276

— Pressuremeter test.

Loose to medium dense, moist to wet, L
brown to gray, siightly silty to silty, L
siightly grovelly to grovelly, fine to L
medium SAND. i

+5

410
— Pressurementer test. -

+15

Very dense, wet, gray, silty, gravelly, +20

fine to medium SAND.

Very aense, wet, gray, sligntiy silty, 425
non-silty to very sandy GRAVEL. L

-30
-
— Pressuremeter test. :
+35
Very cense, wet, gray, silty, grovely, L
fine to medium SAND. -L4O
Very cense, wet, graoy, grovelly SAND. _:45
: T
{ Very gense, wet, gray, slightly silty P
' SAND. ( +50
Some heove. F
F55
— S feet of heave. T..
L
I Lo

1. Refer to Figure A-1 for explonction of aescriptions
and symbols.

2. Soil descriptions and stratum lines ore interpretive
ond actuol chcnges may be gradual.

3. Grouna woter level, if indicated, is ot time of garilling
(ATD) or for date specified. Level mgy vory with time,

Sompte

5-10

S-11

Xl__ X X' T

STANDARD PENETRATION LAB
RESISTANCE TESTS
4 Biows per Foot
1_2 5 10 20 S0 100 '
L
i b
L ° \\
- \
L o w
b A¢ 1 85/11
L 50/5
.
- L ] 4
N d 50/5
L f
sanili i
L il ;e i 4 50/6
Nl
‘ i 450/3
I
- ] ' |

2 S 10 20 50 100
Water Content in Percent

HARTCROWSER

J-4078-27 5/00
Figure A-7 172

AR 045845



121 chortie-B pc2

Ccw 6/7/00

49787 7\1 0CS .awg

Boring Log HC00-B222

Soil

Descriptions

Very dense, wet, groy, gravelly SAND /

1-foot of heove.

Very dense, wet, gray SAND.

1 foot heove.

1 foot heave.

1-foot of neove ©® 80'.

LR L B

~
o

llllfvlll
~
wn

HARD, moist, brown, organic SILT 1-foot]]

Very dense, wet, groy, graveliy SAND.

Grage to non-—grovelly SAND.

1 foot heave.

A/

o
Very gense and hord, moist, light gray,
sity SAND ang SILT. (ASH) /_

Very dense, wet, gray, grovelly SAND.
i foot heove.

2 feet heave.

Bottorn of Boring ot 100.2 Feet.
Completed 5/18/00.

T

i

3
!
E

:
[

100

110

115

+120

1. Refer to Figure A—1 for expicnotion of aescriptions

and sympois.

2. Soil descriptions ond stratum lines are interpretive

3. Ground water levei, if indicotec

Sn¢ actuc! chonges may be grodual.

(ATD) or for date specifieq.

, 1S gt time of drilling
Level may vary with time,

Sompie

S-12

$-13

S-14

S-15

S-16

STANDARD PENETRATION LAB
RESISTANCE TESTS
& Blows per Foot
12 S 10 20 SO 100
1450/6
-
S0/4
| hd 4 50/5
| 450/3
50/3
L 450/3
[ 450/6
N 50/3
i > 50/3
1’:—
-
1 2 0 20 S0 100
® Woter Content in Percent
[ 4 4
an
J-4878-27 5/00
Figure A-7 2/2

AR 045846



charlie 8pc2

121

cvw 8/7/00

497827\10GS.dwg

Boring Log HCO0-B223

N 13986
E 10965

Soil Descriptions

Depth
in Feet

Aporoximote Ground Surfoce Eievation in Fee_t_:OJOQ

Compieted 5/24/00.

Drill oction indicates grave!. L
-
+5

Medium dense, groy-brown, wet, siighty | I

grovelly, silty SAND. -10

Pressuremeter test. |

Den_s-e.—w;t.—br;;l.ggm ;;y:—aroveny -

SAND. +15
-

- - +20

Very oense, moist, gray, grovelly, silty L

SAND. L

—  Pressuremeter test. B
+25
- 30
- - 35
Bottom of Boring ot 35.0 Feet.

T '1TT+'T’T—T'*1_{_1'T'FI {

w
o

T+
v
o

[02]
o

1. Refer to Figure A—1 for explanction of aescriptions

ang symools.

2. Soil gescriptions ond strotum lines cre interpretive
and actuct chonges moy be graguoal.
3. Ground water leve!, if indicated, is at time of arilling

(ATD) or for daote specified.

Levet may vary with time.

Sompie

G- 1

X IXI X

s-4 X

STANDARD PENETRATION LAB
RESISTANCE TESTS
& Biows per foot

1 2 5 10 20 50100
- Y
1

! \
L . \\
r w
N . b S0/5
i +50/2
o | !
L | |
T3 0 20 50 100
® Woter Content in Percent

[ 2

as

HARTCROWSER

J-4978-27 §/00
Figure A-8

AR 045847



-1 charlie—-B.pc2

CVD 6/7/00

497827\L0CS. dwg

Boring Log HC00-B224

N 18193
E 10965

Soil Descriptions

Approximate Ground Surfoce Elevation in Fee_t:0240

Deptr
in Feet

Drill oction indicotes grovel. L
+5
—— — — — — — ——— $10
Very dense, wet, gray, slightly silty, fine L
SAND. L
+15
- +20
Very dense, wet, groy, silty, gravelly L
SAND. -
— Pressuremeter test. I~
Very dense, moist, groy, grovelly, silty =+25
SAND. L
+30
b Pressuremeter test. -
+35
Bottom of Boring ot 35.3 fFeet. "
Compietea 5/22/00. -
+40
445
+50
+55
-60

1. Refer to Figure A—-1 for explanotion of descriptions

ond symbols.

2. Soil descriptions and stratum lines are interpretive
and actucl chonges may be graducl.
3. Grounc water tevel, if indicoted, is ot time of drilling

(ATD) or for date specified.

Level moy vory with time.

Sompie

S-4

STANDARD PENETRATION LAB
RESISTANCE TESTS
4 Biows per foot
1 2 S 10 20 SO0 100
- ® r
- J¥ ;
- |
b \ I
r \
R hd A 50/6
L hd 4 50/6
50/4
hd 50/3
-
i i
1 2 0 20 S0 100
® Woter Content n Percent
[ 2 4
a8

HARTCROWSER

J-4978-27

5/00

Figure A-9

AR 04

5848



1= chorlis -8 pc2

cVD 6/7/00

497827\L0CS dwg

Boring Log HC00-B225

N 219818
E 11459 Depth

Soil Descriptions ) ) in Feet
Approximate Ground Surface Elevation in Feet_:ozas

Very stiff, moist, light brown, siightly L

sondy, cloyey SILT. L
-
45

- Pressuremeter test.

=+10
~_ ch.- ;;isr.—gnry. cloyey, sandy SILT. L
Pressuremeter test. B
Y 415
Hor—oT m—c;isrg;o—)u _g-;velly, very sonaoy L
SILT. L
Pressuremeter test. +20
Very dense, moist, groy, silty, groveliy i
SAND.
[~ Pressuremeter test. .
+25

—  Gravelly drill action.

[
(@]

Pressuremeter test.

[¥7]
w

Bottom of Boring at 34.5 Feet.
Compieted 5/18/00.

»
o

E-N
w

w
(@)

(o]
(8]

t~=r-r-vt vvrvr - 1ttt

[2)]
o

'. Refer to Figure A—1 for explanation of gescriptions
ond symbols.

2. Soil gescriptions and strotum lines are interpretive
and gctucl changes may be groauo!.
3. Grouna water level, if indicates, is ot time of arilling

(ATC) or for aote specified. Lever may vary with time.

Scempie

XI IXI I

STANDARD PENETRATION LAB
RESISTANCE TESTS

-

Biows per Foot

1 2 5 10 20 SO 100
" \ i
: I\
L \N
- . hnso/s
. 1450/6

3 o 1480/11
L
3 . 1450/6
[
L
-
-
T2 5 10 30 50 100
® woter Content in Percent

l 4 |

AN

HARTCROWSER
J-4878-27 §/00
Figure A-10

AR 045849



CHARLIE - 8 PC2

DIN 8/23/00 1a=1

BORINCS

Boring Log HC00-B300
N 19818
E 10889

STANDARD PENETRATION |_A§rq
i ipti RESISTANCE TISTS
Soil Descriptions N iv?eg::t Sompie ResisTance
Ground Surfoce Elevation in Feet: 291 0 . 2 s 10 20 s0 100
- ! .
Medium dense, wet, brown, slightly silty ! I | :
e - - L 6
| | L
i S—1 X i .l l :
o
Medium stiff, moist, greenisn groy witn l i
mottling, slightly sandy, slightly siity 5 ;
CLAY. + | 2 i
- = g S
ik
s Progp
r i i ]‘ ‘I:
§-3 ¢\ !oi RS FALL Lo
- AT e Tesl
AN )
- =L Dot :
| Ll L :
! Lag Lo AVEEENT .
Dense to very cense. moist to wet, ‘ l , [ ' [’ ” : '
brown, siightty gravelly, very siity SAND. -4 | r | I,. | ! f] ;-GS i
- ; : i ! i [!- 0 : :
i | L ATC i f L ] : | !!l ‘,' : :
| S A T . |
; E oL HE N
‘ i P B : I 'i '
: : P ‘ Il AT :
| i oL i
| ; BRI Rl
f . 215 " » IR SR\ Y .
=g Chcrges to gray. becomes sity. ) S-5 z ; w N ! i i' ,. ' N 50/4 ! '
’ Botiom of Boring et 5.3 Fee!. ;_ i DL | ii! f‘ ; i ! | ‘
: Comoletec 5/25/00. D S !i o i ! 5 i
| L SR ]
H ' ;
| ll 5 B Hilll , Hif
i - e ‘ i i
| | LD e e
i
| r S
! : ; P i : HE ‘ .
! | =20 ‘ RS RN S
i [ oo Cob el ) T : !
| ! ; R 1 ||})i!! ' ||' i !
| - DERE I R ;
| | R |
‘ r BRSO “ | ’ '|. | 1
! i byt ool ! ! ! i ! i
‘ ' I I .
I ?i!u'i.'i!!!;H:' | |
! i It T
| |+ e s e |
| N R LI . |
=23 T2 5 70 20 50 700

1. Refer to Figure A-1 for explonation of aescriptions
crd sympols.
2. Soi ocescriptions gnc strotum lines are interpretive
onc cclucl changes mgy be grodual.
Grounc wcter teve!, if indicoteq, is ot time of crilling
(ATD) or for acote specifiec. Level may very witn time.

