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16 tWitr,_r_Date ='!!5_.¢u,_1_- -13h;/ . [

Respondents. I _iane Mills. Court Re_o_er [17

18 John J. Strunk declares under penalty of perjury as follows:

19 1. I am over the age of 18, am competent to testify, and have personal knowledge of the

20 facts stated herein.

21 2. I am a geologist by training, having received my Bachelors of Arts degree in geology

22 and coordinate major in environmental studies from the University of Vermont in 1984and have

23 attended numerous professional tralnir_gseminarsassociated with the field of environmental science. I

24 have over seventeen years of professional experience and since 1995, I have been employed by

25 Associated Earth Sciences, Inc. ("AESI"). See Exhibit A.

26 3. In 1995, AESI began work for the Port of Seattle ("Port"), planning for and conducting

27 an in-depth groundwater evaluation at the Seattle-Tacom_tInternational Airport ("STIA"). The Port's

28 efforts in this regard were in response to concerns expressed in public comments that existing sources
BRov_
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I ofcontaminationattheSTIA'sAircraftOperationsandMaintenanceArea("AOMA")mighthavethe

2 potentialtoimpactdrink/ngwaterorsurfacewaters.Morerecentpubliccommant$havefocusedon

3 whetherAOMA contaminationcouldmigratetotheThirdRunwayconstructionareaduetothe

4 presenceofback_lledsubsurfaceutilitytrenchesactingaspathwaysofcontaminantmigrationof

5 perchedgroundwater,and/orthenaturalwestwardflowofgroundwaterintheuppermostregional

6 aquifer(the"Qva"or"Qvaaquif"r").

7 4. Specific goals and elements of this groundwaterevaluationwere subsequently

8 identified haboth GovernorLocke'sJune 30, 1997 letter ("Governors Letter")approvingthe project's

9 Supplemental Environmental Impact Statement and in the May 25th,1999 Agreed Orderbetween the

10 Departmentof Ecology ("Ecology")and the Port ("AgreedOrd_'). Additional elementsrogarding

11 the fate and transportof contaminants migrating preferentially in STIA subsurfaceutility lines were

12 identifiedin the 401 Certification.

13 5. AESI has completed a substantial portion of this evaluation. The following

14 deliverableshave been provided by the Portto Ecology:

15 (a) presentation of the Conceptual Flow Model and Graphics Package, June 30,

16 1999;

17 Co) submission of STIA Monitoring Well Plan Map for the Qva aquifer, September

18 16, 1999;

19 (c) presentationofConceptualBoundaryConditionsandGraphicsPackage,

20 December 8, 1999;

21 (d) submission of Till ThicknessMap, January 24, 2000;

22 (e) submission of 1"tand 2adQuarter Qva Aquifer Ground WaterFlow

23 Measurements and Flow Directions Maps, January 31, 2000;

24 (f) presentation of Ground WaterFlow Model Set-up, February3, 2000;

25 (g) submissionof memorandum respondingto Ecology commentson Conceptual

26 Flow Model Boundary presentation, 2000;

27

28
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1 (h) submissionof four Quartersof QvaGroundWaterFlow Measurements and

2 Flow DirectionMaps, July 31, 2000;

3 (i) presentationof Conceptual Fate & Transport Model, October4, 2000; and

4 (j) submission,DraftTechnicalMemorandumAnalysis of PreferentialGround

5 WaterFlow Paths Relative to Proposed ThirdRunway,June 19, 2001.

6 The Port and AESI's evaluationof AOMA groundwaterconditionsto dateis _ufficientto have

7 developedmeaningful andreliableconclusionsregarding potential contaminationtransportand

8 migration from the AOMA to the proposed Third Runway site, as set forth below.

9 6. Contamination does exist in shallow perchedgroundwaterzones within the AOMA.

10 See Exhibit B (TechnicalMemorandum) at 2. However, AESIhas determined that these zones are

11 isolated, discontinuous, and remotely located relative to the proposed Third Runway site (the Third

12 Runway site is located approximately 2,800 feet from the AOMA), ld. at2-3, Figures 2-5.

I3 Moreover, contaminatedperched ground water zones in the AOMA appear to be contained laterally

I4 to areas adjacent to the source releases and ground water flow directions in those zones within the

15 AOMA predominantly flow away from the proposed Third Runway. Id. at 11.

16 7. Environmental data does not indicate that the numerous subsurface utility lines within

17 the AOMA are a preferred pathway of contaminant migration to the proposed Third Runway site.

18 See Exhibit B (Technical Memorandum) at 9. The depth to perched ground water generallyexceeds

19 the typical depth of STIA utilities, therefore much of the impacted perched ground water is vertically

20 " isolated from utility backfill areas, ld. at 11. Moreover, Third Runway construction will only

21 involve construction of one utility between the AOMA and the Third Runway area, the trenches for

22 which will be backfilled with low permeability materials to restrict or prevent potential contaminant

23 migration within the trench. Id. at 9. This utility is not located in an area of the AOMA containing

24 known contamination. Id. at 9-10. As part of the 401 Certification permit conditions, additional

25 analysis of the utility line backfill will be performed to evaluate the as-built conditions of the utility

26 lines that intersect impacted perchedground water zones. An evaluation of the ability of select

27 utility lines to act as a potential contaminant transport pathways to the Third Runway will be made.

