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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 8eotechnical 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

supersedesin 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 International 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 thisstudy. Explorations and testing within the )
borrow areas and along the haul route are characterized in greater detail on

Figures2 and 3. Cross sections showing inferred geologic and hydrogeologic

conditions are provided on Figures4 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 severalsections. The main text startswith a

discussionof site geology and is followed by a discussionof the hydrogeologic
conditions and near-surface soil infiltration characteristicsobtained from

explorations conducted to date. Appendices A through C follow the main text
and present resultsof our subsurfaceexplorations, 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 suitableembankment 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 bodngs 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
testsand were then abandoned.

Five additional borings and three test pitswere completed at Borrow Area 4 in

June2001. Dual-ring infiltrometer testswere performed in each of the test pits.

A falling head percolation test was performed at boring A4-B09-01, which was
then abandoned. BoringsA4-B08-01 and A4-BlO-01 were completed as

monitoring wells in the perched water-bearing zone. Borings A4-B07-01 and
A4-B11-O1were 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. Fallinghead percolation tests were performed in the

borings and dual-ring 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

soilsand 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 (AC;I 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 findingsremain
unchanged from the 1999 data report

The site is located on the Des Moines Drift Plain in the Puget Sound Lowland.

Glacial soilshave been deposited and extensively reworked by glacial episodes,
the most recent being the Vashon Stade of Puget Sound glaciation.

Hart Crowser Page 2
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In summary, the following geologic units have been identified at Borrow Areas 3
and 4:

• Fill (variably graded, silt,sand, and 8ravel);

• Alluvium (peals and silts;and medium dense, fine to medium sand);

• RecessionalOutwash (primarily silty, sand and gravel, and/or sandy siltor

sandy clay);

• Glacial Till (clayey, silty sand and gravel);

• Advance Outwash (non-siltyto silty sand and gravel);

• Lawton Clay (very stiffto hard silt and day); and

• Puyallup Formation (fine sand and silty sand).

Surficialsoils in Borrow Areas 3 and 4 have been mapped as 81acialtill with

localized surficialdeposits 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 subsurfaceconditions at Borrow Areas 3 and 4 did not

change based on new data acquired since 1999. The followin 8 section presents
text from the 1999 data report, with additional discussionof conditions

encountered along the Haul Route.

Subsurfacesoil and hydrogeologic conditions interpreted from data collected

and observations made during explorations at the site, and previously mentioned
AGI studies, formed the basisfor the information contained within this report.

Variations between explorations may occur as irregularities in gradation,
moisture content, and density/consistency of soilsat 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 glacialsedimentary
sequences overlie earlier depositsof Vashon glacial till, which overlie the

HartCrowser Page 3
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Puyallup Formation. Figure 4 is a generalized north-south crosssection through
Borrow Areas 3 and 4. Figures5 and 6 are northwest-southeast and west-east

crosssectionsthrough Borrow Areas 3 and 4, respectively. Detailed descriptions
of the materials we encountered are provided below.

Subsurfaceconditions encountered along the Haul Route consisted of topsoil

and fill over silt, possiblya post-glacial lacustrine deposit. These explorations
were lessthan 10 feet deep. Explorationsfrom 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 consistendy encountered in our explorations.

Typically, the topsoil consistsof a loose mixture of silt and sand with roots and

other organic material. Topsoil isgenerally 1/2 to 1 foot thick where
encountered. Many of the sudicial soilsat the site appear to be glacial deposits

at different stagesof weathering. This is further discussedin the Recessional
Outwash and Gladal Till sections below.

Fill Soils. Fillsoilswere encountered in both proposed borrow areas and along

the haul route, typically associatedwith paved streets,or general grading

associatedwith past use of the sites. Fillsoilsare generally loose to medium

dense, variable mixtures of silt,sand, and gravel. The density and granular
nature of the fill materials resemble the recessionaloutwash deposits and the fill

issometimes difficult to distinguishfrom 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 Oulwash. This material is generally slightlysilty to silty, slightly

gravellyto gravellysand. Recessionaloutwash overlies the glacial till, or
advance outwash where the glacial till has been eroded. Recessionaloutwash

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 historicalsignsof borrow development activities possibly
related to previous airport construction.

Where recessionaloutwash 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 surficialmaterials discussedabove. This material is generally
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comprised of a dense, slightlyeravelly to gravelly, silty to very silty sand. The

gradation of the till varies both vertically and laterally.

In general, glacial till differsfrom the ovedyin8 recessional outwash by having a
higher siltcontent 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 Outwadl 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 siltcontent. However, observationsat

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 studieswere not encountered in our explorations, but
would likely be encountered at greater depths. These hard siltsmay be

laminated or contain planes of separation (partings). Furthermore, these silt r_J
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 investigationsdid not result in any new interpretation of

generalized hydrogeologic conditions in the area. The following text is
unchanged from the 1999 data reporL

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., siltand 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
• Vashon Till - Aquitard

• Vashon Advance Outwash - Shallow Regional Aquifer
• Lawton Clay - Aquitard
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• "Third" Coarse-Grained Deposit - Intermediate Regional
Aquifer

• Puyallup Formation - Aquitard
• "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 downto the
undedying Advance Outwash, which is typically more permeable. The Advance
Outwash contains a water table known as the Shallow Regional Aquifer, which

dischargesto 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. Slugtesting 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 discussedbelow. 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.

Figures5 and 6 are conceptual crosssections 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 asnotations 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-existingwells to improve J

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 fiat perched
water-bearing zone in the north part of Borrow Area 3 and in Borrow Area 4

overlies the relatively fiat water table in the Shallow Regional Aquifer.

Slug testswere 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 FiguresC-1 through C-4 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.
Explorationsfrom the SASAstudy 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 _j
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 overlyin8 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

resultingperched groundwater flow direction is generally from the west, toward

the south and southeast into Borrow Area 3. The overall flow 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 risesand intersects ground surface. Approximate

groundwater elevation contours for the perched water-bearing zone are
illustratedon Figure 8.
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Soil Infiltration Characteristics

infiltration characteristicsof soilsbeneath the locations of proposed stormwater

retention and infiltration facilitieswere evaluated at Borrow Areas 3 and 4 and

the Haul Route. Infiltration rates were estimated at each site usinga

combination of double-ring infiltrometer tests (ASTM Method D 3385, 2000)

and falling head percolation tests (EPA 1980).

tnfiltrometer tests were performed at the bottom of test pits excavated usinga
backhoe at locations where the testing horizon was lessthan 5 feet deep.

Fallinghead 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 bodngs 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

Fourfalling 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 consistedof slightly silty to silty, fine to medium

sandfrom 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 feeL 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 consistentwith the sandy
material encountered at this site.

Borrow Area 4

Three double-ring infiltrometer testswere 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 till-like. 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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Measuredinfiltrationratesat BorrowArea 4 were muchlower than those at J

BorrowArea3, rangingfrom44 to 170 minutes/inch.Theseratesareconsistent
with the tillJikesandysilt encounteredat thissite.

Haul Route

Two double-ringinfiltrometertestswere performedintestpits{HR-TP1-01and
HR-TP2-01) alongthe HaulRoute,one eachat the locationof two proposed

ponds(Figure3). Additionally,three fallingheadpercolation testswere
performedin hand-augerborings(HR-B1.O1through HR-B3-01)alonga
proposedinfiltrationtrenchfollowingthe Haul Routeroadalignment. Hand-
augerboringswere usedat these locationsto minimizedisturbanceto the Tyee
GolfCourse. Groundwaterwasnot encounteredin explorationsat thissite;

however,seepagewas notedat a depth of 6.5 feet (approximateelevation246
feet)atHR-TP2-01.

Ponds

Soilsencounteredat the two pond locationsconsistedof either topsoilor fill
over non-sandyto slightlysandysilt. The siltextendedpast the infiltrationtesting
horizonanadditional3 to 6 feet to the bottom of each exploration.Measured

infiltrationrateswere very low, rangingfrom 440 to 480 minutes/inch.

Road Alignment

Soilsencounteredalongthetraceof the proposedhaulrouteconsistedof
approximately1 foot of siltytopsoiloversandysilt. Testswere performed
immediatelybelow the topsoillayer. Fieldpersonnelwere onlyableto advance
the hand-augerboringsandcollectsoilsamplesfor loggingbetween 1 and3 feet
belowthe testinghorizon. Measuredinfiltrationratesrangedfrom 10.5 to 120
minutes/inch;however,theseratesarelikelyoverestimatesof longerterm
infiltrationratesdueto the presenceof the tightergraysiltlayerat a depth of
approximately3 feet throughoutthe site.

USE OF THIS REPORT

Hart Crowsercompletedthiswork in generalaccordancewith ourchangeorder
datedAugust3, 2001, andour contractwith HNTB referredto asAmendment
22. Thisreportisfor the exclusiveuseof HNTB, the Port of Seattle,and their

designconsultantsfor specificapplicationto the ThirdRunwayproject andsite.
We completedthisstudyinaccordancewith generallyaccepted

geotechnical/hydrogeologicpracticesfor the nature and conditionsof 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, expressor implied.
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Table 3 - Summary of Infiltration Tests J
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 + 4.5 227 1.1
A3-B20-01 247,27 20 + 5.5 227 0.21
!A3-B21-01 245.18 18 + 7.5 227 0.28

Borrow Area 4

oring Ground Surface I Boring Test Elevation infiltration Rate I
Number Elevation in Feet Depth in Feet in Feet in minutes/inch
A4-B09-01 i 304.78 13 + 6 292 NM

Test Pit Gr°und 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,?.1 4 + 5 290 140
A4-TP03-01 294.17 4 + 5 290 170

Haul Route

IHand-Auger Ground Surface Boring Test Elevation Infiltration Rate
Boring Number Elevation in Feet Depth in Feet in Feet in minutes/inch
HR-B01-01 252 1 + 2.6 251 10.5
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 minut___,m/i,nch
HR-TP01-01 256 6 + 3 250 480
HR-TP02-01 252 4 + 6 248 440

NM - Not Measured. Slowseepage intothe bottomof the boringinvalidatedtesting.
Explorationdepths indicatethe depth at whichinfiltrationtestingwas performed,plus the additional
depth drilledfor soillogging.

Hart Crowser
497852/BA3&4Tables.xls - Table 3
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APPENDIX A

FIELD EXPLORATIONS METHODS AND ANALYSIS

This appendix documents the processesHart Crowser usesin determining the
nature of the soils underlying the project site addressed by this report. The
discussionincludes information on the following subjects:

• Explorationsand Their Location;

• The Use of Dual-Wall PercussionHammer 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

Subsurfaceexplorations 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 asmonitoring 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-TPI-01 through A4-TP3-01. Borings and test pits are

designatedusinga system developed by others for the Third Runway Project
Borrow Area Investigations,where 'A3' represents Borrow Area 3, 'B8'
representsboring number 8, "I'PI' represents test pit 1, and '98' indicatesthe

year the boring or test pit was completed. Logsfor these explorations are
presented on FiguresA-2 to A-25 at the end of this appendix.

Subsurfaceexplorations by Hart Crowser for the HauF Route consisted of three

hand-augerborings. The explorations were designated HR-TP1-01 and HR-TP2-

01, HR-B1.01 through HR-B3.01. Logsfor these explorations are presented on
FiguresA-26 and A-27.

Subsurfaceexplorations conducted in 1994 by AGI for Borrow Areas 3 and 4

consistedof ten hollow-stem auger borings,four of which were completed as

monitoring wells. The bodngs were designated A3-B1-94 through A3-B7-94

(Borrow Area 3) and A4-B1-94 through A4-B3-94 (Barrow Area 4); logs are
presented asAttachment A-1 to this appendix.

The boring logs within this appendix are the basisof Hart Crowser's

interpretation of the drilling,sampling, and testing data. The logs indicate the

HartCrowser Page A-14978-52October22,2001
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depth where the characteristics of soils and glacial sedimentary deposits change . ,)
asfollows:

• A hard line is used to show the contact between two geologically distinct

units;

• A dashed line is usedto show the contact between two dissimilarsoilswithin

a specific geologic unit; and

• The words "grades to" are used to mark the location of a gradual change in

soil gradation or grainsize distribution with increasing depth. Note that the
new gradation indicated in this way persistsover a distinct interval.

Characteristicsidentified 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 FigureA-I - Key to Exploration Logs. Attachment A-I

presents AGI's Soil Classification/Legend. These figures provide an explanation

of the symbols and abbreviations used in the logs. The remainder of this

appendix discussesexploration techniques utilized by Hart Crowsen Additional

information on the techniques used by AGI is presented in AC;I Technologies

(1995). )

Location of Explorations. Figures2 and 3, which follow the main text, show the

location of explorations. This report shows the actual locations and ground

surfaceelevations, presented on the exploration logs, as they were established
duringsite surveysby the Port of Seattle, dated May 28, 1998, and May 1999.
2001 explorations at Borrow Areas 3 and 4 were surveyed in June 2001.

Explorationsalong the Haul Route were not surveyed; locations and elevations

are based on hand taping from site features and topographic maps.

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

With depths rangingfrom 22.0 to 141.2 feet below the ground surface, thirteen

dual-wall percussionhammer bonngs, designated A3-Bg-98 through A3-B12-98
and A4-B4-98 through A4-B6-98 were drilled from May 11 to 18, 1998.

ExplorationsA3-B13-99 through A3-B17-99 were drilled later on April 15 to 23,
1999.

These eighteen boringsincorporated a 9-inch outside diameter (6-inch inside

diameter) dual-wall drive pipe and were advanced with a Becker diesel,pile-

HartCro_r Page A-24978-52 October 22, 2001
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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.

Dual-wall percussion hammer drillingwith reversecirculation consistsof 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 slowsdown 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

geologistfrom Hart Crowser. Detailed field logs were prepared of each boring
and each samplewas visuallyand texturally classifiedin the field. Sampleswere
collected from the air cyclone at 2-1/2- to 5-foot-depth intervals and placed into

plasticbags tied with wire. Sampleswere collected to fill the plastic bags and
represent the 2-1/2- to 5-foot sample collection interval; however, for clarity,

cyclone samplesare represented as 1-foot-thick sampleson 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, designatedA3-B18-01 through A3-B22-01 and
A4-BT.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 drillingwas
continuously observed by an engineering geologist from Hart Crowser. Detailed
field logswere prepared of each boring. Using the Standard Penetration Test

(SPT),we obtained samplesat 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 usedwith engineering judgment
in conjunction with other tests. Penetration tests similar to the Standard

Penetration Test (SPT;asdescribed in ASTM D 1586) were performed to obtain

disturbedsamples. The testsemployed 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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densityof granularsoilsand the consistencyof cohesivematerial. Theblow )
countsareplottedon the boring logsat their respectivesampledepths.

Samplesarerecoveredfrom the split-spoonsampler,fieldclassified,andplaced
into water tightjars. Theyare then taken to Hart Crowser'slaboratoryfor further
testing,.

In the Event of Hard Driving

Occasionallyvery densematerialsprecludedrivingthe total 18-inchsample.
Whenthishappens,the penetrationresistanceisenteredon logsas follows:

Penetrationlessthan sixinches, The Io8 indicatesthetotal numberof blows
overthe numberof inchesof penetration.