“

® Wcter Content i~ Percent

HARTCROWSER
J-4978-26 5/00
Figure A-11

AR 045850



Monitoring Well Log HC00-B302

N 20429

E 10825

Soil Descriptions

Ground Surface Elevation in Feet: 280
Top of Casing Elevation in Feet: 292.91

Medium dense, moist to damp, brown, silty
SAND.

Trace of gravel.

Medium stiff to stiff, moist to wet, gray and
brown mottied, sandy CLAY.

Dense to very dense, moist to wet, gray,
slightly graveliy to gravelly, very siity
SAND.

BORING LOG 497831AGPJ HC CORP.GDT 9/500

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

1. Refer to Figure A-1 for explanation of descriptions and symbois.
2. Soil descriptions and stratum lines are interpretive and actual changes

may be gradual.

STANDARD PENETRATION LAB
RESISTANCE TESTS
Sampie 4 Biows per Foot
1 _2 5 10 _2 % 10
G-1 Z - [
S-2 X 3 17
$3 X L L
S+ X i 4\ o - AL
§S X - q\\ -GS
S6 Z i \\
L | L
i s7 Z i d 9/11
+20
+25
r o
-+30
T35
~40 t 2 5 10 20 5 100
® Water Content in Percent
| 2
[ T
HARTCROWSER
4978-31 08/00
Figure A-13

3. Ground water level, if indicated, is at time of drilling (ATD) or for date

specified. Level may vary with ime.

AR 045851




Monitoring Well Log HC00-B303

N 20224
E 10971
Soil Descriptions Depth
in Fost
Ground Surface Elevation in Feet: 304 —0
Medium dense to dense, moist to damp,
brown, silty, fine to medium SAND. -
+5
"Stff to very stff, moist, brown with orange i
mottiing, slightly sandy to sandy CLAY. o
<10
Medium dense to very dense, moist, +15
brown, slight gravelly, silty fine to medium
SAND. -
+20
Bottom of Boring at 23.5 Feet. L
Completed 08/10/00. 45
g L
8 —+30
.
o -
o
e -
&
© -
2
&
< +35
g -
° L
S
: L
=
g
40

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

2. Soit descriptions and stratum fines are interpretive and actual changes
may be gradual.

3. Groqnd water level, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

i

S$2

S7

S-9

XXX KK T ] K

STANDARD PENETRATION LAB
RESISTANCE TESTS
4 Blows per Foot

12 5 10 %) 50 100

- q

| L s

°

-

1

2

S

10

20 50 100

® Water Content in Percent

HARTCROWSER

4978-31 08/00
Figure A-14

AR 045852




Boring Log HC00-B304
N 20009

E 10758
Soil Descriptions

Ground Surface Elevation in Feet: 286

Very ioose to (medium dense), damp to
moist, brown and gray, slightly graveily,
siity SAND with organic material.

Very stiff to hard, moist, gray and orange
mottied, sandy CLAY.

Laminated layers and organic material
noted.

Very oense, moist, gray, slightly gravelly,
silty SAND.

Bottom of Boring at 16.5 Feet.
Compieted 08/09/00.

BORING LOG 497831AGPJ HC _CORP.GDT 91100

1. Refer to Figure A-1 for explanation of descriptions and symboils.
2. Soil descriptions and stratum lines are interpretive and actual changes

may be gradual.

3. Ground water level, if indicated, is at time of drilling (ATD) or for date

specified. Level may vary with time.

Sampie

S2

X XTI I 1K

[><]

STANDARD PENETRATION LAB
RESISTANCE TESTS
& Biows per Foot

1 2 5 10 2 50 100

*

-

1 2 § 10 20 50 100
® Water Content in Percent

[ 1 4

ans
HARTCROWSER
4978-31 08/00
Figure A-15

AR 045855



Monitoring Well Log HC00-B305

N 19808

E 10808

Soil Descriptions Depth

Ground Surface Elevation in Feet: 284 . in Feet

Top of Casing Eievation in Feet: 286.89 -0
Medium dense to dense, damp to Moist, B
slightly silty, very gravelly SAND. -

+5
SH to hard, moist, brownish-gray and i
orange mottied, sandy CLAY. =

<10

Sand and gravel noted at bottom 2" of
sample. 415
Very dense, moist to wet, gray and brown, |
slightly gravelly, silty SAND.

; . g:fﬂe;:;iguﬁ::-:m for explanation of descriptions and symbois.

. p! and stratum lines are nterpretive and actual

gay be gradual. e changes

3. Ground water level, if indicated. is at time of drilli ATD) or for date
specified. Level may vary with time. ¢ yorfor

L
ATD
Bottom of Bonng at 18.5 Feet. L
Completed 08/10/00. 120
+25
g L
H +30
8 =3
a P
&
©, -
Q
= -
3_’ +35
8 L
<
8
2 L
5 -
8
--40

s-7

1

LAB
TESTS
100
-GS
- AL, GS
B \“bssonr
2 5 0 20 50 100
® Water Content in Percent
| 5 4
as
HARTCROWSER
4978-31 08/00
Figure A-16

AR 045854




BORING LOG 497831AGPJ HC_CORP.GDT 8100

Monitoring Well Log HC00-B306

N 19434

E 10866

Soil Descriotions Depth
Ground Surtace Elevation in Feet: 277 in Feet

Top of Casing Elevation in Feet: 278.85

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

2. Soil descriptions and stratum lines are interpretive and actual changes
may be gradual.

3. Ground water ievel, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

G-1

s§-2

Mecium dense, moist to damp, brown with T0
orange mottiing, slightly siity SAND. -
Medium stiff, moist, gray and orange, +5 1t
mottied, sandy, very siity CLAY. | 11
| (@v1am0)| ]| |-
Loose to medium dense, Moist to wet, gray & -
with orange mottiing, siightly gravelly, very - Al
silty, fine to medium SAND. L B
T (B
[ T Very dense, damp to moist, brownish-gray, | | A
slightly gravelly, silty SAND. - —
-+ 15
Bottom of Boring at 18.3 Feet. L
Compieted 08/10/00.
+20
-+25
-+ 30
+35
140

s7

Sampie

> XTI XTI XTI XTI X

STANDARD PENETRATION LAB
RESISTANCE TESTS
a Biows per Foot

1 2 5 10 2 50 100

b

-

3

! s
A
- 4{\ Lo AL, GS
: bs -
- Ak FGS
- - IN
- . \\

-

-

1

2

2

0 20 50 100

® Water Content in Percent

| 5

[ 7]
HARTCROWSER
4978-31 08/00
Figure A-17

AR 045855




Boring Log HC00-B307

N 19082
E 10783 ]
Soil Descriptions 0
in Fest
Ground Surface Elevation in Feet: 267 -0
Medium dense to dense, moist to damp, [
brown and gray, gravelly, sitty SAND. o
+5
Noted gravels in run. i
-+10
Very dense, moist to wet, brownish-gray t0 i
gray, slightly gravelly, slightly sitty to siity -
SAND. L
+15
Bottom of Bonng at 18.8 Feet. B
Completed 08/09/00. 420
+25
g L
& +30
B -
8
: -
¢ I
% fs
g i
<
© L
3 L
(4]
z -
: i
® L40

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

2. saldesaipﬁa\samml&manimﬁveammlcmnges
may be gradual.

3. Ground water level, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

S-7

STANDARD PENETRATION LAB
RESISTANCE TESTS
4 Biows per Foot

1 3 S 10 22 S0 100

[ A

et Y

i . !;osno'

1 2 5§ 10 2 50 100
® Water Content in Percent

[ 3.4

as
HARTCROWSER
4978-31 08/00
Figure A-18

AR 045856



CHARLIE B PC2

DIN B/30/00 1s1
HANDAUGERS

) _ N 18235
Hand-Auger Log HC00-A300 E 10762

Sampie Water Deoth SOIL DESCRIPTIONS
Conten: in Feet Grounc Surtcce Eievotion in Feet: 228
s-1 X 33 0 1 (Loose to medium gense), wet, cork brown, sity SAND wit~ .
§-2 I 27 ? L ~—~—__ Orgonic_magterial. |
2 - (Medium dense), wet, groy. siity SAND with trace orgonic i
33 T ~——__rmoterial. |
5-3 33 o ] (Meaium stiff to stiff), wet, groy, ctayey, sondy SiLT with
7 trace orgonic moterial.
5 -
]
6 - Bottom of Hond—Auger ot 4.0 Feet
7 ] Compieted 5/12/00.
8 -
8 4 Seepage noted © 1.0°
10 4
11-.' |
124 !
134 ;
144 ,
154
164
174
4
TSj ,
194 i
i ‘ |
204 i

Hand-Auger Log HC0O0-A301 N 18127
SOIL DESCRIPTIONS E 10798

Scmore Woter Deoth
Content in Feet Grounc Surfcce Etevotion in Feet: 229
. 0 - : .
s-1 X 47 PR (Loose (o medgium aerse), moist to wel, ccrk drown, very
§-2 g 24 ! 7 ~—__Gravelly, silty SAND with counasnt organic materic:.
| ! ? 2 7 (Loose to mecium aense), wet, brown o Grcy. sty SAND witn
; 3 4 | trcce orgenic materigl.
s-3 § 19 PRI
S-4 | 28 4 ! (Megium stif‘ to stiff), we:, grcy, signty cloyey, sanay S.L with
s-5 = 28 54 troce organic matericl
! | Sj Sottom of mono-Auger ot 5.5 fee:
| 72 Compietea 5/12/00.
i 8 -
4
9 4
b Seepcge notec © 1.5
10 - g
, 15 i
N )
A 124 |
i 13_1 '
6] |
15j_ i
d !
16+ !
17 |
18- ’
195
4 i
20- ‘

i. Refer to Figure A-1 for explanotion of descriptions
and symools. HARTCROWSER

2. Soil cescriptions onc stratum lines are interoretive

onc¢ cctucl changes moy be groauc. J-4978-26 5/00
3. Grounowater concitions, if indicatec, are ¢! the time H
of excavation. Corgitiors may vory with time. Flguro A-19

AR 045857



RC 497823 Pits 6/7/00

Test Pit Log HCOO-TP220 N 14590
E 11265

cmpie Waoter Deptn SOIL DESCRISPTIONS
Content ir feet Approximate Ground Surfoce Eievetion in Feet: 346

0-

1 (Loose to medium gense), moist to wet, brown, siigntly grovehy,

S-1 Z 23 i sitty SAND. |
2 -

1 ? (Very aense), moist, gray, silty, grovelly, fine to megium SAND. |

1 Bottorm of Test Pit ot 9.0 Feet.
10+ Compieted 3/16/00.

114 |
12 |
14 1
154
164
174
18]
194

20]

