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SUBSURFACE CONDITIONS DATA REPORT
HAUL ROUTE AND BORROW AREAS 3 AND 4
THIRD RUNWAY PROJECT

SEA-TAC INTERNATIONAL AIRPORT
SEATAC, WASHINGTON

INTRODUCTION

This data report presents technical documentation of subsurface conditions,
laboratory testing, and relevant geotechnical and hydrogeologic field testing of
two Third Runway Borrow Areas and the associated Haul Route. A previous
data report (Hart Crowser 1999) documented conditions at Borrow Areas 1, 3,
and 4. The current report presents additional data collected since that time and
supersedes in these areas the 1999 report for Borrow Areas 3 and 4, as well as
provides information about the proposed Haul Route (Hart Crowser 2001).
Borrow Areas 3 and 4 have been identified as sources of borrow materials to be
used as construction fill for the Third Runway Embankment Project. These
borrow areas are located south of the Sea-Tac Interational Airport, in SeaTac,
Washington (refer to Figure 1, Vicinity Map).

Figure 1 shows the general area where we have performed geotechnical and
hydrogeologic explorations for this study. Explorations and testing within the
borrow areas and along the haul route are characterized in greater detail on
Figures 2 and 3. Cross sections showing inferred geologic and hydrogeologic
conditions are provided on Figures 4 through 6. Water level data and
groundwater elevation contours for the Regional Shallow Aquifer are shown on
Figure 7. Groundwater contours for the Perched Water-Bearing Zone in Borrow
Areas 3 and 4 are shown on Figure 8. '

We have organized this report into several sections. The main text starts with a
discussion of site geology and is followed by a discussion of the hydrogeologic
conditions and near-surface soil infiltration characteristics obtained from '
explorations conducted to date. Appendices A through C follow the main text
and present results of our subsurface explorations, laboratory data, and
hydrogeologic data, respectively, from this and previous investigations.

PURPOSE AND SCOPE

This report presents data collected on soil, glacially deposited materials, and
groundwater conditions at Borrow Areas 3 and 4 and along the proposed Haul
Route. The purpose of this report is to supplement data presented previously
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(Hart Crowser 1999) identifying suitable embankment construction materials,
and to support the design and development of the borrow areas and haul route.

The scope of Hart Crowser’s work included completion of borings and test pits,
the installation of monitoring wells, measurement of groundwater elevations, and
performance of infiltration tests. The following paragraphs summarize work
completed since the 1999 data report was issued.

Five additional borings were completed at Borrow Area 3 in June 2001. One
boring (A3-B22-01) was completed as a monitoring well. The other four borings
(A3-B18-01 through A3-B21-01) were used to perform falling head percolation
tests and were then abandoned.

Five additional borings and three test pits were completed at Borrow Area 4 in
june 2001. Dualkring infiltrometer tests were performed in each of the test pits.
A falling head percolation test was performed at boring A4-B09-01, which was
then abandoned. Borings A4-B08-01 and A4-B10-01 were completed as
monitoring wells in the perched water-bearing zone. Borings A4-807-01 and
A4-B11-01 were completed as monitoring wells in the Shallow Regional Aquifer.

Three hand-auger borings and two test pits were completed along the Haul
Route in June 2001. Falling head percolation tests were performed in the
borings and dualring infiltrometer tests were performed in the test pits.

GENERALIZED GEOLOGIC DESCRIPTION AND SUBSURFACE SOIL CONDITIONS

This section provides a description of the geologic and subsurface conditions of
soils and glacial deposits within the areas shown on Figures 2 and 3, based on
our explorations at the site and explorations by others. Previous studies of the
local geologic and hydrologic conditions at Borrow Areas 3 and 4 have been
accomplished by AGI Technologies (AGI 1995 and 1996).

Generalized Geologic Conditions

The most recent investigations did not result in any new interpretation of
generalized geologic conditions in the area. The following findings remain
unchanged from the 1999 data report.

The site is located on the Des Moines Drift Plain in the Puget Sound Lowland.
Glacial soils have been deposited and extensively reworked by glacial episodes,
the most recent being the Vashon Stade of Puget Sound glaciation.

Hart Crowser
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in summary, the following geologic units have been identified at Borrow Areas 3
and 4:

m  Fill (variably graded, silt, sand, and gravel);
a8 Alluvium (peats and silts; and medium dense, fine to medium sand);

®  Recessional Outwash (primarily silty, sand and gravel, and/or sandy silt or
sandy clay);

®  Glacial Till (clayey, silty sand and gravel);
®  Advance Outwash (nonssilty to silty sand and gravel);

a  Lawton Clay (very stiff to hard silt and clay); and
®  Puyallup Formation (fine sand and silty sand).

Surficial soils in Borrow Areas 3 and 4 have been mapped as glacial till with
localized surficial deposits of recessional outwash. Our explorations within
Borrow Areas 3 and 4 suggest that these areas are part of a north-south trending
ridge known as a drumlin.

Subsurface Conditions

Our interpretation of subsurface conditions at Borrow Areas 3 and 4 did not
change based on new data acquired since 1999. The following section presents
text from the 1999 data report, with additional discussion of conditions
encountered along the Haul Route.

Subsurface soil and hydrogeologic conditions interpreted from data collected
and observations made during explorations at the site, and previously mentioned
AGl studies, formed the basis for the information contained within this report.
Variations between explorations may occur as irregularities 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.
Exploration boring logs for the borrow areas and haul route are presented in
Appendix A.

Subsurface conditions encountered in Borrow Areas 3 and 4 (shown on Figures
4 through 6) consist of a thin mantle of recessional outwash over glacial till,
which in turn overlies advance outwash materials. These glacial sedimentary
sequences overlie earlier deposits of Vashon glacial till, which overlie the
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Puyallup Formation. Figure 4 is a generalized north-south cross section through
Borrow Areas 3 and 4. Figures 5 and 6 are northwest-southeast and west-east
cross sections through Borrow Areas 3 and 4, respectively. Detailed descriptions
of the materials we encountered are provided below.

Subsurface conditions encountered along the Haul Route consisted of topsoil
and fill over silt, possibly a post-glacial lacustrine deposit. These explorations
were less than 10 feet deep. Explorations from the South Aviation Support Area

- (SASA) study (FAA 1994) located approximately 500 feet to the east indicated a
thickness for the silt unit of approximately 10 feet.

Topsoil. This soil was not consistently encountered in our explorations.
Typically, the topsoil consists of a loose mixture of silt and sand with roots and
other organic material. Topsoil is generally 1/2 to 1 foot thick where
encountered. Many of the surficial soils at the site appear to be glacial deposits
at different stages of weathering. This is further discussed in the Recessional
Outwash and Glacial Till sections below.

Fill Seils. Fill soils were encountered in both proposed borrow areas and along
the haul route, typically associated with paved streets, or general grading
associated with past use of the sites. Fill soils are generally loose to medium
dense, variable mixtures of silt, sand, and gravel. The density and granular
nature of the fill materials resemble the recessional outwash deposits and the fill
is sometimes difficult to distinguish from the outwash.

Alluvial Deposits. These sediments occur in the low-lying areas and generally
consist of soft/loose, moist to wet, interlayered silt, sand, and peat.

Recessional Outwash. This material is generally slightly silty to silty, slightly
gravelly to gravelly sand. Recessional outwash overlies the glacial till, or
advance outwash where the glacial till has been eroded. Recessional outwash
forms a thin veneer over much of Borrow Areas 3 and 4, generally measuring
less than 5 feet thick. Thicker deposits occur in southern portions of Borrow
Area 3 which show historical signs of borrow development activities possibly
related to previous airport construction.

Where recessional outwash is located at the ground surface, it is in a weathered
condition. This layer may become colluvium where deposits are on sufficiently
sloping ground.

Glacial Till. The till comprises the predominant glacially overridden unit
underlying the surficial materials discussed above. This material is generally
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comprised of a dense, slightly gravelly to gravelly, silty to very silty sand. The
gradation of the till varies both vertically and laterally.

In general, glacial till differs from the overlying recessional outwash by having a .
higher silt content and much higher density. The top of the glacial till is generally
within 5 feet of the ground surface at each of the borrow areas, except in the
southern portions of Borrow Area 3. The drumlin feature noted in Borrow Areas
3 and 4 is dominated by glacial till within the central and northern portions of
Borrow Area 3. Glacial till is present throughout most of Borrow Area 4. Some
weathering has been noted near the surface of the glacial till in explorations in
each borrow area.

Advance Outwash Sand. This material is generally dense to very dense, slightly
silty, slightly gravelly to gravelly sand. In general, the advance outwash can be
distinguished from the glacial till by lower silt content. However, observations at
the borrow areas where this material was encountered suggest that some areas
of advance outwash may be silty. It occurs beneath the glacial till noted in each
borrow area.

Lawton Silt/Pre-Vashon Deposits. The hard silt interpreted to be part of these
geologic units in previous studies were not encountered in our explorations, but
would likely be encountered at greater depths. These hard silts may be
laminated or contain planes of separation (partings). Furthermore, these silt
deposits are typically reported to be relatively plastic and are often slickensided
(i.e., showing evidence of previous deformation).

Generalized Hydrogeologic Regime

The most recent investigations did not result in any new interpretation of
generalized hydrogeologic conditions in the area. The following text is
unchanged from the 1999 data report. '

On a regional scale, the glacial deposits at depth beneath Borrow Areas 3 and 4
and the Haul Route consist of “relatively permeable” slightly silty to silty sands
and gravels, with intervening layers of low-permeability glacial till and
predominantly fine-grained sediments (e.g,, silt and gravelly, sandy silt). Regional
aquifers (indicated below in bold type) occur within the glacially derived, below
the proposed borrow areas (AGI 1996):

& Fill, Alluvium, Vashon Recessional Outwash - Perched Water-Bearing Zones
8 Vashon Till - Aquitard

®  Vashon Advance Outwash - Shallow Regional Aquifer

8 Lawton Clay - Aquitard

Hart Crowser
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s “Third” Coarse-Grained Deposit - Intermediate Regional

Aquifer
s Puyallup Formation - Aquitard
m  “Fourth” Coarse-Grained Deposit - Deep Regional Aquifer

Hydrogeologic Conditions

Borrow Areas 3 and 4 and the Haul Route are located within the Des Moines
Creek drainage. The glacial till and the advance outwash act as semi-perching
layers, allowing some portion of local precipitation to infiltrate down to the
underlying Advance Outwash, which is typically more permeable. The Advance
Outwash contains a water table known as the Shallow Regional Aquifer, which
discharges to Des Moines Creek, and via underflow, into Puget Sound and the
Green River valley (AGI 1996).

Groundwater elevation data were collected from explorations in Borrow Areas 3
and 4, which identified a perched water-bearing zone overlying the shallow
regional aquifer. Slug testing was performed in Borrow Area 3 to obtain data for
estimating hydraulic conductivity values to evaluate the perched water-bearing
zone characteristics as they relate to the wetlands and borrow material
development. These data and analyses are discussed below. Water levels in
these borrow areas vary over time, as indicated in Tables 1 and 2.

The borrow areas are generally situated within the recessional outwash and
glacial till deposits sequences, and extend into the upper part of the advance
outwash, above the water table referred to as the Shallow Regional Aquifer.
Figures 5 and 6 are conceptual cross sections through the Borrow Areas and
depict the local perched water-bearing zone and the underlying Shallow
Regional Aquifer.

Borrow Areas 3 and 4. Borrow Areas 3 and 4 are located above the Shallow
Regional Aquifer. Soil borrow excavations are anticipated to encounter local
perched water-bearing zones in Borrow Area 3. Measured groundwater levels
and monitoring well elevation data are summarized in Tables 1 and 2.

Our interpretation of groundwater conditions is based on current observations
as well as information previously reported (AGI 1995). The reported information
included water level observations in two wells previously drilled by AGI which
could not be located in the field at the time of our work, as well as notations of
wet soils (indicating perched water-bearing zones) in the AGI boring logs.

Hart Crowser installed thirteen monitoring wells in Borrow Areas 3 and 4 in
1998 and 1999, and an additional five monitoring wells in 2001. These wells
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were used along with observations in four pre-existing wells to improve
definition of groundwater conditions. Limited information previously available
suggested the borrow areas might be underlain by groundwater with a relatively
steep sloping gradient to south (AGI 1995). Current observations based on the
available wells indicate a somewhat different picture—a relatively flat perched
water-bearing zone in the north part of Borrow Area 3 and in Borrow Area 4
overlies the relatively flat water table in the Shallow Regional Aquifer.

Slug tests were performed in five wells at Borrow Area 3 to estimate the
hydraulic conductivity of the perched groundwater zone; the test plot-graphs are
presented on Figures C-1 through C4 in Appendix C.

Haul Route. Groundwater was not observed in any of the explorations along
the Haul Route. Seepage was noted in HR-TP02-01 at a depth of 6.5 feet.
Explorations from the SASA study near Des Moines Creek encountered
groundwater at depths ranging from 5 to 12 feet, with depths generally
increasing as the land slopes upward away from the creek.

Groundwater Flow Mapping

Groundwater levels for Borrow Areas 3 and 4 were measured in 22 monitoring
wells. Groundwater elevations are contoured on Figure 7 for the Shallow
Regional Aquifer, illustrating groundwater flow directions. Groundwater
elevations for the perched water-bearing zone are contoured on Figure 8.

Shallow Regional Aquifer. Continuous groundwater flow through Borrow Areas
3 and 4 occurs in the Shallow Regional Aquifer, which underlies both areas and
is fed by infiltration from the surface and discontinuous overlying perched water-
bearing zones. Groundwater from this aquifer can be seen on Figure 7 to flow
eastward toward Des Moines Creek.

Perched Water-Bearing Zone. The perched water-bearing zone apparently
extends west of Borrow Areas 3 and 4, based on local surface topography and is
recharged by infiltration of rainfall on the higher ground to the west. The
resulting perched groundwater flow direction is generally from the west, toward
the south and southeast into Borrow Area 3. The overall fliow pattern is also
affected locally by outward radial flow from the high ground in Borrow Area 4.
The perched water-bearing zone appears to pinch out to the north, where the
perching horizon gradually rises and intersects ground surface. Approximate
groundwater elevation contours for the perched water-bearing zone are
illustrated on Figure 8.
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Soil infiltration Characteristics

infiltration characteristics of soils beneath the locations of proposed stormwater
retention and infiltration facilities were evaluated at Borrow Areas 3 and 4 and
the Haul Route. Infiltration rates were estimated at each site using a
combination of double-ring infiltrometer tests (ASTM Method D 3385, 2000)
and falling head percolation tests (EPA 1980).

infiltrometer tests were performed at the bottom of test pits excavated using a
backhoe at locations where the testing horizon was less than 5 feet deep.

Falling head percolation tests were performed in borings drilled with a hollow-
stem auger drill rig at locations where the testing horizon was greater than 5 feet
deep, or in shallow hand-augered borings where site disturbance resulting from a
backhoe excavation was deemed unacceptable (e.g., Tyee Golf Course). Results
of infiltration tests at the borrow areas and the Haul Route are shown in Table 3.

Borrow Area 3

Four falling head percolation tests were performed in borings A3-B18-01 through
A3-B21-10 in the location of a proposed storage and infiltration pond at Borrow
Area 3 (Figure 2). The targeted test horizon was at an elevation of 227 feet.
Subsurface materials at the site consisted of slightly silty to silty, fine to medium
sand from just below ground surface to depths of up to 39 feet (approximate
elevation 205 feet). In these four borings the sand extends at least 5 feet below
elevation 227 feet. Water levels in the vicinity of the infiltration tests range from
elevations of about 210 to about 220 feet.

Measured infiltration rates at Borrow Area 3 range from 0.17 to 1.1
minutes/inch, as shown in Table 3. These rates are consistent with the sandy
material encountered at this site.

Borrow Area 4

Three double-ring infiltrometer tests were performed in test pits A4-TP1-01
through A4-TP3-01 in the location of a proposed storage and infiltration pond at
Borrow Area 4 (Figure 2). A falling head percolation test was attempted at
boring A4-B9-01, but failed due to seepage of water into the bottom of the
boring. Test elevations ranged from 290 to 296 feet, with a targeted elevation of
292 feet. Each test pit was extended 5 feet below the test horizon to log the
underlying. These materials consisted primarily of silt with varying amounts of
sand or gravel and are described as tilHike. Groundwater seepage was not
noted in any of the test pits; however, groundwater elevations from shallow
wells in the vicinity indicate groundwater levels as high as 293.7 feet.
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Measured infiltration rates at Borrow Area 4 were much lower than those at
Borrow Area 3, ranging from 44 to 170 minutes/inch. These rates are consistent
with the tilHike sandy silt encountered at this site.

Haul Route

Two double-ring infiltrometer tests were performed in test pits (HR-TP1-01 and
HR-TP2-01) along the Haul Route, one each at the location of two proposed
ponds (Figure 3). Additionally, three falling head percolation tests were
performed in hand-auger borings (HR-B1-01 through HR-B3-01) along a
proposed infiltration trench following the Haul Route road alignment. Hand-
auger borings were used at these locations to minimize disturbance to the Tyee
Golf Course. Groundwater was not encountered in explorations at this site;
however, seepage was noted at a depth of 6.5 feet (approximate elevation 246
feet) at HR-TP2-01.

Ponds

Soils encountered at the two pond locations consisted of either topsoil or fill
over non-sandy to slightly sandy silt. The silt extended past the infiltration testing
horizon an additional 3 to 6 feet to the bottom of each exploration. Measured
infiltration rates were very low, ranging from 440 to 480 minutes/inch.

Road Alignment

Soils encountered along the trace of the proposed haul route consisted of
approximately 1 foot of silty topsoil over sandy silt. Tests were performed
immediately below the topsoil layer. Field personnel were only able to advance
the hand-auger borings and collect soil samples for logging between 1 and 3 feet
below the testing horizon. Measured infiltration rates ranged from 10.5 to 120
minutes/inch; however, these rates are likely overestimates of longer term
infiltration rates due to the presence of the tighter gray silt layer at a depth of
approximately 3 feet throughout the site.