Penetrationp'eater than sixinches. Theblow countnotedon the log isthe
sumof the total numberof blowscompletedafterthe first6 inchesof
penetration. Thissumisexpressedover the numberof inchesdriventhat
exceedthe first6 inches.Thenumber of blowsneededto drivethe first6

inchesare not reported. Forexample,a blowcountseriesof 12 blowsfor 6
inches,30 blowsfor 6 inches,and50 (themaximumnumberof blowscounted
withina 6-inchincrementfor SPT)for 3 incheswouldbe recordedas80/9.

Groundwater Observation Well Installation )

Observationwellswere installedin eighteenof the Hart Crowserboringsand
fourof the AGI borings. TheHart Crowserwellswere constructedwith flush-
threaded2-inch-diameterPVC and lO-foot-lon8screens(0.020.inchslotsize).
Thefollowingprocedurewasusedto installthe wells:

• Followingcompletionof each boringto the targetdepth, thebottom of each
boringwas bacldilledto the bottom-of-screendepthwith cuttingsand
bentonitechips(as-needed).

• A 2-inchinsidediameter,flush-threaded,Schedule40 PVC screen(0.020-
inchslots)andriserpipeswere loweredthroughthe dual-walldrivepipe.

• Asthe drivepipewaspulledout,silicasand(No. 10-20)wasplacedaround
and approximately5 feet abovethescreenedsection.The depthto the top
of the sandpackwasrecordedby soundinginsidethe annularspacewith a
weightedmeasuringtape.

Hart Crowser PageA-44978-52 October 22, 2001
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• The annular space of the well was sealed between the top of the sand pack
to the bottom of the surfacemonument by placing bentonite chips in the
hole.

• A concrete surfaceseal was then placed above the bentonite seal at ground

surface,and a stickup-rnountedmonument set in concrete was placed over

the finished groundwater observation well.

As-builtconstruction details for observation wells are shown schematicallyon

the respective logs.

Excavation of Test Pits

Five test pits, designated HR-TPI-01, HR-TP2-01, and A4-TPI-01 through
A4-'FP3-01were excavated acrossthe site with a tractor-mounted backhoe

subcontracted by our firm. The sidesof these excavated pits offer direct

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

under the direction of an engineerin8 geologistfrom Hart Crowser. The

geologistobserved the soil exposed in the test pits and reported the findings on
a field Iog. He noted groundwater levelsor seepage during excavation. The

density/consistencyof the soils(as presented parenthetically on the test pit logs
to indicate their having been estimated) is based on visual observation only as
disturbedsoilscannot be measured for in-place density in the laboratory.

The test pit logs are presented on FiguresA-25 and A-26.

Hand-Auger Bor/ngs

Three borings, designated HR-BI-01 through HR-BI-03, were drilled by a Hart

Crowser geologistalong the Haul Route usinga hand-auger. These borings

were drilled to conduct falling head infiltrometer tests. The geologistobserved

the soilcuttings from the borings and reported the findings on a field log. The
density/consistencyof the soils(aspresented parenthetically on the boring logs

to indicate their havingbeen estimated) is based on visual observation only as

disturbed soilscannot be measured for in-placedensity in the laboratory. The
boring logs for these hand-augerborings are presented on Figure A-27.

F:\docs_jobs\497852\BA3&4DataRepor'cdoc
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Key to Exploration Logs
Simple Description
C:cssificatio,_ of soils in mis report is beset on viSuC: fielc and laboratory observotions wn;ct_ it.crude aers;ty/cons;ste_c!,.
moisture condition, groin size. an(_ DSosticity estimates onc s_ouJo no: oe construed to ;'_o;y fie;o nor 'ooorotory tes_in 9
u,_.ess presented herein. Visuol-mcnuc' cioss;fica(ion methods of ASTM D 2488 were usec as on icentifico',ion g_iae.

Soil descriptions consist of the foffowing:
Density/consistency. moisture, color, minor constituents. MAJOR CONSTITUENT. oOditionoJ rcq'rlorks.

Density/Consistency
So_l density/consistency ;n borings is relotecl primarily to the Stcndord Penetration Resistance.

Soil denslty/consistency in test Pits is estimated bosecl on visual observation and is presented porentheticoi.y on t_e test a_: IOQS.
StOndord StO_oofd ADorO1.'_¢te

SAND or GRAVEL Penetration S_LT or CLAY Penetrotlor, Snec,

Rn,Sto.c_(N) Res;sto-ce(N) St,_.St_
Density ,n mows/root Consistency in Brows/Foot ;,, TS-

Very loose 0 - 4 Very soft 0 - 2 <O.;2:_

Loose 4 - 10 Soft 2 - 4 0.12,5- 0.2,5

Medium dense 10 - 30 Medium stiff 4 -- 8 0.25 - 0..5

Dense 30 - 50 Stiff 8 - 15 03 - 1.0
I

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

Hard >30 >2.0

Moisture Minor Constituents £stimoteo Pe,centege

Dry Little perceptible moisture Not identified in description 0- 5

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

Moist Probobiy near optimum moisture content Clayey. silty, sandy, gravelly 12 - ;30

Wet Muc_ perceptible moisture, oroOobly above optimum I Very (c*oyey. silty, etc.) ;30 - 50

Legends Test Symbols

Sampling Test Symbols GS GroinSizeOoss;ficot;on i
BORING SAMPLES CN Consolidation "

] UU UnconsolicloteO Unoroined Trioxio_Split Spoon

CU Consoliclotecl Unclroinecl Triaxlol
] Snetpy Tube

CD Consolidoted Drained Trioxiot

[_ OU Unconfined Compress;onCuttings

_! DS Direct SnecrCore Run

:,k No Sample Recovery K o I=ermeob;llty

P Tuoe Pushed. Not Driven PP Pocket Penetrometer
Approximate Comoressive Strength ir_ TSF

TEST PIT SAMPLES
TV Torvone

] Grab (Jar) Approximate Shear Strength in TSF

] Bog CBR California Bearing Ratio

MD Moisture Density Relationship

[_ AL At terOercj Limits
Shelby Tube

I i
I : I Water Content in PerCent

Groundwater Observations i I -- U.u_oL_t
Noturo;

Surface Seal Plost;c Limit

-. PIP Photolonizotion Detector Reading

_1 Bentonite CA Cl_emicol Analysis

DT In SituDens;ty Test
E Groundwater Level on Dote or

ATD 11_ at Time of Drilling (ATD)

_i c -Well Screen
v) I - End Cop

J

-sood /faJWGOWSER<T j -- Notive Material

-I (_ -- Groundwater Seepage (Test Pits) 4978-52 9/01

Figure A-I
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Boring Log A3-B8-98
PENETRATION RESISTANCE 4. LAP

Salt Descriptions DeDtt" TESTS
in Fee: Sample • Blowsaer FOOt (_ Fines)

Ground Surface Elevation in Feet: 2B0.5 t 2 10 20 50 100

I (Medium dense to very dense), domp,

_ , light Drown, slightly gravelly SAND over
OareD, gray to ton. slightly silty, fine "rT -GS
SAND with occasional grovel. -'5 (8.5)
(Recessional; Type 3)

-:'Jo rn

-:15 []

- :2C []Grades to non-gravelly.

Grades to moist, ton. very silty (Type 5) --2F

- :3C [] •as
(3_.3)

Grades to slightly silty (Type 3) "

-:3-= []

Grades to very silty and color changes i- I!' '

I to light Drown. (Tyoe 5) ,---45

"" Graces Io slightly si!ty. (Type 3) h 50 S-1_

, t 55_. S-12 _,

Grades to wet. Drown, silty,, very

5-13 _

gravelly (TyDe 4) (19.8)

........ 55 _'- _'-:' S-_ 50/4
(Very dense), wet, Drown, slightly silty, _:.: :i

(_ocess,ooo,._ype2) 70 i:._E-I _-'__ I- ;!
E:r-i.:l i

{ , -Ts , ,: I ,; Orao,to,erysandy. IE._ NS_,,, 6o/o! 780 S-_TB

i Bottom 01 Boring at 80.O Feet. i

Completed 5//11/98. I h

i l-S5 : 2 s ,o 20 so _oo {
o • Wote_ Coflte-t i_ Pe-cemt

n
1. Refer to Figure A-1 for explonot;o_ of OescriDtio"_s O'_C sy_'_t_o*s r_
2. Soll Oescriotions one) strotu."n lines ore interoret,ve on_ octuo: changes

moy De groOuo!. _ll_E_Ol_J_
3. Groun0woter level ;_ indicateD, is ot time of trifling (ATD) or for

Oote soec;fiec. Level _oy ,o,y wit_ ,i_e. J'4978 5/98
'_. BlOw COuntS ore fo" 140 OOumd_ nan"'_e- omc 3-inc_-oiometer SD;;t.-SDOO n

s:mo,e, (i.e.,No',cortormi_g to AS]b' _ !586) using oow--ho, e tec,_.-:aues. Figure A-2
,5. ;_e_er to rex- fo_ sol! ty_es.

AR 052211



Boring Log A3-B9-98 )
PENETRATION RESISTANCE 4. LA= _

TESTS
Soil Descriptions Death Somme

in Feet • Blows pe_ FOb: (R Fines)
;round Surface Devotion in Feet: 270.0 1 2 5 100

(Medium (:lense), slightly grovelly SAND i
over damp to wet, light brown, slightly

silty, fine SAND with trace grovel. GS
(Recessional; Type 3) 15 ATD

11o-- Groaes to gravelly

:15 .OS2oo
; (5.0)

(Very stiff), moist to wet. light brown..:20
slightly groveliy, sonay SILT
(Weathered Till; Type 5)

:25 s,/_-- Groaes to gravelly, very silty SAND to
very sonOy SILT.(TiI!; Type 5) : -G$

:30 sl.3)
OroOes to silty, very gravelly SAND.
(Type 4) ."

;35 _s
: 23.8)

Groclesto silty,sOnoy GRAVEL. (Type 4) -40

(Dense to veryaense). _oist to we:. "
tigt_t brown, s;_ty, scnOy GRAVr-L. "45
(AOvonce" Type 4) 7--- "

| Wet. groy, slightly s; ty to silty, fine

"_ SAND. (Type =) -50
I _-Grocles to slignt,y s;Ity, very grovelly ; 5-11

SAND to very sonOy GRAVEL (Type 2)

l'_Crooes to slighby s_!ty, sepoy, fine to , 55 S-12
coarse CRAV_,L. (Tyoe 2) p.

S-!3

,_60 ,56/3
BOttOm of Bo';ng ct 60.0 Feet.
Comp_etecl 5/12/98.

2,7o
[

±75

L
4-80

L
i

;'85 _ 2 5 _0 20 50 10o
• Wore, Content ,n Perce_t',

P

e. J_

1. Refer to Figure A-1 for exotonotion of oescriot;ons OnO SymOOtS. U
_: 2. SOl, Descriptions oncl stro_um lines ore interoretive onO CCtUO=cnonges

may De groOuol. _jr_l__
3. Grounuwoter teve;. ;f inoicotec, ;s at time of Or;liinCj(ATD) or fo"

clote s_ecif/eO. Leve, _oy vcrywlt._ti_e. J'4978 5198
4. Blow couqts ore fo, 140 oounO nOr",n'_e,"ond 3-;nc_-dic._eter S:)S:t-Sooon

_= somoier (i.e., No: conforr_;n; to ASTM D 1586) using DOwn-hole tecr_nicues. Figure A-3
¢ 5. Refer to text for soll types
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Boring Log A3-BlO-98
4.

PENETRATION RESISTANCE. L AB

Soil DescriDtions De.ath TESTS
in Feet S°mDle • Blows De" Foot (_ I:'ines )Ground Surface Elevotio,_ ;- Feet: 318.6

• -0 ! 2 5 10 20 50 100 t-

(Medium dense), domp, brown, slightly _ l
grovelly SAND. t

t
(Recessional; Type 3) - _5 S-1A

mottled, gravelly, very Silty SAND. _ I

_. (Weathered Till; Type ,5)

- Grades to silty. (Type 4) -_10 S-2 OS

Grades to very djrovelly. (T),oe 4) f . S-3 (19.9)

(Very Dense), moist, reddish Drown, -:15 i tI
slightly silty, fine SAND with occosionol _ /
grovel.

l-__ (Advance; Type 3) 120
S--4

Grades to slightly gravelly, i

125 S-SA
• S-SB GS
• (7.s)

;30 s-6

135 S-7

Grades to non-gravelly. 40 S-B

Grades to silty. (Tyoe 4)

145 r5O

(_or¢). wet. gray and Drown. interbeclOed 5:5
SILT and CLAY (Type 5) i

(Very Oense), damp, gray. 'very silty, fine _60

SAND witn occasional grovel (Type 5) E_ GS2°°(.35.0)

(Very dense)" m°ist' br°w" s';g'_t'Y S;'tY i6:5

to silty, soncly GRAVEL. ,50/3 -GS

(Type 2 to Type 4) 5-14 (29.g)

,_70 S-15 , !

E s-lg
:80

s-22 i (',3.0)
_B:5 ' ' '

' 2 b 10 20 50 100

• Wore? Co,l(ent ;n Pe, ce_t

1. Refer to Figure A-1 fo- exo,o'_ct;o-" of oescr;D'.ior_s o_3 symbols.
2. Soli description s anal StrOturP lines ore i,_te,3retive onC actuo c.honges

o may be groduo!.

3. C?ounOwoter ,evel. ifindiccieC. ;s =: !:me o' (_ril,in;(ATe) O" for _[I/_I__
dote specified Level may vary wit" time

,- 4 Blow counts ere for 140 POur': "cromer o_C 3-;ncn-cliomete- SDt;t-SDOO- J-4g_ _/g_
sompte, (ie. Not confo--.-;,-, 3 to ASTM 3 !586) using Cow_-Fo,e tear-!cues

5 Refer to Iex: fo_ soT: types Figure A-4 1/2
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Boring Log A3-BlO-98
PENETRATION RESISTANCE 4" LA_

Soil Descriptions Del_th So,_o_e TESTS
in Feet • Blows de, Foo:

1 2 5 10 20 50 100

I85_---F_:_S-23A It ,r_/3 i
(Very dense), wet. Drown, slightly _. _ _.::_E:._S-2.._B
silty to silty, sonay GRAVEL. (Ty_e 2 _ _ [..-j_..-jS-24 I'[

to ,) I;: 1;1,-,s

-_95_ s-2e [IBottom of Boring ot 96.0 Feet.
ComDlete¢l ,5/12/98.

1 dO

105

110

15

¢_ 2. Sol! descrlptions and Strotum lines or." interpret;re ono cc:Jo _ chc_ges

moy de groduol. _rrC]l_Fj _
3. Groundwater level, if ;noicoteO. is ot time o; drilling (ATO) O' form

dote specified. Level moy vory with t:me. J-4978 5198" 4. Blow counts ore for 140 DoJnC _c'e",,_e, O_¢ 3-;r_c"-dio,_eter SDI;P,--SDOOP

SOt"_.J_'er(Le.. Not. COPfO,m;n_ to ASTM D _586) using cowr'-hole tecnn;Gues Figure A-4 2/2
5. Refer to text fo- so;; types
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Boring Log A3-Bll-98
PENETRATION RESISTANCE " LA_

TESTS
Soi! Descriotions Deat_

_w Fines)Fee', Somote • BLOWSoe¢ Foot lie
GrOund _rloce DevaUon in Feet: 348,4 ', 2 5 10 20 50 100

moist tO wet. light } i(uediumdense),

] brown, gravelly, silty, fine SAND with" ) /
occasional DIont roots. /---

I \(Re=ess_o.o,+.:Type3) I k_s_ i
|(Very dense), wet, light Drown mottled, (29.0) I
F-\ gravelly,siltySAND (Till-like;Type 4)F
_GraOes to slightly gravelly, silty to

--_stightly silty SAND. (Advance?; Type 4)G.o.,oo+tDe.easeso°d r(..c 0s=
L:;;:m°;:;;.S';L::;""+'°" l
-- Grades to slightly silty. (Type 3)

•GS70o
(e.o)

•GS=

(5.0)
I--- Grades to gravelly.