Test Pit Log HCO0-TP221 N 14801
E 11287

Sempte Water Leb Deotr SOIL DESCRIPTICNS
Content  Tests in feet Approximgte Ground Surface Elevgtion in Feet: 344
. o] '
! 1], (Mecium dense to oense). moist, brown, silty. grovelly SAND with
S-1 g 16 '_11 cobpies, ana orgonic materigt onc roots. (FiLL
2+ !
| 34 f
S-2 E 22 GS 4~ (Mecium aense), mois:, orown, grovelly. very sity SAND witr 1
Sj organic moterial.
6+ ; Roots graces out.
s-3 Z 8 71 (very cense), moist, gray, silty, grovelly SAND.
8-
9
]
10=
113 Bottom of Test Pit ot 1C.0 Feet.
7 Completed 3/16/00.
12+
135
14 A
154
16+
17+
18+
194
1
20~
AN
1. Refer to Figure A-1 for expionction of descriptions
ana_symools. HARTCROWSER
2. Soil descriptions ong strotum lines gre interpretive
3 Gcnd cctuo! chonges may be grocual. J-4978-23 3/00
- Grounawoter conditions, if incicotec, cre ot the time
' Figure A-20

of excovation. Conditions may vCry with time,

AR 045858



RC 43/823 Pits 6/7/00

i - N 14579
Test Pit Log HCO0-TP222 N

Scmpie Woter Deoth SOIL DESCRIPTIONS
Content in feet Approximate Ground Surfoce Cievation in Feet: 357
03 6 incnes of Topsoil over (mecium dense), wet. brown, siity, i
i grovelly SAND with roots. ‘
S~1 : 18 |
2 |
S-2 15 3 (Medium dense to aense), wet, gray, sligntly silty, very graovely
4 ? ~~—__SAND.
$-3 X " (Dense to very dense), moist, gray. silty, grovelly, fine to
5 medium SAND.
6
7=
8
9
10
11
124
134 d
4 Bottom of Test Pit ot 13.0 Feet. }
149 Compietea 3/16/00. ‘
154 !
16
17+ |
184 I
19— l
oJ i

Test Pit Log HCO0O-TP223 N 14625
E 11481

Sempie Wcter Deptn SOIL DESCRIPTIONS
Content in feet Approximote Ground Surfoce Elevation in Feet: 365
: 0=
! | 1 (Medium dense). wet, brown to dark drown, siigrily gravelly,
! 1:[ silty SAND with roots.
S-1 i 2° 2=
«
3~
| 4
P
s-2 XX 24 5_-{ (Loose). we:, prown, siity, grovelly SAND.
| 1T
6 ) (Dense to very gense), moist, groy, siity, graveily SAND.
5-3 X 11 74 :
! 8-
4
Ely
i
1
%3
11=
! 4
! 124
13
3=
4 Bottom of Test Pit gt 13.0 feet.
14—

Comptletec 3/16/00.

18~
84
! 19—
! 20~
| 2 4
AN
1. Refer to Figure A-1 for explonation of cescriptions
ane symools. HARTCROWSER
2. Soi' gescriptions ong stratum lines are interpretive
5 Gcnd octual chonges mcy be graduc!. J-4978-23 3/00
- Grouncwcter conditions, it ingicotec, cre ¢t tne tirme
of excevetion. Concitions mey vary witn time. Figuro A-21

AR 045859



RC 497823 Pis 6/7/00

i - N 15532
Test Pit Log HCOO-TP224 N 18532

Wcter Led Deoth SOIL DESCRIPTIONS
Semoe c;n:em Tests in feet Approximate Ground Surface Elevation in Feet: 383
0—_ (Megium dense), moist, groy, fine to mecium SANC.
14 !
2]
S-1 X 9 GS 3—
"_ = Grades to dense.
[
6
-
kK
8-
o
10
7 GRAVEL
s-2 52 1 122 ? (Dense), wet, groy, sondy . |
5-3 =z 10 13-. (Very aense). moist, groy. silty. gravelly, fine to mecium SANZ. i
14 4 '
154 :
4 Bottom of Test Pit ot 15.0 Feet. i
16 Completes 3/16/00. !
174 :
184 !
19+ |
203 i

Test Pit Log HCO0-TP226 N 15042
E 11269

Scmple Water Deotn SOIL DESCRIPTIONS
Content in feet Aporoximate Ground Surfoce Elevation in Feet: 358
0~
| l 2] 6 inches of Topsoit over (mediurm derse), moisi. browr,
51 @ 19 24 stigntly grovelly, siity SAND with orgenic materic . !
] -4‘ (Megium gense), wet, groy ond orcnge mottiec slightly c-cvey,
- 1 . . . iy ¢ .
s-2 = 2 3+ silty SAND. |
5-3 10 4:? (Dense to very oense), moist, gray. silty. groveily, fine tc !
5'j medium SAND. '
6
7-
8-
-
1 Bottom of Test Pit ot 9.0 Feet.
10‘_ Comopietec 3/16/00.
11—
12-] i
13 i
14~ I
15+ |
16+
4 |
174
4
184
19 '
205 | ;

1. Refer to Figure A—1 for explonation of descriptions
and symbots.

2. Soil descriptions ond siratum lines are interpretive
ond cctuol chonges magy be groduo!.

3. Grounawoter congitions, if indicatec, are ot tne time
of exccvction. Conditions may vary with time.

HARTCROWSER
J-4978-23 3/00
Figure A-22

AR 04536,



CHARLI -8 PC2

DIN B/30/00 1=)

1ESIPIIS

Test Pit Log HCO0O-TP300 N 20404
E 10845

Scmple Water Deptn SOIL DESCRIPTIONS .
Content in Feet Grounc Surface Elevation in Feet: 299
g‘ 0'. (Medium aense), moist, cork brown, slightly silty SAND witn !
s-1 4 1 organic_material.  (TOPSOIL) i
2 4 (Medium dense), moist, brown, sligntly silty, fine SANC witn trcce!
3 ] orgonic moterial. i
S-2 10 j 1
4 - |
s-3 [ 20 5-: (Stiff), moist, oronge to groy, very songy, very cioyey SiLT. '
6 - -
7 §$ti"). moist, gray to oronge. slightly groveily, scnoy SiLT. |
S-4 X 20 8 Weatnered)
1 |
9 -1 T T T e — e T e e T e T — 1
10 (Stiff), moist, groy, sanay SILT. —]j
5—5 Z 18 11:. I
124 i
134 .
144 |
15— '
51 Bottor o Test Pit ot !5 reet.
164 Compieted 5/2/00.
174 |
{ No groungwoter seepnge observed.
18 _1 g g |
- 194 :
B j |
20- ;

Test Pit Log HCO0O-TP301 N 20247
E 10838

Sompie Water Deoth OiIL DESCRIPTICNS
Content in Ffeet Grourc Surfoce Zievation in Feet: 295
L 04
s Megcium aense). moist, orown, siity SAND with orgonic meterigl. |
s-+ X 23 i ‘ oesin) : ’ e o
' Z-J (Meaiu™ gense), moist, orowr SAND with troce roots. i
s-2 X 20 3] !
L . :
5-3 2 22 AL e -11 (Stift}, moist, grey onc orange CLAY l
! 54 |
1 - -
6 - | (Stiff). moist, grey anc orcnge, shgntly graveity, sgngy SILT, ]
52 l (weatnered) ;
S-4 X 2 T '
8 ﬂ !
94
| 0=
. g ;
3 i ;
P 12— i |
132°%
7] (Very aense), moisi, groy, grovelly, silty SAND.
5-5 X 9 143
15<
. Bottomm of Test Pit ot 15 Feet.
51. Comotetec 5/2/00.
17
183 i Grounowcter seesoage observeo ot ¢ aepth of 124 feel.
N - ]
! 191' i
20—

1. Refer to Figure A-1 for expionation of aescriotions
ang Symbois.

2. Soil gescriptions ond strgtum iines cre interoretive
Gnc actuc! changes may be grocuc!.

3. Grounawater concitions, if ingicatec, cre of tne time
of excovcton. Conditions mgy vcry witn time.

HARTCROWSER

J-4978-26 5/00
Figure A-23

AR 045861



CHARLI- BPC2

DN 8/30/00 121
esipns

Test Pit Log HCOO-TP302

Sompie Woter Depth
Content in Feet
0+

S=1 E 7 14
s-2 [X 13 3

s-3 23 1

15-
164
174
18 4
194
203

E 10860
SOIL DESCRIPTIONS

Groung Surfoce Eievation in Feet: 295

N 20083

organic moteriol.

(Medium dense), moist, gark brown, siightly silty SAND witn

lenses.

(Medium dense), moist to wet. brown SAND witn silt anc grave i

SILT. (Weathered)

(Stiff to nord), moist, gray ono orange, slightiy grovelly, ‘sangy

(Very stiff), moist, groy, sligntly sonay to scnoy S'L”.

Bottom of Test Pit at 15 Feet.
Completec 5/2/00.

Test Pit Log HCO0O-TP303 N 19940

Scmoie Wcter Deotr
Content ir Feet
04

16

18

XXX

Lo B - REEN Y RS I N VN

-

- O
T Y NN PR TP D VPO PO PO SO B O

W
R

154
16
174
-
183
1
gJ
20~

E 10887
SOiL DESCRIPTIONS

Groung Surfece Elevation in Feet: 297

Grounowater seeocge observec G: C gedt~ of 4 ‘ee:.

(Medium aense), moist, orown, groveily, silty SAND with roots.

in too.

(Stiff), mois:, orange, gray anc tor. sondy SiL™ wilm !race rog:s

P Increosing gensity with cepth.

i (Rarg), moist, orownisn groy, shgnty grovety, senoy SiL”.

Sottom of Test Pt gt 15 Fee:.
Completed 5/2/00.

No grounawates seepage observec

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

ond symbols.

2. Soil gescriptions gng stretum lines ore interpretive

onc cctucl cnonges magy be grecuol.

3. Grounowater conditions, if indicated. are ot the time
of excavctior. Conditions mcy very with time.

HARTCROWSER
J-4978-26 §/00
Figure A-24

AR 045862



CHARLY -B PC2?