28
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I Based on the conclusion of this evaluation,appropriatemonitoringactivitieswill be initiated along

2 select utility lines, if necessary.

3 8. Groundwater flow of the Qva aquiferis in a west to northwestdirection_¢n the

4 AOMA and the proposedThirdRunway construction area. See Exhibit B (Technical Memorandum),

5 at 7-8, 10. However, Qvacontaminationremainslocalized andcontained with the vicinity of AOMA

6 contaminantsources. Id. Data_om groundwatermonitoringwells completed in a downgradient

7 directionfromknown Qva impactedgroundwatersites confirmsthatcontaminantconcentrationsare

8 withinMTCA standardsandprovidea defined plumeboundaryforcontaminationof the Qvaaquifer.

9 ld. Moreover,given the locationof the proposedThirdRunwayembankznentand utilities relative to

I0 theQva _uif_r, ThirdRunway constructionis not likelyto significantly impactor increase migration

11 of Qvacontamination. Id

12 9. While additional evaluationswill be conductedon contaminantpathways, in

13 accordancewiththe401Certification,AESIhasconcludedthat,hosedonthetmemsiveanalysis

14 performedtodateofSTIAgroundwaterconditionsandcontaminationpresentattheAOMA, no

15 reasonablethreatexiststhatcontaminatedgroundwaterwillmigratefromtheAOMA totheThird

16 Runwayare,a,eitherduetothepropertiesofgroundwaterfloworduetothepresenceofsubsurface

17 utilitiesorperchedzonestoactaspreferredcontaminanttransportpathways.SeeExhibitB

I8 (TechnicalMemorandum),at2,I0-II..

19 Ideclareunderpenaltyofperjuryunderthelawsofthe StateofWashingtonthatthe foregoing

20 istrueandcorrect. BcG_:_'I,t_c_R
21 DATED this2_ dayofSepmmber,2001at_ Washington.

22
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JOHN Jo STRUNK Associatedl=ArthSciences.Inc.

Associate Geologist _ N N _

EDUCATION

B.A., Geology, CoordinateMajor inEnvironmental Studies, 1984, University of Vermont

Continuing Education
40-hour OSHA Health and S_ Trained Seminar on Characterizing and Remediating DNAPL
Samplingfor HazardousMaterials atHazardousWasteSites
Hazard Evaluation and Risk Assessment Bioremediation Engineering
Introduction to GroundWater Investigations Transpor_and Fate of Contaminants in the
Ground Water Monitoringat Hazardous Waste Sites Subsurface
CERCLA RI/FS Workshop GSA Field Trip - Pleistocene Geology of Puget
GroundWater Computer Modeling Workshop Lowland
Onsite Ground Water and Soil gemediation Visual MODFLOW Shormourse

BrownfieldRedevelopment Seminar

PROFESSIONAL REGISTRATIONS

Registered UST Site Assessor: Washington State Deparn_ent of Ecology - 1991

PROFESSIONAL ASSOCIATIONS

Association of GroundWater Scientists and Engineers
NorthwestGeologySociety
WashingtonHydrologicSociety

EMPLOYMEh_

Associated EarthSciences, Inc. / Bainbridge Island, WA / Associate Geologist / 1995Lpresent
Converse Consultants NW / Seattle, WA / Project Geologist/1989-1995
State of Vermont, Departmentof Environmental Conservation / Waterbury, VT / Hydrogeoiogist I 1985-1989
Wagner, Heindel & Noyes / Burlington, VT / smffGeologist / 1984-1985

PUBLICATIONS

McCormack, D.H., Strunk, J,J. and Cocks, G.J., April 2000, Stratigraphy of the Des Moines, SeaTac and Burien
Areas, South King County, Washington, 2000 P1-eRrata,The Geological Society of America, 96th Annual Meeting
Cordilleran Section, Vancouver, British Columbia, Abstract p. A49.

SUMMARY

Mr. Stnmk is an Associate Geologist with over sixteen years of experience in the environmental and ground water
industry. His experience in environmental industry includes evaluating hazardous waste sites as required under
federal CERCLA and RCRA regulations as well as sites regulated under Washington State Model Toxies Control
Act, Dangerous Waste Regulations and Underground Storage Tanks Regulations. His experience includes environ-
mental sampling for hazardous materials, aquifer testing and analysis, geophysical surveys, evaluation of remedial
alternatives, data interpretationand technical report writing. Mr. Swank has conducted hydrogeologic investigations
for landfills, hazardous waste contamination studies, water supplies, liquid waste disposal, sludge disposals, and
geotechnical studies.

Ground Water Resources

Mr. Strunk has served as a field geologist in supporting the design, installation and testing of water supply wells
throughout Washington. His expertise includes well siting studies including geophysical surveys, development of
construction documents, on-site geologic logging and construction management, well design, specifying well
development techniques, and hydraulic testing and analysis. Washington State Department of Ecoingy-specified
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JOHN Jo STR_ AssociatedEarthSciences,In_.