USE OF THIS REPORT

Hart Crowser completed this work in general accordance with our change order
dated August 3, 2001, and our contract with HNT B referred to as Amendment
22. This report is for the exclusive use of HNT B, the Port of Seattle, and their
design consultants for specific application to the Third Runway project and site.
We completed this study in accordance with generally accepted
geotechnical/hydrogeologic practices for the nature and conditions of the work
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completed in the same or similar localities, at the time the work was performed.
We make no other warranty, express or implied.
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Table 3 - Summary of infiltration Tests
Borrow Areas 3 and 4 and the Haul Route

Borrow Area 3 _

Boring Ground Surface ~ Boring Test Elevation | Infiltration Rate
Number Elevation in Feet Depth in Feet in Feet in minutes/inch
A3-B18-01 240.20 13+6.5 227 0.17
A3-B19-01 237.99 11+45 227 1.1
A3-B20-01 247.27 20+55 227 0.21
A3-B21-01 245.18 18+7.5 227 0.28
Borrow Arsa 4

[Boring Ground Surface ~ Boring Test Elevation | Infiltration Rate
Number Elevation in Feet | Depth in Feet in Feet in minutes/inch
A4-B09-01 304.78 13+6 292 NM
[Test Pit Ground Surface Test Pit Test Elevation | Infiltration Rate
Number Elevation in Feet Depth in Feet in Feet in minutes/inch
A4-TP01-01 299.76 4+5 296 44
A4-TP02-01 294.21 4+5 290 140
A4-TP03-01 294.17 4+5 290 170

Haul Route

Hand-Auger Ground Surface §oring Test Elevation infiltration Rate
Boring Number Elevation in Feet Depth in Feet in Feet in minutes/inch
HR-B01-01 252 1426 251 105
HR-B02-01 250 1+3 249 14
HR-B03-01 250 1+1 249 120

Test Pit Ground Surface Test Pit Test Elevation | Infiltration Rate
Number Elevation in Feet Depth in Feet in Feet in minutes/inch
HR-TP01-01 256 6+3 250 480
HR-TP02-01 252 4+6 248 440

NM - Not Measured. Slow seepage into the bottom of the boring invalidated testing.

Exploration depths indicate the depth at which infiltration testing was performed, plus the additional
depth drilled for soil logging.

Hart Crowser
497852/BA3&4Tables.xis - Table 3
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APPENDIX A
FIELD EXPLORATIONS METHODS AND ANALYSIS

This appendix documents the processes Hart Crowser uses 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 Dual-Wall Percussion Hammer Drilling with Reverse Circulation;
The Use of Auger Borings;

Penetration Test Procedures;

Groundwater Observation Well Installation;

Excavation of Test Pits; and

Hand-Auger Borings.

Explorations and Their Location

Subsurface explorations by Hart Crowser for Borrow Areas 3 and 4 consisted of
thirteen dual-wall percussion hammer (DWPH borings) which were completed
as monitoring wells; ten hollow-stem auger borings, five of which were
completed as monitoring wells; and three test pits. The borings were designated
A3-B8-98 through A3-B12-98; A3-B13-99 through A3-B17-99; A3-B18-01 through
A3-B22-01; A4-B4-98 through A4-B6-98; and A4-B7-01 through A4-B11-01. Test
pits were designated A4-TP1-01 through A4-TP3-01. Borings and test pits are
designated using a system developed by others for the Third Runway Project
Borrow Area Investigations, where ‘A3’ represents Borrow Area 3, ‘B8’
represents boring number 8, TP1’ represents test pit 1, and ‘98’ indicates the
year the boring or test pit was completed. Logs for these explorations are
presented on Figures A-2 to A-25 at the end of this appendix.

Subsurface explorations by Hart Crowser for the Haul Route consisted of three
hand-auger borings. The explorations were designated HR-TP1-01 and HR-TP2-
01, HR-B1-01 through HR-B3-01. Logs for these explorations are presented on
Figures A-26 and A-27.

Subsurface explorations conducted in 1994 by AGI for Borrow Areas 3 and 4
consisted of ten hollow-stem auger borings, four of which were completed as
monitoring wells. The borings were designated A3-81-94 through A3-B7-94
(Borrow Area 3) and A4-B1-94 through A4-B3-94 (Barrow Area 4); logs are
presented as Attachment A-1 to this appendix.

The boring logs within this appendix are the basis of Hart Crowser’s
interpretation of the drilling, sampling, and testing data. The logs indicate the

Hart Crowser : ~ Page A-1
4978-52 October 22, 2001
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depth where the characteristics of soils and glacial sedimentary deposits change
as follows:

8 A hard line is used to show the contact between two geologically distinct
units;

m A dashed line is used to show the contact between two dissimilar soils within
a specific geologic unit; and

s The words “grades to” are used to mark the location of a gradual change in
soil gradation or grain size distribution with increasing depth. Note that the
new gradation indicated in this way persists over a distinct interval.
Characteristics identified by “grades to” are intended to apply to the
remainder of the unit below the notation on the log, or until a different
change in gradation is indicated.

In the field, we classified the samples taken from the explorations according to
the methods presented on Figure A-1 - Key to Exploration Logs. Attachment A-1
presents AGl’s Soil Classification/Legend. These figures provide an explanation
of the symbols and abbreviations used in the logs. The remainder of this
appendix discusses exploration téchniques utilized by Hart Crowser. Additional
information on the techniques used by AGl is presented in AGI Technologies
(1995).

Location of Explorations. Figures 2 and 3, which foliow the main text, show the
location of explorations. This report shows the actual locations and ground
surface elevations, presented on the exploration logs, as they were established
during site surveys by the Port of Seattle, dated May 28, 1998, and May 1999.
2001 explorations at Borrow Areas 3 and 4 were surveyed in June 2001.
Explorations along the Haul Route were not surveyed; locations and elevations
are based on hand taping from site features and topographic maps.

The Use of Duai-Wall Percussion Hammer Drilling with Reverse Circulation

With depths ranging from 22.0 to 141.2 feet below the ground surface, thirteen
dualwall percussion hammer borings, designated A3-B8-98 through A3-812-98
and A4-B4-98 through A4-B6-98 were drilled from May 11 to 18, 1998.
Explorations A3-B13-99 through A3-B17-99 were drilled later on April 15 to 23,
1999.

These eighteen borings incorporated a 9-inch outside diameter (6-inch inside
diameter) dual-wall drive pipe and were advanced with a Becker diesel, pile-
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driving hammer on a truck-mounted drill rig (AP1000). Layne Christensen
Company was subcontracted by Hart Crowser to perform the drilling.

Dualwall percussion hammer drilling with reverse circulation consists of a dual
walled pipe driven with a diesel drive hammer, while air is forced down the
annulus of the double-wall drive pipe to the bit. The air returns up the inside
pipe, carrying with it a continuous flow of drill cuttings that are discharged to an
air cyclone. The air cyclone slows down the velocity of the air and drill-cutting
mixture, separates the air from the cuttings, and allows for sample collection
from the base of the cyclone.

The driving/drilling and sampling were continuously observed by an engineering
geologist from Hart Crowser. Detailed field logs were prepared of each boring
and each sample was visually and texturally classified in the field. Samples were
collected from the air cyclone at 2-1/2- to 5-foot-depth intervals and placed into
plastic bags tied with wire. Samples were collected to fill the plastic bags and
represent the 2-1/2- to 5-foot sample collection interval; however, for clarity,
cyclone samples are represented as 1-foot-thick samples on the logs. After soil
sample collection, they were taken to Hart Crowser’s laboratory for further
testing.

The Use of Auger Borings

With depths ranging from 15.5 to 84.3 feet below the ground surface, ten
hollow-stem auger borings, designated A3-B18-01 through A3-B22-01 and
A4-87-01 through A4-B11-01, were drilled from june 11 to 18, 2001. The
borings used a 3-3/8-inch inside diameter hollow-stem auger and were advanced
with a truck-mounted drill rig subcontracted by Hart Crowser. The drilling was
continuously observed by an engineering geologist from Hart Crowser. Detailed
field logs were prepared of each boring. Using the Standard Penetration Test
(SPT), we obtained samples at 5-foot-depth intervals. -

Penetration Test Procedures

This test is an approximate measure of soil and sediment density and
consistency. To be useful, the results must be used with engineering judgment
in conjunction with other tests. Penetration tests similar to the Standard
Penetration Test (SPT; as described in ASTM D 1586) were performed to obtain
disturbed samples. The tests employed a 3-inch outside diameter split-spoon
sampler. Using a 140-pound hammer, free-falling about 30 inches (down-hole
techniques were used), the sampler is driven into the material for 18 inches. The
number of blows required to drive the sampler the last 12 inches only is the
penetration resistance. This resistance, or blow count, measures the relative
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density of granular soils and the consistency of cohesive material. The blow
counts are plotted on the boring logs at their respective sample depths.

Samples are recovered from the splitspoon sampler, field classified, and placed
into water tight jars. They are then taken to Hart Crowser's laboratory for further

testing.
in the Event of Hard Driving

Occasionally very dense materials preclude 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.

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 are not reported. For example, a biow count series of 12 blows for 6
inches, 30 blows for 6 inches, and 50 (the maximum number of biows counted
within a 6-inch increment for SPT) for 3 inches would be recorded as 80/9.

Groundwater Observation Well Installation

Observation wells were installed in eighteen of the Hart Crowser borings and
four of the AGI borings. The Hart Crowser wells were constructed with flush-
threaded 2-inch-diameter PVC and 10-foot-long screens (0.020-inch siot size).
The following procedure was used to install the wells:

= Following completion of each boring to the target depth, the bottom of each
boring was backfilled to the bottom-of-screen depth with cuttings and
bentonite chips (as-needed).

8 A 2-inch inside diameter, flush-threaded, Schedule 40 PVC screen (0.020-
inch slots) and riser pipes were lowered through the dual-wall drive pipe.

B As the drive pipe was pulled out, silica sand (No. 10-20) was placed around
and approximately 5 feet above the screened section. The depth to the top
of the sand pack was recorded by sounding inside the annular space with a
weighted measuring tape.
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® The annular space of the well was sealed between the top of the sand pack
to the bottom of the surface monument by placing bentonite chips in the
hole.

® A concrete surface seal was then placed above the bentonite seal at ground
surface, and a stickup-mounted monument set in concrete was placed over
the finished groundwater observation well.

As-built construction details for observation wells are shown schematically on
the respective logs.

Excavation of Test Pits

Five test pits, designated HR-TP1-01, HR-TP2-01, and A4-TP1-01 through
A4-TP3-01 were excavated across the site with a tractor-mounted backhoe
subcontracted by our firm. The sides of these excavated pits offer direct
observation of the subgrade soils. The test pits were located by and excavated
under the direction of an engineering geologist from Hart Crowser. The
geologist observed the soil exposed in the test pits and reported the findings on
a field log. He noted groundwater levels or seepage during excavation. 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 in the laboratory.

The test pit logs are presented on Figures A-25 and A-26.
Hand-Auger Borings

Three borings, designated HR-B1-01 through HR-B1-03, were drilled by a Hart
Crowser geologist along the Haul Route using a hand-auger. These borings
were drilled to conduct falling head infiltrometer tests. The geologist observed
the soil cuttings from the borings and reported the findings on a field log. The
density/consistency of the soils (as presented parenthetically on the boring logs
to indicate their having been estimated) is based on visual observation only as
disturbed soils cannot be measured for in-place density in the laboratory. The
boring logs for these hand-auger borings are presented on Figure A-27.

F:\docs\jobs\497852\BA3&4DataReport.doc
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Key to Exploration Logs

Sampile Description

Cicssitication o! soils in tnis report is besec or visuc: fielc ond loboratory observcotions whicn irciice gersity/consistency,
moisture condition, groin size, anc piosticity estimotes onc shoulc nol de construec to imoiy fieic nor tocoorctory tesiing
un'ess presentec nerein. Visuol-mcnuc' ciassification methoas of ASTM [ 2488 were usec os on icentificct'on guige.

Soil descriplions consist of tne following:

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

Density/Consistency

Soil aensity/consistency in borings is reloted primorily to the Stcndord Penetration Resistonce.

Soil density/consistency in test pits is estimoted bosed on visugl observotion and is presented porentneticaily on the test pit logs.

SAND or GRAVEL Penetration SLT or CLAY Benerrotion Sheer ¢
Density :"8"’;3:%0(0"1) Consistency 5'?;::75&) ;i":fs‘?”
Very loose 0~ 4 Very soft c- 2 <0.125
Loose 4-10 Soft 2- 4 0.125- 0.25
Medium dense 10 - 30 Medium stiff 4- 8 0.25 - 0.5
Dense 30 - 50 Stiff 8- 15 05 - 10
Very dense >50 Very stift 15 - 30 1.0 -20
Hord >30 >2.C
Moisture Minor Constituents Estimotea Percentage
Dry Littie perceptible moisture Not identified in description 0- 5
Domp Some percentible moisture, probably below optimum Slightly (cloyey, siity, etc.) 5-12
Moist Probobiy neor optimum moisture content Cloyey. siity, sondy, grovelly 12 -30
Wet  Mucr perceptible moisture, probebly obove ootimum Very (cioyey, silty, etc.) 30 - 50
Legends Test Symbois

Sampling Test Symbols
BORING SAMPLES

E Split Spoon

E Sneiby Tube
Cuttings
Core Run

No Sompte Recovery

[
L
*

Tube Pushed, Not Driven
TEST PIT SAMPLES

E Gred (Jor)
Z Bag
N shey Tube

A-1 STANDARD

=1

[_‘,.

Groundwater Observations

Surfoce Seo!

Bentonite

Grounowater Level on Dote or
ot Time of Drilling (ATD)
Well Screen
W End Cop
I Sond Pock
- Notive Moteriol
?—Groundwoler Seepoge (Test Pits)

ATD

Gs
CN
Uu
Ccu
cD
Qu
Ds
K

-

PP

v

CBR
™MD

PID
CA
D7

Groin Size Clossificotion
Consolidation

Unconsolidoted Uncroined Trioxic:
Consolidoted Undrained Trioxiol
Consolidote-d Drained Triaxicl
Unconfined Compression

Direct Snecr

Permeability

Pocket Penetrometer
Approximate Compressive Strength in TSF

Torvone
Approximate Sheor Strength in TSF

Colifornio Bearing Ratio
Moisture Density Relotionship

Atterberg Limits

N
L L=

Photoionization Detector Recding
Chemicaol Anolysis

Water Content in Percent
Liguid Limit

Noturo!

Piostic Limit

In SituDensity Test

HARTCROWSER

4978-52
Figure A-1

AR 052210

8/01



4978 A3B0Bdwg nel 8/30/01

Boring Log A3-B8-98

PENZTRATION RESISTANCE * LA
Soil Descriptions Deotr TESTS
° in Fee: Sompie 4 Blows per Foot (% Fines)
Ground Surfoce Elevation in Feet: 2B0.5 0 1 2 5 10 20 50 100 I l
T
(Medium dense to very dense), domp, r L ‘ |
light brown, slightly groveily $AND over L % L '
domp, groy to tan, slightly silty, fine _‘:5 4 s-1 M [ +GS
SAND with occasionol grovel. . A s-2 4 | * (8.5)
(Recessional; Type 3) I 2 C \
f10 2 s-3 [ -
C 4 L
L 4 L
- / o
TS WV s-« [ [
S :
C A -
L0 ; -
—— Grodes to non—grovelly. L ; s-5 [ -
. 7 F
—— Grades to moist, ton, very silty (Type 5) I25 f
T gy e R ¢ ?
L % 8
- / -
T30 Y s-7 -GS
L 7 1 ! (31.3)
. L % L
+— Grodes to slightly siity (Type 3) C 4 C
T35 U s-8 [ [
C 7 C
L A L
b ; -
T YUY s-o m [
% L
r Yy C
. Grooes to very silty ond cotor changes ,’: ATD f L
to light brown. (Type 5) | —45 é r o i
£ Ph s q
: 87 N ,
—— Groces 0 siightly siity. (Type 3) +,_50 g % ¢ S-1r M [ ¢
"- v -
7 -
5 AP s-n o b
ek
- /V Poe
H L ! o i
—— Groges to wet, brown, silty, very i -t60 a ; S-13 MM ¢ )
grovelly. (Type &) E 2 ] i - (19.8)
v eeres) ey o T T ‘ f-65 i Q = i 450 /4
(very cense), wet, brown, slightly silty, L |
sandy GRAVEL. £ | - |
(Recessionoi; Type 2) L70 i :
C FoF
C P L
b +75 —
* ST
—— Grages to very saondy. ’ E _u__‘ L I | 460/6
i —80 ; Hr
Bottom of Boring ot B0.O Fee!. ! b ! i
Compieted 5/11/98. I E { l s l !‘
i Lk ‘ i li: j
IBS 1 2 S 10 20 50 ;OO
® water Content in Percent
e | 2 4
1. Refer to Figure A~1 for explcnotion of gescriptions gng symbols. f 7

2. Soil gescriptions onc strotum lines ore interpretive onc actuo: chonges

oy oe groauct HARTCROWSER
3. Groundwater revel, if indicoted, is ot time of criting (ATD) or for o

dote specifiec. Level moy vary witr time.
4. Biow counts ore for 140 pound nam=er gng J~inch-giometer spiit—spoon J-4978 5/08
cmoier (i.e., Not conforming to ASTM > 1586) using gown~hoie tecnrigues. Figure A-2

5 Refer to tex: for soi! types.
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Boring Log A3-B9-98

Soil Descriptions ;,??::t Somple
Ground Surfoce Eievotion in Feet: 270.0
+0
(Medium gense), siightly grovelly SAND -
over domp to wet, light brown, slightty »
silty, fine SAND with trace grovel. s v
(Recessionol; Type 3) 2 A g::s g
I—  Groages to groveily -:10 s-2 [m]
-:15 s-3 m
(Very stiff), moist to wet, light brown, 120 S-4 [I]
slightiy grovelly, sondy SILT i
(weothered Till; Type 5) r
+25
ol Groces to gsrlcw(relly:r ver¥ siltys)SAND to + S-5 P
nod LT. (Tim; e "
very sondy (“ o - s-6 [
— — ——— +30 -
Grodes to silty, very grovelly SAND. - s-7 [T
(Type 4) L
135 s-8 [III
L
—_—— — — ——_— e — —— 140 -
Crodes to silty, sonoy GRAVEL. (Type 4) r S s-9 I
(Dense to very cense). moist to wet, r S
light brown, silty, scngy GRAVEL. +fas S-10A

o e ) |k 3 B
Wet, gray, sligntly sity to sitty, fine =

‘\_ SAND. (Tyoe 4) _Eso sou b
Grades to sligntiy silty, very gravelly
SAND to very sonoy GRAVEL (Type 2)

T R T T T S T T +-55 -
Grodes to slightiy silty, scndy, fine to r S-12 [IM]
coorse GRAVEL. {Tyoe 2) v

! IGQ S—13 pumd
Bottom of Boring ¢t 60.0 Fee:. L
Completed 5/12/98. C
C
-‘E-GS
£70
£
[N
L
: T.75
|
B
-EBO
-
I Igs I

-

- Refer to Figure A-1 for exolongtion of gescriotions ong Sympors.