OIN 8/30/00 1a1

TESTPIIS

Test Pit Log HCO0-TP304 N 19855
E 10748

Scmple Waoter Deoth SOIL DESCRIPTIONS .
Content in Feet Grounc Surface Elevation in Feet: 284
07 (Medium dense), mois:, brown, sligntly grovely SANC witr roois. :
13 ;
S-1 X 10 2 ] '
3 |
s-2 X 17 4 (Stiff to nord), moist, groy, ton, ona oronge, siightly groveny, !
s J sondy SILT.
6 4
7 ] — Increasing sona ong decregsing silt, grove sizes uo to 6 incnes.
8 -
9 4
104 Wet, groy, slightly silty, grovelly SAND. 5
s-3 [X 13 9 . . - i
121 (very gense), moist, groy. siigntly gravelly, silty SANC. .
s-4 BT 13 13- :
141
15
-1 Bottom of Test Pit ot 15 Feet. :
16 Compietee 5/2/00. :
17 !
181 Grounowater seepoge observec ot ¢ depth of 10% fee:.
|
19+ '
1 i
20- ;

Test Pit Log HCOO-TP305 N 19427
E 10922

Scmole Wwater Depth SOIL DESCRIPTIONS
Content in feet Ground Surfcce Eievaiior n Feet: 279
. 0~ -
g1 E 7 i | 3 incnes of roots over (mecium agense), moist, brow~, fne 0 |
. M [ ———__Mecium SANC. '
<2 i 3 2-;? ! (Dense), mois:, grey anc orcmge, grovelly, sity SAND
s 3 .
| 45
| 5_1‘ — Greging to very agense, groy-—borown. ‘
| ) :
H ) !
| o3 |
7 4 f
' 8 j1 '
( ] !
| !
! 10+ i
11 - . —
ot Botiom of Test P g 1 Teer. !
12— Compretec 5/2/0C. !
15—7 ?
” Refuso! ¢t 11 ‘teet. |
| No grourowcter seeocge observed. ;
i 154 |
i
16‘1
179 |
18 = !
81 | |
194 l
)
20 |
as
1. Refer to Figure A-1 for explonation of descriptions
onc symbots. HARTCROWSER
2. Soil gescriptions ond stratum lines ore interpretive
s onc actuci chonges moy be grodua:. J-4978-26 §/00
Lrounawater concitions, if indicatec, cre o! the time
of excavetior.  Congitions may vary witn time. F,gur‘ A-25

AR 045863
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Test Pit Log HCO0O-TP306

Scmote Woter Depoth
Content in Feet
0
S-1 27 1-
2 4
s-2 X 10 34
4
5
641 ¢
s-3 X 20 7 3
B . ?
s-4 & 25 S
104
11
s-5 22 127
134
s-6 X 21 14 4
154
16=
173‘
1: .
19 =
’ 203

Test Pit Log HCO00-TP307

Scmpie Waoter Loo Deptn

Content Test in Feet
L %3
s- X 20 "
P 24
S-2 i 15 3J
by B
S-3 | 41 4 7
| 5‘11
N 6 -
t '

I 7- o

]
s-¢ 30 Gs 8 4
| 9
s-5 X 29 104
b 1]
! 1
Py 12~
S-6 g 29 AL 134
] 14 1
s-7 (2 23 -
154
16
174
| -
I 19
;.
20 -

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

ond symools.

2. Soii gescriptions gnd stratum lines are interoretive

5 onc cclucl chonges mgy De graguc'.
- Grounawcter conditions, if indiccted, are ct tne time
. . ! Figure A-28

o! excavglion.

Conditions moy vory with time.

N 18861
E 10496

SOIL DESCRIPTIONS

Grounc Surtace Eievotion in Feet: 236

(Stitf), moist, brown, grovelly, very songy SILT witr lorge asoneit
gevris.  (FILL)

(Dense), maist, groy. sondy GRAVEL.

(Medium gense), moist, groy SAND witn orgonic moteriar.

(Stiff), moist, gray, shightiy sandy SiLT.

(very stiff), moist, gray. sondy, cloyey SILT with troce coboies.

Bottom of Test Pit ot 15 Feet.
Completec 5/3/00.

Grounawoter seepcge observec at deoth of 5% onc B feet.

N 18771
E 10524

SOIL DESCRIPTIONS

Ground Surface Eievction ir Fee:: 235

!
|

(Megium dense to aense), moist, brown, siigntly silty, very grcven'y_
SAND witn torge aspnott ceoris.  (FILL) '

i

(Mecium cense to cense), moist, groy. slightly cioyey, signtiy sily
SAND witn thin cloy lenses. '

(Soft), moist, cork brown-block, sangy PEAT.

(Medium gense), moist, groy, very silty SAND witn organic
matericl.

[ (sutf). most groy SLT. . T T T T T

(Meaium stiff to stitf), moist, groy. sancy, cioyey SILT. l

Botiom oi Test Pit ot 15 Feet.
Complietec 5/3/00.

Groundwoter seepoge observec at o depth of 7 feet.

HARTCROWSER

J-4978-286 §/00

AR 045864
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Test Pit Log HCO0-TP308

N 18537
E 10671

Samoie Water Depth SOIL DESCRIPTIONS )
Content in Feet Grounc Surfoce Eievotion in Feet: 240
0=
. ] (Medium dense), moist, brown SAND with scotterec grove:, sii
S-1 X 8 7 pockets, onc roots in too 6 inches. (FILL)
2
3 f
4 4 |
5 ]
s-2 X 18 6 . (Stiff), moist, gray to oronge, very sondy SILT. I
7 4 (Dense), moist, groy, grovelly SAND. .
] f
-3 15 8 7 |
o 1
104 T |
114 — e —— e ———— s — e — e
E (Very dense), moist, prown-gray, siightly gravelly, very silly '
S-2 52 14 12: SAND. (Weathered) !
13'. Gredes to gray.
14 o
154 . =
1 Bottom of Test Pit ot 15 Feet.
15'_' Comopieted 5/3/00.
174 :
1 Siight grouncwater seepage observed ol ¢ ageptr of 9% feel. }
18‘_ Slign! oetroleum-—iike ogor coming from excovotion. )
! 19 -] ‘
P 203
Test Pit Log HCO0-TP309 N 18468
Scrmoie Water Deptn SOIL DZSCRIPTIONS
Content ir Feet Ground Surfcce Erevction in Feei: 240
04
3 (Medium gense), moist, brown, sligntly silty, fine to meaw™ i
' 3 SAND with organic mgtericr and roots to 3 4fee:. (FiLL) |
2 ] | ll
3 -j 1 ‘
14 4 =
Sj (Dense), moist, oronge onc gray, very siity SAND. ’
6 2
73 ;
8 i '
g9 <~ p———— — — —— — — ———— — — — — —_— — e —
10'1 ? | EVery gense), moist, brownisn groy. groveily, silty SAND.
. 2 | Wectnerec)
12 11+
4 "
12~ i
13 — Greces to groy. !
14 |
15 }
16 Bottom of Test Pit ¢t 15 Feet. .
1 Comoteted 5/3/00. |
17
i
18:1 Groundwater seepage ooservec ct o oepth of 9% feet. ;
i i I
19.1 i '
f |

1. Refer to Figure A-1 for explangtionr of descriotions

ond symbols.

2. Soi! descriptions gnd strotum lines are interpretive

20~

cnc cctuo! cncnges may be grodua!.
3. Grounawater conditions, if indicctee, are gt tme time
y . ! ' Figure A-27

of excovction.

Conditions mcy vary witn time.

HARTCROWSER

J-4978-26 §/00

AR 045865
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tswens

Test Pit Log HCO0-TP310

N 17575
E 10808

Depth SOIL DESCRIPTIONS

Sarmple Water . .
Content in Feet Grounc Surrace Elevation in Feet: 263
| 97 (Megium oense), moist, brown, slightly silty SAND witn roois ‘
14 !
§ !
S-1 15 2 p :
31 ;
§-2 y 16 4 (Medium gense), moist, brown, groveily SANC. ‘
J — e —
j > 1 {Dense). moist, groy. grovelly, silty SAND. i
s-3 19 57 !
7 ] Grages to (very aense). i
8 7 !
9 A :
1 |
10 o !
114 1
1- (Hard). moist, groy SILT. i
s-4 [T 23 12 !
13+ .
14 ] . .
1 Bottom of Test Pit ot 14 Feetl.
154 Completed 5/3/00.
164 .
17 Groundwater seepoge observec ot a aeptnh of 9% feet. .
18 !
194 ,
204 x

Test Pit Log HCOO-TP311

N 16634
E 10938

Scmpie Water Leb Deotn SOIL DESCRIPTIONS
Content Test in Feet Ground Surfoce Elevotion in Feet: 354
Vo o} - - - - ]
[ 7 : (Megium gense), moist, orown, siightly silty SAND witn iorge ;
) "'j \ ceoris. (FiLL) i
-1 "
S-1 128 2 A (Meaium stiff), moist, gork browr SILT with organic moterial.
| 3
_ ke 4 (Mecium agense), moist to wet, gray, sirgntly groveiiy, siity SAND |
s-2 22 GS 5 with 3—foot boulger.
64 ¢
; 4 (very oense), moist, brown to gray, siigntly grovelly, silty SANC.
8
s-3 X 9 o ]
10
114 —
< Botiom of Test Pit ¢t 11 Feet.
12+ Completed 5/4/00.
134 )
uj Refusol ot '*' feet.
Mogercte to strong grounawater seepoge
15 observec ot ¢ aeptn of 5 teet,
16
17
18
19
20-

1. Refer to Figure A—1 for explangtior of daescriptions

ong symbols.

2. Soit descriptions ang strotum lines ore interpretive

cne octuot cnonges mgy De grcouo!.
3. Grounawcter conditions, if incicated, are at the time

of excovation.

Conditions mgy very witn time.

HARTCROWSER

J-4878-26 5/00
Figure A-28

AR 045866
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Test Pit Log HCO0-TP312 N 18490
E 11153

Semoie Lab Depth SOIL DESCRIPTIONS i
Tests in Feet Grounc Surfgce Eievation in Feet: 363
! 0: 6 inches of roots over (medium aense to gense), Moist, brown,
14 slightly silty. grovelly SAND.
S-1 X 11 2 »’
3 ‘
4
] i light! iy, sil ND. i
5-2 2 12 5 ] (Very dense), moist, groy. shightly gravelly, siity SA |
6 f
x |
2] |
g
p Bottom of Test Pit ot 9 Feet. ,
104 Compieted 5/4/00. |
114
4 Refusoi ot 9 feet. |
"2‘_ No groundwoter seepcge observed. ;
13~ ;
14 4 i
152
16+ ;
174 :
< i
18+ |
B <
19 -
[ ° 7]
b 20-

Test Pit Log HCOO-TP313 N 16339
E 10993

Semoie Water Deotn SOIL DESCRIPTIONS
Content in Feet Ground Surface Elevctiorn in Fee!: 361
— ‘ :' (Mecium aense), moisi, brown, grevelly, slignty silty SAND wit-
. g y gnty y
S—1 (X, 12 "J roots. (FILL) i
: 24 | |
b 3 7 i (Dense to very oense}, moist, groy, stgntly sity SAND, !
P ‘ | i
s-2 X 10 4 :
b 5 ‘
Lo 6 ] i
i ° - ]‘
P 7] 4 ?
B 5
! i g 1 !
I - N
| | : 1 ; Bottom of Test Pit ot 9 Feet.
b 04 I Compieted 5/4/00.
i 114
% | 12j | No grounawcter seepoge observec.
. 33
! 1 !
| re ‘
1 1
) I 154 !
| 64
l B
174 |
| 18 |
!
| 19—~ |
i 0l !
[ 2 4
am
1. Refer to Figure A-1 for expionation of descriptions
ana symoors. HARTCROWSER
2. Soii gescriptions gnd strctum lines ore interprelive
ond actuc! cncnges moy be groduc.. J-4978-26 §/00

DIN 8/30/00 1=1

1€SIPITS

3. Grounawcter conditions, if indicgtec, are ot the time

of excevction.