-- Grades to very gravelly. (TyPe 2)

Grades to slightly silty, very sandy
GRAVT_L. (Type 2) _ +GS20O

(s.o)

5-23

[ Grades to s, ignt,y gravelly, slic]ntly silty, S-24 []
! fine SAND and color changes to S-25 n_

iL-,,\_reDo.st=own-(Type_) s-26,mz_, Water Content increaseS+ S-27 , :

L +++o +_+8
i Graoes to troce Grovel• S-29

S-30 ,

55 5-31A I_ B0/5 _'GS_I

S-3;B

Grades to very sancly GRAVEL to very S-32 _ 1(5"0

gravelly, fine SAND. (Type 2)
70 s-33

Grades to slightly gravelly, slightly S-34 /

Silly SAND. (Type 3) 5-35 :

I

Grades to silty. (Type 4) S-36
S-37

80 S-3B

.j_ 5-39
Gro_es to sandy SILT with grovel S-40

(Type 5) ...... _ B5 2 5 ;0 20 ,50 100
(Very dense), wet, gray, slightly clayey. • W¢=te, Conte r'', in Perce_t
grovefly, very silty SAND with interoedaed.

slightly sitty, very (:]rovefly SAND.

(Tih-like; Type 5) pr-_
1. Refer to Figure A-1 for exolonotloP o + cescriotions and symbois.
2. So;' descriptions and stratum lines are interpretive anG ccluOk c_onges _'_J_JJ_J_

a, may Oe grOOunt.

3. GrounDwater level, if indi_coteci, iS or. time of drill;ng (ATO) or foe J-4978 5198
clote soecified. Leve) may vary with time.

4. B,ow counts ore for 140 oounO hammer and 3-inc--aiometer So!it-soDa _ Figure A-5 1/2
somoler (i.e., Not conformincj tO ASTM O 1586) using clown-hate tec",nioues.

5. Refer to tex t for so_! types

AR 052215



Boring Log A3-B11-98
PENETRATION RESISTANCE 4. LAB

So;I Descriptions Depth TESTS
;e Feet Samo_e * Browsae, Foot (_ Fines)

5-41A 1 2 5 10 20 50 100
s-,1e ,g_/5F'--"-r85 _ S-41C

i - v 5-42 I
Wet. gray. silty SAND with clOdS of Silt ; / t

" _ S-43
and trace Grovel. (Till-like; T_:)e 4) jC.90 /

/ S--44 I

- /
" / 5--45- /

/ S-46A
-- Grades to slightly gravelly, silty SAND. --I--95. _ 5-46B _65/6

-GS
(T;,-liwe) . (24.6)

. _ S-47

"_ SAND.L°Yerof clean, medium to coarse / J_lO( // S-4B: _ S--49\ ¢ /

(Very dense), wet, brown, slightly silty , // 5-50
to silty, sondy GRAVEL. JrlO- =

t (Advance; T)oe 2) . /, S-51

• /

: _ s-s2
Grooes to silty. (Tyoe 4) Jr.11C _ 5-5,3

• _ s-5,
5 s-ss

Grcdes to slightly silty, very sandy " /• 5-58

GRAVEL. (Tyoe 2) +12C: . // S-59
. /, S-60

-_12_ --, s-61

• ii S-62
L.. Grades to sandy. (TyPe 2) i _" S-63

--13C -"_ S-64
, "J

E =i s-6s []
+135 --is-66i
r s-67 []

-_140 :, s-69e g ,8218
Groans to s;lty at Oottom.

Bottom of Boring at 141.2 Fee;. ;"
Complete_ 5/!3/98.

_-_50

-_155
F-

--':60

_!65 r

F
--'170

1 2 5 I_ !0 50 100
• Wore, Conte_t ;r, _e*cen"

=

?. Refe_ to Figure A-: fo" exolonotion Of oescri:)Lio_s O_C symoots.
2. Soil oesc;iotions and S_ro',u,_'_lines o,e i_terprehve one OCt_C_ cncnges

may De gradual.
.3. Groundwater levei, ;' ;naicctec, is at t_me of dr;ll;ng (ATD) or for _r_l__

¢ note spec;fieo. Level racy vary wit_ ti_e.
4. Bidecoastso,e _o,14oao_nc,c_,me-a,_:-_-;._c_-o.:,_ete_sa_;',-sooo_ J'497B 6198

somo,er (i.e., Not conforming to ASTV C 1586) using aow,"-_o*e tec_'_ioues. Figure A-6 2/2_. Refe- to texl for soll tyoes.
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Boring Log A3-B12-98
I_EI_Ei:RATIONRESISTANCE 4. LAB

TESTS
Soil Descriptions Depth I Somo_e

i. Feet • Blows oer Foot (_ Fines)
Ground Surface F'levotion in Feet: 244.1 1 2 5 10 20 50 100

.'°
(Medium dense to very dense), damp,
brown, silty, fine SAND with plant roots

near surface. (Recessional; Ty1_e 4) [5 S-1
n Gro0es to sligt_tly silty, slightly gravelly 5-2A

(lype 3) _ S-2B

_10 s-3 []

" _._ s-s []

Grocles to gravelly Z15 S-6 []

" s-7 []
m Grades to trace grovel and color

to gray. "20 ._7 .__. 5-8 []chonges
: A_----'_/.S-9 []

"_- Grocles to non-gravelly. S-IO []
_25

-- GroOes to gravelly S-ltA _GS
.... s--. _ ,so/3)(7.s>: GraDes to very sanely, fine to coarse S-12

----'_RAVEL. (Type I) --7" ;30 S-13 [] IGS(t.7)

F-\.. Grades slightly silty, gravelly SAND. _ S-l_ [] P(Type ..3) " S-15 []
CroOes to no Grovel ]35
Bottom of Boring at 35.0 Feet.
Completed 5/14/98.

:40

' -_50

° !55
L

' -_60
L
L

-t-65

L

_85
I 2 5 lO 20 50 tO0

• Woter Content ;" Percent

1. Refer to _'_gure A-1 for exolcmotion o' descriot;oms onc_ symoots.
2. So;t descriptions on0 stratum lines ore interpretive and" octuo, changes

e_

_, may be grcCucL

_= 3, Groun0wote- leve_, ;f ;ndicotecl,is Ct time o' drilling (ATZ)) o" fOr
¢ dote sPecifieo. Level moy vary with time.

4. Blow counts o,e for 140 oound nom_er onO 3-incr,-dicmeter sol;t-SOOOn J-4978 5198
SOmOte" (;e.. Not conforming to ASTV _ 1586) using oow,_-mo+e tecnnioues. F#gure A-65 Refe, to text for soil types.
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Boring Log A3-B13-99 )
STANDARD PENETRATION LAB

Soil Descriptions OeDt_" RESISTANCE TESTS

AiDprox. Ground Surfoce Elevotio_ in Feet: 284.9 in Feet $°r_l_ows De? Foot1 2 5 10 20 50 tOO

(Loose to medium dense), moist, brown,
silty, fine to medium SAND with

__ occosionoi Grovel. f _ -Medium dense, domD to moist, S-1 .

Qroy.--brown, fine to medium SAND•

S-2

- I foot of VermY 9ro___.__lySAND• _ i
Medium dense, moist, ¢jroy to brown
SAND.

- Becomes very gravelly _ '

-- Grovel grodes out. _ i

Medium dense, moist, brown, fine to

-\_medium SAND.
Loyer of thin grovelly SAND. --_

-- 1/2 foot of thinly Ioyered SILT.

- 1/2 foot of thinly Ioyered SILT.

S-17- Becomes wet.

S-18

S-19L
Bottom of Boring ot 59 Feet. -_60
Completed 4/16/99.

|

I 65 2 10 20 50 100
c" Wote_ Content in Percent

._ I'll
7r

. a I. Refer to Figure A-1 for exDIonotion of descriptions
• _ Ond Symbols.

- J" 2. Soil descriptions ond strotum lines ore interpretive HI_I_i[_O B

o_ endoctuolchongesmoybe cjroduol3 Groundwoterle_. if ind;coted,is ot timeof d,i.ing J'4978-02 4/99
(ATD) or for dote specified. Level moy vory with t,me. Figure A-7

z 4. Blow counts may not be representotive of Oens;_.y due to grovel.
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Boring Log A3-B14-99
PENETRATION RESISTANCE LAB

TESTS

Soll DescriDtions DeDt_ S°r_Ol_lowsper Footi_ Feet
GroundSurfoce £1evotio_;n Feet: 2g0.5 1 2 5 10 50 100

o
Medium dense, domp to moist,
groy-Orown, slightly grovelly, medium
SAND.

s !- I

I

\

!i
I'

-- Grovel grodes out.

-- Occoslonol grovet.

-- Becomes wet.

Medium dense, wet, groy-Drown, silty,
fine SAND interbedded with very st;f", \

__'_. groy-brown, fine, sondy SILT. /9 inches of Heove.

Bottom of Boring ot 42 Feet. 45
Completed 4/15/99.

5O

55

6O

65 _ 2 5 10 20 50 100
I' • Woter Content ;n Percent

', 1. Refer to Figure A-1 for explonotion of descriptions
; j, ond symbols.
- _ 2. Soil descriptions ond strotum lines ore interpretive Ilila__mm_m_

_' ond octuoI chonges moy De groOuoI, rlUlnl ¢Jl[uiBP.icn
_ 3. Ground woter level, if indicote(:t, is ot time of drilling(AID) or for dote specified. Lever moy vory w_tn t_me. J"4978"0_ 4/t_Q

_o_ 4. Blowcountsmoynot be ,ep_esen_ot;veof oe,_s;tydue to g,ove,. Figure A-8
5. Blow count moy not be representot;ve Oue to heove.
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Boring Log A3-B15-99 )
PENETRATION RESISTANCE LAB

Soil Descriptions Deot- TESTS
;n Feet S°_a_ows per Foot

Ground Surfoce Elevotionin Feet; 299.7 1 2 5 10 20 ,50 100

Dense. domp to moist, brown, silty. " I
i

grovelly SAND. I

i \
\

50/6

Dense. moist to wet. brown SAND to
slightly silty SAND.

-- 1/2-foot-thick Ioyer of slightly, sondy
-_ S.T. /-

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

3,5 :.

45

5O

55

2 I60

J

65 1 2 100
x _, • woter Content in Percent

i
• J

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

' _ 2. Soii descriptions ond strotum lines ore interpretive

3. Ground woter level, if indicote0, is at time of' drilling J..4¢78-02 4/I)e(ATD) or for dote sDecified. Level moy vory with time.

4. Blow counts moy not be representotlve due to grovel. Figure A-9
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Boring Log A3-B-99

PENETRATION RESISTANCE LAE

SOilDescr_ptlons Oeoth TEST_
,nFeet Semote • Browsper FOOt

GroundSurlace Elevat,onm Feet: 344.0 i Z .5 tO 20 50 I]0

(Loose to mediumdense), damP, brown, !'l_i

gravelly, silty SAND to gravelly SAND
with abundant orgamc material.

_G-t m

-- Become._dense to very dense. 10

S-;

15

Very dense, moist,gray-brown, very

sandy GRAVEL. S-_

2(

S-,: E _.

)E S_=

s-e ;_
Very dense, damp to mmst.Drown

SAND. )C 5-7 E

S-B E

L=

- Becomes gravelly to very gravelly.
S-9 x,

s-,o E

Dense.wet.brown,mea,umSAND

s-.

)G

S-12

5-13 K

Very stiff. Clampto rod,st,brown SILT to

slightly sandy SILT. _L_60 5-15

Bottom of Bor,ng at 61.5 Feet.._ r-

Completed 4/22/99.

65
i : $ to 2u 1oo
• water Content m Percent

• A

I. Refer to Figure A-1 for exblanabon of descrlbbonsan(] Symbols.
2. So,I descrlbhons and stratum hnes are ,nterpret,ve BJ== =,=,=u,=_m,=_,..,,j

and actual changes may be gradual.
3. Groundwater level, it' indicated, _sat time of drdhng

(ATD)or fordate specff,ed.Levermay varyw,tht,me _1"4_--0_ 4/_

Figure A-tO
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Boring Log A3-B17-99 )
PENETRATION RESISTANCE LAB

TESTS
Soil Descriptions Deot_'

GroundSurfoce (levotion in Feet: 302.6 in Feet SOrr_C_towsper Foot
0 i 2 ) : ) tOO

Stiff, domD, brown, slitjhUy sondy. I
Slightly grovelly SILT with occosionoI

roots. S-I
5

Stiff, moisL Drown, slightly silty, grovetly I

SAND wit_ ol_unOont roots. S-2 &,_

.;° \
Dense, moist to wet, brown SAND.

S-3

5-4 l
Becomes wet. _20

5-5
Becomes very dense.
Bottom of Boring ot 22 Feel

Completecl 4/22/99. ;25

30

-35 ;i}

+0

45

- 55
L

i 6° I
"J-65 _ 2 5 10 20 100

,_ • Woter Content in Percent
_=, B'B

1, Refer to Figure A-1 for exolonotion of Oescriotionsm
"; _ ond symbols.

- < 2. So;i descriotions ond strotum lines ore interoretive _rJr_o_r_
.£ ond octuol chonges moy be grocluoL
e. 3. Ground woter level, if indicate(I, is ot time of drilling J,.4978-02 4/09
_ (ATD) or for dote specified. Level may vory with time.
; Figure A-11
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Boring Log A3-B18.01
STANDARD PENETRATION LAB

D_am RESISTANCE TESTS
Soil Desciipbons inFeet
Approx.GroundSurface ElevUon in Feet: 240.2 Samite • I_owsperFoot

1 2 5 10 20 50 100
Looseto mediumdense, moist,brown, -0
slk3htlysilty,fine to medium SAND with lmce
gravel.

S-1
5

S-2
10

S-3

Gradesto wet. s-a

Bottomof Bohngat 19.5 Feet. 20
Completed06/18/01.

Z5

3o

35

45

1 2 5 10 20 50 100

lib

1. Referto FigureA-I forexplanationofde_c,_C4Jonsandsymbol. _r_o_

2. boS_-a_._.°_°_ and_ratum_s m _terr_t_ ar_ m changesmay J-4978.52 06/01

3. Groundwaterlevel,if indk:atod,isat time ofdhlNng(ATD)or fordate Figure A-12spedf'md. Levelmayvaryw_ I_me.
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Boring Log A3-B19.01
STANDARD PENt= I h_ATION LAB

De_ RESISTANCE TESTS _,
Soil (_sc_tions _ F_t Sam_ • _ m" root
Approx. Ground ,_rface Elevation in Feet: 238.0 1 2 5 10 20 50 100

-0
Medium Oer_. moist, reddishbrown, silty,
rme to mediumSAND.

S-1

10 S-2
Gradee to gray-brmm. \

\
Becomes gravelly. 15 s-3

Bottomof Boringat 15.5 Feel
Compmmd06/18/01.