. Soin gescriptions agnd stroium lines are interoretive an¢ cctuc! cnonges
may be groduao:.

. Groundwater jevei, if inaicotec, is at tme of oriting (ATD) or tor
dcte soecified. Leve' may very witn time.

. Blow counts ore for 140 pouna nammer ond 3-inen-dicmeter soit-spoon
scmpier (i.e., Not conforming to ASTM C 1586) using gown-hole technicues.

- Refer to text for soil types.

PENETRATION RESISTANCE * LAB
TESTS
« Biows per Foo: (% Fines)
1 2 5 10 20 50 100
-GS
L * (81
o ® * -GS200
L (5.0)
L V64 /5 '
s . -GS
(61.3)

- oS
N {23.8)
- RN
- NN
: |
- ]
- i
" 56/3
- |
b
: |
: |
r IR
1 2 5 10 20 50 00
® Woler Conten: n Percen:

| 2

an

J-4978 5/98

Figure A-3

AR 052212



4978 A3Jb10 dwg hel B/30/0%

Boring Log A3-B10-98

_ 4.
PENETRATION RESISTANCE LAB
. iotion TESTS

Soit Descriptions .Se?;:( Somple s Biows per Foot (% Fines)

Ground Surfoce Eievatior in Feet: 318.6 o 1 2 5 10 20 50 100
(Medium cense), domp, brown, slightly N r
grovelly SAND. r '4 5
(Recessionatl; Type 3) Is 4 S-1a . r
(Dense), moist to wet, light brown X [/ s-18 r \
mottied, grovelly, very silty SAND. C ; .

—\ (Weathered Tilt; Type 5) F10 f s-2 [ " LGS
Grodes to sity. (Type 4) - % os ] " (19.9)
Grades to very gravelly. (Tyoe 4) C 2 " -

(very gense), moist, reddish brown, T 4% -
sligntly silty, fine SAND with occasionol " 4 - \
grovel. r 4 C
(Aovonce; Type 3) I20 '4 s-« [ F 1
Grodes to slightly graveily. o 2 L:
o 4 o
+25 9 S-5A 1 #50/2 +GS
C ) = B L 7 Ge
C V) C
C % C
° Ay ss m ¢
L 4 C
L ; L
T35 2 s-7 (MM [
F % r
" 2 -
£fa0 L]
—— Grodes to non—gravelly. ; s-8 [
T Y C
—— Grades to silty. (Type 4) s A«,-Dé r
o4 s-9a B [ 60/6
E 7 s~-98 L
50 g l:
A s-10 [} [
7 S
‘s
(morc). wet, gray ong orown, interbeddec 35 a s-n : |
SitT and CLAY. (Type 5) 7% £ i
(Vvery gense), damp, gray, very silty, fine {60 s-12 [II] P_ .‘ FGSz00
SAND with occasional grove'. (Type 5) k[; - ] (35.0)
F
— T T T e e e e et IS
(Very dense), moist, brown, stigntly silty | 165 Vs”“ ; A el \ L cs
to silty, sondy GRAVEL. $-133 x 'l: 50/3 (29.9)
(Type 2 to Type 4) aé S-1a E i:
4 S-15 i
7 NEIEE ]
g s-16 T [ i f
_:75 r S-17 E[: r I i
k s-18 [T | i
]
t s-19 [IN kj |
-+80 |
2 S-20 [0 N
—— Grades to very sonay - : {L’l s-2 {0 | ¢ 'y b GS 200
E b s-22 o[ i (:30)
=85 amp == LT s 035600
® Water Content in Percent
1. Refer to Figure A~1 for exp.cnctior of oescriptions ang symbpols. [ 4
2. Soii descriptions ond strotur lines ore interaretive cne gctua. chonges AN

mgy be graduo!.

3. Grounowoter 1evei, if indiccteg, s ¢ tme o crilting (AT3) or for mm

dote specified. Level may vory wit~ time.

4. Blow counts cre for 140 pourz ~crmmer onc¢ 3-inch-digmeter spiit—Spoon J-4978 5/98

sompler (i.e., Not conformirg to ASTM D 1586) using cown-rore tecrricues

5. Refer to tex: for so” types. F:gure A-4 1/2
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Boring Log A3-B10-98

PENETRATION RESISTANCE 4 LAB
. TESTS
i tions
Soil Descripti ir?eg;:t Somote A Biows per Foo:
1 2 5 10 20 50 100
85 3s-23A @R [ B54/3 1
- " [*H:|s-238 i
(Very dense), wet, brown, siigntly F S OERSAN m ¢ ’
silty to siity, sondy GRAVEL. (Type 2 [ £ EH s-25 fm E ;
to Type 4) +90w N
a 1] S-26 111
- ‘B s-27 o [
195 g2 M [
Bottom of Boring ot 96.0 Feet. - u
Compieted 5/12/98. L L
+100 n
+105 u
f110 -
4115 -
- F
- o
£120 -
+125 -
'r_ -
- L
+130 -
f . .
F'JS L !
-v;» N i .
r C
+140
% u
L L
}l: -
14
T :
+150 - '
L
-
E o
r !
1k F | !
s F i I
E‘.GO [: - ' ’ [
- ,t i l |
+165 — ' 4
: = |
i SREaii
=170 T2 5 0 30 50 100
® Weter Content in Percent
[ 3
i. Refer to Figure A~ for expionation o descrivtions one Sympois. AN
2. Soil gescriptions ond stretum tines crs interoretive ong cciuc chenges
moy be groduct mom
3. Groundwater ievel, it ingicated, is at time of ‘griling (ATD) or for
dote specified. Level moy vary with time. J-4978 5/08
4. Biow counts cre for 140 pounc memmer ond 3-incr~gigmeter split-spoor
soamper {ie., Not corforming to ASTM D '586) using cowr-—hole tecnnigues ngl."’. A-4 2/2
S. Refer to text for soil types.
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Boring Log A3-B11-98

Ty

PENETRATION RESISTANCE * LAB
. iptions TESTS
. i -
Soit Descriptio . ;,?e?;:: Sompte 4 Siows per Foot (% Fines)
Ground Surfoce Eievation in Feet: 348.4 o ' 2 5 10 20 50 100
(Medium dense), moist to wet, light E ; "
brown, grovelly, silty, fine SAND with C 4 4 L
occasionol piont roots. L _ B | e
(Very dense), wet, light brown mottied, r 4 % s-2 [ .
T \_grovelly, sitty SAND (Tili-like; Type 4) / C10 ; ; s-3 [ L
Grodes to slightly grovelly, silty to L ; 4 St - |
slightly silty SAND. (Advonce?; Type 4) o 4 % s-5 [
T5 7% s-6 [ [ 4 FGS 200
Grovel content agecreases ond r % ; C (16.0)
occasional lumps of Siit cre observed. i ,4 ; s-7 M [
- s-8 [ [
No lumps of Silt ore present. +20 g 2 ss fm F
o 217 [
—— Grodes to slightly silty. (Type 3) - ; 4 s—0 [ [
T8 gysmam o B50/3 | GS 300
N 2 2 s-12 MM [ (6.0)
f30 Y ; s-13 [ [
L g sem
. 217 .
i ; % s-15 T [
-:35 ; ,; s-16 [ I -GS 200
— Grodes to grovelly. r 2 2 s-17 [ [ (5.0
fa0 ;4 s-18 [ [
— Grades to very gravelly. (Type 2) r 4 4 s-19 [ [
e i T o T o AV s-20 I ©
Grodes to slightly silty, very sondy “45 ; ; S 21a -
- -+ 6/5 +
GRAVEL. (Type 2) - 225-213 E - } T,' 96/ (css:;;,,
o $-22 ; )
- 217 Co
L50 f a s-23 [T :
s s o T e e ———— | V] S-24 !F
Groges to siigntly grovelly, slightly silty, . % a’ -
fine SAND ond color chonges to o % §-25 L
readisr brown. (Type 3) 155 ; 3 S-26 Im -
Water content increoses. - 4? s-27 I [ !
i 60 g | s-28 MM !
—— Grages to troce Gravel. ! F ; $-29 -
[ WYY s-som |
{55 ATD L] s ‘ s BC/6 | S0
— Grodes to very sondy GRAVEL to very f 5-32 (5.0)
gravelly, fine SAND. (Type 2) %
+70 9‘ i 5-33 o r
— Grodes to slightiy grovelly, slightly F ; ﬂ S-3a ;Im r
silly SAND. (Type 3) r S . ;
é ; 5-35 ; L i
‘F75 %2 s-3 O | +
I~ Grodes to silty. (Type 4) E % o3 ;m;’ r
N’ i
480 ] 5-38 .
——— E 2 s-39 Eooy
Grodes to sondy SILT witn grovel. £ ] S-40 E
(Tyoe 5) Ve 85 é ; !
© ’ 2 5 10 20 50 100
(Very dense). wet, groy, slightiy clayey, ® Wcter Conter: in Percent
groveily, very silty SAND with interpedded,
stigntly siity, very graveily SAND.
(Tin~like; Type 5) :.'.
1. Refer to Figure A-1 for exolonagtior o cescriptions ong symbois.
2. Soir gdescriotions and stratum lines cre interpretive ong cciuol chonges mm
may be groduc!. .
3. Grounowater level, if indicoted, is ot time ot drilling (ATD) or for .
gote specified. Leve! moy vary with time. J-4978 5/98
4. Biow counts are for 140 pound nammer anc 3-incr-giometer sptit—spoon Figure A-5 1/2

samoler (i.e., Not conforming to ASTM D 1586) using down-hole technioues.
S. Refer to text for soi tyoes.
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Boring Log A3-B11-98

4,
PENETRATION RESISTANCE LAB
Soil Descriptions Depth TESTS
oil Des in’gm Somple 4 Biows per Foot o 50 100 (% Fines)
S—41A 1 2 5 10 2 S
-BS s-ug -] P91 /6
- —— 1 T S-41
Wet, groy, silty SAND with ciods of Silt C s-42 [ [
cnd troce Grovel. (Tili-like; Type 4) Loo s-43 [ [
C S-44 I [
- s-45 M [
L~ Grodes to slightly grovelly, siity SAND. +95 g::gg 1 ® B65/6 | CS
(Tili~like) " s-47 T (24.6)
L100 s-48 [ [
Loyer of cleor, medium to coarse /’ [ s-s0 [ [
SAND. u o
(Very dense), wet, brown, slightly silty 2 05 s-so M [
to silty, sondy GRAVEL. T s-5 [ [
(Advonce; Type 2) N s-s52 M [
i s-53 MM [
Groges to sitty. (Type 4) _110 s-s« [m [
L s-55 [ [
f1s 538 A61/6
- SHS MR F
I~  Gredes to slightly silty, very sandy C s-s8 [ [
GRAVEL. (Tyoe 2) +120 s-so tm F
o s-60 [ [
L _ L
4125 S-61 m
C s-62 I [
L Grodes to sondy. (Type 2) F VTB_ s-63 MO [
[
-E130A . S-64 EE L
o ] s-65 [ [
138 s-66 O [
C s-67 (M} [
r s-68 [ [
+~140 S—-69A
g T s-698 [ o $82/8
\ Grodes to siity ct bottom. / t - !
Bottom of Boring ot 14i.2 Fee:. "145 r
Completed 5/13/98. 'E ; L
Liso —
F Fo
£ C
4
£*sS N i
r " ! f
I i 1 '
L160 S |
-~ t !
.E E
+165 r .
E Fod
]
- f !
. H 1 L
=170 () 5 10 20 S0 100
® Woter Contert in Percen:
. . - [ 4
1. Refer to Figure A—' for explongtion of cescrintions onc symbois. | 7]
2. Soil gescriotions ond siralum lines are interpretive cng actuc: cncnges
o e g rodue: HARTCRO
3. Grounowater levei, i‘ incicotec, is ot lime of ariling (ATD) or for m
gote specified. Level mcy vory with time.
4. Biow counts are for 1402 pounc hcmme- ene 3~-incn—~gicmeter SDiit—SpoOn J’4978 5’98

somorer (ie., Not conforming to ASTV O 1586) usSing gowr—hnot'e technigues. Figure A-8§ 2/2
5. Refer to tex: for soil tyves.

AR 052216

e e



4978 ASb12.dwg het

Boring Log A3-B12-98

Soil Descriptions

Y n?e?::t Somple
Ground Surfoce Elevotion in Feet: 241.1
-0
(Medium dense to very dense), domp, -
brown, silty, fine SAND with piont roots N
neor surface. (Recessionol; Type 4) Is 1
— Grades to sligntly sitty, slightly grovelly o s_s.;A E
(Type 3 X s-28
Lio s-3 [III
C 5 s-4 I
[ e s-5 (I
— Grodes to gravelly -:15 P>y s-6 [
v;
C s-7 [
— Grodes to troce grovel ond color - 5-
chonges to groy. -1:20 Y it
\ T ATD s-9 [
Grades to non-—grovelly. r s-10 i
e _:25 -11A
—— Groses togravely _ __ __ __ . | Sig
Grodes to very sandy, fine to coorse - 12
T\ CRAVEL (Type 1) __ f30 s-13 (I
—\ (Grodes slightly silty, grovelly SAND. o S-14 [T
Type 3 L _
Grodes to no Grovel Iss s-15 [T
Bottom of Boring ot 35.0 Feet. F
Completed 5/14/98. r
ta0 .
45

wr
Q

w
o

[o4]
w

~
o

~
w

o]
o

PENETRATION RESISTANCE &

Ferr r+v-l—r-ri-r“r‘r7“|—r—r‘r7+1—r—r1—g,—r—r'r'r-*—rr't—r‘ﬁﬂ e
o

o1}
w

—_

. Refer to Figure A-1 for explcnotion of descriotions and symoors.

2. Soit descriptions ond strotum lines ore interpretive ond octuo cnhanges
moy be grocuc!.

3. Groundwoter ieve:,

if indicoted, is ¢t time of driling (ATD) or for
dote specifiea.

Level may vory with time.

4. Blow counts ore for 140 pound nammer onc¢ 3-incr—diometer split—spoor

soroler (i.e.. Not conforming to ASTM D 15B6) using gown-nole tecrnigues.

5. Reier to tex: tfor soil types.

LAB
TESTS

& Biows oer Foot (% Fines)
1 2 = 10 20 50 00
-
L
r +GS
C i ‘\ (10.0)
L
o | o $50/3 LGS
" 1 (7.5)
o Gs
n (1.7)
F i
-
}.
- t
-
L
r i

!
L
.
]
F
E
i S 10 20 50 100
® Woter Content i~ Percent

[ 4 ]

as

J-49878 5/98

Figure A-6
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497802/Boring A3-813-99

Boring Log A3-B13-99

Soit Descriptions Deotr
Approx. Ground Surfoce Eievotion in Feet: 284.9 in Feet B
'!Po
(Loose to medium dense), moist, brown, L qi
siity, fine to medium SAND with L s
l..__occosionai Grovel. s » ot
Medium dense, domp to moist, ‘5 / :
groy-brown, fine to medium SAND. T (414
1 Y
L / :
- a0 s-2
Y
110 A Y
[ 0
= .

— 1 foot of very grovelly SAND._ __ [ AU s-3a
Medium dense, moist, groy to brown 415 : / B
SAND. o N Y

R H
- W
- qp  S-4
T2 Ud s-s
-  Becomes very grovelly i ¢ ;
%
L~ Grovel grodes out. 8 : ] s-6
+25 V]
1 U -
I 0 S-7
- 1 U
- 4 _
r 0 [ S-8
— e +30 {4 Al
Medium dense, moist, brown, fine to - U s“Q‘B
medium SAND. - F ;
Loyer of thin grovelly SAND. i o S-10
+35 A U
| My} S-1
L 5%
s
I~ Ml S-12
i 01
140
MU s-
L it S-13
o 1 ¥
— 1/2 foot of thinly loyered SILT. i ; : S-te
L H
L o 5-15
- 9% 5-16
Uy sS-
~ 1/2 foot of thinly | ILT. B 1 U
/ inly loyered SIL Iso o1/
2 4 {4
-
- ATDIOl s-17
—~  Becomes wet. i H
""55 [
L H! s-18
S|
Bottom of Boring ot 59 Feet. 460
Completed 4/16/99. L
465

1. Refer to Figure A-1 for expionation of descriptions
ond symbots.
2. Soil descriptions and strotum lines gre interpretive
ond octuol chonges moy be groduoi.
3. Ground water level, if indicated, is ot time of drilling
(ATD) or for dote specified. Level moy vory with time.
4. Blow counts may not be representative of densily due to grovei.