Associate Geologist [_ _ _] _

conditionsforseveralof these projectsincludingmonitoringfor saltwater intrusion,impactsto nearbywells and
impactsto adjacentsurfacewater bodies. Mr,Smmkhas significantexperiencein evaluatinggroundwatercondi-
tionsrelatedto construction.He hasservedas fieldgeologiston severalprojectsincludingconstructiondewatering_
evaluationof seasonalgroundwaterinflowinto infiltrationponds,andevaluationof impactsof hillslopedewatering
on groundwatergradientsusing numericalpound waterflow models. He has performedaquiferanalyst: and
designeddewateringsystems forseveral sowerline constructiondewateringprojects, In addition,hehas evaluated
the effects of constructiondewateringon contaminantmigrationat nearby hazardouswaste sites and developed
alternativesto reducethe impactofdewatering.

Landfills
Mr. Stnmk is an AssociateGeologistwithsignificantexperience inenvironmentalmonitoringat landfillsthroughout
Washingtonand Vermont Mr. Strunkhas servedas fieldoperationscoordinatorandproject managerfor designand
implememationof groundwater, surfacewater, and gas monitoringat multiplelandfill facilities. He has provided
groundwatermonitoringsystems forlandfills inSan Juan, Snohomish,King counties. He has been involvedin the
design and constructionof a groundwater and gasdetection monitoringsystemat the HoughtonCustodialLandfill
in KingCounty. Inthe last fiveyears,Mr.Strunkhas been involvedwith landfillsirecharacterizationinvestigations
at the Dtrvatl,CedarFalls, SouthPark,ErmmclawandCedarHills landfillfacilities for King County. Curremly,Mr.
Strunkis the project manager for the South ParkCustodial Landfill and manages a multi-disciplinaryteam in
evaluatingthe environmental,gecteehnicalandredevelopmentissues relatedto the landfill. Mr.Strunkhas assisted
in the developmentof a workplan designedto characterizethe hydrogeologioconditions for permittingArea 6 of
theCedar HillsLandfill.

PROFESSIONAL EXPERIENCE

HYDROGEOLOGICPROJECTS

AREA-WIDEGROUNDWATERSTUDY
SEATTLE-TACOMAINTERNATIONALAIRPORT
SeaTac,Washington
Project manager for an ongoing ground water study at the Seauie-Taeoma International Airport for the Pen of
Seattle. The ground waterstudy is beingconductedunder a MTCA Agreed Order betweenEcologyandthe Port of
Seattle. The purposeof the studyis to gain a more completeunderstandingof the direction andbehaviorof ground
water flows beneaththe airportand to evaluate that contaminationthat exists beneathportions of theairport isnot a
threatto drinkingwatersupply wellsor surfacewaterbodiesin the area. The study will be conductedin two phases.
The first phase includesthe developmentof a comprehensivedatabase that catalogsenvironmentaldatacollectedat
the airport and ground water wells located on airport property and in the USGSDes Moines Quadrangle. Select
wellson the airportpropertywill be includedas part of a site-wideground watermonitoringnetwork. A computer
model of ground waterand contaminanttransportflow throughoutthe study area will be developed. The computer
modeling will help to identify the potential risk of contaminants in ground water reaching public and private
drinking watersupply wells and nearby surfacewater bodies including: Bow Lake, Des Moines Creek and Miller
Creek. The secondphaseof the study will includedrillingadditionalground water monitoringwells that could be
used to verify Phase I studyresults and to performadditionalgroundwater monitoring. Informationfromthe study
may be used by the parties conductingcleanupsat the airportand could provide a basis for consistentapproachto
cleanupactionswithinthe airport.

THIRDRUNWAYPROJECTSUPPORT
Seattle-TacomaInternationalAirport
SeaTac,Washington
Project manager for providing technical support to Third Runway project team regarding ground water and
contaminanttransport issues. Provided technical data compiled for ground water studies to numerous consults
involvedin the designof the Third Runwayembankment. Provide technical review regarding the developmentof
groundwater monitoringplansassociatedwithembankmentmonitoring. Developedan initia_evaluationregarding
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JOHN J. STRUNK AssociatedEarthSciences,Inc.

"= Associate Geologist _ N N _

the preftrential pathways of contaminant migration via subsurfa_ utility lines in regards to the Third R1mway
construction area.

INDUSTRIAL WASTE SYSTEM HYDROGEOLOGIC STUDY

Seattle-Tacoma International Airport
SeaTac, Washington
Project manager for a hydrogeoiogic study at the Port of Seattle's i_dustrlal Waste System (]'WS) facility and
treatment lagoons. The purpose of the study is to evaluate if historic and currentwastewater management practices
have the potential to impact ground water resources in the immediate area. The study will conform to Washington
Department of Ecology's Ground Water Quality Standards, Historic monitoring data on the treatment processes,
soil, sediment, and ground water mordtoring data were reviewed. A ground water monitoring network of wells was
iustailedin the regional aquiferat Lagoons 1 and 2. Perchedgromldwater wells were completedat Lagoon 3.
AESI has coordinated with engineering activities associated with Lagoon 3 expansion throughout the design
process. A Iong-term ground water monitoring program was implemented in May 1999. Background water quality
was statistically evaluated for potential impacts to the ground water resource from the IWS facility infrastructure
andlagoons.