Conditions mey very witr time.

Figure A-29

AR 045867
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Hsimts

Test Pit Log HCOO-TP314

N 16203
E 11080

Sempte Water Depth SOIL DESCRIPTIONS
Content in Feet Ground Surfoce Eievation in Feet: 366

0- (Megium gense to dense), moist, brown, groveiy, Silty SAND w:-

s-1 X! 19 1 roots. ‘
2 !
3 - -

§-2 14 1 (Dense to very dense), moist, groy ona orange. siightly grove:y, |
4 silty SAND. :
5 !

S-3 X 9 6 - Grodes to slightly silty SAND. !
7 - g
8 4 i
9 - ,

1 Bottom of Test Pit gt § Feet. t
104 Completed 5/4/00. !
11 ]
1 Refuscl at 9 feet. {

12-.' No grounawoter seepcge observed. i
13+
14 ]
152
153
17
18] |
193 f
20d

Test Pit Log HCOO0O-TP315

N 16114
E 11017

Sompie Water Depth SOIL DESCRIPTIONS
Content in Feet Groung Surtoce fievgtior in Feet: 363
: 0~
! 1 (Mecium aense), moist, orown, gravery, siigntly sty SAND wit-
S—1 X 25 7 roots. (FiLi)
' 2 ~
: - (Medium aense), moist, gray, shgntly groveny, silty SAND wiin |
S-2 17 3 3 sit__onc sonc_lenses.
‘ ‘; "“ (?:nsseAr:% very gense}, moisi, brown 10 grgy. sugniy greve'y.,
- silty .
! N !
S-3 9 64 :
8 ] ‘
9 4 ‘
10 !
. Bottom of Tes: Pit ot 10 Feet. i
! Comoietec 5/4/00. '
2=
. _] I[ No grounowoter seepoge observec.
14: | '
154_ !
16 !
g ;
17-4’ ;
18 7
s |
‘ 20__ ]

1. Refer to Figure A-1 for explongtion of gescriptions
anc symbols.

2. Soil cescriptions gnd stratum lines are interoretive
onc octuc! chaonges moy be gracuo!.

3. Grouncwater conditions, if indicotec, are ct the time
of excovation. Conditions may very with time.

[ 14

(1]
HARTCROWSER
J-4978-26  5/00

Figure A-30

AR 045868
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Test Pit Log HCOO0-TP316 N 15920

Sampie

E 10996

Water Deptn SOIL DESCRIPTIONS
Content ir Feet Grounc Surfoce Eievation in Feet: 360
0-
1 (Loose), moist, brown, very graveily, slightly siity SAND witr ccots
n 1 ond organic material.
26 2 p (Loose to medium gense), moist to we:, lignt browr, groveny. sy
3 1 M~ SAND with roots, ond orgonic materiol.
17 4 - (Megium dense). wet, lignt groy—prown. gravelly. silty SANC. !
S - -
6 (Very oense), aamp. groy. sligntly siity SAND. {
9 -
73 : ;
1 Bottom of Test Pit gt 7 Feet. i
8 7] Completed 5/5/00.
g -
10 1 No grounowoter seepcge observed. |
p !
114 !
12 !
131 i
14
154
163
174
18 i
.{
19—_ :
204 :

Test Pit Log HC00-TP317 N 15857

Sempie

E 11167

Waoter Deoth SOIL DESCRIPTIONS
Content in feet Grounc Surfoce Elevation in Feet: 371
o}

10 1: (Mecium gense to gense), aomp. groy. scnoy GRAVE.. (F'Li) !
- i
| h

J
2 i {
(Mecium oense), moist, groy—brown, sugntiy grovelly, shughity sity!
3 : s 9 y. sughity yi
13 ‘3 ’
5 - :

M

51
10 7—j (very cense), ccmp, groy, siightly suty SANGC. ;
8 - *
4 Bottom of Test Pit ot B Feet. !
9 Comoletec 5/5/00. !
10{ ‘
”'j No groundwater seepage observed. i
125 i

134
14 = i
I
15-} |
{ |
16 |
171 5
18 i
16 - !
9+ I
20~ i

. Refer to Figure A-1 for expiangtion of descriotions
and symbois. mmom

2. Soil descriptions ond strotum lines gre interpretive
5 Gcnc actual chaonges moy be grocuc!. J-4878-26 5/00
. Groundwater conditions, if ingicotec, ore ot the time

of excovation. Conditions mcy vary witr time. Figuro A-31

AR 045869
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Test Pit Log HCO0-TP318

Scmoee Woter Leb
Content Test

10

10

GS

XX =T =TT

Deotn
in Feet

0~

-
]

W W0~y O WL SN

o

P I PR O P P |

194
2oj

N 15364
E 10859

SO!IL DESCRIPTIONS
Groung Surtgce Eievation in Feet: 360

{Medium dense), domp to moist, light brown, groveily.
slightly silty to silty SAND with organic maoterici anc roots

to 3 feet. (FiLL) ;

Large roots.

(Medium dense to dense), domp to moist. groy, siightly grovelly,
slightly silty SAND.

(Stiff), moist, groy onc rec alternating decsing, very songy SiL7.

(Very aense), domp, groy. grovelly, siity SAND. i

Test Pit Log HCO0-TP319

Somore Water Led
Content Test

S-1 | 14

s-2 'S

S-3 13 GS

S-4 10

1. Refer to Figure A-1 for exolanotion of gescriptions

and Sympols.

Deptn
in Feet

0
:

LTe I RN o I T N S VRN ]

)

[ JEPYS SN P S ISP SO PO TN PR PR SIPUN S N TP RN RN BN NP B

O 0w ugoWm b LN

N

Bottom of Test Pit at 14 Feet.
Compietea 5/5/00.

No groundwoter seepcge cbserved.

N 15206
E 10698

SOiL. DESCRIPTIONS
Grounc Suricce Elevotion in Feet: 351

{(Loose to medium dense), comp to mois:, browr, gravety. sity |
SAND with roots gno organic materig!.

N

(Meaium aense), moist, lignt brown and tan alterncting pecding, i
gravelly, silty SAND. !
!

1

Roots.

(Megium gense to cense). acmp, groy with rea-nrown becaing,
sligntly gravelly, very silty SANC. ’f
!

{Dense to very gense), aemp, groy, grovelly, silty, fine 1o
medium SAND.

2. Soil gescriptions and strotum fines are interpretive
onc cctuc! chonges moy be gracual.
3. Grounawater conditions, if incicated, are gt the time H
o excavgtion. Congitions mcy vary with time. F‘gu" A-32

Bottom of Test Pit ot 9 Feet.
Completec 5/5/00.

No groundwcter seepoge observec.

HARTCROWSER

J-4978-26 §/00

AR 045870
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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 ASTM 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.

Hart Crowser Page B-1
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Atterberg Limits (AL)

We determined Atterberg limits for selected fine-grained soil samples. The liquid
limit and plastic limit were determined in general accordance with ASTM D
4318-84. The resuits of the Atterberg Limits analyses and the plasticity
characteristics are summarized in the Liquid and Plastic Limits Test Report,
Figures B-9 to B-11. This relates the plasticity index (liquid limit minus the plastic
limit) to the liquid limit The results of the Atterberg limits tests are also shown
graphically on the boring logs.

Unconsolidated Undrained Triaxial Compression Test (UU)

The unconsolidated undrained triaxial compression test estimates the total
strength of the soil at various stress levels. The test was performed in general
accordance with ASTM D 2850. A relatively undisturbed fine-grained sample
was trimmed to a length of about 6 inches, encased in a rubber membrane, and
placed in the triaxial cell. With the sample in the triaxial test cell, an all-around
pressure was applied hydraulically, although the drainage valves remained
closed. Thus the sample was not allowed to consolidate. The sample was
loaded to failure under undrained conditions by application of increasing axial
load at a constant strain rate.

The data are plotted using shear stress versus principal stress as Mohr's circles.
Because the test is a measure of the total stress strength of a soil, the tangent to
the Mohr's circles for a test series extends to the vertical axis in a straight line.
The intercept along the vertical axis is the cohesion (c), but also is equal to the
undrained shear strength (1) of the soil. The test results are shown on Figures
B-12 and B-13.
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Unified Soil Classification (USC) System
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID AND PLASTIC LIMITS TEST REPORT
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APPENDIX C
ADDITIONAL PIEZOCONE DATA

In addition to the piezocone results described and shown in Appendix A, shear
wave velocity and dissipation tests were performed. Downhole shear wave
velocity testing was performed in each of the piezocone holes. The resulting
shear wave velocity profiles are shown on Figures C-1 through C-5. Dissipation
testing was preformed in piezocones HC00-P23, HC00-P24, and HC00-P26.
The results of the dissipations testing are shown on Figures C-6 though C-8.
Northwest Cone Exploration, a subconsultant to Hart Crowser, performed these
tests and compiled the resuits.
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HartCrowser Inc
1910 Fairview Avenue East
Seattle, WA 88102

Compressional and Shear Wave Velocity Mea'suuremems
Proposed Retaining Wall Structure, Sea-Tac Airport 3~ Runway Project

This report present the results of the geophysical measurements in lhre% bore holes
located on alignment of the Proposed Retaining Wall Structure for the 3™ Runway at the
Seattle-Tacoma Airport. Down-hole Compressional and Shear wave velocities for soil
dynamic moduli determinations were measured in the three borings. The boreholes are
HCO0 B-220 on the South, HCOO B-221 in the Middle and HCOO B-222 on the North of the
proposed alignment. The fieldwork was 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 with 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 velocities calculated from the interval
velocities for the boring, the caiculated interval velocities, the interval times, converted time
arrivals, the measured time amivals and depths down the bore hole. When the velocity
boundary does not coincide with a measurement depth, the velocity calculation of that point
is not accurate from the preceding point of measurement, and the velocity computation
between those two points is not included in the velocity average.