D

DI IXT DXT IXT IXT DXT IDXT IXT DX DX IXIRXT

D]

STANDARD PENETRATION LAB
RESISTANCE TESTS
5°"'2°§°-s per Foot
1 2 5 10 20 50 00
-3 /r ;
R
I
- ‘\
: />
_ \
\
b 3
L { /1
- )
i 3
//
: {
- );
- 4|
S 10 20 50 100

® Wolter Content in Percent

| 2 4

an

HARTCROWSER
J-4978-02 4/99
Figure A-7
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497802 /Boring A3-B14-99 dwg

Boring Log A3-B14-99

PENETRATION RESISTANCE L?BT
Soil Descriptions Deptr - SergPlfions per Foor TESTS
in Feet ow
Ground Surfoce Eievation in Feet: 290.5 n ree 1 2 5 10 20 50 100
- T0 ;
Medium dense, domp to moist, ) t p L
gray-brown, siightly grovelly, medium d; 2
SAND. r M s X [
o U ' T
> ala L
L 2 i
i 1 M
L 4 1A L
- : : S-2 Z -
410 /e i
r MW
L ¢ : L
L e L
- iy s-3 X F \
+15 ’ j \
- A -
L H j L
% L
r MY s-a4
- Uy sS4 Z B >
+20 59
L 1% b
MU L
r A W i
i $E 5-5 Z i 4‘
1 .
25 1 W L
- U s-s X {
I~  Grovel grodes out. i ¢ : L
- Nyl S-7 z L A
WU
+30 1
—  Occaosiongl grovel. r M s-8 Z X
L L
i s-s X |
_
T35 am|f i
—  Becomes wet. r H{ S-10 X i
i H| s F ‘
Medium dense, wet, groy-brown, sitty, 440 H B
fine SAND interbedded with very stiff, L i \
groy—brown, fine, sondy SILT. — s-1P = |
9 inches of Heave. / r i
Bottom of Boring ot 42 Feet. +-45
Compieted 4/15/99. L L
+50
- -
L L
+55
L .
+60
—65 5 10 20 0 100
® Woter Content in Percent
1. Refer to Figure A-1 for explanation of descriptions [ 4
ond symbols. u
2. Soil descriptions ond stratum lines ore interpretive
ond octuol changes moy be groduo'. mmOWSER
3. Ground woter tevel, if indicated, is at time of drilling
. B(ATI)) or for dote specified. Level moy vory with time. J-4978-02 4/99
- Blow counts moy not be representative of gensity due to grovel
5. Blow count may not be representative due to heove. qur. A-8
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497802 /Boring A3 -815-99.dwg

Boring Log A3-B15-99

Soil Descriptions
Ground Surfoce Elevotion in Feet: 299.7

Deot~
in Feet

i
4
o

Dense, domp to moist, brown, silty,
gravelly SAND.

Dense, moist to wet, brown SAND to
stightly sitty SAND.

— 1/2~foot—thick loyer of slightly sandy
N\ _SILT.

Bottom of Boring ot 24 Feet.
Compieted 4/23/99.

i
T T T T Ty
wn

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

ond symbols.

2. Soii descriptions ond strotum lines ore interpretive

ond actuol chonges moy be graduol.

3. Ground water level, if indicoted, is ot time of ariling

(ATD) or for date specified. Level moy vory with lime.

4. Biow counts may not be representotive due to grovel.

PENETRATION RES!STANCE LAB
TESTS
Sonl“gtws per Foot
1 2 5 10 20 50 100
8 Rso/s
B /
K N
X [ b
-
L
5 10 20 50 100
® Woter Content in Percent
[ 4]
AN

HARTCROWSER
J-4978-02 4/99
Figure A-0

AR 052220



Boring Log A3-B16-89

Soif Descriptions Deoth
Feet
Ground Surtace Eievation in Feet: 344.0 n Fee
10
{Loose to medium gense), damp, brown, F
graveliy, silty SAND to gravelty SAND L
with abundant organic material. -
45
-~  Become: dense to very dense. i
-+10
<+15
Ver‘y_ge;;;. moist, gray-brown, very L
sandy GRAVEL. -
420
"
-+25

Very dense, damp to moist, brown
SAND. +30

M=~ Becomes gravelly to very gravelly.

<+40

— e — e —— e e ] 45
Dense. wet, brown, medium SAND. -

+50

_:55

Very stiff, damp to moist, brown SILT to -:60
slightly sandy SILT. L
Bottom ot Boring at 61.5 Feet. r
Completed 4/22/99. r

+65

1. Reter to Figure A-1tor explanation of descriptions
and sympois.

2. Soil descriptions and stratum hnes are nterpretive
and actual changes may be graduat.

3. Ground water level, it inaicated, 1s at time ot dniling
{ATD) or for aate specified. Level may vary with time

e

B A AGC A A A A A A AR A S A AR A A A S A AR A A A LM A A A LA A A A LR A A A LA A AR LA AL AR AR SIS
- l\\\\\\\\\‘\\\\\\\\L\“‘\\\Y‘\‘\“\\‘\\\\\“\\\\\\\\\\‘\\X‘-l'x

i

Sample

#*06-1

[

M M M N H

X

gl

-

PENETRATION RESISTANCE LAE
TESTS
4 Biows per Foot
1 5 © 2 5000
7T
I 4
: \&50/3
i 145075
F
o
- 14 50/6
L 14 50/6
- 18 50/6
| 14 5076
g 50/5
i L
L \
o 50/6
- /
i 4
- A
2 5 X 20 50 100
® water Content in Percent
| ¢+ d

HARTCROWSER
J-4078-02 4/09
Figure A-10

AR 052221
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437002/Boring A3-B17-99.9wg

Boring Log A3-B17-99

Soil Descriptions Deotr
Ground Surfoce Elevation in Feet: 302.6 in Fee:
-0
Stiff, domp, brown, siightly sandy, [
slightly grovelly SILT with occasional L
roots. L
45
Stiff, moist, brown, siightly silty, gravelly | |
SAND witn gbundant roots. L
+10
Dense, moist to wet, brown SAND. -
+15
[
A ATD
—  Becomes wet. I20
—  Becomes very dense. i
Bottom of Boring ot 22 Feet.
Compieted 4/22/99. L
+25
—+30
L
+35
L
+40
+45
+50
-E55
+60
65

1. Refer to Figure A-1 for explonation of descriotions
ond symbois.

2. Soil descriotions and strotum lines are interpretive
ond octuo! chonges moy be gradua.

3. Ground water level, if indicated, is ot time of drilling

(ATD) or for dote specified. Level may vory with time.

S$-2

PENETRATION RESISTANCE

-y -

Soqu.ws per Foot

I X X X

1

2 5 10 20 50 100

1 7

>

LD 0 A

TrTT

LA B

LI S 2 §

T T 177

L
L
-
-
L
L
2 S 10 20 50 100
® Water Content in Percent
aw

HARTCROWSER
J-4978-02 4/99
Figure A-11
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BORING LOG 4978528.GPJ HC CORP.GOT 10/2/0t

Boring Log A3-B18-01

Soil Descriptions ;?:22
Approx. Ground Surface Elevation in Feet: 240.2
: -0
Loose to medium dense, moist, browp, K
slightly silty, fine to medium SAND with trace
gravel. -
<5
<10
+15
™~ Grades to wet. i
Bottom of Boring at 19.5 Feet. +20
Completed 06/18/01. »
T25
+30
-..35
-+-40
+-45
Ls

1. Refer to Figure A-1 for explanation of descriptions and symbois.
2. E:il descriptions and stratum tines are interpretive and actual changes may
gradual,
3. Groundwater level, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

STANDARD PENETRATION LAB
RESISTANCE TESTS

Sample a Biows per Foot
1 2 5 10 20 50 100

s I

o X |

4

AN
HARTCROWSER
J-4978-52 06/01
Figure A-12

AR 052223



Boring Log A3-B19-01

BORING LOG 4978528 GPJ HC_CORP.GOT 8/30/01

- Depth
Soil Descriptions in Feet
Approx. Ground Surface Elevation in Fest: 238.0
Medium Gense, morst, Teaaish brown, sify, T°
fine to medium SAND.
45
[~~~ Grades to gray-brown. -:10
[~~~ Becomes gravelly. _:15
— Bofttom of Boring at 15.5 FeeL. L
Compieted 06/18/01. L
+20
<25
-+30
<35
140
+45
50

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

2. Soil descnptions and stratum kines are interpretive and actual changes
may be gradual.

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

Sample

“

s X

STANDARD PENETRATION LAB
RESISTANCE TESTS
& Blows per Foot
1 2 5 10 20 50 100

b

e

5

10 20 S0 100

e

am
HARTCROWSER
J-4978-52 06/01
Figure A-13

AR 052223.01




Boring Log A3-B20-01

STANDARD PENETRATION LAB
n RESISTANCE TESTS
Soil Descriptions in Feet Blows per F.
Approx. Ground Surface Elevation in Feet: 247.3 . Semple & Bloysper : 0 »  » o
- . . —
Loose to medium dense. moist, brown, i #

skghtly gravelly, siightly silty, fine 1o medium
SAND.

-

-

Is = X

BORING LOG 497852B.GPJ HC_CORP.GDT 107201

R L
+1s S3 x
"~ Becomes gravelly. i 2
I~~~ B . B S-4 B
ecomes non-gravelly 42 Z
Lo ss [X
Bottom of Bonng at 25.5 Feet. L L
Completed 06/18/01. - -
L = il
+30
+35 |-
+40 T
ud -
445
- I~
- - l
-50 1 10 20 50 100
[ 2 |
AN
1. Ro!erto Figure A-1 for explanation of descriptions and symbols.
2 E:“ dodsc;lipﬁom and stratum lines are interpretive and actual changes may J-4978-52 06/01
gradual. "
3. Groundwater level, if indicated, is at time of drifing (ATD) o for date Figure A-14

specified. Level may vary with time.

AR 052223.02



BORING LOG 4978528.GPJ HC_CORP.GDT 8/30/01

Boring Log A3-B21-01

Depth
Soil Descriptions in Feet
Approx. Ground Surface Elevation in Feet: 245.2
-0
Loose to medium dense, Moist, i
gray-brown, slightly silty to silty, fine to
medium SAND. -
+$5
“+10
+15
-+20
™~ Becomes wet. : v
ATD
+25
Botiom of Boring at 25.5 Feet. L
Completed 06/15/01. L
<30
-+35
-+40
+45
--50

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

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

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

Sample

S-1

$2

s-3

S-5

STANDARD PENETRATION LAB

RESISTANCE TESTS
Foot

: Bh:uw 5 10 20 50 100

HARTCROWSER

J-4978-52 06/01
Figure A-15

AR 052224




Monitoring Well Log A3-B22-01

BORING LOG 4878528.GPJ HC_CORP.GDT 10v2/01

Soil Descriptions in Feet
Approx. Ground Surface Elevation in Feet: 243.6
e 10 dense, moist, ight brown, T° 7%z
slightly silty to silty, fine to medium SAND. ¥ A
3 2 2
- A0
A
L A
] G
+5 BY
A
- Ab
/7
5 A
A ¥/
A A
1
L A0
A
L A4 YA
i A
8
110 Ap
A
- A
17
B 1 A
707
L A
A ¥
i
- A U/
A Y/
A Y
+15  AY
5 A0
Y
07
- A A
A
o A A
A
- 787
7Y
-+20 AU
A0
g A
A A
- A U
787
A 7
o 1 U
A U
- 17
™~ Becomes gravelly. AN
13 AP
L ¥
T 97
™~ Becomes non-gravelly, very silty. T3
.
ATD
™~ Becomes siightly sifty. T3
Stiff, moist, gray, clayey SILT. i
Bottom of Boring at 40.5 Feet. o =
Completed 06/12/01. L
Top of Casing in Feet: 245.67 <45
Casing stickup in Feet: 2.07 R
L50

1. Ro_fer to Figure A-1 for explanation of descriptions and symbols.
2. E:ol dodusmp" tions and stratum fines are interpretive and actual changes may
gradual.
3. Groqndwater fevel, if indicated, is at time of drilling (ATD) or for date
specified. Level may vary with time.

Sample

S-1

S-2

S-5

S-7

STANDARD PENETRATION LAB
RESISTANCE TESTS
A Biows per Foot

1 2 5 0 20 50 100

=

10

20 50 100

HARTCROWSER

J-4978-52 06/01
Figure A-16

AR 052225




4378 A4b04 dwg hel 8/50/01

Boring Log A4-B4-98

Soil Descriptions

Ground Surfoce Elevation in Feet: 383.0

Deoth
in Feet

Il
1
o

(Dense to very dense), moist, light
brown, slightly siity to silty SAND to
groveliy SAND. (Recessionol; Type 3)

Ty

w

o

—

L _SAND.

(Very cense), moist, tan, sligntly silty,
very sanay GRAVEL to very gravelly
SAND. (Advonce; Type 2)

Grodes to siightly silty, non—grovelly
to grovelly, fine to medium SAND.

(Type 3)

— SAND becoming slightly finer ond grades

to troce grovel.

—— Sond becomes siightiy coorser

— Sond becomes slightiy finer and grodes

to slightly grovelily.

Grades to gravelly.

— Grodes to troce grove!.
~— Grodes to siightly groveliy.

Sitt content agecreoses.

— Grades very graveliy (Type 2)

Grodes to wei, prowr, cleon to slightly

silty, sondy GRAVEL. (Type 1)

™ Grades to very scndy GRAVEL .

Groges groveily to very gravelly, fine to
medium SANC. (Type 1)

Groces to groveliy, fine SAND.

— Grades to very gravelly, fine to cocrse

SAND.
Grodes to grovelly, fine to medium

fryryvrrrrreryr

LA L 20 e
w
(@]

o
w

(o]
o

~
a

‘T'l"T‘*‘T‘l‘T'I_gT—T"T—I'*' T
w

~
o

]
(@]

Frrrrt o

s 4]
w

~,

%
2
2
2
5
2
7
7

2

ANANANENA BNEAAUAU FUALANATANAAE AR R UL DT R R R R TR R R RN LR AR AR AR

Somple

S-1
s-2
S-3A
5
$-5
S-6
s-7
s-8
s-9
$-10
S-11
5-12
S-13A
s-138
S-14
s-15
S-16
5-17
s-18
s-19
s-20
s-21
§-22
-23a
-238
S~24 [T,
s-25T
S-26]
5-27
s-28
5-29
s-30{
S-3 H

s-32 T
S—33A
S-333

S-34

s-35[0%
s- 36 T}
s—37EIj

S-38{10
[
s-39 [I;

I

S-40
S-41Afy

HWHEHHHHHEHH HNHEHHHHEHEHKEEH

wwn

- Refer to Figure A~1 for expionation o gescriptions anc symbols.

. Soil descriptions ond strotum lines gre interpretive onad cciuc' crenges

maoy be groduc.

date specified. Level may vory with time.

. Grounawater 1eve', if ingicctec, is ot time of dril ing {ATD) or for

4
PENETRATION RESISTANCE LAS
TESTS
& Biows per Foo! (% Fines)
i 2 S 1020 S0 100 ‘
r i
-GS
- 200
- ‘\\ (9.0)
i 9 \ -GS
(8.8)
n \
: \
s A
- *J’V[ 50/6 [ GS pe
: i (6.0)
- !
- l
FlilE
: |
R i 4 51/6
: |
r !
[
: 4 ibi 50/5 +CS
C | (3.7)
r~ I
- ]
[ N
ﬁ
: |
L 1 .
- i
o i
[ |
i 2 ) ‘0 20 50 100
® wcter Content in Percent
ye
AN
J-4978 5/98

. Blow counts ore for 140 pound hemmer ong 3-ingn-dicmeter split-spoon
sampler (i.e., Not conforming to ASTM D 1586) using down-hore techn'gues.

. Refer to text for sol tyoes.

Figure A-17 172

AR 052226



4978 AdbO4x.dwg hel

Boring Log A4-B4-98

LAS
Soil Descriptions Deotr PENETRATION RES!STANCE 4 T;S?q
in Feet Somole a Biows per Foot it
v _2 5 1 20 50 10 (% Fines)
—~  Grades to fine SAND. (Type 1) 785 71 7) S-“BE 73/6 )
C ] s-42 C |
—  Grodes to slightly grovelly. C ; ; s-43T0 [
+90 MM o wgm
- ——————— s-46[0 [ * i—c:sm
Grodes to very gravelly SAND to very Los s—47[1II : (2.0)
sandy GRAVEL. (Type 1) L H s—aaim
- ¢l H L
T am| H s-a9[ [
1100 H | s-sof [
C : s-s1 I [
(Very dense), wet, gray to ton, siity, L s B
el +1 ~52A
grovelly SAND. (Till-like; Type 4) T 05 g g-ggax I 295 /6
Bottom of Boring ot 106.0 Feet. r C
Compieted 5/18/98. L L
+110
f115 - .
«E.zo .
-
Li2s -
130 N 5 (
C | d
_ oo ! i
135 - I
N
L Hi
140 T

T T

B
w
+4—

v ey v el Frerbrrrerb e b

. b
|
B
150 ilL l; : :
IL ¥ 1
e I
155 ] ——t — i
j A A R A
i | { | ' t
| EREERIL R
{ ~160 i H ST
| FEE T |
| R '
| e |H | |
| S |
170 T2 5953550 o0 |
® Water Conient n Percen®

. Refer to Figure A~ for exptonation of gescriotions and syrpols.
2. Soil descriotions ond strotum lines ore interpretive cnc ccluc! cnonges

s
rounGuotes ewe HARTCRO
3 : WSER

. Grounawater levei, if indicated, is at time of criiting (ATD) or for

dote specified. Level moy vary witn time.
4. Blow counts are for 140 pound haommer cng 3~incn~diometer spl't—spoon J-4978 5/98
sompler (i.e‘, Not conforming to ASTM O 1586) LSinG dowr=-role tecrnigues. F‘gurg A-17 2/2

5. Refer to text for soit types.
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Boring Log A4-B5-98

PENETRATION RESISTANCE * Ttg%
i iptions €S
Soit Deseriot "?e?::l 4 Biows per Fool (7; Fmes)

L R

4978 A4bOS dwg he!

Ground Surfoce Elevotion in Feet: 368.3 o ; 2 § 10 20 50 100
(Medium gense), moist to wet, brown, : r ' i lr
grovelly, siity SAND. (Type 4) L r I :

,-;5 o T tGSz00
(Hord), moist to wet, ton to brown L - (15.0)
mottied, slightly gravelly, sendy SILT. a -
(Weothereo Tili; Type 5) 410
Groges to non—grovelly, non—sondy. r o /
t-—— Color changes to gray. r :
' +15
—— Color chonges to brown. - L \
—— Color chonges to groy. -:20 -
C C
-1:25 - 1
Note: Silt is typicolly non-picstic L [
with occasiono! thin loyers of plastic " o
silt or cloy. 430
E -
- o
T35 n 4107
+40
(Very cense), domp, light brown, slightly i r
sitiy, gravelly, fine SAND. L L
(Aavance; Tyoe 3) Les - 51/3 1CS
-
Groges to slightiy graveily. E o l! (3.6)
oo i

r ; - )

AN o fne | 50 _ |
Grodes to very gravelly to groveily, fine l: L |
to medium SAND. (Type 1 to Type 2) r C |
Grodes to very grovelly, fine to coorse T C 1.