CONCOURSE D GROUND WATER REMEDIAL INVESTIGATION/FE,ASIBILITY STUDY
Senttl_-Tacoma International Airport
SeaTac, Washington
Developed work plan for the execution of field activities to define the nature and extent of ground water contami-
nation resulting from waste management practices associated with aircraft maintenance facilities. The ILl was
performed in accordance with the Washington State Department of Ecology Model Toxics Act (MTCA) and with
federal CERCLA legislation. Five ground water monitoring wells have been installed in areas where elevated levels
of soil oontamination were detected during focused soil RI, Quarterly ground water monitoring events were con-
ducted for a one-year period. Sampling efforts did not indicate an impact to the glacial out'wash aquifer. A deep
monitoring well installed at the site has shown that the shallow and intermediate regional aquifers appear m be
interconnected. Soil samples collected from the monitoring well borings were field screened using flame ionization
detection and compound specific detector tubes, Samplesexhibiting elevatedresponseswere submitted for
chemicalanalysis.A "no furtheraction"statuswasissuedby Ecology.

PORT OF SEATTLE SOUTHWEST HARBOR PROJECT - REMEDIATION AREA 4 (PACIFIC SOUND
RESOURCES)
Seattle, Washington
Participated on project that redeveloped the Pacific Sound Resources (Wyckof0 site in Elliott Bay, Seattle, Wash-
ington, as part of the Port of Seattle Southwest Harbor Project. The project included remediation investigations,
feasibility study, cleanup action plan, and design plans and specifications for cleanup activities. Affected media .
include soil, ground water, and sediment contaminated with creosote, pentachlorophenol (PCP), polynuclear
aromatic hydrocarbons (PAHs), and metals including arsenic, chromium, copper, and zinc. Role on the project
includes remedial investigations for ground water and sediment. Ground water investigations include dissolved
phase contaminants, sinking product (creosote and PCP) thickness, floating product (carrier solvents) thickness, and
hail downtestsand waterlevel measurementsover tidal cycles. Sedimentinvestigationsfocuson offshore areas in
Eliiott Bay and include both surfacesedimentand sedimentcore sampling, Mr, Strunkwas responsiblefor the
feasibility study elements related to ground water including treatability testing for ground water treatment, ground
water modeling for ground water mi_m'ation, fate, and extraction analysis, and evaluation of recovery systems for
floating and sinking product through both interim actions and long-term recovery,

PORT OF SEATTLE ON-CALL TECHNICAL SERVICES

Seattle, Washington
Provide various environmental and database/GIS management to the Port of Sear'tie on an on-call basis. Work has
included the refinement of the Port's field sampling data acquisition system, ground water sampling at marine
terminal sites, database design and well logging software evaluation.

Page 3

• AR 020974



JOHN J. STRUNK Asso_atedEa_sciences.Inc.

Associate Geologist _i_ N N _

BLUE MOUNTAIN GOLF COURSE

Perry, Oregon
Performed preliminary evaluation of the ground water conditions at the proposed Blue Mountain Golf Course site in
Per/y, Or_gon. The purposes of this eval_ion was to provide a hydrogeologic framework and establish existing
ground water conditions at the site, and evaluate potential ground water impacts and tailgating measures. Union
County Planning Department required information that would mitigate potentia! domestic well contamination
resulting from site development. A door-to-door survey of residents in lower Perry was conducted to gather !nfur-
mation regarding drinking water wells. Where permission was granted and the well was readily accessible, a ground
water level measurement was obtained. Subsurface and ground water conditions at the site were explored in a series
of eight test pits using a backhoe. A visual reconnaissance of the site and surrounding area was perfvrmed. In
addition, available geologic and ground waterreportsand maps were reviewed for the project area.

MUNICIPAL WELL GR.OUNDWATER RESOURCE INVESTIGATION

Yakima, Washington
Collected sad interpreted hydrogeologic data for a proposed 3000-gpm municipal well for the City of Yakima.
Specifically addressed the wate!'-bearing potential of the basalt aquifer in a structurally complex area. Compiled and
interpreted water quality data to assess potential water quality problems at the proposed location. Interacted with
Washington State Department of Ecology, drillers, and neighboring water districts to determine final well location.
I_,ecommended well location was drilled and completed at 1100 feet. Performed 24-hour pump test at a pumping
rate of 2.500 _m. Designed and implemented automatic data acquisition system to gather water level data at
pumping well and an observation that was under 35 psi of shut-in pressure.

PRESTON INDUSTRIAL PARK ENVIRONMENTAL IMPACT STATEMENT
Preston, Washington
Evaluated existing ground water conditions, impacts, and mitigating measures for a proposed 129-acre industrial
park in eastern King County. Analysis included potential ground water depletion impacts on an adjacent wetland,
on-site septic system impact on ground water quality, and development of alternative well locations and pumping
schemes to mitigate wetland impact. Acted as task leader for stream ganging and groundwater sampling.