2O

25

3O

35

40

"-" 45

50
I 2 5 10 20 50 100

U
lib

Hurroom
1. Referto FigureA-1forexplanationofdescriptionsandsymlx)ls.
2. Soildes_pb0ns andslratumbnesamintetrl_reuveand actualcttanges J-4978-52 06/01

maybe gradual.
3. Groundwaterlevel,if indicated,is attmle of drilling(A'FD)or for date Figure A-13

specifie0. Levelmay van/wtlhtime.
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Boring Log A3-B20.01
STANDARD PENETRATION LAB

D_. RESISTANCE TESTS
Soil Descriptions *nF_._
Approx.GroundSurfaceEleva'donin Feet: 247.3 San_=e • BowsperFoot1 2 5 10 20 50 100

.o IIIPllI
,o IIPIllPI

" II
--- "rrlllli/ plB_om_ non-graYly. 20 S-4

Jrlll0JllII
30

. " IIIIIIi
° " IFIPPII_ .
_ 40

"FIIIIIllII_ 45

' IIIrllr8

1 2 5 10 20 50 100

r¥

/fAB13_W
1. Referto FigureA-1forexplanationofdescri_ionsandsymbols.
2.soitdescre_nsand=nt.m_ m *_prat_e=nO=c_ c_=r,gesmay J-4978.52 06/01begradual.

3. Groun0waterlevel,if indicated,isat time of dding (ATD) orfordate Figure A-14specit'md.Levelmayvarywithbrae.

AR 052223.02



Boring Log A3-B21.01
STANDARD PENETRATION LAB

Dem RESISTANCE TESTS
Soil De_scripUons mFqmt Sample • BlowBimrFoot
Approx. Grouml Surface Elevalmn in Feet: 245.2 1 2 5 _0 20 5O 100

Loose to meclLnmdense, moist,
gmy.4Ormm,_gtdty smyto r_, fineto
medium SAND.

S-1

-I0 S-2

" 1-15 S-3

- /Becomes wet.
ATD

-25 S-5
Bottom of Boring at 25.5 Feet.
Completed 06/15/01.

.J

-30

-35

_ -40

g

-45
.=

,,J

o

m "50
1 2 5 10 20 50 100

n
rl,

/'/ARTC_W3_
1. ReMrto FigureA-1 forexplanalJonof Oescnptmsonclsymtx)ls
2. Soil0escnpt_nsand$1mtumbnesaremlerpretweandactualctmnges J-4978-52 06/01

may begraclual.
3. GrounOwaterlevel,ifmclcated._sat braeofdnlling(ATD)or fordate Figure A-15

specified.Levelmay varywithtime.

AR 052224



Monitoring Well Log A3.B22-01
STANDARD PENETRATION LAB
RESISTANCE TESTS

D_m
SOUDesc_tioP.s inFeet Sant_e & Blow=perFoot
ApWox.GroundSurlaceElevation in Feet: 243.6 1 2 5 10 20 50 100

Mecliurrtdenseto Oense,moist,light brown, ; l
=_hW silty to silty,fine to medium SAND.

\
5

0

Becomes gravelly. 5

"_ Becomesnon-grave.y, very silty. _ /_ I

/ I
Becomes slightlysilty. \ I

ID

Stiff, moist, gray, clayeySILT. K

ILCompleted 06/12/01.

Top of CasinginFeet: 245.67 45
=_ CasingstJckupin Feet 2.07

=o

50 1 2 5 10 2O 50 100

Igl

/_Jrtt_ow
1. Refer to FigureA-1 fix explanationof descriptionsand symbols.
2. soad,_=,,_oM and_=_ _nesm _w=*ve =ta act.= man_s may J.4978-52 06/01

be grad.a*. Figure A-163. Groundwaterlevel,if indicated,isat me ofddlling(ATO)or fordate
specified.Levelmayvarywith_te.

AR 052225



Boring Log A4-B4-98
PENETRATIOh RES!STANCE 4 LAB .!

TESTS
Soil Descriptions Death So•Die

inFeet • Blows _e- Foot (7. Fines)
Ground Surface Elevation in Feet: 383.0 ; 2 S 10 20 5O 100

j ,o__, mo,.,.,,,°t ,_,= I I

brown, slightly silty to silty SAND to i
gravelly SAND. (Recessional; TyPe 3) 5-2 _ 1_

S-3A l_ GS;_g
s_-_4 [] (9.0)

s-s [] Is-6 i•
(Very Ocmse). moist, ton. slightly silty, S-7 [] -CS
very sonay GRAVEL to very gravelly
SAND. (Advance; Ty_e 2) S-8 [] (8.8)

Grades to slightly silty, non--gravelly S-g []
to gravelly, fine to medium SAND. S-tO []

(Type 3) S-11 []

s-t= rn
so/6 - cs_

(_.o)-- SAND becoming slightly finer ond grades

to trace gravel.

Sond Decomes slightly coarser

L and becomes slightly finer and grades

to slightly gravelly.

CroOes to gravelly.

i
I

E Grades to trace grove!. h
Oroaes to siightty groveliy. -_55

Sift content decreases.

-- Grades very gravelly (Tyoe 2) 50

Grades to we;., orowr, cleon to sl;ghUy

silty, sonoy GRAVEL. (TyPe 1) 55 S-33A_
s-3:e_ so/s -cs

S-34_ (3 r)
Grades to very sandy GRAVEL . I 70 5_351[_,._

Cracles gravelly to very grovehy, fine to _- S-36_

Grades to gravelly, fine SAND. S-38' '

-- SGroOeSAND.to very gravelly, fine to coarse -ILSO_. S-39

" S-40_D_
"__.__AND,Gr°desto gravelly, fine to medium L s-41Arrr_l-- -L85 I ,

- _ 2 5 ',0 50 100
o_ • Wcter Content ;n Percent

_. 1. Refer to Figure A-I fo, exo, onation of Oescriotions onc symbols.
2. Soit OescriDtions and stratum lines ore ;nterpretive OnO CCIua! changes

rr-
. may be g,aduo!.

o 3. GrounDwater leve',;f _noicctec, IS at tle_e of dr;I ;n_ /ATD) 0r for __
,= dote sDecifiecl. Level may vary with time.

4. Blow counts are for 140 aounO hammer one 3-;nc"-d;emeter Sofit-Sooon J'4978 5/I)8
SOlDier (Le.. No; confo,mlng to ASTM D !586) using clow,-ho_e techn;oues.

5. Refer to tex_ fo" so:l tyoes. Figure A-17 112

AR 052226



Boring Log A4-B4-98
LA_

PENETRATION RESISTANCE 4. TESTS
Soil Descriptions Deot_ Sompte • Blows per Foot

_eet (% F;nes)
! 2 5 10 20 50 100

- Grodes to fine SAND. (Tyoe 1) ,5 ; 7, S-41BE5_42 _73/6 I

- Groaes to slightly grovelly. / ,,_ S-43 Tr l
)0 //

i s-46s-"]ITr F!Gs20o
-- / (zo)

' Grocles to very gravelly SAND to very S-47 Tr '
sanely GRAVEL. (Type 1) _],5 S-4B "IT

S-49 "ITIO s-so Ii
s-stTr

(Very dense), wet, 9roy to ton, SilLy,
grovelly SANE. (Till--like; Type 4) 105 S-52A _ 95/6..... _ S-52B
Bottom of Boring ot 106.0 Feet.
Completed .5/18/98.

110
E

I15

120

-_125
r
C

130

F-

35

_140
F

.12145

L. L
t

&_55. =

216o
r
t-
I-

I,-

_F,_65

' " E I
--170 _ 2 5 I0 20 50 100

• Woter Con:o's; _n Porte-'

I. Refe_ to Figure A-'_ for eXD_OnOt;O"_ of OescrJotions OnClSy_DOIS.M

2. Spit Oescriotions prod strotur'_ ICnes ore ;n'.eroretive cmc c¢_.uc! cnonges
moyOegroO_ol JPIfLMCE]i,,JI__

3. Grounclwote, tevei, ;f indicote(L is o'. time of C_r_ifing(ATE)} or for
¢ Clote sDecifiecl. Level moy ,o_:_,,;t_ :;'_e. J'4978 5/98

4. Blow counts ore for 140 DounCl _Onnrr_er Cn_ 3-;ncn-cfiO_"."te _ SDl:t--soOon
SPinDle, (i.e., NOt conforming to AS'IM 3 1586) usi',_ clowr,-r, ole _ec-nloues. Figure A-17 2/2

Role, to tex'. fo, soit t)c,es.
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Boring ,Log A4-B5-98
PENETRATION RESISTANCE" 4. LA5

TESTS

Soil Descriptions Death Sample B,ows Oar Foot (,"; FineS)i_ Feet •
GroundSurface Devotion in Feet: .365.3 1 2 10 20 100

(Medium Dense), moist to wet. brown, l
gravelly, silty SAND. (Type 4) I

!(_5.o)
(Hard). moist to wet. ton to brown
mottled, slightly gravelly, san0y SILT.

-_ (WeothereO Till: Type 5) l(
Grades to non-gravelly, non-sanely.

- Coto_ changes to gray.

, Color changes to brown.

• Color changes to gray. 2
I

2
Note: Silt is typically non-plastic
with occasional thin layers of plastic
silt or cloy. 3

3 107

4
(Very Dense), OareD, light brown, slightly
sitiy, gravelly, fine SAND,

_."_ (ADvance; Tyoe 3) -_45t_ 51/3 I"_$6) "}GraDes to slightiy gravelly.
P

Oro0es to very gravelly to gravelly, fine 50 ITITI
to meal;urn SAND. (Type I to Ty_e 2) !
Crocles to very gravelly, f+ne to coarse P"u'!,
SAND to very sandy, fine GRAVEL. -_ (3.0)
GraDes to gravelly, fine to medium L S-27 FI1T;.

I,_

S-28 _JSAND.

Grades to sllgntly gravelly. S-29

S-30

! GraDes to gravelly, -_65 S-31A_ ,50/3s-3_B

-- Croclesto sllghtiygravelly. _ !! ::: S-32:_
"_" CroUes to very gravelly. -_70_ _':_-"I S-33_

5-35

(Tilt; Tyoe 4) B0 • "-; S-38B ;
Bottom of Bor_ng at 81.0 Feet. _ {
Completed 5/15/98. _

"LB5 { _ 2 b _0 20 bO 100
• W(:ter Conie_t ;n Perce_I

I'll
jr

i. Refer to Ficjure A-I for exDIonatio,_ of oescr;otiOnS and SymOolS
2. Sol! descriations onc_ stratum lines ore ;nteroretive and actual changes

¢ may De gro0uo!. _J_r_o_
3. Grounowater leve!, if indicated, is at time of 0rilling (ATD) or for

-= date saec;fied. Level may vO,y with time J-4978 6/D8
4. B=ow counts are fOr 140 oounCt ho"_me- and 3-inc,h-clic,'neter SDi;t-s:3oon

SC"_,o,er (i.e. Not conforming to ASTM D 1586) using down-hair techn;cues Figure A-18
5 Refer to text for so;I types.
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Boring Log A4-B6-98
PENETRATION RESISTANCE 4. LA5

TESTS

Soll Descriptions Oeot_ Sarno, e
ie Feet * Blows Der Foot (_ tines)

Ground Surface Elevation in Feet: 398,5 2 5 I0 20 50 I00

(Medium dense to dense), moist, light
brown, slightly silty, gravelly, fine to T_
medium SAND.

"__ (Recessional; Type 3) ]_Grades to trace grovel, color changes TI
tO ton. "IT LG52o O

Grades to slightly gravelly. TI (12.0)

Grades to trace grovel. Tr

II

Grades to rgightly gravelly. []

Grades to grovelly. []
G!

"- Grades to gray to ton, non-silty, _ (5 9)
sandy GRAVEL to gravelly SAND.

__ (Type I) []

Grades to slightly silty, very gravelly, []

fine to coarse SAND. (Type 2) []

GroOes to gravelly SAND, (Type 3) []
[]
[]

OroOes to trace grovel. []

[]
Tr

Grocies to slight[y gravelly. I;R ,50/6 GS;roo

s-24nTn._ (6.0)

GraOes to trace g,ove t. S-25_]_

S-26_
s-_7EIIl

S-28 _i_

5-29 _]3_
s-_ou.u_

5-31
5- 32A

GroOes to slightly gravelly. S-32B,_ 75/6

Gro0es to gravelly. S-34_]_

-_- Grades to very SOnOy GRAVEL. (lype 1) 5-35L__ " CS
5- 36 _I]_ (6.6)

" Grades to very grave¢ly SANO. (Type 2) S-37_

J_SO S-39 U._

i s-'°E-- Gractes to gravelly, line to medium S-41
SAND. (Type 3) --B5 : 2 5 tO 20 50 100

• Water Content ;n Percent

1, Refe, to Figure A-1 fo, exp+onot;on of OescriDtio"s ono sy"nooIs. FTr_
2. Soil Oescriptions and stratum $knes ore ;nteroretivecno oc_.uc! changes

=( mOy De OroOuo). _W
3. Grounawote- *evem, Tf incl;coteO, is ct time of or:!r;'_,3 (ATD) or fo"

dote specified. Level may vary with time. J-4978 51984. Blow counts ore for 140 oounc1 nomme- and 3-;mcn-diometer sDlit--sooon

sor"lp_er (i.e.. Not conforming to ASTM D 1586) using Oown-hote techniques. Figure A-lg 1/2
5. Refer _o text for so;i types.
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Boring Log A4-56-98
PENETRATION RESISTANCE 4. LAB

TESTS
So;_ Desc,iotions Oeot_ SomoOe

i, Feet • Blows oer Foot (_. Fines)
I 2 5 10 20 50 100

-85 ;_ s-42, [] 50/3-

Grades to slighUy gravelly. - / S-42!

" / S-43 []- /

Grades to trace grovel. -'go _' 5-44 [] ,

" l!lllli !11111" / S-4S []
" S-46 [] GS2oo

_GroOes to groveliy with trace silt. "(T'-_'e1--')" "95 // S-47 iTI (.].0)

°+°"++'+_ _ IIItlllIlill!GroOes to sondy GRAVEL. " / S-48 []

[_._-"--Grodes to very sandy, fine to coorse "10( // S-49 []

_-_ _Grodes to slightly gravelly, medium to /

I k coarse SAND. (T)oe 1) _10.' _' S-51 []

,_°='+°-+'++++o+. _ +'+°-Illllli IIH+__-Grodes to GRAVEL. _11C I/ S-53 []

++_ Illllll iIllll•; GraDes to slightly silty, gravelly SAND. '_! S-55 []

(type_) :11: ':i s-_++_ IIIIII!I!llllk120 "

_o+o.+oo+ E +'-"_ Illllll IIIIII:" s-s9
(Very dense), wet, gray to toP., "125 :': -60A "i•608 _

-+,,."+_'+.+_+,++=o,+,ooo:+.o_,,,._ _o s-'°_- IllllllIIlllT_°"Comoletecl 5/18/98. _t_!
i,-

I

E

135

140
I-
L

-4-145
P

L

!50, 155

E
k

+;60

F
_-165

L

-*-170
1 2 lo 20 riO 100
• Water Conte-_ i_ _e, cent

E_
i "_. Refer to Figure A-_ for exDlonctio'_ of OeSC'iDtioPs OnC sy_'p.DOl$.2. Soil Oescriotions OnCIstrO'.ur,_ lines ore interoret;ve one cctuc' c_anges

¢ .3. Groundwote, levei. ;f ?nCicotecl. is ct time of oriliing (AT0) o, for
Ogre sDecifieO. Leve; moy vo,y wlth time. J-4gZB 51DB

4. B!ow counts ore for 140 DOuPC ho,'_'r_er OnC 3-incn-aic"-ete, solit--SOOOn

sa,"orer (i.e., Not Co'_forming tO ASTM D 1556) us;ng OOw"-noze tecnnlcues. Figure A-lg 2/2
5. Refer to text for soil tyoes.
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Monitoring Well Log A4.B7-01
STANDARD PENETRATION LAB

oe_ RESISTANCE TESTS
Soil l:_tions inFeet
Apwox. _ Surface Eievel_onin Feet: 304.4 Sample A Blowsper Fo_1 2 5 10 20 50 100

"0
Meclzumclensa,moistto wet, brown, very
graylySAND. i

S-1 _ •

\
_- Gr=mm_,ySAND. S-2 _ \

Grados to non-satySAND
Hu0.romptodry.,_t =_,n togray.
s0_Uy==_ytosanW.=,g_ygmveUyto
gmvelty SILT. -S.4

S-5 m

Hard, dry to damp, blue-gnly, c_yey SILT.

s-7

Very dense, dry to clamp,brown, non-silty
to slightlysilty, very sandyGRAVEL to very S-10 m=
gravellySAND.