\ SAND to very sondy, fine GRAVEL. -t55 T e fl I GSa00

- I 3.0
Groges to gravelly, fine to medium Iy s : i (3.0)
SAND. .Eso C l l i 1
Grodes to sligntly gravelty. E r '

|— Grages to gravelly. 65 — 50/3

Grades to slightiy grovelly. C i
' L70 b — ;

Grodes to very gravelly. | T P i
i

F "

L} Grades to very sandy GRAVEL. /Jl L5 [ ; .
(very gense), .gomp to moist, groy, | C t I
silty, groveily SAND. i E - l
(Tit; Type 4) l -tso r 11473/3
Bottom of Boring ot 81.0 Feet. ! t . i
Compietec 5/15/98. | & - 1 |

LI . ! J
85 2 5 10 20 50 100
® weter Content in Percent
| 5}
i. Refer to Figure A-1 for explonation o! cescriotions gna symools. [ 7 ]

2. Soi oescriptions ond strotum lines gre interpretive ang ocluct cnonges
moy de grodua'.
3. Grounowater leve!, if indicates, is at time of grilling (ATD) or for
date specifiec. Level may vory with time.
4 Biow counts are for 140 pound hammer ond 3-inch-dicmeter sp!it—sooon
scoter (i.e, Not conforming to ASTM D 1586) using cown-hoie technicues.
5. Refer to text for soil types.

HARTCROWSER

J-49878 5/08
Figure A-18

AR 052228



4978 A4b06.dwg het

Boring Log A4-B6-98

PENZTRATION RESISTANCE + LAS
Soil Descriptions Deptn TESTS
in Feet Samone a Biows per Foot (% Fines)
Ground Surfoce Elevation in Feet: 398.5 0 12 5 10 20 S0 100
T
(Medium dense to dense), moist, light r r
brown, slightly siity, gravelly, fine to o i £
medium SAND. g s
(Recessiono!; Type 3) T g 3
Grodes to troce grovel, color chonges C IIIJ b \
to ton. _:10 Tt L ® I CS 200
I~ Grodes to siightiy grovelly. - m L (12.0)
Grodes to trace grovel. C i \
+15 m \
C m \
+20 I
Grades to slightly grovelly. - ]
~—— Grodes to grovelly. - unge
L —— Grodes to gray to ton, non-—silty, “:25 | [ ry -GS
sondy GRAVEL to groveily SAND. L m T (5.9)
(Type 1) C ] "
+30
Grodes to slightly silty, very graveily, o mn
fine to coarse SAND. (Type 2) o m b
Grades to gravelly SAND. (Type 3) -:35 m T
- mm
+40 1111
— Grodes to trcce grovel. N I
C m [
—+-45 T
Grades to slightiy groveliy. C = L e 1450/6 | CS 500
Ls0 m L P (6.0)
Grades to trace grove!. - r
Ls5
+60 g
F N
L i L
—— Grodes to siightiy grovelly. '.‘rss 'Lm:! o . 475 /6
L | b
— Grodes to grovelly. t o
g Y +70
Grodges to very soncy GRAVEL. (Type 1) E o te LGS
; - ! 6.6
—— Grodes to very groveily SAND. (Type 2) 75 - ©8
- T
[ -
+80 : ;
: - !
— Grodes to gravelly, fine to rnedium E t
SAND. (T b
(Tye 3) 85 T2 5 10 20 50 100
® Woter Content in Percent
1. Refe' to Fjgure A=1 for expionation of descriptions ong symools. ..'.
2. Soil descriptions ond strotum lines are interpretive cnd octuc! cnonges
may be graduc'.
3. Grounawater level, ¢ indicoted, is c: time of orlting (ATD) or for mom
dote specified. Level mgoy vory with time.
4. Blow counts ore for 140 pounc nommer ong 3—inch-diometer split—spoonr J-4978 5/608
sompier (i.e., Not conforming to ASTM D 1586 ing n-h e
5. Reter o e Mot co (wes.g ) using down=hote technigues. Figure A-19 172

AR 052229



4978 A4L0Bx dwg hel

Boring Log A4-B6-98

Soit Descrintions

—— Grodes to slightly groveliy.

—— Grodes to trace grovel.

_-\\_Grones to very grovelly.
Grodes to sondy GRAVEL.

Grodes to very sondy, fine to coorse
GRAVEL.

Grades to slightly groveily, medium to
coorse SAND. (Type 1)

Groges to grovelly, fine to medium
\SAND.

Grooes to sondy GRAVEL.

(Type 3)

+—- Grodes to no grovel.

Deptr

in Feet

Grodes to grovelly witn troce silt. (Type 1)]

(Very dense), wet, gray to ton,
T\_graveily, sity SAND. (Till; Type 4)

Va

Boitom of Boring ot 126.0 Feet.
Completed 5/18/98.

may be grocuo.

[ N

date specified.

|
1

[+1]

wn

e
[Te]
(o]

4
L
—
N
wm

}

T
R
(7]
o

s
hN
IS

o

-
H
w

wn
(=]

(o]
o

Frrer b v-+"r-v-'r—l"_f:r'r‘r'r‘f'1—v—r'r +rery
[¢,] w
w wm

3
o

Sampie

S—-42A
S-428
S-43

S~44
§-45
S-46
S-47

S-49

. Refef to Figure A-! for explonction of gescriptiors crd Sympos.
. Soil gescriptions gnd stratum lines are interpretive onc cctuc' cnonges

. Groundwater tevei, if incicated, is ¢t time of ariiing (ATD) or for
Leve: moy vory with time.

PENETRATION RESISTANCE LAB
TESTS
a Biows per Foot (% Fines)
1 2 5 10 20 50 100
C : 4 50/3
- [ ] r GSy00
(3.0)
r 14100/5
L 450/6
L
-
r.
+
- i
'E
r )
-
u
C j
5 1C 20 50 100
® Water Conten: in Percent
[ 2.4
As

4. Brow counts ore for 140 pourd hammer one 3—incn—dicmeter solit—spoon

seroter (i.e, No! conforming to ASTM D 1586) using down—noie tecnnicues.

5. Refer to text for soil types.

HARTCROWSER

J-4978

Figure A-19

AR 052230
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BORING LOG _497852M.GPJ HC_CORP GDT 6/30/01

Monitoring Well Log A4-B7-01

STANDARD PENETRATION LAB
Deptt RESISTANCE TESTS
Soil Descriptions in Fest Ssmple & Blows per Foot
Approx. Ground Surface Elevation in Feet: 304.4 T 2 5 10 20 50 100
-0 — —
Medium dense, moist to wet, brown, very - ; Z E ;
gravo“ySAND. L i1 1 -
- N s X A
15 1 W [
L “1% -
. Al s 4 E
™~ Grades to silty SAND. +10 5 ; N \
- LU o
=X Grades to non-sitty SAND. — L' UN 2 R ¢
Hard, camp to dry, light brown to gray, L 4[4 -
slightly sandy to sandy, slightly gravelly to - (A {/ o
gravelly SILT. -20 ; ; s4 3 F
- / / -
- (1 - il
o M ss = [
— Sl :
Hard, dry to damp, biue-gray, clayey SILT. - : ; ; -
- N s« X L
™™ UNH n
= :
- MY s o
T3 HUH = -
L ; 5 L
. NN se -
-+=40 N Z -
C s [
L ; ; L
f45 | 4 s X -
Very dense, dry to damp, brown, non-siity - ; / -
to siightly silty, very sandy GRAVEL to very r 4114 s10 b [
gravelly SAND. +50 -
- 77 :
C 78 C
- A s11 b [
455 ? g -
o 787
a0 F
- Al -
C A sz =g |
to  Ah
- 7Nz -
[ 717 o
- a0 -
. 1A s13 =g F
fes 0
- ; % -
C 72X s
- A sa s
-:70 1 14 N
C g ) C
™~ Becomes wet. 75 ATD | - s15 X -
= -
[ S-16 pee [
T80 "
- o sy B
Bottom of Boring at 84.3 Feet. +85 -
Completed 06/12/01. L L
Lgp C

N
n
3
8
8
g

Top of Casing in Feet: 306.83
Casing stickup in Feet: 2.43

HARTCROWSER

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

2. Soil descnptions and stratum Ines are interpretive and actual changes J-4978-52 06/01
may be gradual. .
3. Groundwater level, i indicated, s at e of driing (ATD) or for date Figure A-20

specified. Level may vary with time.
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BORING LOG 467852M.GPJ HC_CORP.GDT 1072101

Monitoring Well Log A4-B8-01

i

STANDARD PENETRATION LAB
D RESISTANCE TESTS
Soil Descriptions in Fest Sampie A Biows Foot
Approx. Ground Surface Elevation in Feet: 308.3 " P e 10 20 50 100
Dense, moist, motied gray and brown, skghuy -Eo 7V -
gravelly, silty, fine SAND. o g g s1 - z
_——___—_______:5 i WA
Dense 10 very dense, moist 1o wet, - g é :
gray-brown, siightly silty to silty, fine to C AA s2 -
medium SAND. N 2 Y L
T QAP N
n AV C
- 1 s X ¢ L{
+15 o - \
_:_ AYTF,' s4 X I " k\
. 420 [
Very Gense. moRL, lghi oray, skghily oravelly, | | _J . ~
silty, fine SAND. (TILL-ke) - s5 C
. . +25
Hard, moist, gray, siightly sandy to clayey L -
SILT. o s6 Xl
-;30 .
: st ) F
Botiom of Boring at 34.0 Feet. Fas = -
Completed 06/11/01. N o
-540 :
Top of Casing in Feet: 310.22 [ -
Casing stickup in Feet: 1.92 o o
|3 : |
o C
e C
s s I
-:55 n
Fo : f
'565 : J
+£70 : h
+75 - l
<80 C ll
Fes : l
s o
90 p 10 20 50 100
[ 4 4
| 7
1. Refer to Figure A-1 for explanation of descriptions and symbois.
2 E.ou dodﬁl'ipﬁom and stratum iines are imerpretive and actual changes may J-4978.52 06/01
gradual.
3. Groundwater level, if indicated, is st time of dri¥ing (ATD) or for date Figure A-21

specified. Level may vary with time.
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BORING LOG 497852M.GPJ HC_CORP.GDT 8/30/01

Boring Log A4-B9-01

Soil Descriptions
Approx. Ground Surface Elevation in Feet: 304.8

in Feet

Medium dense to very dense.‘rnoist to wet,
brown-gray, non-gravelly to slightly
gravelly, silty, fine SAND.

Bottom of Boring at 19.0 FeelL.
Compileted 06/15/01.

40

45

55

65

70

75

80

85

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

2. Soil descriptions and stratum lines are interpretive and actual changes

may be gradual.

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

specified. Leve! may vary with time.

Sample
st X
s2 [X
s3 X
s4 X

STANDARD PENETRATION LAB
RESISTANCE TESTS
Blows Foot
1 2 pef 5 10 20 50 100
: 1
- \ x
C N N
C [ Waors-
1 2 5 10 20 50 100

[ 5 4

as
HARTCROWSER
J-4978-52 06/01
Figure A-22
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BORING LOG 497852M.GPJ HC_CORP.GDT 10/2/01

Monitoring Well Log A4-B10-01

-~ Depth
Soil Descriptions in Feet
Approx. Ground Surface Elevation in Feet: 2954
-0
Dense to very dense, m'::iyst. ﬁga&m -
gray, slightly gravelly, silty, - 1
1-inch SAND or SILT layers. (TILL-like) s 1)
£1 L
Very stff 1o hard. moist, gray, sandy SILT. - 0 R=5
£15 =
-Ezo
Y
- s
[~ ChmleTatade%of?Am L AN
ottom of Boring at 34.5 Feet. T35

Completed 06/11/01.

&

Top of Casing in Feet: 297.54
Casing stickup in Feet: 2.14

3 & 8 &

TryrrerTrryTrTrrrrrqIrrigrTrIrrrrrsTey

~ ~
a 3 &

i

&

i
"lllr“'llélll'llll'llll'

8

1. Rofer to F_igum A-1 for explanation of descriptions and symbois.
z.bs:uldodsmlpﬁousmmmimsnnmmwmmm may
gradual.
3. Gmm« level, if indicated. is at time of driling (ATD) or for date
spacified. Level may vary with time.

Sampie

S-1

S-2

8.3

S-5

S-7

XK DM DM I

X

STANDARD PENETRATION LAB
RESISTANCE TESTS
4 Blows per Foot
2 5 10 20 50 100
C /
C | 4
5 )]
- %
- ¥
X N
C N
.
h- l,
-
b
: ||
2 10 20 50 100
[ 2
AN
J-4978-52 06/01
Figure A-23

AR 052234
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Monitoring Well Log A4-B11-01

BORING LOG 497852M.GPJ HC_CORP.GDT 10/2/01

STANDARD PENETRATION LAB
Dent RESISTANCE TESTS
Soil Descriptions in Feet Sample A Biows per Foot
Approx. Ground Surface Elevation in Feet: 295.5 0 > 5 10 20 50 100
Medium dense, wet, brown, gravelly, coarse g : - u\ "
SAND. ] - ,
Stff 1o hard, damp, brown 10 gray, slightly 5 ; sv X F
sandy, slightly gravelly to gravelly SILT. ; - " AN
/ s2 D4 F N
10 / N \ |1
/ =l \
Ss-3 S
15 Y -
- 4 o
Medium dense, wet, brown, gravelly, medium v 4 Z -
to coarse SAND. 20 ;
Very stiff to hard, damp, biue-gray, very silty ; -
CLAY to very clayey SILT. / S5 Z C
25 % [~ “ 4
5 L
L/ S-6 z o 4
30 5 -
; C
% s1 X F
35 ; n
Dense to very dense, dry to moist, brown, / -
non-gravelly to very gravelly SAND. I S8 XK [
40 j -
M KE N
S-9 o 3
s -
f =
] s10 = [
50 2
X -
Hard, moist {0 wet, brown, graveily SILT. ¥’ -
AP s X F 4
55 ¥
X :
x F
: A8 sz A
Dense to very dense, moist 1o wet, gray, 60 1 13
slightly silty, fine SAND. g o \ Jl
= N
- s13 X F
65 g s
ATD s I
S-14 g |- 5
[~~~ Grades to coarse SAND and sandy GRAVEL. 70 o
— L] s15 A [
Bottom of Boring at 74.0 Feet. 75
Completed 06/13/01. -
8 -
Top of Casing in Feet: 297.13 L
Casing stickup in Feet: 1.63 -
85 -
%0 1 2 5 10 20 50 100
| 2 4
[ 7
1. Refer to Figure A-1 for expianation of descriptions and symbols.
2. E:il dedwﬁpﬁons and stratum lines are interpretive and actua! changes may J-4978-52 06/01
gradual.
3. Groundwater level, if indicated, is at time of drilling (ATD) or for date Figure A-24

specified. Level may vary with time.
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3LOGS PER PAGE 4978527 GPJ HC_CORP.GDT &/30/01

Test Pit Log A4-TP

S-1
s-2

s3

1-01

SOIL DESCRIPTIONS
E.F?:t Approx. Ground Surface Elevation in Fest:: 299.8

° ~[Wredium SHT), MOIS! o wet, Garnk brown SILT with roots. — ]
1 [ (ST 1o hard). moist, kight brown, trace to siightly gravelly, sandy to very

2 sandy SILT. Red mottiing below 2 feet.

3

‘ ——— — —— —— ——— ————  —  —— A —  — —— ——
s] [~ (Hard), damp, gray, siightly sandy, gravelly SILT.

6

7

8

® Bottom of Exploraton at 9.0 Feet.

10 Completed 06/15/01.

Test Pit Log A4-TP2-01

S-1

s-2

s3

S-5

Depth  SOIL DESCRIPTIONS
in Fest Approx. Ground Surface Elevation in Feet:: 294.2

] (SoR), moist, Gark brown, sandy SILT With roots.
Y1 [ ~(Medium dense), damp to moist, brown, gravelly SAND. ]
2+
31 [ ~—THard), moist, motied Tight biown, siightly sandy, clayey SILT. |
4
51 |~ (verysiifito hard), moist to damp, kight brown, sandy, gravelty SILT. |
6
s Becomes gray-brown.
e d
)
9] Bottom of Exploration at 9.0 Feet.
10~ Completed 06/15/01.

Test Pit Log A4-TP3-01

Sample

S-1

S-2

S-3

£

Depth  SOIL DESCRIPTIONS

moFm Approx. Ground Surface Elevation in Feet:: 294.2

] {Sof), moist, medium brown, slightly sandy, gravelly SILT with roots.
v o —— |
2_' (Very stiff), moist, light brown, slightly gravelly SILT.