TAMOSHAN SUBDIVISION WELL
Thurston County, Washington
Managed construction of a water supply well for a subdivision in Thurston County. Responsibilities included
logging samples, determination of completion zone, and well screen design. Performed periodic water quality
analyses during driliing to ensure completion zone was low in iron sad magnesium. Designed, monitored and
analyzed step drawdown test and 24-hour pump test in tidally influenced aquifer. Monitored water quality
parameters in nearby wells to evaluate potential of saltwater intrusion.

ENVIRONMENTAL PRO3ECTS

CONCOURSE A EXPANSION PROJECT,ENVIRONMENTAL SERVICES, PROJECTCOORDINATION '"
Seattle-Tacoma International Airport
SeaTac, Washington
AESI is providing project support to the Floyd & Solder, Inc. project team on the Concourse A Expansion Project.
AESI has provided the project team with database queries of relevant historic environmental data in the Concourse
A area to be used for risk based unsaturated contaminant transport modeling. Subsurface geologic interpretations
were also developed through the project area to gain an understanding on the glacial stratigraphy underlying the site
and its relationship to contaminated soil distribution. AESI project team members are also interfacing with the

Concourse A project team regarding the use of the unsaturated soil modeling methods and results for integration into
the ground water fate and transport modeling being performed as part of the airport wide groundwater study.

AIRCRAFTFUEL SYSTEM STUDY

Seattle-Tacoma International Airport
SeaTac, Washington
AESI key personnel member of a reJatively large and diverse project team responsible for evaluating existing fuel
suppiy and delivery operations at Seattle-Tacoma International Airport on behalf of the Port of Seattle and various
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JOHN J. STRUNK _t_ Earth_ienc_,Inc.
Associate Geologist _i _ _ _]

airline companies. Reviewed and compiled existing subsurfacecontamination information within the aircraft fuel
facilities and operational areas to devalop an approach for addressing soil and _'ound water contamination which
could be encounteredduringconstruction of additional fuel delivery systems.

CONCOURSE D CONTAMINATED SOIL REMOVAL PROIECT

Seattle-Tacoma Inte-rnat/onalAirport
SeaTac, Washington
Field manager for compliance monitoring and sampling for the excavation of approximately 35,000 cubic yards of
contaminatedsoil from an airport expansion project site.
Petroleum hydrocarbons and chlorinated industrial solvents were detected during demolition of a commercial airline
hanger. The Port elected to perform an independent interim remedial action to clean up the contaminated soil under
the State of Washington's Model Toxics Control Act cleanup regulations. The remedial action selected was
excavation with performance and conf.'marion monitoring to document that the cleanup action had attained the
establishedcleanup standards. Soil sampleswere collectedfrom deepexcavations(>20 feet in depth)and field
screenedthroughouttheexcavationprocess.A northingand eastingfield coordinatesystemwas establishedat the
sitethat enabledfield staffto accuratelylocateandtrack wheresampleswerecollected.The sample trackingsystem
proved very effective in providing direction to the contractor of areas of the site requiring over excavation. Flame
ionization detectorsand compoundspecific detectorrobeswere usedto monitor the excavation. Over 300 soil
sampleswerecollectedfor chemicalanalysisby on-site andoff-site laboratory facilities. Ambient air conditions
were also monitored for worker health and safety.. Submitted approximately 30 samples per day to on-site
laboratoryfor24-hourturnaroundof targetchlorinatedvolatileorganiccompounds and totalpetroleum
hydrocarbons.The on-sitelaboratorydataprovedinstrumentalinmonitoringtheperformanceoftheexcavation
activitiesandprovidingdirectiontotheexcavationcontractor.

PROPOSED JUNIOR HIGH SCHOOL No. 6 TANK REMOVAL
Kent, Washington
Two undergroundstorage tanks were decommissioned by removal. A release of diesel fuel oil was confirmed from
the area of the former diesel tank. The diesel tank excavation encountered ground water at approximately 14 feet
below ground surface and petroleum product was observed floating on the ground water surface, Confirmation
sampling in the vicinity of the gasoline tank indicated that no release of petroleum resulted from the gasoline tank.
Surficial soil contaminated with petroleum products and low-level chlorinated sotvents was also excavated from the
site. Approximately 3,075 cubic yards of petroleum-contaminated soil was processed and treated on-site by a
mobile thermal processor. Established a survey grid system to track samples collected within the excavation. This
system proved very effective in directing the contractor where soil removal should occur based on field screening
and laboratory analysis. Excavated material was screened prior to treatment m remove oversized cobble size
material. Ground water samples collected from an existing on-site monitoring well and from ground water pooled in
the bottom of the diesel tank excavation contained levels of total petroleum hydrocarbons above the Washington
State Department of Ecology cleanup level, Recommendations were made to investigate the extent of ground water

. cuntaminadon at the site.