Figures 1 through 3 are the time-depth plots for the borings. The plots are the corrected
down-hole time arrivals of the measured Compressional (P) and Shear (S) wave particle

motion, plotted against the depth of measurement. The velocities of the P and S waves are
computed from the slopes of the time arrivals 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 interval velocities. These figures were utilized to determine the depth of the velocity
changes in the attached tables and summary presented below.

The velocity and thickness of 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-222) to a
possible fill/cut section (B-220).

The summaries of the measured P and S wave velocities in the borings are as follows:

Boring HCOO B-220
Depth of Data P-wave Velocity S-wave Velocity Poisson’s Ratio
(feet) (feet/second) (feet/second)
S 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 HCOO B-221
Depth of Data P-wave Velocity S-wave Velocity Poisson’s Ratio
(feet) (feet/second) (feet/second)
S to 15 3554 640 0.4832
15 to 40 6055 1242 0.4780
40 to 55 5229 1078 0.4778
55 to 100 6661 1641 0.4677
Boring HCOO B-222
Depth of Data P-wave Velocity S-wave Velocity Poisson’s Ratio
(feet) (feet/second) (feet/second)
S to 10 2018 289 0.4895
10 to 40 4503 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 calculated as follows:

- Vi-2vi

s 2(vi-Vvi)

Where: ¢ = Poisson’s Ratio
Vp = Compressional Wave Velocity
Vs = Shear Wave Velocity

The Compressional (P) wave energy was a vertical hammer blow to a metal plate on the
ground surface, offset from the borehoie. The zero time of the hammer blow was
determined from an impact switch taped to the hammer. Multipie hammer blows were
stacked to enhance the energy arrivals. A minimum of two, separate measurements were
made at each depth point to verify the time history of the particie motion at that depth.

The Shear (S) wave energy source was a horizontal wood plank placed beneath the
wheels of a vehicle. The orientation of the plank was normal to a line through the center of
the boring. The shear wave source was offset approximately 10 feet from the borehole, as
noted in the attached tables. An impact switch 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 minimize the effect of the detector spiral as they are lowered
down the borehole; each detector package contains four sets of horizontal 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, two recordings were made at each data point. The two separate
recordings were made with reversed (polarized) energy inputs utilizing the opposite ends of
the wooden plank. The time amval of the shear wave energy was determined by comparing
the times and direction of particle motion of the recorded wave motion of the two

recordings.

The particle motion of the shear wave energy is polarized and is dependent on the direction
of the energy input. On Blow 1, the particle motion is reversed from that produced by Blow
2. The polarization of the energy helps the interpreter to separate S wave arrivals from
other energy arrivals. 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
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(tube waves) and/or P to S conversion from the tube waves.

Tube wave energy arrivals from energy propagation through the grout and casing generate
early amivals at the detector, particularly when the grout/casing velocity is greater than the
formation velocity. Distinction between the early arrivals and the arrival of the generated
direct wave was largely determined by the continuity of the arrival times down the borehole
and comparison to the material changes and blow counts logged in the boring. Excessive
tube wave energy was enhanced by the requirement to maintain a minimum of a 2-inch
annulus around the casing.

The picked arrival times were converted from the “slant distance” trave! path to the vertical
travel path down the borehole. The "siant distance” trave! path is a result of the source to
borehole offset. The formula used for the conversion to the ‘Corrected Time' vertically down

the borehole is:
DH Time = Record Time x [Cos(Arctan (offset/detector depth))]

Borehole drift was not measured in the borings, and no comrections have been applied for

potential drift. The velocity changes generally correspond to the logged material changes
and/or blow counts, so that extreme drift of the borings off of vertical is not expected.

The recording equipment was an EG&G 1225, a 12-channe! signal enhancement digital
recording seismograph. The P wave was measured with a 25 milli-second record length
and the S wave was measured with a 100 milli-second record length. The sampling rate
was 1000 samples per record length. For the P wave records the data was picked to from
0.025 milliseconds. For the S wave records the data was picked to from 0.1 milliseconds.
Varying amounts of time delays were used in the measurements.

The information presented in this report is based upon geophysical measurements made
by generally accepted methods and field procedures, and our interpretation of these data.
The presented information is based upon our best estimate of subsurface conditions
considering the gecphysical results and all other information available to us. These results
are interpretive in nature and are considered to be a reasonably accurate presentation of
the existing conditions within the limitations of the method or methods employed.

For Geo-Recon Intemnational:

e WL M

n M. Musser Jr.
Principal Geophysicist
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Downhole Compressional and Shear Wave Velocity Measurements

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

Compressional Wave Data - interval Velocity Computations

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

Velocity Change at 15 feet

20.0 11.875 10.829 0.839 5958
250 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
Velocity Change at 40 feet
450 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
Velocity Change at 80 feet
85.0 21.200 21.082 0.711 7036
980.0 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

Bottom of Casing at 100.7 feet.

Source to Borehole offset: 9 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 1
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Downhole Compressional and Shear Wave Velocity Measurements

Borehole: HCO00-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 4612 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 1625
55.0 66.500 65.579 3.040 1645
60.0 69.700 66.886 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 84.300 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 1
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Downhole Compfessional and Shear Wave Velocity Measurements

Borehole: HCO00-B-221 - Retaining Wall Structure, SeaTac 3rd Runway

Compressional Wave Data - Interval Velocity 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

Velocity Change 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
Velocity Change at 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

Velocity Change at 55 feet

60.0 13.075 12.930 0.767 6518
65.0 13.800 13.670 0.738 6764
70.0 14.525 14.406 0.737 6786 6661
75.0 15.225 15.117 0.710 7041
80.0 16.975 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

Bottom of Casing at 101.2 feet.
Source to Borehole offset: 9 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 1
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Downhole Compressional and Shear Wave Velocity Measurements

Borehole: HC00-B-221 - 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 20.600 9.213 9.213 _— n/a
10.0 23.600 16.688 7.475 669 640
15.0 29.900 24.878 8.191 610
Velocity Change at 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
Velocity Change at 40 feet
450 51.000 49.786 4771 1048
50.0 55.500 54.422 4637 1078 1078
55.0 59.900 58.934 4.512 1108
Velocity Change 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

Bottom of Casing at 101.2 feet.

Source to Borehole offset: 10 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 1
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Downhole Compressional and Shear Wave Velocity Measurements

Borehole: HC00-B-222 - Retaining Wall Structure, SeaTac 3rd Runway

Compressional Wave Data - Intervai Velocity Computations

Depth of
Data

46
9.6

14.6
19.6
246
29.6
34.6
39.6

446
496
54.6
59.6

64.6
€9.6
74.6
79.6
84.6
89.6
94.6
99.6

Recorded Corrected Interval
Time Time Time
8.175 3.416 3.416
8.225 5.696 2.280
Velocity Change at 10 feet
8.250 6.806 1.110
8.850 7.883 1.077
9.725 9.009 1.126
10.525 9.971 0.962
11.375 10.928 0.956
12.225 11.853 0.925
Velocity Change at 40 feet
12.850 12.539 0.686
13.500 13.234 0.695
14.150 13.918 0.685
14.800 14.596 0.677
Velocity Change at 60 feet
15.500 15.318 0.722
16.200 16.035 0.718
16.900 16.750 0.715
17.625 17.488 0.737
18.350 18.223 0.736
19.075 18.957 0.734
19.800 19.690 0.733
20.550 20.447 0.757
Bottom of Casing at 100 feet.

Source to Borehole offset: 10 feet.
Casing stickup above ground: 0.45 ft. Depths in feet - Times in milli-seconds.
n/a - Not included in Velocity Average. Velocity Breaks from Time-Depth Plot.

Page

interval
Velocity

2018

4503

4441
5196
5228
5404

7291
7194
7302
7380

6929
6966
6995
6781
6797
6810
6821
6606

n/a

Velocities in feet per second.

10f1

Average
Velocity

2018

4903

7292

6838
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Downhole Compressional and Shear Wave Velocity Measurements

Borehole:

Shear Wave Data - Interval Velocity Computations

Depth of
Data

46
9.6

14.6
19.6
246
29.6
34.6
39.6

44.6
49.6
54.6
59.6

64.6
69.6
74.6
79.6
84.6
89.6
94 6
99.6

HC00-B-222 - Retaining Wall Structure, SeaTac 3rd Runway

Recorded Corrected

Time

25.300
40.400

Velocity Change at 10 feet

39.800 32.626
41.600 36.902
44.600 41.199
48.700 46.043
52.200 50.070
56.000 54.230
Velocity Change at 40 feet
59.200 57.710
62.400 61.121
65.600 64.484
68.900 67.913
Velocity Change at 60 feet
71.900 71.020
74.800 74.009
77.800 77.082
80.900 80.244
84.000 83.396
87.000 86.442
90.000 89.481
93.100 92.616

Time

10.401
27.689

interval
Time

10.401
17.288

4.938
4.276
4.297
4.844
4.027
4.160

3.480
3.411
3.363
3.428

3.108
2.989
3.073
3.161
3.152
3.046
3.040
3.134

Bottom of Casing at 100 feet.

Source to Borehole offset: 10.2 feet.
Casing stickup above ground: 0.45 ft.  Depths in feet - Times in milli-seconds.
n/a - Not included in Velocity Average. Velocity breaks from Time-Depth Piot.

Velocities in feet per second.

Page 1 of 1

Interval

Velocity

289

1013
1169
1164
1032
1242
1202

1437
1466
1487
1458

1609
1673
1627
1582
1586
1642
1645
1695

Average

Velocity

289

1137

1462

1620
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Holt Drilling, Inc. track mounted ng at lccation HC00-BZ25.
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1 Introduction

During the period May 17-24, 2000, pressuremeter testing along with a stand.ard geotechnical
investigation was conducted at six locations on the proposed location of retaining .walls for the
SeaTac Third Runway. 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, using both a truck-mounted mobile auger drill 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 of recent soft materials over sandy gravels and dense till with some silty layers. At
most locations, the sandy gravels contained only a low percentage of cohesive fines. The general
material descriptions of the pressuremeter test locations are presented in Tabie I.

3 Formation of the hole for the pressuremeter

In order to conduct a pressuremeter test, the pressuremeter must be inserted into the ground 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-Y*116" 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. Inboth
holes the outer shield was destroyed.

(In granular materials that are free from gravel, and have a SPT blowcount less then 20, a three-inch diameter self-
boring pressuremeter can be used, in which the material displaced by the pressuremeter is washed or drilled up the
inside of the pressuremeter. The self-boring pressuremeter would not have been able to penetrate in these dense
materials, particularly with the presence of gravel.)