S-11 =e

S-12 "" i

S-13 ;_

i .

_ BecomesweL s-is

S-16 =r

_,o° Bottomof Bonngat 84.3 FeeL -85 S-17 _:
z° Completed 06/12/01.

m

Top of Casing in Feet: 306.83 1 2 5 10 20 50 100
CasingelJckupinFeet: 2.43

U

/faRrCROWSSR
1. RefertoFigureA-1 forexplanatmnof descriptionsandsymbols.
2.s=ldesmptmn=anostratumIm =re_ =n_aczu_changes J-4978-52 06/01may begtaclual.
3. Groundwaterlevel,if indicated,is lit limeof drilling(ATD)orfordate Figure A-20

specified Levelmay varywithtime.
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_J

U

//raMekin
1. Reforto FigureA-1forexplanationofde_.,=,CG,_-,_andsymbols.
2. Soil cJe_ andmtum _ m mmrlxer_ m_Jac_ai ch=ngesmay J-4978-52 06/01be gradual.

3. Groundwaterlevel,If indicated,isat timeofddlling(ATD) or fordate Figure A-21
specified.Level mayvarywithUme.
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Boring Log A4-B9.01
STANDARD PENETRATION LAB

RESISTANCE TESTS
Soil Descriptions inFeet Sample • BlowsperFoot
Approx.Ground Surface Elevation in Feet: 304.8 1 2 5 10 20 so 100

-0
Mediumdense tovery dense, moist to wet,
brown-gray,non-gravellyto sligh_
gravefly,siny.ErieSAND. S-1

5

s-2 L,
10 \

5-3 k
15 -,

Bottom of Boring at 19.0 Feel 20
Completm:106/15/01.

25

3O

35

4O

45

5O

55

6O

i 65

8
UIz 75

8s

® 90
1 2 5 10 20 50 100

U

1. Referto FigureA-1forexplanabonof desc_t_onsandsymbols,
2. Soildescnplx_nsandsffatumlinesare interpretrveandactualchanges J-4978-52 06/01

maybegradual.
3. Groundwaterlevel,if indicated,is at braeof df_ling(ATD)or fordate Figure A-22

specified. Level mayvarywithtime
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Monitoring Well Log A4-B10-01
_rANDARD PENETRATION LAB
RESISTANCE TESTSDeprn

Soil Descriptions inFeet Sx.,_ • _ perFoot
Approx.GroundSurlace Elevation in Feet: 295.4 1 2 5 10 20 ,50 100

Dense to verydense, moist,gray-brown
gray._nwygmeMy._y. nneSAND_h
14richSAND _ SILT layws. (TILk4ike)

/
4

Very stiffto hardl moist,gray, sandy SILT. 1

/
/

of34_
35

Completed06/11/01.

4O

Top of Casb_ in Feet: 297.54
Casingstickupin Feet: 2.14

45

50 "_

55

60

65

7O

T5

8O

85

9O
1 2 5 10 20 50 100

u

/f&K/'CROW
1. RefertoFigureA-1 forexplanationof descnptm and symbols.
2. Soildescnp_onsandstratumlinesare intm andactualmanges may J-4978-52 06/01begradual.
3. Groundwaterlevel,if indicated,is attimeof drilmg(ATD)or forOatl Figure A-23

specirmcl.Levelmay varywithtime.
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Monitoring Weft Log A4-B11-01
STANDARD PENETRATION LAB
RESISTANCE TESTS

Soil Descriptions _nF=_ ,Sample • Bto.= _=rFoof
Approx.GroundSurface Elevation inFeet: 295.5 1 2 5 10 2O 50 100

Medium dense,wet, brown,gravelly, ooame
SAND.

stmtohard,damp,browntogray,s_j . ;x
sandy, elighUygravellyto gravellySILT. 'o .

\

/
Mediumdense, wet, brown, gravelly,me,urn =

,.,,, 4
to coarseSAND. 2t

Verystiffto hard,damp, blue-gray,very si_f
CLAY to very clayeySILT. )

/8
31

34

_ to _7 _. dryto _st' brown,
non-gravelly to ve_j gravellySAND. E_

44

8
41

N
5(

Hard, m_ to wet, brown, _avelly SILT.

51

Dense to very dense, moistto wet, gray. 6(
slightlysilty,fine SAND.

8

_ Grades to coarseSAND and sandy GRAVEL 7(

' Bottomof Boringat 74.0 Feet. -75

Cumpleted06/13/01. ,-= 80
Top of Casingin Feet: 297.13 L.=

_I c.ing,_upinFeetI_ ..85

_ -
1 2 5 10 2o 5o 100

n
L_
_w

1. Referto FigureA-1 forexplanatm ofdascnptmnsandsymbols.
z s_idasc_uor:an_stratum_.esere_eqx_, m_act.=_an0asmay J-4978-52 06/01

begradual.
3. Groundwaterlevel,if indicated,isat timeofdr_ng (ATD)or fordate Figure A-24

sbecif'md.Levelmay varywithtime.
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Test Pit Log A4.TPI-01
smwm Depm SOIL_

inFeet Apsx_.. GroundSudm:8_ in Feet::2ge.8

o- (Medit_ stiff),mo_t to wet, clark brown SILT _ --,,_'._ }s-_ _ _: (_-'_. __. _t bro_. ,.aceto ,_,y 7,ve_. sa._ tovu'y
s-2 _> 2: sandy SILT. Red motBngbetow 21leer.

\ 3:

s.3 / 4: ,,
S" (I.Wd), damp, gray, sligt_y sandy, gravelly SILT.

} ':'_ 7-'

s"

9; Bottom of Exploralmn at 9.0 Feel
10 COmlDieted06/15/01.

Test Pit Log A4-TP2-01
Sample _ SOILDESCRIPTIONS

. " . .;mFeet A_m_ GmundSurMce_mFeet: 294.2

o- (Solt), moist, dark brown, sandy SILT _ roots.S.l 1-" --
• (Medium dansa), damp to rnoWLbrown, gravtCtySAND.

!V 2"_
s-2 !A

3. (Hard), moist,mottled light brown, slightlysandy, clayey SILT.
S-3 _, 4-

V 5- (vmy stiff to hard), moist to damp, lightbrown, sandy, gravelly SILT.

s.4 A 6-

s-s _ 7: Becomesgray-brown.
A 8.
m g" Bottomof Explorabonat 9.0 Feet.

10 Completed 06/15/01.

Test Pit Log A4-TP3-01
Sample Depth SOILDESCRIPTIONSmFeet Approx.GroundSudacl ElevaboninFeet: 294.2

o-S-1 . (Soft), moist, medium brown, slightlysandy, gravelly SiLT with roots.
(3
=_ _ 1-

o" V 2- (Very stiff),moist, light brown, slightlygravelly SILT.
o s-2 A

_. _/ . (Hard), rudest,mowed light brown, slightly clayey SILT.--

0 S-3 /_ 4-

¢ 6- (Hard), damp, gray-brown, slightlysandy, gravelly SILT. (TiLL-like) --

s-4 7-
n,,

) "_ 9- Bottomof Explorationat 9.0 Feet.
" 10 Completed 06/15/01.

I J

HARTt3BIP&B¢
1. Referto FigureA-1 forex_anauonof descnpbonsandsymbols.
2. Soildescriptionsand stratumlinesare mterpret_eanclactualchanges J-4978.52 06/01

maybe gradual
3. GroundwaterconddKms,if inclcated,are at_ of excavation.CondiCons Figure A.25

mayvan/with t_rne.
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Test Pit Log HR.TPI-01
Sarape Del_th SOIL DESCRIPTIONSmFeet A!_)ro_. Ground sIJ_ce _ i_=Feet:: 256

0- (Medium stiff), clark brown, moist, slightly sandy SILT.

S-I 1-

2- (Stiff), light brown, rnolst SILT.

S-2 3-

4-

5- (Medium stiff), gray, mozst, slightly sandy SILT.

S-3 6-

7-

8-
i

9- Bottom of Exploration at 9.0 Feet.

10- Completed 07/24/01.

11 - Infiltration test at a depth of 6.0 feel

12-

13-

14-

15

Test Pit Log HR-TP2-01
Sample Depth SOIL DESCRIPTIONS

in Feet Apt0fox.Ground Surface Elevation in Feet:: 252

S-1 0-. (Dense), clamp, brown, sandy GRAVEL. (FILL)

S-2 1-

s-3 2- --_ (Dense), damp. clark brown, sandy GRAVEL. (FILL) _"
(Medium dense), damp, brown, slightly gravelly, fine SAND. (FILL)

S-4 3- (Stiff), damp, btack_ sandy SILT with orqanic material and roots.

4- (Loose), clamp to wet, gray, slightly sandy SILT.

5-

6-

? Seeps and sloughing.

- S-5

o

8
u' 10- Bottom of Exploration at 10.0 Feet.

,-, 11 - Completed 07/24101.
r3

E 12- Infiltrationtest at a depth of 4.0 feet._,
© 13-

14-
=<

o

HSJCtO¢OWSER
1. Refer to Figure A*I for expianaon of Oescnptmns an(I symbols
2. Soil aescnptzons aria stratum lines are mterpretwe and actual ¢tlanges J.4978-52 07/01

may be gradual

3. GrounOwater cocKlitmns,if ifldcate¢l, ate at time of excavatzon CorKlitzons Figure A.26
may vary wfth time
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Hand-Auger Boring Log HR-BI-01
Sam_= _ SOILDESCRIPtiONS

mFeet &opmxGrou_ S_ce rde_ k_Fee_ 252
O- Grass over (_ _f). moral Drown, sanely SIL'f witPtroots.

S-1

1- (MeOtumstiff),wet. brown, sandy SILT.

i

2-
($1ff_, moist, brown, slightlysandy SILT.

! S-2
i ! 3-

_ of EXl_OCa=_ at 3.6 Feet.
4. COml_eted 07/24/01.

S Inr_ra_ lest at a dei_h of 1.0 foot.

i Hand-Auger Boring Log HR-B2-01
: Samt_e Depth SOIL DESCRIPTIONS

in Felt ARomx.Ground_ Elwvi_T,_inFeet::250
_ rT)' 0-
.: Grass _,_i,- (E_,_um stiff), Drown.sandy SILT with grass.

i (M_,;_,_ stiff),Neck, wet to mo_t, slightly sandy SILT.

i
i r_ a-
_ S-2 III '

1/1 3-
(SOft), gray. _kDi SILT.

•_3 _] "4-
_u-_-._,of Ex_i--i_n at 4.0 Feet.

Completed 07/24/01.5
Infiltrationtest at a _ of 1.0 foot.

Hand-Auger Boring Log HR-B3-01
Sample Depth SOILDESCRIPTIONS. mFeet Approx.Gmum¢lSuffloeBIwItJoninFeet::250

°
Grass over (;'c,,_,umsliff), moisL brown, sandy SILT with occasional

,o ,S.1 . gravel (0.25-1.25-inch) and roots.Q.

UI

, _ Bo;tu.-,of Ex_;,;,-ationat 2.0 Feet.
• • Completed 07124101.

• , tlJ 3-

<_ Refusal at a depthof 2.0 feet due to gravel
Infiltrabon lest ata depthof 1.0 foot.

_ ,-

! 5

U

1. Refer 1oF_ure A-1 for ext_anatmnofde_ andsymbols. HJ_U_{_?O_

2. mayS°ildesCttl_Ol_begradual,and stratumlinesare Inlerll_twe andactual cflanges J-4978-52 07/01
3.Groundwatercondi_ons,__.ate_.areat_ o__cava_o..Cona,,=.s Figure A-27may varywithlime.
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ATTACHMENT A-1
AGI FIGURES

;-_,_ C;_'._;,_r
4978-52 October 22, 2001
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|
UNIFIED SOIL CLASSIFICATIONS SYSTEM ......

t "i'YPICALNAMES :
MAJOR DIVISIONS '-_'_.: Wel_-d=ed_m,g_ mix=m= 'GW '_';"-°'".¢l,'e._

>e GFIAVELS Cleangravelswith _.M_e limeor nofines ,_ Poorlygreetedgr_mls gmvetund mixt=,_sj = GP _!:!:;_
08 U=m_m_-- _-._

[ m_. =santof=,:_n GM _, SiltyGra.a_poo,_,red. _ave_.sond.=_
r_ - ¢tay_ ;ravel=,poorlygraaedj No 4 sievesda over12%fines GC

-- - . ,- gmvel-sond-¢_ mixtures

i .....:SW .:."_:_:_-. Weegrimedsane, ;p,av_ly sane=
ILl_a SANDS Cleansandswith ::q-.;.::.,'.