) (Hard), moist, mottied light brown, slightly clayey SILT.

4
5]
61 [ (Hard), damp, gray-brown, siightly sandy, gravelly SILT. (TILL-ke)
74
'-
] Bottom of Exploration al 9.0 Feet.
10- Compieted 06/15/01.

HARTCROWSER

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

2. "S‘:n; %:s;wms and swatum lines are interpretive and actual changes J-4978-52 06/01
3. Groundwater conditions, if indicated, are at time of excavation. Conditions Figure A-25

may vary with time.
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2 LOGS PER PAGE 497852TP GPJ HC_CORP GDT 10/2/0t

Test Pit Log HR-TP1-01

Depth  SOIL DESCRIPTIONS

Elevation in Feel:: 256

in Fest App

[

]
s1 [X 14

(Medium ) stiff), dark brown, moist, skghtly sandy SILT.

s2 X a3

(Stiff), light brown, moist SILT.

ss [% o]

(Mediumn stiff), gray, moist, slightly sandy SILT.

114
12

4
134

144

15-

Test Pit Log HR-TP2-01

Bottom of Expioration at 9.0 Feet.
Compieted 07/24/01.

Infiltration test at a depth of 6.0 feet.

Sampie Depth  SOIL DESCRIPTIONS
m Feet Approx. Ground Surtace Elevation in Feet:: 252

1 XK (Dense), damp, brown, sandy GRAVEL. (FiLL)
1

g’g § 1 (Dense), damp. dark brown, sandy GRAVEL. (FILL) ™
2'_ (Medium dense), damp, brown, slightly gravelly, fine SAND. (FILL)

s4 X 37 (Stiff}, damp. black, sandy SILT with organic material and roots.
4 (Loose), damp to wet, gray, slightly sandy SILT.

54

s-5 Z o

Seeps and sloughing.

11
124
134

144

15<

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

Botiom of Expioration at 10.0 Feet.
Compieted 07/24/01.

Infiltration test at a depth of 4.0 feet.

HARTCROWSER

2. zo:ly:smn::ls and stratum hnes are interpretive and actual changes J-4978-52 07/01
3. Groundwater conditions. if indicated, are at time of excavation. Conditions Figure A-26

may vary with time.
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Hand-Auger Boring Log HR-B1-01

Depth SOlLDESCRIPﬂONS

in Feet Approx. Ground Surface Elevation in Feet: 252 o
i 09 [ Grass over (medium stfl). moist, brown, sandy SILT with roots.
o M q
b {Medium stiff), wet. brown. sandy SILT.
21 (ST, morst, brown, Sightly sandy SILT.

s2 ]]I N
"Bottom of Exploration at 3.6 Feet.
4 Completed 07/24/01.

5 Infiltration test at a depth of 1.0 foot.

Hand-Auger Boring Log HR-B2-01

Depth SOl DESCRIPTIONS
mFul Approx. Ground Surface Eievation in Feet:: 250

H Grass over (medium stiff), brown, sandy SILT with grass.
S-1 1

1 ~(Medum St), Diack, wet 1o moist, shightly sandy SILT.

H 24
S-2 1

LJ

' 3

|
t
|
i

(Soft), gray, moist SILT.

4
S-3 ]]I
44

Bottom of Expioration at 4.0 Feet.
Completed 07/24/01.

; Infiltration test at a depth of 1.0 foot.

Hand-Auger Boring Log HR-B3-01

& Sample Depth  SOIL DESCRIPTIONS
g moF_oet Approx. Ground Surface Elevation in Feet:: 250
- Grass over (medium stiff), moist, brown, sandy SILT with occasional
: 8 s1 ! gravel (0.25-1.25-inch) and roots.
3
A g 1
UI
2
§ 27 “Bottom of Exploration at 2.0 Feet.
g Completed 07/24/01.
2 \ 34
] Refusal at a depth of 2.0 feet due to gravel.
= Infiltration test at a depth of 1.0 foot.
[ 3
g
” 5_
[ 2
an
1. Refer to Figure A-1 for explanation of descniptions and symbois.
2. Soil %e'smptnons and stratum hines are interpretive and actual changes J-4978-52 07/01
may be gradual .
3. Groundwater conditions, if indicated. are at tme of excavation. Conditions Figure A-27
may vary with time.
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ATTACHMENT A-1
AGI FIGURES

Hart Crowser
4978-52 October 22, 2001
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o — e o — - . — g— e

UNIFIED SOIL CLASSIFICATIONS SYSTEM

Moo

MAJOR DIVISIONS ' TYPICAL NAMES
L2OU Wall graced gravels, gravel-sand mixtures
GW o7
e GRAVELS | Clean gravais with 05 ‘
o ittie or no fines sx>3v| Poorly graded graveis, gravel-sand mixtures
= g Mors than half Rt '
8 ~ coarse fraction 4 Sity Gravels, poorly graded gravel-sand-silt
o2 is larger than Graveis with modures
ws No. 4 sieve size over 12% fines Chyoygravob poorly graded
== gravel-sand-ciay mixtures
g §‘ ] Waell graded sands, gravelly sancs
o ] SANDS Clean sands with :
"‘g: littte or no fines Poorly graded sands, gravelly sands
[oed 2 More than half
<3 coarse fraction Sity sand, poorly graded sand-silt mixtures
o= ity
S - is larger than Sands with e
= No. 4 sieve size ovar 12% finas sc Clayey sands, poorly graded sand-clay
F—==-] Inorganic silts and very fine sands, rock flour, silty ¢
(/0] ML [<=———] ciayey fine sands, or ciayey silts with siight plasticay
-5 SILTS AND CLAYS
0o o inorganic clays of low 1o medium plasticity,
A g 2 Liquid iimit less than 50 gravelly clays, sandy clays, silty clays. iean clays
8 _; ‘Z’ —E Organic clays and organic silty clays of low piastic:ty
=S
5 E : F'— —_] Inorganic silts, micaceous or dmcmac:aus fine
g s i SILTS AND CLAYS ] sandy o silty soils, elastic silts
© - rganic t high , fat
g 2 2 Liquid limit greater than 50 CH | ino ciays of high piasticty, fat cays
= . Organic clays of medium 1o high piasticity,
organic silts
HIGHLY ORGANIC SOILS PT Peat and other highly organic sails
SAMPLE CONTACT BETWEEN UNITS PHYSICAL PROPERTY TESTS
W “Undisturbed” Well Defined Change ' c idati
O BulkGrab ———  Gradational Change T vty
O Not Recovered - === QObscure Change PL - Plastic Limit
@ Recovered, Not Retained s Engd of Exploration gs - goec:ﬁc Gravity
A - Size Analysis
BLOWS PEF( FOOT . ' TxS - Traxial Shear
Hammer is 140 pounds with 30-inch drop, uniess otherwise noted TxP - Triaxial Permeability
S - SPT Sampier (2.0-Inch 0.D.) Perm - Permeability
T - Thin Wall Sampler (2.8-inch Sample) ,:g - ;or,;tsuity Densty
H - Spl | - Woisture/Uens
pit Barrel Sampler (2.4-Inch Sampie) DS . Direct Shear
MOISTURE DESCRIPTION VS - Vane Shear
Ory - Considerably less than optimum for compaction Comp - Compaction
Moist - Near optimum moisture content UU - Unconsolidated, Undrained
Wet - Over optimum moisture content CU - Consoiidated, Undrained
Saturated - Below water table, in capillary zone, or in perched groundwater | CD - Consolidated, Drained

Soil Classification/Legend ruTE

" HNTB/Runway Borrow Source Study A1

TECHNOLOGIES SeaTac, Washington \
DATE

PaC_ZTTNG. ORawN ATz APPROVED REVISED =
—tette e 4 1€ Wa oo £ Namarmsnas B4

AR 052240
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P.0.S. Coordinates: E___125%0 N__3200

£ g % Z 3 Equipment Canterra CT-450
s . £
i 15 Z'g. §§ 8 &  LandSurface Elevation 260feet  pate 1211783
0
! | BROWN SILTY SAND (SM) medium dense, moist,
fine to medium grained (Recessional Outwash
Unit 2).
17
C
GRAY SAND (SP) medium dense, moist; fine to
medium grained, with a trace of grave! and silt
17 (Recessional Outwash Unit 1).
10
14
15
18
20
MD 3.7 100 14
2
GRAY SAND (SW) medium dense, moist; fine to
20 coarse grained (Recessional Outwash Unit 1).
30
GRAY SILTY SAND (SM) medium dense, moist;
fine grained (Recessicnal Outwash Unit 2).
SA 6.4 97 16
s
MD 4.4 96 19 =>4 Becomes very fine grained, with pockets of light
| &= brown silt.
80—
AGI Log of Area 3 Boring 1 (0-40") A3-B1-93 U
HNTB/Runway Borrow Source Study A 1 6 a
TECRNOLOGIES SeaTac, Washington :
JOB NUMBER DRAWN APPROVED DATE REVISED DATE
14,180.202 KMWSES 18 January 94 DFF 27 Mar 95
LAIBI-2PNWS
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P.0.S. Coordinates: E__ 12600 N__3200
gg §8 & §§ 2 &  Land Surface Blevation 280{eet  pate 12/17/93
=1 GRAY SAND (SP) medium dense, wet o satu-
ratec; fine grained (Recessional Outwash' -
16 Unit 1).
as
24
50 Groundwater encountered at 43 feet during drilling.
55
0 =
o =
70 -
75 -
-
i
80—
AGI Log of Area 3 Boring 1 (40-49') A3-81-93 T
HNTB/Runway Borrow Source Study
TECHNOLOGIES SeaTac. Washington A1 6b
JOB NUMBER ORAWN APPROVED DATE REVISED DATE
14.190.208 KM/SES 18 Janusry 94 OFF 27 Mar 95

AR 052242



Laboralory
Tesls
Molshine
Conlent (%)

MD 75

SA 11.6

Equipment
Land Surface Elevation 327 feet __ pate 12/17/83

i

Dry

Density (poh)
Blows per
Fool

o Depth

RED BROWN SILTY SAND (SM) loose, dry; fine
grained, with a trace of fine gravel and roots
(Recessional Outwash Unit 2).

GRAY GRAVELLY SAND (SW) dense, dry; fine to
coarse grained (Recessional Outwash Unit 1).

[}

10
GRAY BROWN SILTY SAND (SM) very dense,

= moist: fine to medium grained, with grave! (Til
Unit 1).

50/3°

131 86/11"

GRAY SAND (SP-SM) dense, moist to-wet; fine to
coarse grained. with gravel and silt (Agvance
Outwash Unit 1).

122 49

70/10° Becomes fine grained.

RA

AGI

Log of Area 3 Boring 2 (0-40') A3-B2-93

TE
HNTB/Runway Borrow Source Study A 1 7
SeaTac, Washington - a
REVISED OATE

JOB NUMBER
14,190.208

ORAWN APPROVED DATE
KMWSES 18 January 54 DFF - 27 Mar 95

AR 052243



>
P.O.S. Coordinates: E__ 12420 N_S780 5% IL(
g H z E Equipment . Canterra Ci-450 s
s, § s , ,
§E §§ §§ 33 § g Land Surface Elevation 327 fest__ pate 1217/33
40
SA 9.3 101 58
45
BROWN SILTY SAND (SM) very dense, saturated;
very fine grained, with pockets of brown silt.
= hues :5" Groundwater encountered at 49 feet during drilling.
w -
“ -
m =
ﬁ -
11.
” ———
AGI Log of Area 3 Boring 2 (40-54") A 3-B2-93
HNTB/Runway Borrow Source Study
SeaTac, Washington A 1 7 b
JOB NUMBER ORAWN APPROVED DATE
14,190.208 KMWSES 184 % DFF 2 w”

LAIBI1-2PNE

AR 052244



P.O.S. Coordinates: N 2930 E_12950

g. z E 5 i‘ Equipment Mobile B-61
. = —
s 23 § §3 2 Land Surtace 250 teet Date  12/2/94
83 35 z3 &8 8 Elevation
° T BROWN SAND (SP) medium dense, moist; fine to
medium grained, with a trace of gravel
g;/’r) (Recessional Outwash - Unit 1).
079, MD 54 101 11
.
f}' 5
//%2
7 MDSA 68 %4 9 Becomes loose.
10
MD 37 95 15 Becomes gray and medium dense.
15
COMP
BROWN SILTY SAND (SM) medium dense, moist;
gravelly silt interbeds (Recessional Outwash -
4 MD.SA 156 112 14 Unit 2).
%%
%% 20
4&
%%
7% RED BROWN SAND (SP) medium dense, moist: fine
;é MD 16 9 18 grained (Recessional Outwash - Unit 1).
7 2
(A
5
%
MDSA 62 102 17
30
20
340 MO 23 101 44 Becomes gray, dense, and fine to medium grained.
s
o
MD 236 9 19 Becomes medium dense and saturated, with silt.
©
Log of Area 3 Boring 3 (0-40') A3-83-94
HNTB/Runway Borrow Source Study A‘l 8 a
TECHNOLOGIES SeaTac, Washington
T ——— PRQJECT NG DRAWN DATE APPROVED' REVISED
H3mw.cdr 14.190.208 ECR 6 December 94
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P.0.S. Coordinates: N __2930 E_129%0

£ i y i Equipment Mobile B-61
5§ = T 3
2 Land Surface____ 250 feet Date ___12/2/94
g& 35 i 33 } Elevation

4

2

SA
COMP

2

50= Groundwater encountered at 37.5 teet during drilling.
: Boring converted into piezometer on 12/2'94.
ss-
so-
ss-
70-
75—1
w—
Log of Area 3 Boring 3 (40-49°) A3-B3-34 P
HNTB/Runway Borrow Source Study A1 8 b
TECHNOLOGIES SeaTac, Washington
T ———DRC.JECT NO. DRAWN DATE APPROVED REVISED DATE
H3-40.car 14.180.208 ECR 6 December 94

AR 052246




12.710

P.0.S. Coordinates: N 3480 E

E 3 z 5 H Equipment Mobile B-61
-1 52 (] §§ £ ; LandSurface  243feet  Date __ 12/2/94
:.5 3] S 3 e & Elevation
OTT725] BROWN SAND (SP) loose, wet; fine to medium
grained, with organic material (Recessionai
Outwash - Unit 1).
MD 25 104 2 1 GRAY BROWN SAND (SP) medium dense, moist; fine
5 to coarse grained, with a trace of gravel
(Recessional Outwash - Unit 1).
MO 134 968 16
10
MD 48  u Becomes red brown
15
GRAY SAND (SW) dense, moist: fine to coarse
MDSA 29 1 grained, with gravel and a trace of sitt
20 (Recessional Qutwash - Unit 2).
COMP
Becomes very dense, wet; with fine to medium gravel.
MDSA 57 144 90 ¢
25 = 1 GRAY GRAVEL (GW) very dense, saturated; fine to
' coarse grained, with sand and a trace of silt
(Recessional Qutwash - Unit 2).
60
30—
"l Becomes brown.
MDSA 68 142 80
35
W 44 12 8 | Groundwater encountered at 25.5 feet during drilling.
Boring backfilled with bentonite and cuttings on
1272/94.
40
Log of Area 3 Boring 4 A3-BA-34 PUTE
HNTB/Runway Borrow Source Study A'l 9
TECHNOLOGIES SeaTac. Washington
T —— PROJECT NO. DRAWN DATE APPROVED REVISED DATE
H3mw.ccr 14,190.208 ECR 6 Decemper 94

AR 052247




P.O.S. Coordinates: N 4450 _ E__12920

s z Z ! i Equipment Mobile B-61
] s i g
£2 g £ Land Surface____ 252feet _ Date __ 12234
i3 35 = ég 8 Elevation
°TE=S] BROWN SILTY SAND (SM) medium dense, wet: fine
e to medium grained, with some organics
S (Recessional Outwash - Unit 2).
MD.SA 164 1118 T
=
' 5":{'3: Becomes gray, with some gravel.
3 okt
10~ i)
=

25 GRAY GLAY (CL) hard, moist; with sand and some fine
gravel (Recessional Outwash - Unit 2).

MDLL 204 107 29

+1 BROWN SAND (SP) very dense, moist; fine to
medium grained, with a trace of gravel (Advance
Outwash - Unit 1). ‘

RED BROWN SILTY SAND (SM) dense, wet: fine

MD.SA 174 104 33 grained (Advance Outwash - Unit 2).

comp

7%\ BROWN GRAVEL (GP) very dense, wet: fine to
: medium grained, with sand and a trace of silt
(Advance Outwash - Unit 3).

MDSA 76 134 Sm/4° Becomes gray.

sos” ] Becomes saturated.

Log of Area 3 Boring 5 (0-40') A3-B5-~ o4
AGI HNTB/Runway Borrow So%rce Study L A 20 a
TECHNOLOGIES SeaTac. Washington
R —— AQECT NO. < ODATE APPROVED
H3mw.car 14,190.208 ECR 6 December 94

AR 052248
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P.O.S. Coordinates: N _ 4450 __ E_12920

g sz T 3 Equipment Mobile B-61
T 5 s .
s §1 % g Land Surface  252feet  Date __12/2/%4
HE LI I B R
o
MD 7O 144 SOM°
4
S0/4° 2300
2, GRAY SILT (ML) hard, moist; with fine sand
(Pre-Vashon Drift).
50
37
f——
ss—
7] Groundwater encountered at 41 teet during driliing.
R Boring backfilled with bentonite and cuttings on
_ 12/2/94.
so-
65—
70-
m
75-
w-
A Log of Area 3 Boring 5 (40-54") A3-B5-34 _ um
HNTB/Runway Borrow Source Study A2 0 b
TECHNOLOGIES cxer SeaTac, Washington
H3-40.cor 14,190.208 SCR & December 84 nevED DATE

AR 052249




P.O.S. Coordinates: N __4785 E_12840

Z 3 3 Equipment Mobile B-61
g- I £t Surt 268feet  Date __ 12/3/94
235 38 82 I3 Bewmon

1 BROWN SAND (SP) dense. moist; fine to medium
grained, mottied, with gravel and silt (Recessaonal
Outwash - Unit 1).

=| GRAY SILT (ML) hard, moist; mottied (Recessional
Qutwash - Unit 2).