POINT WELLS FUEL DISTRIBUTION CENTER

Richmond Beach, Washington
AESI provided soil and ground water remedial services at the Chevron Point Wells fuel storage and distribution
center (110-acre site) located at Richmond Beach on Puget Sound. The facility has been in operation since 1914 and
has above ground refined petroleum product storage capabilities of approximately 700,000 barrels. Installed,
monitored and maintained over 80 ground water monitoring wells at the facility as part of soil and ground water
characterization, and subsurface liquid hydrocarbon recovery operations. Designed, installed, and operated large-
scale interim liquid hydrocarbon recovery systems in two areas of the facility. Prepared an interim remedial action
plan to implement liquid hydrocarbon recovery at three additional areas including the adjacent asphalt plant,
Extensive modeling using FLOWPATH was performed to evaluate capture zones. Prior to development of the

interim remedial action plan, a 72-hour tidal study was performedJp determine the effect of tidally-induced ground
water level changes on liquid hydrocarbon thickness and to detentiine the net ground water flow direction. Results
of the tidal investigation were used for siting additional liquid hydrocarbon recovery wells and specifying timer
cycles for skimmer pumps.
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EMBASSY SUITES HOTEL SITE/GAS STATION DEMOLITION
Bellevue, Washington
In response to Phase II r_commendations, documents wore propared by the previous gas station owneds consultant.
Then reviewed the environmental work covered in documents. The site consisted of underyound storage tanks,
sump, and a pesticide wash area. Specific r¢ccmmendatmns wore made for removal of undorgroandstorage tanks,
storm drain and sump demolition and cleanup of pesticide residues prior to the purchase of the property.

PACIFIC NORTHERN OIL- PIER 91
Petroleum Contamination Site Assessment

Seattle, Washington
Involved a phased hydrogeologic assessment to determine theextent of contamination resulting from a release of
diesel fuel A preliminary hydrogeoiogic assessmortt was the first phase of this assessment followed by a Phase I
remedial investigation. Ground water levels have been monitored utilizing a dataiogger for a 24-hour cycle to
determine how ground water gradients arc affected by tida! fluctuations. A free-product recovery test was
performed on an existing monitoring well to determine the true thickness of diesel fuel floating on the water table.
Four existing wells have been sampled for total petroleum hydrocarbons. The Phase I remedial investigation will
consist of installing four new monitoring wells based on results obtained during the preliminary hydrogeologie
assessment. Based on the results of this phase, recommendations will be made for continuing remedial investigation
and/or remedial action.

LARRY'S ARCO

Everett, Washington
Performed a subsurface investigation at a former Arco station for the Washington Depananent of Ecology to assess
the extent and degree of hydrocarbon contamination resulting from a release in an underground storage tank (UST)
system. Initial work ineinded the devalopment'of a site work plan, which contained a sample and analysis plan,
quality assurance project plan, and a health and safety plan.. Prepared technical specifications for drilling and
laboratory subcontractors. Ten soil borings were completed by hollow-stem drilling methods through dense glacial
deposits consisting of glacial till overlying advance glacial outwash sand and gravel. Borings were located in areas
surrounding the UST and service islands. Seven borings were advanced to a depth of 40 feet below ground surface
(bgs) and three borings were drilled to 80 feet bgs. Soil samples were collected by split-spoon samples lined with
brass sleeves. Field screening was performed by head apace methods using a photoionizstion instrument. Three soil
gas recovery wolls were installed in zones exhibiting elevated levels of hydrocarbons based on field screening
results. Results of the investigation indicated that hydrocarbon levels were limited to areas surrounding the UST
system and soil gas vapors were elevated beneath a silt horizon that acted as a stratigraphic barrier for vapor
migration.
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SEAFIRST BANK RAINIERAVENUE SITE
Seattle, Washington
Level 11site assessment of a used car lot. Project consisted of identifying feel and solvent contamination in soil,
ground water, and drains. Developed sampling plan, managed instalJation of monitoring wells, soil and ground
water sampling and drain sediment sampling. Developed remedial action plan and coordinated subcontractors and
confirmation sampling.

ABANDONED FIRE STATION

Auburn, Washington
geraedia[ investigation for a leakin_ underground fuel tank. Managed monitoring well installation and ground water
sampling. Interfaced with the Department of Ecology to gain approval for location of monitoring wells. Site listed
as a confirmed contaminated site on the Department of Ecology's SMIS data base.

OLYMPIC AUTO WRECKING CONTAMINATED SOIL KEMEDIATION

Everett, Washington
Conducted an environmental investigation to determine the extent of petroleum hydrocarbon and lead soil
contamination resulting from an automobile wrecking yard. The initia[ phases of the project involved the
completion of test pits and shallow soil borings to determine the areal extent of contamination and develop
volumetric estimates of soil elevated above MTCA cleanup levels. Approximately 7 cubic yards of lead-
contaminated soil was characterized as dangerous waste using TCLP testing procedures. The lead soils were
containerized, manifested and transported to a certified hazardous waste disposal facility located in Arlington,
Oregon. Soil contaminated with petroleum hydrocarbons was excavated and stockpiled on-site. Soil samples were
collected in excavations ranging in depth from about 5 to 15 feet. Stockpiled soil was screened to remove oversized
rubble and wood debris prior to placement into on-site bioremediation treatment cells. Approximately 400 CY of
soil was processed and placed in the treatment cells. Nutrient additives and microbe inoculation were made to the
treatment cell. The treatment cell was monitored for nutriem levels and moisture content on a weekly basis and
nutrients and water were applied as needed to maintain optimum conditions for microbe activity. The treatment ceil
was also tilled periodically to promote oxygenated conditions. Monthly soil samples were collected and submitted
for analytical resting to monitor the progress of the bioremediation. Total petroleum hydrocarbon contamination
below MTCA levels were achieved within a_-month time period. The treated soil was designated as a Class 2 soil
and was recommended to be used as.fill during on-site construction.