1 _--_ litU.or nofines P=ortygmdedsands,gmvellysan=s
Mom_umh_ SP ::_: ::;

0 --=- ¢=ma _______ 5M _ Silty=and.poorlygraded=and-si_mi=ums
¢j i=lingertt.m Sands_th _""

No.,__ _e over12%fines s'c "- C_yeyram=.poorlygr-_ed=ancl-c_y..... ml=tt,ltls

.... Inorganic=1= andverytim=sands,mcxflour,=ilzy:r

,I - ...._= SILTS AND CLAYS -_-_ clayeyfinesands,or =myeysiltswithslight

0 =m>_ Liqui¢limi_lessthan50 CL Inorganicclay=of lowto mediumpla_,O0 _ : ' " gravellyc_Ws, sandy =_ys.silty=a/s, lean clays

Organic=_=y= organic=ii=y¢_ay= I=Umi=.'y
and of lowIJJ-- o OL_-c_

_" __¢_ _--
"_ C_ " -----" Inorganic silt=, mica_mus or diatoma¢=us fine

I! _" m_ MH "------ sandy_' sillyroils,elasticsilt=C2 --=--_ SILTS AND CLAYS "----'-
- " " Inorgamc clay= of high pi_, fat Says: Liquidlimitgreater_an 50 CH

•! =- o. °rg..==,.of-=o_anic silts

HIGHLY ORGANIC SOILS PT Peatandotherhighlyorganicsoils

I SAMPLE CONTACT BETWEEN UNITS PHYSICAL PROPERTY TESTS
• "Undisturbed" Well Defined Change

E_ Buik/Gr_ _ Consol Consolidation
Grac_alionalChange

II. Uquk_Limit
r'l Not Recovered .... Obs_Jre Cl-_nge PL PlasticLimit

rn Recovered, Not Retained m End of Exploration Gs - Sloe¢iflcGravit_BLOWS PER FOOT SA - Size Analysis
TxS Triaxia_Shear

Hammer is 140 poundswith30-inch drop, unless otherwisenoted TxP - Tria,dal Permea_ilit_

S - SPT Sampler (2.O-InchO.D.) Perm - Permeabi_dyT - Thin Wall Sampler (2.B-lrtc_Sample) Po Porosity
H - Spilt BarrelSampler(2.4-1nc1_Sample) MD Moisture/Density

L MOISTURE DESCRIPTION VS Vane Shear
Dry - Considerablyless than ogtJmumfor compaction Cornp Compaction

Moist - Near optimummoisturecontent UU
Unconsolidated.Undrained

Wet . Over Ol_mum moisturecontent CU Consoliaated,Undrained
Saturated - Belowwater table, in caoglary zone, or in perched gmurt_vater CD - Con=olidatecl.Drained

AGI Soil Class,ficatio-End
[ A1"tECHNOLOGIES SeaTac, Wasnington
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P.O.S._ E_ 12600 N 3200

0
, BROWNSILTYSAND (SM)medium dense,moist:.

nne= mediumgrained(Reces_on_Ou_ash
Un_2).

. 17

GRAYSAND(SP)mediumdense,moist:ramto
mediumgrained,wittla traceofgravelandsilt
(RecemoneJOutwa_ Unit1).

17

10

14

15

18

2O

MD 3.7 100 14

25

GRAYSAND(SW)mediumdense,moist;,fineto
coa,-segrained(RecessionalOutwashUnit1).

2O

3O

GRAYSILTYSAND(SM)mediumdense,moist;
finegrained(RecessionalOutwashUnit2).

SA 6.4 97 16

35

MD 4.4 96 19 Becomesveryfine grained,withpocketsoflight

I brownsilL

Iq,Alll

AGI A16aTEC)_NOLOGr:s SeaTac.Washington

- la.1SlO.2._ KkVSES 18Janmm/94 DFF 27 Mar95

LA38S-Z.PMS
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p.o.s.CooldblmmEE 12600 N 3200

= LandSurface Ekwa_n -
40

GRAY SAND (SP) m_lium dense, wet to satu-
rmd:r_ _ (_ec_m_r_Outws_

18 Unit 1).

45

24

so Grotmdwmr encomtWredat 43 feet duringdrilling.

66

60-

65

7O

7'3

A16bSeaTar.. Washington
i

_4._90._8 KibES 'tO,mnumy04 DF= 27Mar
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P.O.S. _ E 12420 N 5780

12/17/93

o

RED BROWN SILTY SAND (Ski) loose,dry;,fine
grained,witha ITace of fine graveland roots

5 (Recer,sJonalOutwash Unit2).

S
GRAYGRAVELLY SAND (SW) dense, dry;,fineto

_ (RecessionalOutwash UnitI).

48

I0
GRAY BROWN SILTY SAND (SM) very dense,

moist;firmto medium grained,with gravel('Till
50/3" Unit 1).

]
MD 7.5 131 86/11"

- GRAY SAND (SP-SM) clense,moistto iwe_fineto
coarsegrained,withgraveland _lt (A0vance

SA 11.5 122 49 OutwashUnit 1).

t
70/10" Becomesfine grained.

R,_TE

A17aSeaTac, Washington
JOllm,,NBsq DRAWN _ I_,l"E _ 0A'rE
14.190.208 KM/SES 18 Janumry94 DF'_ - 27 Mar

• ._ q m,i
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SA 9.3 101 58

45

BROWNSILTYSAND(SM)verydense,saturated:
vm7finegrained,w_ pocketsof brownsilt.

53
Groundwater en_untemd at 49 feet during drilling.

7o

80

i,t_11

AGI _, of Area3 Boring 2 (40-54') A 3-B2-,3 A17bSeaT==:, Washington
i

't4.190.._ KIdlSES 18Janu_ 94 DF_'. 27 Mar gS
t,,,_18'1,-_
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P.O.S. _es: N 2930 E

!_ Lar_S=rtace =SOfeet Date 1
BROWN SAND (SP) medium dense, moist;,fine to

•- mediumgrained,with a trace of gravel
.P:

zo" (RecessionalOutwash- Unit11.
I_ S.4 101 11 .:.:

,:.:

MD SA L8 94 9• .,: Becomes loose.

MO 3.7 _ lS Becomes gray and medium dense.

COMP .:.:
BROWN SILTY SAND (SM) medium dense, moist;

gravellysilt intemeds (RecessionalOutwasn -
MD.SA 15.6 112 t4 Unit 2).

:: RED BROWN SAND (SP) mediumdense, moist: fine

MD 11S 96 le .:.: grained (Recessional Outwash - Unit 1).
...*.

.°,-.

MD,SA 6.2 102 17

'.o_,

32.0"

_0" MD 22.3 101 44 "'" Becomesgray, dense, andfine to mediumgrained.

..,-.

37.0' .::

,.-.

MO Z3.S m 19 .:_ Becomes mediumdense and saturated,withsilt.

40 :'"

=

AGI Log of Area 3 Boring 3 (0-40') A'_-s_-,_ Ai _=.=.soo=sow 8a
TECHNOLOGIES SeaTac,Washington

I_qOJEC'r PaO. _ ' OM'E '_MmovEu ,_'VlEO uATE "-''_"

H3mw.c::_" 14,190.208 ECR 6Oecemb_94

AR 052245
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RO.S.CoocUnams:N 2930 E 12.950

Equipmem MobileB-61

_. _ Elevation, )

..;_ 4S
;_:-: co%

411.0"

4g.O"

Groundwaterencounteredat 37.5 feetduringdrilling.

Boringconvenedintopiezometeron 12/'2,194.

Log of Ama'_'Borin_ 3 f40-49') A_-_,_.._u.
HNTWRun_4yBorrowS_rce'Sludy " - -" A 4 Q _ I

, SeaTac.Washington _ i _lr IL,t I

ECR $ Demml_r94 _ ,,,L_ "" I

AR 052246



RO.S.Coon_'_nes:N 3480 E7._

o -.-"."2:"
_ ....... BROWNSAND(SP)loose,wet:fineto medium

gralnecLwireorganicmaterial(Recessional
- _ Outwuh. Unit 11.

MO 2.S 104 21 -- _;::-.':;;:.GRAYBROWNSAND(SP) mediumdense,moist:fine
s- ;.::_:.'-: to coame grained,with a trace of gravel
- :..:::.._ (RecessionalOutwash- Unit1).

.. o.,,.o

MD 13.4 _ 16 :::;;;.;:.;
s..

10--

o,...

MD 4.6 m 24 ........:.;...:..Becomesredbrown.
•_=...:.:

15-- ;':'::;":

!..:.': -,

-- ::.._:.,
=e •_ :-...-
' 4) o.o

- '_':". GRAYSAND(SW)dense, moist:fineto coarse
MD,SA 2.9 132 29 -- ,..':'."'.. grained, withgravel and a trace of silt

:':":, (Recessional Outwash - Unit2).20- -..;.
'..o.
' e °-o

COMP -- :;--?'"
- :.....
- ;:,-.'.-:::Becomesverydense,wet:witl_fineto mediumgravel.

MD.SA 5.7 144 90 -- ...._

;_,_ GRAY GRAVEL (GW) very dense, saturated: line to
coarsegrained,withsandanda traceofsilt!1 t.I,

;-:.::" (RecessionalOutwash - Unit 2).
al- •

I,L..

;=.;e? :4b

al. •

30-- "=;':J._
w: •41.1"

• :':.I_L.I*

- ";'"_" Becomesbrown.al- •w* _ •

lilt

;: ;Ii," :41lMD.SA 6.8 142 8O _
41. •

.:...-j.Q

W,L. m,• o;

;I ;e: ; •

•.._,. Groundwateren_umer¢_ at 25.5 feet duringdrilling.
MD 4.4 132 S_ .-_-.; Boringbackfilledwithbentoniteandcuttingson

- _ 12/2/94.

AGI Log of Area3 Boring 4 A:I9HNTB/Runway BorrowSourceSluo_

TECHNOLOCIES SeaTac,Washington
l,ltoJtc'r lqo. _'_ DA11_' _ ,_VtIF_ ,.,ATE

H3mw.cdr 1_,190.208 ECR 6 Decemoer 94

AR 052247



RO.S.Coordinales:N 4450 E 12.g20

L,+i+}'.. ++J+-+"°°+'+
Bevalion ._

i._ BROWNSILTYS/U_ID(SM)mediumdense,wet:fine
to mediumgrained,withsomeorganics
(RecmionalOtawash- Unn2).

MO..._+ +6.4 .++S

i l

Becomesgray,withsomegravel.
31

GRAYCLAY(CL) hard,moist:with sandandsomefine

MD.I.L=0.4 107 =9 = gravel(RecessionalOulwash- Unit2_.

PL • 15,.=1 '
_1

I

-t BROWNSAND(SP) verydense,moist;fine11o

I l

so/,=- mediumgrained,witha traceofgravel(Advance

2o-_ Oulwash- Unit1).

&

REDBROWNSILTYSAND (SM)dense,wet:line •

mO.SA17.4 +O4 33 grainecI(AdvanceOutwasr+- Unit2).COMP

so_- BROWNGRAVEL(GP)verydense,wet:fineto
mediumgrained,withsandanda traceof sill
(AdvanceOutwash- Unit3).

MD.SA7.6 +34 5O/4" Becomesgray.

sos- Becomessaturated.

4O

•G, +°oo++r°<°+°+",OaiHNTB/RunwayBorrowSourceSluo_/
TECHNOLGCIES SeaTac.Washington

' I_qOJECI',NO.' _ _11_ ,llmmOt4D "lql',,,,4,_
H3mw.cl:lr 14.190.206 ECR 6 Oecem=a"_ +"

AR 052248



P.O.S. Coo_tnates: N _ 4450 E 12.9-20

, lg --_=t LandSurface 252feet Dm 12J2_

_j _;'_._ --_;__I]

.-.,_-

;-e" "

J [_._:.._.]
-1_._

So/4- so,_'"_:'_ GRAY(Pre.VashonSILT(ML) hard,Drift).moist;withfine sand

37

m

SS-
- Groundwater encounteredat 41 feet o_Jringdrilling.
u

Boringbacldnle0with bentoniteanti cuttingsonm

12/2/94.

$0--
i

u

i

65-
i

i

70--

75--

i

m

00-

AGI Log of Area3HNTWRunwaysorrowBOring5(40-54')soumoSmay
TECHNOLOGIES SeaTac, Washington

PROJE¢I"NO. _ _I"F. _ '
H3-40.¢I_ 14.190.208 _CR § Declrnbl, 94

AR 052249
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RO.S.C.,oord_na2es:N 4785 . E 1_.840

ji+,j +.r..+..+I_ Land Sudace 268 feet Dine 2r3FJ4," +'J ,+| I

BROWN SAND (SP) dense, moist: fineto medium

grain_, mot_k¢l,with _i and m (Recessional
Outwash- Ur_ 1).

10.2 12S 37

GRAY SILT (ML) hard, moist:mottled(Recessional

3o Outwa_ - U_ 2).

GRAY GRAVEL (GP) very dense, moist: fine grained,
with silt (AdvanceOutwash - Unit3).

MD.SA 2.1 131 53

COMP

81

GRAY GRAVEL (GW-GM) very dense, wet: fine to

coarse grained,with sand and silt (Advance !
Outwash - Unit3).

MO 9.8 132 87

5O/3"

M0,SA 13.7 110

35-
u

50/4"

40--

AGI L°g°f "rea3 Bormg' (0"40"A+-'_"_ A2"_1 i

HNTB/Runway BorrowSource Slu_ aseaTac, Washington

ECR $ _INlr 94
IMo,A'DrNo.

H3mw.ccIr 14.190.208

AR 052250



RO.S. Coordinates: N _ 478S E 12.840

_J•--- _J-- ,._ LandEievationSUdace268 feet Date 12/3/94

MD.SA 8.2 136 S0.'S"

S0_

Becomessaturated

S0_3 u

GRAY SAND (SP) venj dense, saturated: with fine

gravel (Advance Outwash - Unit 1).
50/3- m

Groundwater encountered at 51 feet during drilling.65-

- Boring backfilled with bentonite and cuttings on
- 12/3/94.

70-
u

u

75--

m

80-

,._o_AGI Log of Area 3 B°ring 6 (40"63') A3-_("" _' A2_HNTB/RunwaySeaT.,B°rr°wWashingtonSourceStudy 1b
mo_'r NO. _ _TE _ _EV_'O ,aATE

H3-40.cdr 14.190.208 ECR 6 Decem_ 94

AR 052251



RO.S. Coordinales: N _ E 12.900

t.J, i,, +- -"'
o ....... BROWN SAND (SP) loose,moist; fine to rned¢_

m

;..;i.;_ groined,with a race of fine gravel a_ silt
(RecessionalOutwash - Unit 11.

M0,SA 12.3 N 4 -:-_--::"-.
COMP -- ":-.':"-"

S- ,'..-:::J.:_:
._+-._+

- _ BROWN SILTY SAND (SM) medium dense, moist: fin(
- "_"_ m coame grained,wiregravel (Recessionaldm_, a13 =:-¢

Outwash - Unit 21.I_,-. m

10-- "'-"

;-_-- BROWN SAND (SM) very dense, wet: fineto coarse

_ _ grained, with gravel (Advance OL_ash - Unit 1).MD.SA 13.7 120 70

,5-
_.:_ BROWN SAND (SW-SM) very dense, wet: fine to- ..:..

_ ,,._..._ coarsegrained,with gravel and silt (AdvanceOutwash- Unit 1)SA,COMP8.5 50/6"
' o t,*

20 m __ _

_ .+l,

-- ._.:.:

:+..._. BROWN GRAVEL (GP) very dense, moist; fineto
- ':-"" coarse grainedgravel, medium grained sandMD 5.8 129 50/'5" ,..o,:,
-- :;,.-_ (AdvanceOutwasl_- Unit 3).

I*lr

_t.t ;;.

_ BROWN SAND (SP) very _ense, moist: fine to mediun

_ .-:..-:..-: grained (Advance Oulwash - Unit 11.

30_ -.-_ .- ..

'";_" BROWN SAND (SW-SM) medium dense, saturated:

_ ._':" tree to coarse groined, with fine gravel and silt
MO.SA1s.5 111 _3 I _:"::" (Advance Outwash - Unit 1).

,-_.::;,

.-.-._.

._.2_ - ......,, __ .."_"_. BROWN SANDY SILT (ML) hard, saturated, fine

. =--==--_ grained (Advance Outwash - Unit 2).