7 GRAY GRAVEL (GP) very dense, moist: fine grained,
with silt (Advance Outwash - Unit 3).

MD.SA 2.1 131 53
comp

81

GRAY GRAVEL {(GW-GM) very dense, wet: fine t0
coarse grained, with sand and silt (Advance

Qutwash - Unit 3).

MD 98 132 87

MDSA 137 110 SO/%5°

Soe

Log of Area 3 Boring 6 (0-40° -Bb-94
AGI gNTB/Runway Borrow So%rce (Smdy JA3- A21 a

SeaTac, Washington

TECHNOLOGIES o
PROUECT 9 BATE = APPROVES
H3mw.cdr 14,190.208 ECR 6 December 94

AR 052250




P.O.S. Coordinates: N __4785 E_12840

5 E B ¥ 3 Equipment Mobile B-81
5§ = ;'§
- 2 Land Surface 268 feet Date 12/3/94
88 235 21 03 25 e
40~ -

MDSA 82 136 So/8°

S0/

Becomes saturated

71 GRAY SAND (SP) very dense, saturated; with fine
gravel (Advance Qutwash - Unit 1).

55: Groundwater encountered at 51 feet during drilling.
. Boring backfilled with bentonite and cuttings on
- 12/3/94.
70—
75 ——
so—
Log of Area 3 Boring 6 (40-63") A3-8B6-24 PLATE
HNTB/Runway Borrow Source Study A 2 1 b
TECHNOLOGIES N SeaTac. Washington
H3~40.ccr 14,190.208 ECR 6 Decemver s rEvE? e
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Laboratory
Tosts

Molstixe
Content (%)

S
A AL AN .

SRR

AN Ay

MDSA 137

SA.COMPE.6

MD 58

MD.SA 185

Dry
Density (pcl)

P.O.S. Coordinates: N_5380 _ E 12900

Equipment Mobite B-61
Land Surtace 315 feet Date
Elevation

“1 BROWN SAND (SP) loose, mwist; fine to medium
grained, with a trace of tine gravel and silt
(Recessional Outwash - Unit 1).

12/22/94

Blows por
Foot

o Depth {laat)
Sample

BROWN SILTY SAND (SM) medium dense, moist: fine
to coarse grained, with gravel (Recessional
Qutwash - Unit 2).

13

BROWN SAND (SM) very dense, wet: fine to coarse
grained, with gravel (Advance Outwash - Unit 1).

120 70

BROWN SAND (SW-SM) very dense, wet: fine to
coarse grained, with gravel and silt (Advance

QOutwash - Unit 1)

»] BROWN GRAVEL (GP) very dense, moist; fine to
] coarse grained gravel, medium grained sand

129 s0/5°
{Advance Qutwash - Unit 3).

BROWN SAND (SP) very dense, moist: fine to medium
grained (Advance Outwash - Unit 1).

BROWN SAND (SW-SM) medium dense, saturated:
fine to coarse grained, with fine gravel and silt
(Advance Qutwash - Unit 1).

; —_—
~=-1 BROWN SANDY SILT (ML) hard, saturated, fine
grained (Advance Outwash - Unit 2).

AGI

TECH NOLOGIES

Log of Area 3 Boring 7 (0-40') A3-87-24
HNTBR Borrow Source S
e i A22a

S — = 2

Hamw.cor 14,190.208

o DATE APPACVED

ECR 6 December 94

AR 052252
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1

E

8530

N

-
.

P.0.S. Coordinates
Equipment

12/22/94

.Date

Mobile B-61

315 feet

Land Surface
Elevation

GRAY CLAY (CL) hard, moist: with some fine gravel

medium grained gravel, with sand and pockets of

silt (Advance Outwash - Unit 3).

(Advance Outwash - Unit 2).
*| BROWN GRAVEL (GP-GM) very dense, wet: fine to

sjdweg
{(w9)) wdeg Q

1003
2d smoig

(1od) Ayeveq
&g

(%) wervon
emsion

N}
Aoyeioqey

NN AN ALTLLLURRRRRAY

100

MD.SA 245

AN A NN
o\ N
TRRNN

%

53

50/4°

Y
S

\

s0r5°

I””."’f”f"’”"f’ JAllAAliAdAA T H @l it sttt ittt t b bt a s
0\ AR n’z’/”’fff’ff'f/

AN

SN

X x
I TN AT oY
2 a

130 So/8°

MDSA 68

TR AR RN

AALRRRRRAL Y

A EALIANSN

115 S0/3°

MDSA 83

NATRRRRRRRRNT
TR

ABJAD ”/’”

A22b

<

)

"

7

)

[}

©

<q

o

2
&8
<0
~a
~ts
o
g2
Omm
mg=
™ >y
@3
EME
~ 3
<
Y
5E
o r
Q

-t

TECHNOLOGIES

DATE

REVISED

DATE APPRAOVED

6 Cecember 94

o

PROJECT NC.

ECR

14,180.208

H3-40.car

AR 052253




RN

N
A N RN R WA

AU

A R R
[ i‘ S, N,

Laboratory

Tests
Molsture
Conlent (%)

MD 204

Denalty (pch)
Blows
Fool pet

103 S02°

fine to coarse grained gravel, with some sand and
silt (Advance Outwash - Unit 3).

So/a”

Groundwater encountered at 82 feet during drilling.

Perched groundwater encountered at 33 feet during
- drilling.

N Boring converted into piezometer on 12/22/94.

AGI

PLATE

Log of Area 3 Boring 7 (80-102.5") A3-87-94

HNTB/Runway Borrow Source Study 2 2
TECAS Ol. SeaTac, Washington C
PACIECT NO. DRAWN DATE APPROVED' REVISED DATE
H3-80.cer 14,190.208 ECR 6 December 54

AR 052254




P.O.S. Coordinates: N __8465 E.12070
£z I 3 Equipment Mobile B-61
E gz 2t £
22 ¥ 3 iz & '§ Land Surface 395 feet Date  12/21/94
§2 85 23 82 i gevawon
°TF==] DARK BROWN SILT (ML) medium stif, moist; with
== some sand and organics (Alluvium).
fine to coarse grained, with gravel (Alluvium).
- GRAY SAND (SW-SM) very dense, moist: fine to
X coarse grained, with gravel and silt (Advance
= Outwash - Unit 1).
&7
SA,
COMP s0/6°
SA 75 so/5°
GRAY SAND (SP) very dense, moist: fine grained, with
trace silt (Advance Outwash - Unit 1).
MD 71 1.5 67
s0/5°
MDSA 63 106 50%°
s0/5°
Log of Area 4 Boring 1 (0-40') A4-Bi-24 e
HNTB/Runway Borrow Source Study A2 3 a
TECHNOLOGIES SeaTac, Washington
e PROJECY NO. O DATE APSROVED REVISED DATE
Hémw.car 14,180.208 ECR 6 Decamber 94

AR 052255



12.070

3 z
-
iy i}
- Q
MD 51
COMP
MO 102
MD.SA 8.2
MD.SA 5§

Denslty (pel)
Blows por
Fool

112 5057

15 34

109 Sov4°

P.O.S. Coordinates: N __6465 _ E
Equipment Mobile B-61

Land Surface 395 feet Date _ 122194
Elevation

GRAY SAND (SW) very dense, moist: fine to coarse
grained, with silt and a trace of fine gravel
(Advance Outwash - Unit 1).

. GRAY SAND (SP) very dense, moist; fine grained
(Advance Qutwash - Unit 1).

GRAY SAND (SW) very dense, wet: fine to coarse
grained, with fine gravel (Advance Qutwash - Unit
1.

grained, with trace fine gravel and silt (Advance
Outwash - Unit 1).

AGI

TECHNOLOGIES
T A0 CT \C. o DATE APPROVED REVISED
Ha-20 cor 14,190.2C8 ECR 6 December 94

Log of Area 4 Boring 1 (40-80") A4-B\-94
HNTB/R Borrow Source S
S owvmgn A23b

AR 052256
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E. 12070

P.O.S. Coordinates: N __6465

Z %14 3 Equipment Mobie B-61
gg sé £ §§ £ 'é Land Surface 395 feet Date  12/21/94
43 $3 38 22 & & Elevation

80 -
50/5°
8s
GRAY SAND (SW) very dense, wet; fine to coarse
grained, with gravel and a trace of silt (Advance
Outwash - Unit 1).
s0/3°

MDSA 68 110 S0/%°

95

GRAY SAND (SP) very dense, saturated, fine to
medium grained, with silt interbeds (Advance

100 Outwash - Unit 1).

BROWN GRAVEL (GP-GM) very dense, saturated:
fine to coarse grained, with sand and silt

163.5° MD 1m0 127 S0° (Advance Outwash - Unit 3).
105.5° 105
107.5
so/3
110
grained (Advance Outwash - Unit 2)
m-
115
nzs E
-} Color changes to dark gray.
o Groundwater encountered at 98 feet during drilling.
120 Boring converted into piezometer on 12/22/94.
Log of Area 4 Boring 1 (80-118.3") A4-81-94
HNTB/Runway Borrow Source Study A2 3 C
TECHNOLOCIES SeaTac, Washington
" ROECT \C. D DATE APPROVED
Ha-30 cor 14,190.208 ECR 6 December 94

AR 052257




RN

B OOV O
BAYARLBLVARNY 3.

_

A

TN
[ SO
.- %\\A‘
., SR

80 [

10.0°

20.0°

P.O.S. Coordinates: N 6790 E_11.680

fgf 3y I, swere Hoe 28 v
D 12/5/94
R I

BROWN SAND (SW) dense, dry: fine to coarse
grained, with gravel and a trace ot silt (Advance

Outwash - Unit 1).
MD.SA 62 119 4
Becomes very dense, saturated.

MD.SA 133 19 S0%°

'] GRAY SILT (ML) hard, moist (Pre-Vashon Drift).

MOPL 251 103 49
(18

Groundwater encountered at 6.5 feet during drilling.
7 Boring converted into piezometer on 12/5/94.
35-
‘o-

AGI

TECHNOLOCIES

Hdamw.ccr

HNTB/Runway Borrow Source Study

Log of Area 4 Boring2 A4-82-34 T
SeaTac, Washington A24

PRUECT MO DA DATE APPROVED " REVISED
14,190.208 ECR 6 December 94

AR 052258




P.O.S. Coordinates: N __6880 __ E_ 13,015

z E g 5 Z Equipment Mobile B-61
§2 38 % §§ £ § Land Surtace ____ 296 feet Date  12/5/94
53 ig 58 32 & Elevation
°TE==] DARK BROWN SANDY SILT (ML) medium dense.
— wet; with organic material (Weathered Till).
mo 157 9 10 ' _BESE aonwN SILTY SAND (SM) medium dense, moist: fine
s E55] 1o medium grained,mottled, with gravel and
= organic material (Weathered Till.
g
o “JES2] GRAY SILTY SAND (SM) dense, moist: fine 1o coarse
P grained, with grave! (Till - Unit 1).
MDSA 9.4 134 96 == Becomes very dense, wet.
e
-] GRAY CLAYEY SILT (ML) very hard, moist; laminated
(Pre-Vashon Drift).
MDPL 77 110 S50/8°
L
50/4°
301 ’
- Groundwater not encountered during drilling.
] Boring backfilled with bentonite and cuttings on
12/5/94.
35—1
‘o—
Log of Area 4 Boring 3 A4-B3-94 n
HNTB/Runway Borrow Source Study A2 5
TECINOLOGIES SeaTac, Washington
e ————— PRQJECT NOC. SRAWN DATE APPROVED REVISED DATE
Hamw.cdr 14,190.208 ECR 6 December 94

AR 052259
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APPENDIX B
LABORATORY TESTING PROGRAM

Hart Crowser
4978-52 October 22, 2001
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APPENDIX B
LABORATORY TESTING PROGRAM

Hart Crowser completed a laboratory testing program to evaluate the basic
index and geotechnical engineering properties of the site soils. Disturbed bag
samples from the drill rig cyclone and jar samples from penetration tests were
selected for laboratory testing with the following items in mind:

s Suitability of soils for use as wet weather fill;
= Soils representative of the geologic unit;
s Consistency within a geologic unit; and

s Sampling soils generally within the depth of the proposed excavation (based
on existing information).

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
grain size analyses and 200 wash. Classifications were made in general
accordance with the Unified Soil Classification (USC) System, ASTM D 2487, as
presented on Figure B-1. '

Water Content Determinations

Water contents were determined for specific samples recovered in the
explorations in general accordance with ASTM D 2216, as soon as possible
following their arrival in our laboratory. Water contents were not determined for
very small samples nor samples where large gravel contents would result in
values considered unrepresentative. The results of these tests are plotted 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.

Hart Crowser
4978-52 October 22, 2001 Page B-1

AR 052262



Water contents were compared for samples of cuttings from the drill cyclone
bag samples with water contents obtained from conventional SPT split-spoon
samples, as shown on the drill logs. In some, but not all, cases it appeared that
the cuttings samples were slightly drier than the SPT samples, as might be
expected. Superficially it appears that the more silty samples typically exhibited
less drying due to drill action compared to coarser-grained samples. in general
we recommend that moisture content of SPT samples be considered more
representative of /n situ conditions compared to those of cuttings samples.

Grain Size Analysis (GS)

Grain size distribution was analyzed on representative samples in general
accordance with ASTM D 422. Wet sieve analysis was used to determine the
size distribution greater than the U.S. No. 200 mesh sieve. The size distribution
for particies smaller than the No. 200 mesh sieve was determined by the
hydrometer method for a selected number of samples. The results of the tests
are presented as curves on Figures B-2 through B-7 plotting percent finer by
weight versus grain size.

200-Wash (GS2p9)

Several samples were subjected to a modified grain size classification known as
a 200-wash. The portion of individual samples passing the 3/4-inch sieve was
*washed" through the No. 200 mesh sieve to determine the relative percentages
of coarse- and fine-grained material in the samples. The tests were performed in
general accordance with ASTM D 1140. The results are presented on the boring

logs.

F:\docs\jobs\497852\BA3&4DataReport.doc

Hart Crowser
4978-52 October 22, 2001 Page B-2
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Unified Soil Classification (USC) System

Soil Grain Size
| Size of Opening in Inches | el Grain Size in Milimerres
& o e o _SE¥I S, e & 9 8 8 Bszz sy B8 3B E 3
I Voo b b b b | i [ 1 B R ,
1 } Fret ey 1ot i Feerre p ] AR 1 IR t | [ ILELNL N B | 1 i '
§§ §88 28 8 @ o wo o -—® @ wn o -33533 ngggg §
Grain Size in Miimetres } '
COBBLES GRAVEL SAND | SILT and CLAY
Coarse-Graned Soils } Fine-Grained Sails
Coarse-Grained Soils
: !
GW | GP | GmM | GgCc [ sw | sP | sm|sc !
»
Clean GRAVEL <Sx fnes Y GRAVEL with >12% fnes CleanSAND <S%fines Y SANDwih >12% tnes |
GRAVEL >50% coarse fracion larger than No. 4 SAND >S0% ccarse fraction smaller than No. ¢ -
Coarse-Grained Sails >50% larger than No. 200 sieve

Du\>4frGW  [0Og°
GWandSW {— 21g! <3 GPandSP Ciean GRAVEL or SAND not meeting
D1o/>8 forSW \\D,, X Dg requirements for G W and S W
GMand SM Atterberg limits below A line with P! <4 GCandSC Atterberg limits above A Line with P! >7

* Coarse-grained soils with percentage of fines between 5 and 12 are considered borderiine cases required use of dual symbols.
Dso. By, and Dy, are the particies diameter of which 10, 30, and 60 percent, respectively, of the soil weight are finer.
Fine-Grained Soils

ML CL | oL MH | CH | OH | Pt |

! SILT | CLAY |  Organic SILT | CLAY | Organic |  Highly
' Scils with Liquid Limit <50% | Soils with Liguid Limit >50% i ‘33'032 me
Fine-Grained Soils >50% smaller than No. 200 sieve j

60 1 ] ] J
50 e
'E - CL
3 ¥r
&
a. 20
ol —CL-ML |
T S —— - ML L
0 ; { | or O L ' . :
g 0 10 20 a0 40 50 80 o - % e
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MATERIAL DESCRIPTION uscs | NAT. MOIST
® Slightly sitty SAND SP-SM 6%
A Very silty SAND SM S%
B Silty, very gravelily SAND SM L
Remarks: Project: 3rd Runway
e Location: A3-88-98, S-1, Depth 5 Feet |
4 Location: A3-88-98, S-7, Depth 30 Feet '
m Location: A3-B8-98, S-13, Depth 60 Feet AR 052265
._l'.l J-4978-02 5/14/98
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MATERIAL DESCRIPTION | USCs NAT. MOIST.
® Siightiy silty SAND SP-SM 1%
4 Very sandy SILT ML 25%
B Sijty, very gravelily SAND SM 7o
Remorks: Project: 3rd Runway
66
® Location: A3-B9-98, S-1A, Depth 5 Feet AR 0522
4 Locaticn: A3-B9-98, S-6. Depth 28 Feet
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MATERIAL DESCRIPTION | uscs NAT. MOIST.
® Gravelly, sitty SAND SM 112
A Siightiy sitty, slightly grave, ly SAND SP~-SM 1%
|} Silty, sandy GRAVEL GM 8%
Remarks: r-ronect 3rd Runway
® |ocation: A3-B10-98. S.2, Depth 10 Feet i
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" J-4978-02 5/18/98
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MATERIAL DESCRIPTION uscs NAT. MOIST.
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4 Slightly silty, grovelly SAND SP-SM 18%
8 Very sandy GRAVEL GwW o)<
Remarks: Project: 3rd Runwoy
e Location: A3-B11-98, S-46A, Depth 95 Feet
A Location: A3-B12-88. S-11A, Depth 25 Feet
@ Location: A3-812-98. S-12, Depth 27 Feet
._l': J-4578-02 5/18/98
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Remarks: Project: 3rd Runway
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APPENDIX C
BORROW AREA 3 PERCHED WATER-BEARING ZONE
SLUG TEST ANALYSIS
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APPENDIX C
BORROW AREA 3 PERCHED WATER-BEARING ZONE

SLUG TEST ANALYSIS

This appendix documents the process Hart Crowser uses in conducting slug tests
for purposes of evaluating the perched water-bearing zone in Borrow Area 3.
The discussion addresses the Hydraulic Conductivity Testing (Slug Testing)
conducted in four wells.