-
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4 Pressuremeter

The pressuremeter used for this study is a monocell pressuremeter. At the center of the pressuremeter
are three electronic displacement sensors, spaced 120 degrees 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
transmitted by 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 the membrane and protective 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 shown in Figure 2 - one in silty sand, and the other
in silt/clay, both at about the same depth. The maximum pressure for the silty sand is cver 300 psi.
whereas that for the silty clay is lower (less than 200 psi). The slope of the unload-reload loops in tne
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 Figure
2a the last two loops are similar, berween 12,000 and 13, 000 psi. In Figure 2b, the two loops are
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 unload-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 matenals.

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 1b 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

—
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test in the silty clay test shown in Figure 2b is compared with a frictional model (Figure 3a) and a
cohesive model (Figure 3b). If the material surrounding the pressuremeter has not been disturbed,
then in general the shape of the ideal pressuremeter curve follows the same form as shown in Figure
5 in Appendix II. However, as illustrated in Figure 3, the match is poor. Hence, this modeling
process essentially can only be used to develop an ideal pressuremeter curve which envelops the field

data.

Hence this simple analysis would indicate that the silt/clay has a friction angle of 38 degrees and no
cohesion or a cohesive strength of 48 psi and no friction. 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. Butterworths, London.

Hughes, J M.O. 1999. Pressuremeter testing in tills and glacially-consolidated granular materials. $2™
Canadian Geotechnical Conference, Pegina, Saskatchewan.
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Table 1. Material types and SPT values at pressuremeter locations

Date Hole Test Depth | Material SPTS
(ft)
May 17 HC00-B222
HC2 15.5 Gravelly clay 29
HC3 14 Gravelly clay 29
HC4 23.5 Gravel 66
HC6 36.5 Gravel sand outwash 50/5"
May 18 HCO00-B225
HC? 9 clavey silt 23
HCS 14 sandy silt 32
HC9 19 tll 50/6
HC10 24 ull 50/6"
HCll1 33 ll 50/6"
May 19 | HC00-B221
HC12 9.5 ull 65
HCl6 17 silty sand 23
HC17 30 silt/clay 34
HC18 28.5 silt/clay 34
HC19 10 silvclay 36
May 22 HC00-B224
HC24 24 till 50/4"
HC25 35 ll 50/3"
May 23 HCO00-B220
HC26 8 silty clav 32
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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Table I Unload-reload shear modulus and estimate of strength properties

Date | Hole Test Depth! | Shear modulus’ Friction angle ¢
(ft) (psi)
May 17 | HC00-B222
HC2 15.5 >1,000? -
HC3 14 >1,000? -
HC4 23.5 >5,500 ? >38
HCé6 36.5 >5,000? >38
May 18 HC00-B225
HC7 9 12,000 40
HC8 14 4.000 >40
HC9 19 9,500 >40
HC10 24 25.000 >40
HCI11 33 17.000 >40
May 19 HC00-B221
HC12 9.5 2.500 >4)
HCI6 17 >1.200 -
HC17 30 5.500 38
HC18 28.5 4.500 38
HC19 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:

Depth recorded in Table is at the bottom of the pressuremeter. The center of the
pressuremeter is 1.5 feet back.

These tests are in disturbed material. The modulus measured will be lower than the
undisturbed modulus.

The shear modulus has been determined form the unload reload portions of the
pressuremeter curve. This shear modulus is the secant shear modulus which is applicable
over a strain range of 0 to 0.5 %.

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

friction angle has been presented in the table.

In Test HC18, a simple cohesive model wouid indicate a shear strength of 48 psi and nc
cohesion. However, this cohesion would be applicable for short-term loading only.

The material identification has been estimated from the samples taken either above or
below the pressuremezer test level.
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Ty

Photograph 1 Pressuremeter on back of all-terrain support vehicle
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Phctograph 2 Pressurzmeter with membrane remcved. Displacement sensor cover in center of
the pressuremeter and stainiess steel shield in background behind instrument
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Pressure hose Signal cable

Coupling to AW rod

Outer metal shield
QOuter metal shield (section cut away)

AmplifierMultiplexer circuit

,_————— Membrane
Displacement sensor

/" (three independent sensors
at 120 Jegrees spacing)

—— Pressure sensor

Figure 1

Schematic Qutline of Pressuremeter
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Appendix I

Basic pressuremeter data and strength determunation.
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PRESSUREMETER TESTING IN TILLS AND GLACIALLY-CONSOLIDATED

GRANULAR MATERIALS
J.M.O.Hughes, President, Hughes Insitu Engineering Ltd., 804-938 Howe Street, Vancouver, Canada

ABSTRACT: In general, granuiar tilis and glaciaily-consolidated outwash materiais are strong, and present few problems in
gectechnical engineering where deformation is a concem. These materiais are very stiff. However, in heavily-loaded structures
a more detailed understanding of the material properties may be required. Conventionai site investigstion techniques often rely
on laboratory testing of samples, which in these materiais are difficult to obtain. The pressuremeter offers an altemnative method

of obtaining in-situ stiffness and strength parameters.

RESUME: En général, les terrains érratiques granuleux et matériaux constitués d'esux de fusion glaciarement consoclidées sont
résistants, et présentent peu de problémes au niveau de Iingénierie géotechnique ol la déformation est concernée. Ces
matériaux sont trés rigides. Cependant dans les structures lourdement chargées, une comprehension plus detaillée ges
propriétés du matériau, peut étre requise. Les techniques des recherches dans les sites conventionneis, se fient souvent aux
tests d'échantillons au laboratoire, ce qui dans ces mémes matériaux est dificiie d'obtenir. La pressiomaétre offre une méthode

alternative pour obtenir les paramétres de rigidité et résistance.

1. THE PRESSUREMETER TEST .

The pressuremeter test, as deveioped by Ménard, has been
availabie for a long time. in many materials, such as stiff
ciays, it is a particularly useful tool for obtaining inesitu
properties. However, it is not always easy to use successfully
in cense glaciai materiais. If there is a major void present in
the test pocket, the membrane can expand in an uncontrolied
manner and possibly rupture before the test is compieted.
This problem can be overcome using heavy reinforced
membranes. However, the compressibility and the stiffness
cf these membranes can in scme circumstances have a
significant influence on the resuits.

/~—~— Signal abie

70 a certain extent, this problem can be overcome. Relatively
flexibie and incompressible membranes can be used,
provided that the onset of potentisl rupture can be
recegnzed. If the displacement measurements are made
electronically at several points inside the membrane, and
further, if the expansion process is by injection fluid in an
incremental manner into the pressuremeter, then it is often / o Membrane
possible to recognize the onset of rupture by observing the
non-uniformity of the cavity expansion and the movement of
the strain sensors reiative to the volume of fluid injected.

Outer metai shieid
(secon cut away)

AmpiiferMultipiexer Gireut

Dispiacement sensor
(three ndependent semors
at 120 cegrees speaing)

The pressuremeter described in this paper is shown in Figure
1. The displacements are measured electricaily at three
iocztions at the centre of the pressuremeter, and the pressure
is measured electrically inside the probe. With this
arrangement, the signais from the sensors are monitored
centinuously during the test on 2 computer screen. The
membrane requires only 250 kPa to expand fully. Further, it
1s rigid enough to measure shear modulus up to 2 GPa. In
good material, the pressure range is in the order of 20 Mpa.
Pressuremeters of this pressure range are often referred to as
high-pressure dilatometers.

Pressure senser

Figure 1. Schematic details of pressuremeter
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2. FORMATION OF THE TEST POCKET

The formation of the test pocket is critical to the success of
the test. For the insttument shown in Figure 1, a hole 76 mm
in diameter is required. Commonly, a hole of diameter 85 mm
or more is drilied to just above the test ievel. A pocket, 1.5 m
diameter iong, is then drilled below the base of the larger
hole. The method of formation of this pilot hoie depends on
the expected material. in very dense tills, in which rocks are
net present, or where the materiais are 30 dense that they are
firmiy held in the till, a core barrel can produce a satjsfac%ory
hole. However, in more gravelly material, a tricone bit 74 mm
in diameter can be successful. However, it is particularty
important to stadilize the wall of the pilot hole using thick
mud. Drillers are experienced in making holes, but are
usually not concerned sbout the absoiuts amount the ho.los
is oversize. Some experimentation is required to determine
the appropriate rates of mud flow and rotation.

[shar moc’!ulus 220 MPa

1 i

1

Pressure (MPa)
) IS
\‘
\x

/ /i /' /
/ ! e

0 4 8 12 16
Radial displacement (%)
Figure 2. Pressuremeter test in dense out-wash sands.

0

Figure 2 is an almost perfect example of a test in coarse out-
wash sand which has subsequently been overioaded by
glaciation. This test was done at a depth of 14 m, at a site in
Washington State. The nearby cliffs on the river bank of this
material stand about 15 m in height on a siope of 70 degrees.
The material is very dense with an SPT biow count of over
100. 1t is likely that obtaining a sampie for laboratory strength
tests from a borehole wouid be very difficult.

The hote for the pressuremeter was drilled with a tricone bit
2mm smaller than the required hole size (76mm). The
resulting hole is aimost the ideal size, as the gap between the
wall and the pressuremeter is less than 1 mm. it should be
stressed that this success is not aiways achieved in glacial
material. But with experience, the number of aborted tests in
glacial material is usually welt under 10%. Figure 2 shows the
pressure against the average strain as measured on the three
displacement sensors. As all of these measurements are
made electronically, down hole, they are known with
considerable accuracy.

52nd Cancdion Geotechnical Conference
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3. OBSERVATIONS

The general shape of the curve is smooth, with the curvature

ing with strain. Clearly, the pressure is tending
to a limit. The final unioagding curve is aiso very smootn
However, the rate of change in the movement inwarcs
increases rapidly as the pressure reduces and the matena!
fails inwards.

The general slope of the unioad-reload loops as measured
slong the axes of the loops are very close to each other. The
shear moduius, which is 0.5 times the siope, is 220 MPa and
218 MPa respectively. Further, the siope of these unioac-
reload loops is much steeper than the genera! siope of the
pressuremeter curve.

As a first approsdmation, the slope of these lines is a measure
of the low-strain eiastic shear modulus. in some instances,
this value is aiso close to the seismic G, Seismic methocs
could probsbly be used more economically to obtain the
maximum shear modulus if this was the only information
required. However with good definition of the unioag-reioac
loop the shear moduius can be defined as a function of shear

strain.

The general shape of the pressuremeter curve can be used
to give an indication of the fundamental material properties.
The siope of both the loading section of the pressuremeter
curve (plotted on a log scale) and the unioading curve (again
plotted to a iog scale) can be used to give a estimate of the
frictional characteristics of the material.