¢Ok_ 50/6- _ -...--_

AGITEcHNot.ocIEsH_n_.=moxcr,_14,,_0.:m L°g °' Area 3 B°ring 7(0"40')A3"_'/°'qHNTB/Runway___ScnSeaT.,6Doc_a_r--Borr°Wwasllington94Source_:_..Stu0_ +._i_ A2l_2a I

AR 052252



RO.S. Coorclina_$: N _gO E 1;_.gO0

40

MID.SA 24.S IGO _

45-

S0/4"

50-

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

so_- (Advance_nwash - Un_2).

s5/ BROWNGRAVEL(GP-GM)verydense,wet: fine to
/

mediumgrainedgravel,withsandandpocketsof
silt(AdvanceOutwash- Unit3).

MD,SA 6.8 130 50/6"

MD 5.7 116 5O/3"

_e

MD.SA 8.3 115 50/3"

80

AGI "°°°*"_e'3B°""g' ('°'8°"A"_"' A2_'2bHNTB/Runway Borrow Source Study

TECHNOLOCIES SeaTac,Washir_on
moJEc'r_o.' .JmaW_'_'3a'l'E 'a_mow._ ._WSED "JAI"E "'

H3-40.c::b" 14,190.208 ECR § i_l_..emJ_l"

AR 052253



i

P.O.S. CoonSrJes: N .._,_0 E

!_o'

87.0'
MD 20.4 108 $O/2"

DARK GRAY GRAVEL (GW) very dense, saturated;
g2.5' fine to coarse grained gravel, with some send and

sill (Advance Oulwash - Unit 3).

50/4"

J

- Groundwaterencounteredat 82 feet dunng drilling.

los- Perched groundwaterencounteredat 33 feet during
_ drilling.

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

110--

115--

m

120-

AGI of Area 3 Boring 7 (80-102_')A_-.-94 _.._ur.w.,.o,,ows=,=S.._ 2CSeaTac. Wul_on
TECHNOLOGIES mo.E_.a. _ oxrE _v._o

H_.¢_" 14.190.208 ECR $ Dqx:_noer 94

AR 052254



P.O.S.Coominatas:N _ E 12.070

land Surface 395feet Date 12121/94

0
DARKBROWNSILT(ML) mediumstiff,moist:with

some sandandorganics(Alluv_m).
2.0

- REDDISHBROWNSILTYSAND(SM) loose,moist:
MD,SA 20.5 !_ 9

- fine to coarsegrained,with gravel(Alluvium).
5"-
_ GRAYSAND(SW-SM)verydense,moist:fineto

coarsegrained,withgravelandsilt(Advancem

Outwa_ - Unit1).
-I

'°i
,_,

COMP 5O/5"

SA 7.5 50/5"

20 t _.o GRAYSAND(SP)very dense,moist:finegrained,with
trace silt (Advance Outwash - Unit 1).

MD 7.1 11.5 67

MD,SA 6,3 106 50/$"

5O/5"

4O

AGI Log of Area 4 Boring1(0-40') A_,-Bt-_ --=_A "I
SeaTac,Washington n v I

TECHNOLOGIES p_o._ _o _ _nE_ ..e,,,_r_ .,tv==o .,Art • j
H4mw.cc_r 14.Ig0.208 ECR 6 De=ami_r94 j

AR 052255



RO.S. Coordinates:N 6465 E

+"!,10+++++ ++- +-- ,°-''+'+ +_++ .:levetion
40 .....

i

"..;.'-:,* ...

lid S.I 105 84 E:_:-.""
:_.'.-_::..

•¢** -.;..;.. ,_'

. ,,_..-.-_;:

;_..; ..";
..+-.-.-..o.

SOiS" -- ._+';'*""_

SO m ......

:.*;*;%-*..

i

-+-_ .. -+,.. ....

kid 10.2 112 SOP3"

;y .,:.- *:,:

-- :;+-.-:-'.._.

• -.. °.-..

.- -...-.

;., :*;: .:.'

50/S" ._2"._:

60m "-'_ *°:°"

- ii.:_'_" GRAY SAND (SW) very dense, moist: fine to coarse \
- '" .... gmi gra. ned, withsilt and a trace of fine vel, ..° . +

- (Advance _ash - Unit 1).11MD.SA 8.2 115 34 "-- -- o.-

, I,-.'-

65--
"-':-'-: GRAY SAND (SP) very dense, moist: finegrained

(AdvanceOutwash.Unit11.

S0/S" 2-::;;.--:
• ...-..
. +r.__...

70 _ "*:''+--;.- ...

,.---'- GRAY SAND (SW) verYdense, wet: fine to coarse
- ::2
- :::..;. grained,withfinegravel(AdvanceOulwesh- Unit1),11i "*_ °

• .***,
.o.

% ":.- GRAY SAND (SP-SM) very dense, wet: fine to medium

-..+i:_-_: grained, witll trace fine gravel and silt (Advance
:'_::.:: Oulw"dsll- Unit 1).
• • ..-:MD.SA 5+6 Ioi 5o/4" _
;':K;*'-"

80--
i,

++++++,AGI _+.+. Log of Area 4 Boring,HNT_Rum_-- SeaT+.=T,BorrowW_on_urce(4_80') A+'+'"_,.SO++:++ +_ Aff3_+_,,, :,H4-,J.0.¢_" 14.190.2'J8 ECR S Om:_n0er 94 .......+
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P.O.S. Coordinates:N _ 6465 E 1;L070

s Land Sudace 395 feet Date 12/21/94
.,,.+" _'| o me.ion

GRAY SAND (SW) very dense, wet: fine to coarse

grained,with gravel and a trace of silt (Advance
Outwa_ - Unit 1).

5o/3"

MD,SA 6.8 110 50/5"

GRAY SAND (SP) very dense, saturateci, fine to
medium grained,with silt interlaecLs(Advance
Outwash - Unit 1).

BROWN GRAVEL (GP-GM) very dense, saturated:
fine to coarsegrained, with sar¢l and silt

MD 11.0 127 .SO_" (Advance Outwash- Unit 3).

5ot3-

BROWN SILTY SAND (SM) very dense, saturated: ring

grained (,a¢lvanceOutwash- Unit 2).

Color cPmngesto clarkgray.

r_r+" Groundwaterencounteredat 98 feet during ddlHng.
12o Boringconvened intopiezometeron 12/22/94.

i

AGI L°g°f Area4 B°ring1 (80"118"3')A'+'B"9'+A2'3CHNT_.nw.yBo.owSo.=es,uo_
TECHP_OLOCIES SeaTac, Washington

.qlOJECTIC. _ OATIE' _ ,-,,;VlSEC,
H4-_0.¢_' 14.190.208 ECR 6 I_oer 94

AR 052257



RO.S. Coon:llnal_: N _ e_:pO _ E 11,_80

o : "-'" BROWN SAND (SW) dense, dW: fine to coarse,.-..;,

- _r'.'-.! grained,withOiveland=,traceofsilt(Acrvance
,-:._ Outwash- Unit11.

. eeo

. -,o.s, 6.= ,o ,_ ;.:2-:'-"
': .-. Becomes very dense, saturated.S" .e'° .°

. .ao

son- " >,-::
-;.:-.:

1o- "_:._;.

- ;.:'4"i
pQ ...

MO.SA13.3 119 SBr - :..:._...

Y..,5- i.-.'.-:_
,- :-...

_ ';_j_- GRAY SILT (ML) hard, moist (Pre-Vashon Drift).
.in

_,m E_J

"-------2

B"JR_i

25- "..-----

MO.PL._.I Io3 49

-- i
Groundwater e_um.e_ at 6.5 feet i_Jd_ dnllir_.

30--

n

i

35--

i

40--

AGI -',L°gof Area 4 Borirlg2_o__ SourceStudyA_-B2-94 A24
TEC_NOLOClES SeaT=:,Wash=r_on

_IQJE¢I"_. _ _ ..r .-,_VJE_ ' r,,ttlElD _ '
Hamw.cC_ _4. _90.20_ ECR $ D_ernOer 94

AR 052258



P.O.S. Coordinates:N 6890 E

Date I

_. Elevation

DARK BROWN SANDY SILT (ML) mediumdense.
wet; with organic material (Weathered1iii).

MD lS.7 _ 10 BROWN SILTY SAND (SM) medium dense, moist:fine
to medium grained,mottled,with gravel and

organicmaterial (WeaUlered Till).

_. GRAY SILTY SAND (SM) dense, moist: fine to coarse4o
grained, with gravel (3iil - Unit 1).

MD.SA 9.4 134 96 Becomesverydense, wet.

,--- GRAY CLAYEY SILT (ML) very hard, moist:laminated

(Pre-VashonDrift).

MD.PL. 7.7 110 50/6"
LL

Groundwaternotencountered duringdrilling.

Boringbaddiiled with bentoniteand cuttingson
12/5/94.

4o

AGI o0o,Area4Boring3 A4-B_-,4- A_51

HNTB/RunwayBorrowSource Study
SeaTac,W_tlin_on

TECHNOLOGIES _,m_c'r_o. .._ _' '_-_qo_, _v_._
H4em_.cdr 1,4,190.209 _=CR 6 December 94

AR 052259
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LABORATORY TESTING PROGRAM
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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

samplesfrom the drill rig cyclone and jar samples from penetration tests were
selected for laboratory testing with the following items in mind:

• Suitability of soilsfor use aswet weather fill;

• Soilsrepresentative of the geologic unit;

• Consistencywithin a geologic unit; and

• Sampling soilsgenerally within the depth of the proposed excavation (based

on existing information).

The testsperformed and the procedures followed are outlined below.

Soil Classification

Field Observation and Laboratory Analysis. Soil samples from the explorations

were visuallyclassified in the field and then taken to our laboratory where the

classificationswere verified in a relatively controlled laboratory environmenL

Fieldand laboratory observations include density/consistency, moisture

condition, and grain size and plasticity estimates.

The classificationsof selected samples were checked by laboratory tests such as

grainsize analysesand 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 smallsamples nor samples where large gravel contents would result in

valuesconsidered unrepresentative. The results of these testsare plotted at the
respective sample depth on the exploration logs. In addition, water contents are

routinely determined for samplessubjected to other testing. These are also

presented on the exploration logs.

HartCrowser Page B-14978-52October22,2001

AR 052262



Water contents were compared for samplesof 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, casesit appeared that

the cuttingssamples were slightly drier than the SPT samples, asmight be

expected. Superficially it appears that the more silty samplestypically exhibited

lessdrying due to drill action compared to coarser-grained samples. In general
we recommend that moisture content of SPT samples be considered more
representative of in si_J 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 analysiswas used to determine the

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

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

hydrometer method for a selected number of samples. The resultsof the tests

are presented as curves on Figures B-2 through B-7 plotting percent finer by
weight versus grain size.

200-Wash (GSzeo)

Several sampleswere subjected to a modified grainsize classificationknown as

a 200-wash. The portion of individual samples passingthe 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 testswere performed in

general accordance with ASTM D 1140. The results are presented on the boring
logs.

F:\docs_jobs\497852\BA3&4DataReporLdoc

;-_. Cmwser Page B-24978-52 October 22, 2001
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I
'- Unified Soft Classification (USC) System
I Soil Grain Size

I StzeofOpem_lrx:m I (USSwm_ t GmnS_3*ntW_me_

- J J ! i' I i 1 I J 1 I I t I l I I I I I I I ! = lill: I , ; ,

I I ll+!t } I ! I llllll I I I llll I I I l | tll!tl l l l lllll0 _ )

I COBBLES i GRAVEL , I S/U_D I SILTandCLAY ;1 +. I Coatse-Cva_KlSoils I Fine-C_,=,,neclS_ts ,

Coarse-Grained Soils

J- I GW GP+GM GC I SW I SP _SM SC II C3un GRAVEL<5%f¢_ GRAVELin >12'_ f¢tes I CleanSAND<5"%rmu SAND'_1_> 12%hnes t
I I GRAVEL>50%_ Irilc=IXI_ _ No.4 I SAND>50% coarseh'actionlgftaUl='_ NO.4

i _ SO¢_>,Sm_=rgernm No.200m

I

t GMandSM AtterberglimitsbelowAMnewithPl <4 GCandSC Al_rl_rglimitsaboveAlir_withPI >7

t C_grained soilswithpementa_ of finesI_tween 5 and 12 are comicl_ed borOerlinec,_es requiredwe of dual symbols.I
D+o,D=o,and Deoam _ part;_ 0iametB"of which 10, 30. and 60 _nt, respectively,of t_e soilweQIlt _e finer.

Fine-Grained Soils

J J ML i CL ! OL i MH CH l OH I Pt +
i SILT I CLAY i Organic I SILT CLAY I Orgar=c I H_3rCY :
I • ,' Organic i

i Soils_ LJcluidLimit<50% I Soils_ IJo_¢lIJr_t •,50% i Soils

F_e-Grmne¢lS=Ls>50% smai_rthanNo,200sieve I

I 60 I 1 I J I I I I

CH -
_ 40 -

_,. CL
_-

£ 20- _ M H or 0 H _

,.. _0 _ +_-:CL-ML __ L;_ ,r''" _ ". :.... . .........

o l l °rlv I I I l
0 10 20 30 40 50 60 70 80 90 100

P "!' Uouid Ijmit n_' u
-_ /'LccrCl_OWS;FJ_

J-4978-02 8199
Figure B.1
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l G_,Ns,zED,STR,BUT,O"TESTREPORT

90 ;: I! ._;I! ::ii:l } I , ["_ .:IIIiI" I I IIIII ! I

L .o, , _:'_.!,,_ ii llljlll
t ,oi li lit\till" ,_:'_,;_"_,,,:1II Illll !

,=, i _. _ ii _!_ i iili i :
_60 : : " i : : ._ : . • '

,. Xtillt! It. _ i lili Iiti II \ ! t lill! I
_ i; i Hilli Iii21_ I I

_' _:o_-ooI!1!.i!,oli!llt!l! ! I11 I, ,,
I •1 o.o i 36 f sa_ I s s /

&i 0.0 I 0.8 i 67.9 I 31 .3

• t 0.0 I 41 .7 I 42.1 l 16.2

f '
D85 D60 D50 D 30 015 D10 Cc I Cu

LL P I

r • 1 o.-_ I o._o 0.26 o._88 Io._25'5io.o9o9 1._ _.2
I • t I ! 0.25 o._5 i o._2 ! 1 t

"I ! 123.17 I 5.,50 ! 1.19 10.254 I i

WATERIAL DESCRIPTION USCS NAT. MOIST

I SIightly si Ity SAND SP-SM 6=

. -

• Very s_ I ty SAND SM 0,%

• Silty, very _rovelly SAND SM 11=

Remarks: ,Project: 3rc_ Runwoy

,• S-1, Deptt_ 5
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APPENDIX C
BORROW AREA 3 PERCHED WATER-BEARING ZONE
SLUG TEST ANALYSIS

Thisappendixdocumentsthe processHartCrowserusesin conductingslugtests
for purposesof evaluatingtheperchedwater-bearingzone in BorrowArea 3.
The discussionaddressesthe HydraulicConductivityTesting(SlugTesting)
conductedin fourwells.

Hydraulic Conductivity Testing (Slug Testing)

Hydraulicconductivitytestingwasperformedusingthe slugtestmethodfor
explorationsA3-13-99 throughA3-17-99. In thismethod, the water level
(hydraulichead)in the well israpidlyraisedor lowered,and the rate atwhichit
returnsto its initialstateis usedto calculatehydraulicconductivityfor the
formation surroundingthe well screen. Data were collectedusingan Aquistar
dataloggerin conjunctionwith a InstrumentationNorthwestPsIg000 pressure
transducer.Testswere conductedasfollows:

A transducerwas setin the well andallowedto equilibratewith ambient
conditions,andbackgroundwater leveldatawere collected.