Hydraulic Conductivity Testing (Slug Testing)

Hydraulic conductivity testing was performed using the slug test method for
explorations A3-13-99 through A3-17-99. In this method, the water level
(hydraulic head) in the well is rapidly raised or lowered, and the rate at which it
returns to its initial state is used to calculate hydraulic conductivity for the .
formation surrounding the well screen. Data were collected using an Aquistar
data logger in conjunction with a instrumentation Northwest PSI9000 pressure
transducer. Tests were conducted as follows:

A transducer was set in the well and allowed to equilibrate with ambient
conditions, and background water level data were collected.

One or two slug rods (solid PVC rods) were rapidly introduced into the well
(causing a near-instantaneous rise in water level), to initiate a falling head test.
Water level data were collected in logarithmically increasing time increments
using the data logger and transducer. For wells where depth to water was small,
a falling head test was not attempted.

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

The slug rod or rods were rapidly pulled from the well (causing a near-
instantaneous drop in water level) to initiate a rising head test. Water level data
were collected in logarithmically increasing time increments using the data
logger and transducer.

Most of the wells responded reasonably quickly, and therefore multiple slug tests
were performed for most wells.

Data were pre-processed as described in Butler (1998), and hydraulic
conductivity values were estimated using the method of Bouwer and Rice
(1976) for unconfined aquifers. The estimated values are reported in this
appendix as Table C-1. Figures C-1 through C-4 include rising/falling head

Hart Crowser .
4978-52 October 22, 2001 Page C1
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curves showing assumed parameters used to estimate hydraulic conductivity
values.

F:\docs\jobs\497852\BA3&4DataReportdoc
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Table C-1 - Hydraulic Conductivity Calcutations for Wells in Unconfined Aquifer
Proposed Borrow Area 3

A3B13-99  A3-B15-09 A3-B16-99 A3-B17-99

Well Depth in Feet 58 24 58 215
Screen Length in Feet 5 5 5 5
Depth to Screen in Feet 53 19 53 16.5
Depth to Aquitard in Feet 56.5 23 59 21.75
Depth to Water in Feet 53.04 18.28 47.04 17.6
Depth to Sandpack in Feet 51 7 50 14
H in Feet 3.46 4.72 11.96 4.15
n 0.3 0.3 0.3 0.3
r_cin Feet 0.083 0.083 0.167 0.083
r_win Feet 0.333 0.333 0.500 0.333
r_eff in Feet 0.195 0.195 0.167 0.195.
L_ein Feet 4.96 5 5 39
L_w in Feet 4.96 5.72 10.96 39
y1 in Feet 0.23 0.07 0.6 0.33
t1 in Seconds 10 20 0 0
y2 in Feet 0.01 » 0.001 0.001 . 0.062
12 in Seconds 32 85 435 2500
L_e/rw 14.88 15 10 1.7
A 20 20 1.8 19
B 0.3 0.3 0.3 0.3
c 14 1.4 1.2 1.3
Fully Penetrating Well
In(R_e/r_w) 2.001 2.088 2.106 1.804
Kin cm/s 3.3E-02 2.3E-02 2.6E-02 1.8E-04
F-M SAND Fine SAND Med. SAND Fine SAND
Notes:

Bold values to be entered manually.
A, B, and C coefficients are calculated using regression equations of Van Rooy, 1988.

Hart Crowser
497852/BA3&4Tables.xis - Table C-1
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Port of Seattle

October 2, 2001

Ms. Ann Kenny

Washington Department of Ecology
Northwest Regional Office

3190 160th Avenue SE

Bellevue, WA 98008-5452

Re:  Seattle-Tacoma International Airport
Washington Department of Ecology
§ 401 Water Quality Certification
Order #1996-4-02325
Condition F.1

Dear Ms. Kenny:

The Port of Seattle presents the attached documents to the Washington Department of
Ecology in satisfaction of the above noted Order, Condition F.1. Condition F.1 requires,
among other things, that the Port prepare “proposed construction BMPs to prevent
interception of contaminated ground water by utility corridors and a plan to monitor
potential contaminant transport to soil and ground water via subsurface utility lines”.

Please review the two attached documents, Proposed Construction BMPs To Prevent
Interception of Contaminated Ground Water by Utility Corridors, and Plan to Monitor
Porential Contaminant Transport to Soil and Ground Water via Subsurface Utility Lines .
If you have any questions or comments, please feel free to refer comments and questions

to Paul Agid, 206-439-6604, agid. p@portseattle org.

Sincerely,

Elizabeth Leavitt
Manager, Aviation Environmental Programs

/

v
xc: -Agid, Newlon

Seattle-Tacoma
International Airport

P.O. Box 68727 AR 052280

Seattle, WA 98168 U.S.A.
TELEX 703433
FAX (206) 431-5912

® 1298



Seattle Tacoma Intemational Airport
§401 Water Quality Certification #1996-4-02325

Condition F.1

Proposed Construction BMPs ] )
To Prevent Interception of Contaminated Ground Water by Utility Corridors

in accordance with the Washington State Department of Ecology (Ecology) Water Quality
Certification for U.S. Amny Corps of Engineers Public Notice 1996-4-02325, Condition F. 1, the
Port of Seattie (Port) submits this proposal for Best Management Practices (BMPs) for prevention
of migration of contaminated ground water via subsurface utility lines at the Seattle-Tacoma
Intemational Airport (STIA). A draft of this BMP proposal is due to Ecology no later than
September 30, 2001.

Best Management Practices for prevention of migration of contaminated ground water by newly
constructed utility corridors will consist of, and will be implemented by modification of standard
utility construction design guidetines and specifications. The following construction techniques will
be specified for future construction of subsurface utilities below paved areas in the principal
aviation operations and maintenance area (AOMA) of STIA. Subject subsurface utilities inciude,
but are not imited to, electrical and communications ductbanks, and pipelines for carrying fuel,
water, sanitary sewage, stormmwater, and industrial Waste System drainage.

1. Standard construction specifications will be developed for application to all construction
projects located in areas within the AOMA where contaminated ground water is present at the
designed construction depth.

2. The standard specification will include a requirement for the contractor to dewater utility
trenches and other construction excavations that contain contaminated ground water, and to
appropriately manage the water removed by disposal to an appropriately licensed facility or
similar option.

3. The standard specification will include a requirement that utility backfill be constructed such
that any ground water present at the utility depth not be transported along the utility, within
the utility backfill material acting as a preferential flow pathway. The potential for transport in
backfill will be minimized by use of construction techniques and/or materials that reduce utility
backfill permeability. Generic engineering designs for preventing transport will be offered as
examples, such as:

a. Constmc? -backfill by placing controlied density fill (a lean concrete mixture), or similar low
permeability material, into the entire wutility trench, 1o the bottom of the pavement base
course layer.

b. Construct backfill by placing standard pipe bedding material for a maximum depth of 6"
plus one-half of the diameter of the utility pipe (except as noted below); backfill the
remainder of the trench to the bottom of the pavement base course layer with controlied
density fill or similar low permeability material; at a maximum interval of 500’ along the
utility alignment, eliminate the pipe bedding material and construct full trench profile
concrete dams. (lllustrations of typical utility instaliation construction drawings consistent
with option 3.b. are provided in Figure 1)

Projgcl-speciﬁc construction designs will be developed consistent with the standard
specifications to meet the site-specific engineering requirements of the planned construction.

AR 052281



SNOILOJS
ALITILO TYOI4dAL

T NENOIA
“u3nEve (400)
TUS ALISNIO T0UINGD HO I1IYINOD HLIdIQ TN
A9 033V1d3¥ ONV SIVAN3INI 006 LV QILYNINM3
TYIRIILYN ONIGG3@ XNVELIONA OGNV ALMULA
JION TVI3INTD
SIN VIS SIN :TIVIS
SYIYY Q3AVd TIV ¥IONN v
TUHIVE HINFUL ONV ONIOGIE 3did %NVE19n0 zo:«o.z:xm:%o wou.o“uuﬁ,. Juwvzta
NOILD3S TVOIdAL NOILD3S TVvIIdAlL
¥aLInvia
301510
bvin *310N V¥IN3D 335
e S *(dAL) %O0¥ B:v.:._ol\,
31 «¥=Z ‘ONIOO3E ALUIN (s13vid ¥)
*310N TVH¥INID 33§ - N\ SNONNLINOI ‘¥V!
- < ONIDJYOINIIY ¥/
ONiQa3s ALruLn 8l ININISYONI uzxuzool\.

ANVELING

1INGNOD .¥=¥ TYIIdAL —

(A1) LINGNOD DAd OF HOS

SINVA HId30
THd ALISN3Q I0UINGD
i

dAL

=43
4
«
E
"
z
-
a
<]
&
o
z
[=3
o
it

. R AP \ 3s¥n0d 3sve

tﬁ \ + ‘ 31v03490V GIHSNYD .6
NOILD3S ININIAYd MIN—"| NOILO3S ININIAVA MIN &
3dVL ONDISYA ALTMIN ——— k .\ \—3avd0 HSINI3
QNNOYOVIONN 30IM ¥ wis Tvis _ 3
1

NIN £

AR 052282




Seattle Tacoma Intemnational Airport
§401 Water Quality Certification #1996-4-02325
Condition F.1

Plan to Monitor Potential Contaminant Transport to Soil and Ground Water
via Subsurface Utility Lines

1. INTRODUCTION AND BACKGROUND

In accordance with the Washington State Department of Ecology (Ecology) Water Quality
Certification (WQC) for U.S. Army Corps of Engineers Public Notice 1996-4-02325, Condition F.
1, the Port of Seattle (Port) submits this pian to monitor for potential contaminant transport via.
subsurface utility lines (SULS) at the Seattie-Tacoma Intemational Airport (STIA). A draft of this
Subsurface Utility Line Monitoring Plan (SUL Monitoring Plan) is due to Ecology no later than
September 30, 2001.

Ecology has requested this plan in response to concems expressed by members of the public
commenting on the proposed issuance of the Water Quality Certification. The commenter assert
that the permeabie backfill with which subsurface utilities are sometimes constructed may act as
preferred pathways for migration of contaminated ground water to the Third Runway
Embankment drain layer, and from the drain layer to area surface waters.

A related document, Draft Technical Memorandum, Analysis of Preferential Ground Water Flow
Paths Relative to Proposed Third Runway, Seattie-Tacoma International Airport, prepared by
Associated Earth Sciences, Inc. dated June 19, 2001 (AESI, 2001) provides the foundation and
supporting data for the development of this SUL Monitoring Pian. The SUL Monitoring Plan
presents a methodology to further evaluate the nature of SULs at appropriate contaminated
ground water sites and the potential that these SULs act as preferential contaminant transpon
pathways. The planned monitoring approach will, in a first phase, evaluate contaminated sites,
associated ground water presence and flow properties, and the properties of constructed SULs.
The evaluation will demonstrate the probabilities that contaminated sites could act as
contaminant sources to SULs, and that SULs could act as migration pathways for those
contaminants. The second phase of the monitoring program will be developed at the conclusion
of the first phase evaluation. Under the second phase, the Port will develop and impiement field
monitoring activities that are demonstrated appropriate by results of the first phase. The second
phase plan will be provided to Ecology for review and approval.

2. SITE EVALUATION

a. Ground Water in Perched Zones and in the Qva Aquifer

The SUL Monitoring Plan will focus on the potential that select contaminated sites act as
sources of contamination to SULs. The typical as-built construction depth of STIA SULs is
between 5 to 10 feet below ground surface. The SUL Monitoring Plan will therefore
concentrate on sites that contain impacted perched ground water that could enter SULs.

Sites that contain perched ground water provide the greatest probability for SUL transport of
contamination. Perched ground water occurs in isolated, discontinuous zones. Perched
zones are typically found within the range of about 10 - 35 feet below ground surface. Due to
the shallow depth of perched zones, perched ground water has the greatest potential to
intersect SULs and move along permeable backfill material

Transport along SUL backfill of contaminated ground water in the regional Qva aquifer is
improbable for several reasons:

AR 052283
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« Ground water levels in the Qva aquifer at STIA are typically at a dgpth between 55 to
90 feet below ground surface, which is well below the depth of typical SULs.

« Impacted Qva ground water has been well documented and is contained within the
AOMA; the maximum migration of impacted ground water is no greater than 550 feet
in length from its contaminant source area.

« Ground water data generated from monitoring wells completec_i downgradient from
known Qva impacted ground water sites are below Mode! Toxics Control Act (MTCA)
standards and, therefore, provide a defined plume boundary.

Therefore, monitoring for contaminant transport by SULs in the Qva aquifer is not planned.
b. SUL Monitoring Pian Site Selection

Locations with contaminated ground water that may have a reasonable potential for migration
by SUL are defined by the following criteria:

« Site contains perched ground water;
o Perched ground water is impacted above MTCA standards;
e SULs intersect the site footprint.

Data indicate that five sites within the STIA principal aviation operations and maintenance
area (AOMA) contain impacted perched ground water that has exceeded MTCA Method A or
Method B clean up standards (AESI, 2001). Sites that are impacted by previous fuel
releases and contain fuel related compounds in the perched ground water system elevated
above MTCA standards include the United/Continental Fuel Farm, Pan Am Avgas Tanks,
Northwest Airlines Bulk Fuel Farm, and the Delta Auto Gas Cluster. In addition two areas in
the AOMA, the Northwest Airlines Former Hangar Tanks and Monitoring well AGC-5 at the
Delta Autogas Ciuster site, represent areas that contain solvent impacted perched ground
water. Each of the five sites meets the criteria listed above and are proposed for further
detailed evaluation regarding shallow contaminant transport mechanisms via SULSs.

3. SUBSURFACE UTILITY LINE INFORMATION

As part of previous evaluations, SULs have been identified throughout STIA and compiled on a
base map (AESI, 2001). SULs that have been identified include: existing and proposed fuel lines,
electric lines, Industrial Waste System (IWS) lines, sewer lines, storm drains, water lines, and
Satelliite Transit System (STS) and Baggage Tunnels. A number of these SULS are constructed
within the boundaries of impacted perched ground water of the five sites presented in Section 2.

The following additional detaii will be compiied from available documentation for SULs at each of
the subject sites.

a. Utility line depth — Typical utility depth is 5 to 10 feet below ground surface, with a typical
maximum depth of 20 feet below ground surface. Engineering drawings will be

researched to identify the as-built construction depth of each SUL intersecting the subject
sites.

b. Utility line backfill composition — Information on the type of backfill material used for infill
of the SUL will be compiled, if available.

c. Utility line excavation slope - The elevation of the as-built SUL excavation will be
researched and information compiled, if available.
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d. Construction Observations - Records will be researched to detemmine if observatiqns .
were recorded during construction activities regarding soil or ground water contamination,
saturated soil conditions, soil type, SUL condition, etc. Observations of recent capital
improvement construction projects (e.g., those associated with tlge South Terminal
Expansion Project (STEP)) will provide useful information regarding observed subsurface
conditions in the vicinity of historic contaminated sites and older SULs. Available
information will be summarized for each subject site.

4. GEOLOGIC/GROUND WATER CONDITIONS

Existing data andﬁeldobsewaﬁonsoﬂhegeologicandgmundwaterconditiomatepd: of the
subject sites will be evaluated in detail in regards to its influence on potemia[ contaminant
migration pathways. CWsectionswmbedevelopedforead\sitetogmphmnydepid?he )
relationship of geologic and ground water conditions in relationship to SULs. The analysis will
focus on the following eiements:

E i iati ine — The soil conditions surrounding SULs
at each site will be evaluated. Interpretations will be developed based on surrounding
soil borings and well logs regarding the nature of fill or native soil types. This information

will be evaluated in relation to the as-built construction depth of the SULs.

b. Slope of Till or Impervious Suiface - The slope of the glacial till surface or any identified
impervious surface will be evaluated. The effect of the slope of the low permeability
surface will be analyzed regarding its effect on the control of perched ground water flow
directions.

c. Depth to Perched Ground Water — The depth to perched ground water will be compiled
from shallow monitoring well water level data and observations made on associated
environmental and soil boring logs. This data will be correlated to a common vertical
datum to allow for the calculation of the elevation of the ground water surface.

d. Perched Ground Water Flow Direction — For each site evaluated, the perched ground
water flow directions will be determined and a contour map showing the flow directions
will be developed. Typical wet season and dry season perched ground water elevation
will be used to determine any change in flow direction as a result of seasonal :

precipitation fluctuations. .
e. Relationship of Perched Ground Water to Utility Line Excavation ~ The depth to perched

ground water will be compared to the as-built excavation depth of various SULSs
intersecting subject sites. An evaluation will be made conceming the ability of the SULs
to act as a potential contaminant transport pathway. Particular consideration will be
made during the evaluation of the ability of the SULSs to transport contaminant via
perched ground water towards the proposed Third Runway Embankment project area.

5. Report

A report will be developed which presents the findings outlined in the SUL Monitoring Plan. The
report will present graphical maps which show ground water and geological conditions in relation
to SULs, tabulated information on select SULs, and an evaluation regarding the potential of the
SULs to act as preferential pathways for contaminant transporl. Conclusions will be developed
and an appropriate scope of work and work plan for any appropriate follow-on monitoring will be
developed for Ecology review and approval.
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