ELLIOTT BAY OFFICE PARK
REMEDIAL INVESTIGATION AND SITE REMEDIATION
Seattle, Washington
Level I and II site assessments indicated levels of hydrocarbons above Ecology's MTCA Method A Cleanup levels
in soil and ground water affected this former service station. In response to these findings, a RI/FS was conducted
to determine the extent and volume of soil and ground water contamination. Contracted with Laucks Testing
Laboratories to provide on-site analytical services during the soil boring investigation. Preliminary cost estimates
for alternative remedial technologies were calculated as part of a feasibility screening study. Remediation by soil
vapor extraction was determined to be the best remedial alternative available. Designed, permitted, and installed the
vapor extraction system that consisted of dual soil venting ground water monitoring wells, dedicated vertical soil
venting wells, and horizontally screened soil vetoing pipes. Performed monthly hydrocarbon removal calculations
from each venting port to evaluate performance and to verify compliance with Paget Sound Air Pollution Control
Agency (PSAPCA) permitted emission levels. The system was adjusted in the field to allow max/mum removal of
hydrocarbons without exceeding permitted levels.

SUBSURFACE INVESTIGATION SUMMARY
Everett, Washington
Project manager for the contract with The Boeing Company to perform subsurface investigations at six potential
solid waste management units located at the Boeing Commercial Airplane Group, Everett facility, Two of the
SWMUs were former fire training pits, three SWMUs were former underground storage tank locations, and one site
is adjacent to abovegro-nd distillation tanks. The purpose of the investigation is to evaluate potential impacts to soil
and, if appropriate, ground water, resulting from former waste management practices. Twenty-three soil borings
were completed to a depth of 15 feet and 60 soil samples were submitted to laboratory analysis of select volatile

Page 7

AR 020978



JOHN J. STRU'NK .*,ssociateoEa_ Sciences,inc.

". Associate Geologist _ _ _ _J

organic compounds, semivolatile organic compounds, me_s, tmai pmroleum hydrocarbons and tributyl phosphate.
Ground water was encountered at thr_ of the SWMUs and one-t_'nesamples were collected for laboratoryanalysis.

BOEING EVERETt FACILITY - BUILDING 40-56

Everett,Washington

Projectinvolvedremovaloftwoundergroundstoragetanks(USTs)locatednorthofBuilding40-56attheBoeing
EvereR facility. At the time of the _xcavation, petroleum odors and staining were detected in the sandy backfilI
surrounding the tanks. Laboratory testing confirmed the presence of total petroleum hydrocarbons (TPI-I)above the
Washington State Department of Ecology, Model Toxics Control Act (MTCA) standards in the south sidewall
adjacentto the dieseltank and in the excavationstockpiles, Re-excavazionof the south sidewall occur'.d and
resamplingfromthisareaindicatedlevelsofTPH belowtheMTCA standards.Alsoincludedconfirmationsoil

samplingdatafromanarealocatedsoutheastoftheUST excavation.

THE BOEING COMPANY
BOEING COMMERCIAL AIRPLANE GROUP EVERETT DMSIOH
FLIGHTLINE STALL [ 12 DIESEL UST

Evere_Washington

Contracted by Boeing to perform a subsurface investigation to determine the extent of hydrocarbon impacted soil
resultingfroma releaseofdieselfuelformanundergroundstoragetankUST. Soilboringswerecompletedandsoil
samplesand one-timegroundwatersampleswerecollectedaspartoftheinvestigation.The boringscompleted
duringthisinvestigationwere usedto supplementexistingdatainan effortto characterizetheextentof
hydrocarbon-impactedsoilandtoaidinestimatingthequantityofsoilwhichwouldberequireremovalduringUST
closure.A UST closureby removalwas conductedwhichconformedtotheEcologyUST siteassessment
guidelines.Confu'mationsoilsampleswerecollectedfromtheexcavationsidewallsandbottom.Soilsamplesfrom
theexcavationbottomwere collectedfromabouta depthof12 feet.An estimatedg0 cubicyardsofsoilwere
removedand stockpiledattheEverettfacility.Soilsamplescollectedfromthestockpileindicatedlevelsof

petroleumhydrocarbonsaboveMTCA cleanuplevels.Boeingarrangedforthedisposalofthestockpile.

THE BOEING COMPANY
BOEING COMMERCIAL AIR.PLANEGROUP EVERETT DIVISION
UNDERGROUND STORAGE TANKS EV-48AND EV-49"

Everett,Washington
Projectinvolvedremovaloftwo undergroundstorageranks(USTs),EV..48(10,000gallon)and EV-49 (5,000),
locatednorthofBuilding40-56attheBoeingEverettfacility.At thetimeoftheexcavation,petroleumodorsand
stainingweredetectedinthesandybackfillsurroundingthetanks.Laboratorytestingconfirmedthepresenceof

totalpetroleumhydrocarbonsCI'PH)abovetheWashingtonStateDepartmentofEcology,ModelToxicsControlAcg
(MTCA) standardsinthesouthsidewalladjacent1othedieseltankandintheexcavationstockpiles.Reexcavation

• ofthesouthsidewalloccurredandresampiingfromthisareaindicatedlevelsofTPH belowtheMTCA standards.
AlsoincludedconfirmationsoilsamplingdatacollectedfromanarealocatedsoutheastoftheUST excavation.