One or two slugrods(solidPVC rods)were rapidlyintroducedintothe well

(causinga near-instantaneousriseinwater level),to initiatea fallingheadtest.
Water leveldatawerecollectedin logarithmicallyincreasingtime increments
usingthe dataloggerand transducer. Forwellswhere depth to water wassmall,
a fallinghead testwasnot attempted.

Water levelinthewell wasallowedto re-equilibrate. :

Theslugrodor rodswere rapidlypulledfrom the well (causinga near-
instantaneousdropinwater level)to initiatea risinghead test. Water leveldata
were collectedinlogarithmicallyincreasingtime incrementsusingthe data
loggerand transducer.

Most of the wellsrespondedreasonablyquickly,and thereforemultipleslugtests
were performedformostwells.

Data were pre-processedasdescribedin Butler(1998), and hydraulic
conductivityvalueswere estimated usingthe methodof Bouwerand Rice

(1976) for unconfinedaquifers.Theestimatedvaluesare reportedin this
appendixasTableC-1. FiguresC-1 throughC-4 includerising/fallinghead

Hart Crowser Page C-14978-52 October 22. 2001
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curves showing assumed parameters used to estimate hydraulic conductivity
values.
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Table C-1 - Hydraulic Conductivity Calculations for Wells in Unconfined Aquifer
Proposed Borrow Area 3

A3-B13-gg A3-B15-99 A3-B16-99 A3-B17-99
' 'l" I

Well Depth in Feet 58 24 58 21.5
Screen Length in Feet 5 5 5 5
Depth to Screen in Feet 53 19 53 16.5
Depth to Aquitard m Feet 58.5 23 59 21.75
Depthto Water in Feet 53.04 18.28 47.04 17.6
Depth to Sandpack in Feet 51 17 50 14
H in Feet 3.46 4.72 11.96 4.15
n 0.3 0.3 0.3 0.3
r_c in Feet 0.083 0.083 0.167 0.083
r w in Feet 0.333 0.333 0.500 0.333
r_eff in Feet 0.195 0.195 0.167 0.195
L_e in Feet 4.96 5 5 3.9
L w in Feet 4.96 5.72 10.96 3.9
yl in Feet 0.23 0.07 0.6 0.33
tl in Seconds 10 20 0 0
y2 in Feet 0.01 p 0.001 0.001 0.062
t2 in Seconds 32 65 43.5 2500

L_e/r w 14.88 15 10 11.7
A 2.0 2.0 1.8 1.9
B 0.3 0.3 0.3 0.3
C 1.4 1.4 1.2 1.3

Fully Penetrating Well

In(Re/r w) 2.001 2.088 2.106 1.804
K in cm/s 3.3E-02 2.3E-02 2.6E-02 1.8E-04

F-M SAND Fine SAND Med. SAND Fine SAND

Notes:

Boldvalues to be entered manually.

A, B, and C coefficientsare calculated using regression equations of Van Rooy, 1988.

Hart Crowser
497852/BA3&4Tables.x_.TableC-1
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Port of Seattle
October2, 2001

Ms. Ann Kermy
WashingtonDepattmem ofEcology
NorthwestRegionalOffice
3190 160th Avenue SE
Bellevue, WA 98008-5452

Re: Seattle-Tacoma International Airport
Washington Department of Ecology
§ 401 Water Qkudity Certification
Order #1996 A.02325

Condition F.I

DearMs. Kenny:

The PortofSeattlepresentstheattacheddocumentstotheWashingtonDepartmentof

EcologyinsatisfactionoftheabovenotedOrder,ConditionF.I.ConditionF.1 requires,
among otherthings,thatthePortprepare"proposedconstructionBMPs toprevent
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
Potential 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, aod._t)@_Dortseattle.org.

Sincerely,

Elizabeth Leavitt

Manager, Aviation Environmental Programs
/

xc:Agid,Newlon

Seattle -Tacoma

International Airport
,,.o. AR 052280s.,,,,,wA u.s.A.
TELEX703433
FAX(206)431-5912

@ 1298



Seattle Tacoma IntemationatAirport
S401 Water Quality Certification#1996-4-02325

ConditionF.1

Proposed ConstructionBMPs
To Prevent Interceptionof Contaminated Ground Water by UtilityCorridors

in accomance with the Washington State Department of Ecology (Ecology) Water Quality
Certificationfor U.S. Army Corps of Engineers PublicNotice 1996-4-02325, Condition F. 1, the
Port of Seattle (Port) submitsthis proposalfor Best Management Practices (BMPs) for prevention
of migration of contaminated ground water via subsurfaceutilityfinesat the Seatlle-Tacoma
InternationalAirport (STIA). A draft of this BMP proposalis due to Ecology no later than
September 30, 2001.

Best Management Practicesfor preventionof migration of contaminatedground water bynewly
constructedutilitycorridorswill consist of, and will be implemented by modificationof standard
utilityconstructiondesignguidelinesand specifications.The followingconstructiontechniques will
be specified for future constructionof subsurface utilitiesbelow paved areas inthe principal
aviationoperations and maintenance area (AOMA) of STIA. Subjectsubsurface utilities include,
but are not limitedto, electrical and communications ductbanks, and pipelinesfor canryingfuel,
water, sanitary sewage, stormwater, and IndustrialWaste Systemdrainage.

1. Standard constructionspecificationswill be developed for applicationto all construction
projects located inareas withinthe AOMA where contaminated ground water is present at the
designedconstruction depth.

2. The standard specificationwill include a requirement for the contractor to dewater utility
trenches and other construction excavations that containcontaminated ground water, and to
appropriatelymanage the water removed by disposalto an appropriatelylicensed facility or
similaroption.

3. The standard specificationwill include a requirement that Utilitybackfillbe constructed such
that any ground water present at the Utilitydepth not be transported along the utility, within
the utilitybackfillmaterial acting as a preferential flow pathway. The potential fortransport in
backfillwill be _ninimizedby use of construction techniques and/or materials that reduce utility
backfillpermeability. Generic engineering designsfor preventing transport will be offered as
examples, such as:

a. Construct beckf'illby placing controlled density fill (a lean concrete mixture), or similar low
permeability material, intothe entire utilitytrench,to the bottomof the pavement base
courselayer.

b. Construct backfill by placing standard pipe beddingmaterial for a maximum depth of 6"
plusone-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 controlled
densitytiffor similar low permeabilitymatenal: at a maximum interval of 500' along the
Utilityalignment,eliminatethe pipe bedding material and construct full trench profile
concretedams. (Illustrations of typical utilityinstallation construction drawings consistent
with option3.b. are provided in Figure 1.)

Project-specificconstruction designs will be developed consistent with the standard
specificationsto meet the site-specific engineenng requirements of the planned construction.
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Seattle Tacoma IntemationalAirport _:
_401 Water Quality Certification#1996-4-02325

ConditionF.1

Plan to MonitorPotentialContaminantTransport to Soil and Ground Water
via SubsurfaceUtility LJnes

1. INTRODUCTION AND BACKGROUND

In accordance withthe WashingtonState Departmentof Ecology (Ecology) Water Quality
Certification(WQC) for U.S. Army Corpsof Engineers PublicNobce 1996.4-02325, ConditionF.
1, the Portof Seattle (Port) submitsthis plan to monitor for potentialcontaminant tmnspoll via
subsurface utilitylines(SULs) at the Seattle-Tacoma InternationalAiq)ort (STIA). A draft of this
Subsurface UtilityLine MonitoringPlan (SUL Monitoring Plan) is due to Ecology no _er than
September 30, 2001.

Ecology has requestedthis plan in responseto concerns expressed by members of the public
commentingon the proposedissuance of the Water Quality Certifcation. The cornmenter assert
that the pen'neabiebackfillwithwhich subsurface utilitiesam sometimes constructed may act as
preferred pathwaysformigrationof contaminated ground water to the Third Runway
Embankmentdrainlayer, 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, Seattle-Tacoma International Airport, prepared by
AssociatedEarthSciences, Inc. dated June 19, 2001 (AESI, 2001) providesthe foundation and
supportingdata forthe development of this SUL Monitoring Plan. The SUL Monitoring Plan
presentsa methodologyto furtherevaluate the nature of SULs at appropriate contaminated
groundwater sites and the potentialthat these SULs act as preferential contaminant transport
pathways.The plannedmonitoringapproach will, in a first phase, evaluate contaminated sites,
associated groundwater presence and flowproperties, and the propertiesof constructed SULs.
The evaluationwill demonstrate the probabilitiesthat contaminated sites could act as
contaminant sources to SULs, and that SUI.s could act as migrationpathwaysfor those
contaminants.The second phase of the monitoring program will be developed at the conclusion
of the firstphaseevaluation.Under the second phase, the Portwill develop and implement field
monitoringactivitiesthat are demonstrated appropriate by results of the first phase. The second
phase plan willbe providedto Ecology for review and approval.

2. SITE EVALUATION

a. GroundWater in Perched Zones and in the Qva Aquifer

The SUL Monitoring Plan willfocus on the potentialthat select contaminated sites act as
sourcesof contaminationto SULs. The typical as-builtconstruction depth of STIA SULs is
between 5 to 10 feet below ground surface. The SUL Monitoring Plan will therefore
concentrateon sites that contain impacted perched groundwater that could enter SULs.

Sites that containperched ground water provide the greatest probability for SUL transport of
contamination.Perched groundwater occurs in isolated, discontinuouszones. Perched
zones are typicallyfoundwithinthe range of about 10 - 35 feet below ground surface. Due to
the shallowdepth of perched zones, perched ground water has the greatest potentialto
intersect SULs and move along permeable backfill material

Transport along SUL backfill of contaminated groundwater inthe regional Qva aquifer is
improbablefor several reasons:
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• Ground water levelsin the Qva aquifer at STIA are typicallyat a depth between 55 to
90 feet belowground surface,which is well below the depth of typical SULs.

• Impacted Qva groundwater has been well documented and is contained withinthe
AOMA: the maximum migrationof impacied ground water is no greater than 550 feet
in lengthfromits contaminant source area.

• Ground water data generated from monitoringwelb completed downgradient from
known Qva impacted ground water sites are below Model Toxics ControlAct (MTCA)
standards and, therefore, provide a defined plume boundary.

Therefore, monitoringfor contaminant transportby SULs inthe Qva aquifer is not planned.

b. SUI, MonitodnqPlan Site Selection

Locationswith contaminated groundwater that may have a reasonable potential for migration
by SUL are definedby the following criteria:

• Site contains perchedgroundwater;,
• Perched groundwater is impacted above MTCA standards;
• SULs intersectthe site footprint.

Data indicatethat five siteswithinthe STIA principalaviationoperations and maintenance
area (AOMA) containimpacted perched ground water that has exceeded MTCA MethodA or
MethodB clean up standards (AESI, 2001). Sites that are impacted by previous fuel
releasesand contain fuel related compounds inthe pemhed ground water system elevated
above MTCA standards include the United/ContinentalFuel Farm, Pan Am Avgas Tanks,
NorthwestAirlinesBulk Fuel Farm, and the Delta Auto Gas Cluster. In additiontwo areas in
the AOMA, the Northwest AirlinesFormer HangarTanks and Monitoring well AGC-5 at the
Delta Autogas Cluster site, represent areas that contain solvent impacted perched ground
water. Each of the five sitesmeets the criteria listed above and are proposedfor further
detailed evaluationregardingshallowcontaminant transportmechanisms via SULs.

3. SUBSURFACE UTILITY LINE INFORMATION

As pert of previousevaluations,SULs have been identifiedthroughout STIA and compiledon a
base map (AESI, 2001). SULs that have been identified include: existing and proposedfuel lines,
electric lines, IndustrialWaste System (IWS) lines, sewer lines, storm drains, water lines, and
Satellite TransitSystem (STS) and Baggage Tunnels. A number of these SULs are constructed
withinthe boundariesof impacted perched ground water of the five sites presented in Section 2.
The followingadditionaldetail will be compiled from available documentationfor SULs at each of
the subject sites.

a. Utilityline deeth - Typical utilitydepth is 5 to 10 feet below groundsurface, with a typical
maximumdepth of 20 feet below ground surface. Engineering drawings will be
researchedto identifythe as-builtconstructiondepth of each SUL intersectingthe subject
sites.

b. Utilityliqe backfillcomposition- Informationon the type of backfill material used for infill
of the SUL will be compiled, if available.

c. Utilityline excavatiol_slope - The elevation of the as-built SUL excavation will be
researchedand informationcompiled, if available.
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d. Corlstmction Observations- Records will be researchedto detemnineif observations
were recomed duringconstructionactJvi_s regarding soil or groundwater contamination,
saturated soil conditions,soil type, SUL condition,etc. Observations of recent capital
improvement constructionprojects(e.g., those associatedwith the South Terminal
_on _ (STEP)) will provideuseful intonnation regarding o_e(I subeufface
conditions in the vicinityof historicconl_naed sites end older SULs. Avagable
information wigbe summarized for each subject site.

4. GEOLOGIC/GROUND WATER CONDITIONS

Existingdata and field observations of the geologicand groundwater condHionsat each of the
subject siteswill be evaluated indetd in regardsto its influenceon potentialcontaminant
migrationpetlmmys. Croas sedions will be developed for each s#e to graphically deplct Ule
miatJonshipof geologicand ground water conditions in relationshipto SULs. The analysis wig
focuson the following mS:

a. Fm orNative Soil Tvoes iT)Relati9n to UtilityLine - The soil conditionssurroundingSULs
at each site will be evaluated. Interpretations will be developed based on surrounding
soil boringsand well logsregarding the nature of fill or native soiltypes. This information
wigbe evaluated in miation to the as-builtconstructiondepth of the SULs.

b. Slooe of'nil or imoervious Surface - The slope of the glacial Ull surface or any identified
impervioussudaca will be evaluated. The effectof the slope of the low permeabany
surface will be analyzed regarding its effect on the control of perched ground water flow
directk)ns.

c. I_oth to Perched Ground W_er- The depth to perched ground water wig be compiled
from shallowmonitoringwell water level data and observationsmade on ______,)dated
environmentaland soil bering logs. This data will be correlated to a common vertical
datum to aBowfor the calculationof the elevation of the ground water surface.

el. PerchedGround Water Flow Diredigp - For each site evaluated, the perched ground
water flow directionswill be detemlined and a contour map showingthe flow directions
will be developed. Typical wet season and dry season perched ground water elevations
will be usedto determine any change in flow direction as a result of seasonal
precipitationfluctuations.

e. RelationShiDof Perched Ground Water to Utility Line Excavpth)n- The depth to pell:hed
groundwater will he compared to the as-built excavation depth of various SUL.s
intersecting subject sites. An evaluation wgl be made concerning the abilityof the SUL.s
to actas a potential contaminant transport pathway. Particular consideration will be
made duringthe evaluation of the abilityof the SULs to transport contaminant via
perchedground water towards the proposedThird Runway Embankment projectarea.

5. Report

A report will be developed which presents the findings outlined in the SUL Monitoring Plan. The
report wigpresent graphicalmaps which show ground water and geological conditions in relation
to SULs, tabulated intomlation on select SUL.s,and an evaluation regarding the potential of the
SUl.s to act as preferential pathwaysfor contaminant transport. Conclusions will he developed
and an appropriate scope of work and work plan for any appropriate follow-on monitoringwill be
developed for Ecology reviewand appcovat.
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