10 T BB T T
i i o -
T | Siope 0.5 111
H 4244 |
degrees T
5 A | T
£ 4
g /
1
1 1 100
Log Radlal displacement strain (%)

Figure 3. Initial loading analysis by Hughes et al. {1977)

The analysis of the loading curve, presented in Figure 3, is
based on a very simple closed-form solution developed over
20 years ago (Hughes, Wroth and Windle, 1977). The
analysis of the unioading curve, developed by Yu (1596) is
performed in the same manner. The slope of the unloac
curve, plotted on a log scale (with the strain ongin taken as
Zero at the maximum strain) is reiated to the friction angle
and to the state parameter. With the above test, both
methods give resutts in the same order (a friction angie of
about 43 degrees).
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10 =
f s
! .
) ! | A
H | [Siope-2 y
& friction angle i:
3
a
N
0.1
0.01 0.1 1 10

Radial displacement (%)
Figure 4. Analysis of final unioading curve (Yu, 1986)

A more powerful method of analysis is availabie by using a
very simple inversion technique with computer modeling. if
the material is assumed to deform according to a simple
model, with few parameters, then an ideal pressurerneter
curve can be developed, based on an assumed set of
matenal parameters. This ideal curve can then be compared
to the field data. Adjustments to the parameters can be made
until a reasonable match is made. If the simple model of
Hughes, Wroth and Windle (1977) is used, only four
parameters — friction angle, critical state friction angie,
secant modulus and lateral stress — are required. The model
assumes that the material deforms under plane strain
conditions. This is a very simple model, which does not take
into  account three-dimensional effects or eiastic
compression. Both these effects are present However they
act in opposite directions of almost equal amounts.

The mode! is used to predict a pressuremeter curve based on
an assumed set of parameters, which is then compared to
the actual field curve using interactive computer graphics.
This inversion process can be conducted very rapidly. The
parameters in the ideal curve which give a reasonabie match
to the data are likely to be close to the material parameters
for the in-situ material. in general, there is not a unique set of
parameters which match the curve. However, for weli-formed
tests, they lie usually within a very narrow band. The best
ideal pressuremeter curve for the pressuremeter test
discussed is presented in Figure 5. The parameters assumed
are friction angle = 43 degrees, critical state friction angle 32
degrees, lateral stress 0.34 MPa and secant shear modular
(from zero strain until onset of failure) of 117 Mpa. The same
approach can be extended to the uniocading curve of Yu et al.
(1996). B

If the data is very well formed, the inversion process can be
used with more compiex models such as deveicped by Roy
(1997). Artematively, finite element or FLAC programs can be
used to deveiop an ideal pressuremeter curve.

52nd Conadian Geotechnical Conference

) NLI Pressuremster Curve ]

/

/ ]!

0 4 8 12 16
Radial displacement %

Presewre (MPa)
~N [S
\\

Figure 5. Ideal pressure-expansion curve with friction angie
of 43 degrees

4. CONCLUSION

In many instances, in hard glacial material it is very difficutt
to obtain a sampie which can be tested under isboratory
conditions. However, # is often possible to drill a hole in these
materials in which the walls are relatively smooth. It is then
possible to conduct pressuremeter tests which can be
analyzed 1c cbtain some fundamentai materia properties.
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" MILLER CREEK RELOCATION AND PROPOSED -
MILLER CREEK DETENTION FACILITY

Hart Crowser
}4978-23, -26,-27, and -31 .
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BORING LOG 497831F GPJ HC CORP.GDT 9/500

Monitoring Well Log HC00-B308

N 22291

E 12160 STANDARD PENETRATION LAB
Soil Descnptions RESISTANCE TESTS
Ground Surtace Elevation in Feet: 279

& Blows per Foot

Top of Casing Elevation in Feet: 282.21 1 2 10 20 50 100
Medium stiff. camp to moist, brown, L 3 1
gravelly PEAT (FILL). [

Trace ofbrickdebrisnoted. | i

[~ T Medium stiff, moist, dark brown and gray, I 1 '
slightly sandy to sandy, silty PEAT with
some wood debris. a

I~ 7 Softto stiff. moist to wet, dark brown to L
gray, slightly sandy PEAT. L

L \\
L N
\\ -4
Medium dense to dense. moist to wet, dark ‘\
brown to gray, fine to coarse SAND. -
L]
Bottom of Bonng at 30.5 Feet. . L
Completed 08/14/00. L -
<+35
+40
- -
45
50 12 5 10 20 50 100
® Water Content in Percent
[ 2.4
AN

1. Re_fer to Figure A-1 for explanation of descnptions and symbois.

2. Soil %eesmp:onls and stratum lines are interpretive and actual changes 4978-31 08/00

may be gradual. ]

3. Ground water level, if indicated, is at time of driling (ATD) o for date Figure F-1

specified. Level may vary with time.
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BORING LOG 497831F GPJ HC _CORP GDT 9150

Monitoring Well Log HC00-B309
N 22239

E 12340 STANDARD PENETRATION LAB
Soil Descriptions Deoth RESISTANCE TESTS

Ground Surface Elevation in Feet: 311 in Feet l Sampie o Biows per Foot
Top of Casing Eievation in Feet: 313.69 1 2 5 10 2 50 100

Medium dense, damp to moist, brown to ":D ]
gray. siightly gravelly, slightly sitty to sifty, e X i
fine to coarse SAND with asphalt debris - o
and abundant organic maternial (FiLL). - L
45 $-2 Z
+10 $3 X <
— ———4 T i \\
T Very dense. moist, gray, slightly graveliy, L L N,
slightly silty, fine to medium SAND with L L \1\
organic matenal (FILL). Lis [ Z o] N
f
- - / i
Very stiff. moist, dark brown, gravelly, L L
slightly sandy PEAT. L L
=20 85 Z f
Medium dense to dense. moist, gray. i i
stightly gravelly to gravelly. fine to coarse o B
SAND. F L
+25 S-6 X L]
130 U S-7 X
g “
1=
= -
L = Lo
:" A% g " ‘
-35 S| S X
{ —
I (81500)| = -
Medium dense, wet, brown, silty, fine r = i
SAND. (’ = -
F L L
.t“) ! so9 Z
Bottom of Bonng at 40.5 Feet. L
Completed 08/14/00. IL L
IS -
L
+45
L L
L L
t [
—s0 1 2 5 10 20 50 100
® Water Content in Percent
| 2 4
am

HARTCROWSER

1. Refer to Figure A-1 for explanation of oescriptions and Symbois

2. Soil descriptions and stratum lines are interpretive and actual changes 4978-
S0l descrpons nge: 978-31 08/00
3. Ground water level. if indicated. is at time of driling (ATD) or for date Figure F-2

specified. Level may vary with time.
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BORING LOG 497831F GPJ HC_CORP.GDT 9100

Monitoring Well Log HC00-B310
N 22648

E 115821
Soil Descriptions
Ground Surtace Elevation in Feet: 276
Top of Casing Elevation in Feet: 278.09

(Stiff). moist. brown, slightly graveliy, sandy
SILT with organic material (FILL).
Dense, moist, brown to gray, silty, gravelly
fine to medium SAND with trace organics
‘and asphait pieces (FILL).

Medium dense, moist to wet. brown to
gray, slightly siity to silty, non-graveliy to
gravelly, fine to medium SAND.

Bottom of Bonng at 19.0 Feet.
Compieted 08/16/00.

1. Refer to Figure A-1 for explanation of descriptons and symbois

2. Soil descriptions and stratum Ines are Interpretive and actual changes
may be gradual.

3. Ground water ievel, if indicated. is at time of driling (ATD) or for date
specified. Level may vary with tme.

STANDARD PENETRATION LAB
RESISTANCE TESTS

& Biows per Foot
]

1 2 10 20 S0 100

1 2 5 10 20 50 100
® Water Content in Percent

HARTCROWSER

4978-31 08/00
Figure F-3
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Monitoring Well Log HC00-B311

N 22417

E 11370 STANDARD PENETRATION LAB

Soil Descnptions Decth RESISTANCE TESTS

Grounc Surtace Elevation in Feet: 274 n Feet Sample & Blows per Foot

Top of Casing Elevation in Feet: 277.48 0 1 2 5 10 X 5C 100

! (Stiff). dry to morst, brown, gravelly, sandy T N E f P ‘
SILT with organics. - T

Medium dense, moist, brown to gray,
slightly gravelly, siity, fine to coarse SAND
with organic matenal. o

.
s ®

)
¢
>3

[~ Medium dense, moist to wet, gray, sity, |
fine to medium SAND.

SZZ: .o

N
T T L]
w»
T nr_____-
¥ ¥

BORING LOG 497831F GPJ HC_CORP.GDT 91100

|
4 L
+10 Ao | B
Stiff, wet, brown, sandy SILT. i =) i .
i 5 |
L | sa Z L . |
i E . ‘
L1s E
- E ol \ I 1
- = - \ i |
i . - i i
L __[ S X L s b | l
Bottomn of Bonng at 18.0 Feet. l ! ;
Completed 08/16/00. T20 ‘
: : |
i i |
i
-—25

[ .

[ -
—40

L L

- -

- b I
—45 '

_L 50 b
1 2 5 10 20 50 100
o Water Content in Percent

HARTCROWSER

1. Refer to Figure A-1 for expianation of descripuons and symbois

2. Soil descriptions and stratum lines are interpretive and actual cha -
o tescrpuons nges 4978-31 08/00
3. Ground water level. if indicated. is at time of drilling (ATD) or for date Figure F-4

specified. Level may vary with time.
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BORING L OG 497831F GPJ HC_CORP.GDT 9/500

Monitoring Well Log HC00-B312
N 22773

E 11192
Soii Descnptions Depth
Ground Suriace Elevation in Feet: 284 in Feet
Top of Casing Elevation in Feet: 283.79 -0
Very 1oose to (medium dense). moist, T
brown, slightly gravelly, silty, fine to coarse, r
SAND with clay lumps (possibie FILL). -
+5
<+ 10
Loose to medium dense. moist to wet, :
brown, slightly silty, fine to medium SAND.
415
L
ATD
Water added to counter heave. L
-+20
Water added to counter heave. ': 25
Bottom of Bonng at 28.0 Feet. _: 10
Compieted 08/16/00.
—-+35
+40
—+45

1. Refer to Figure A-1 for expianation of descnptions and symbois.

2. Soil descriptions and stratum lines are interpretive and actual changes
may be graduai

3. Ground water level, if indicated. is at tme of dritling (ATD) or for date
specified. Level may vary with time.
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