THE BOEING COMPANY
BOEING COMMERCIAL AIRPLANE GROUP EVERE'IT DIVISION

SOUTH FUELING STALL EQUIPMENT
Everett, Washington
Phasedinvestigationtodeterminetheextentofjetfuelcontaminationresultingfromthereleaseofproductfroman
overflowcontainmenttank(OCT EV-110-]).An interimremedialactionwas conductedm removeapproximately
lOcubicyardsof petroleumcontaminatedsoil in order thatanutility constructioncouldproceedonschedule.A soil
gassurvey andgeophysicalsurveywas conductedto estimatethe extent of the contaminationandmap outburied
utilitylineswhichmay beactingaspreferentialpathwaysforcontaminantmigration.Soilboringsandgroundwater
monitoringwellswereinstalledtoconfirmthepetroleumhydrocarbondistribution.

THEBOEING COMPANY
BOEING COMMERCIAL AIRPLARE GROUP EVERETT DIVISION
SOUTH HRE TRAINING PIT

Everett, Washington
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Completedan investigationto investigationto identify the impact of the useof a fire training pit at the Everett
Division facility. Twelve soil boringswere completed in the areaof the fire _raining pit and related oil/water
separator to evaluate potential impact to soU. It is estimated that approximately 55 cubic yards of soil contains
pel_ideum hydrocarbonsabove the MTCA cleanup level.

STRATTE_ MOUNTAIN SKI RESORT
Winhall, Vermont

Investigated a number of upland sites to dispose of 300,000 gpd of wastewater effluent, Study involved establishing
and monitoring surface water stream gauging stations, ground water monitoring wall installation and monitoring,
and testing of_nulated sprayirrigation system model to determine aquifer response.

MOUNT ASCUTNEY SKI RESORT

Brownsville,Vermont
Performedsiteevaluationsfordisposalof125,000gpd ofwastewatereffluentbysubsurfacehighratesystemand

sprayirrigation.Installedstreamgaugingstationstodevelopratingcurvesforreceivingsurfacewater,Performed

large-scale aquifer testing to calculate loading rates.

BARRE COAL TAR SITE
Barre, Vermont
Performed a hydrogeologic investigation to determine the nature and extent of contamination associated with an
abandoned coal gasification plant. The investigation included the installation of ground water monitoring wells to
locateandmeasurethelocationofadensenon-aqueousphaseliquid(DNAPL). The sitewas locatedadjacenttothe
WinooskiRiverandtheDNAPL was foundtobem/gratingoff-siteandseepingthroughthefiverbottom.Remedial
measuressuchashydrauliccontrolandphysicalcontainmentsystemswereevaluatedtocontroltheseepageofthe
DNAPL intotheriver.

LANDFILL PROJECTS

SOUTH PARK CUSTODIAL LANDFILL

Seattle, Washington
Mr. Swank is project manager for hydrogeologic, engineering, industrial development assessment and public
involvement services related to the South Park Custodial Landfill The landfill is a brownfield site located within

the Duwamish giver corridor. The first phase of the project consisted of reviewing available information for the
purpose of evaluating environmental conditions at the site and surrounding area, evaluating the development
potential of the site, and making recomraendations on how to proceed to complete an understanding of the site with
respect to environmental conditions and development potential. Environmental characterization of the landfill was
conducted to evaluate ground water, surface water, and gas migration. Additional work consisted of the completion
of soil borings and monitoring wells, installation of gas probes, evaluation of the soil and waste fill conditions from
a both an environmental and geotechnical standpoint, and risk-based decision-making for development:of alternative
cleanup standards. Conducted environmental monitoring of ground water field parameters, ground'water sarapling,
aquifer testing and hydrogeologic interpretation. Seasonal ground water potentiometric maps were constructed and
ground water flow velocities were calculated for the alluvial aquifer. Week-long ground water monitoring was
conducted using pressure transducers and datalogger system to evaluate the potential for tidally induced ground
water level changes from the Duwamish River.

Data Gap Evaluation
Compiled and reviewed existing data at the site including aerial photograph review from 1936 through 1997, com-
pilation of ground water well, gas and surface water data. Reviewed a number of off-site geotechnical investigation
reports,which provided information on subsurface soil conditions from a construction standpoint.

Cover Soil Evaluation

Completed over 60 shallow test pits and completed soil laboratory testing to evaluate shallow soil contamination,
Identified fuel component hydrocarbon contamination and calculated risk-based TPH cleanup standards for the
impacted soils. Recommended hot spot removalsand site capping as potential rem_ial alternatives.
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GeotectmtcaiEvaluation

Supervisedgeo_ec]mica]evaluationbasedon historicsite data and new damgeneratedto evaluate liquefaction
conditions, feasibility ofbuildlng foundation design, review of piles systems and settlement issues.

Surface Water / Wetland Evahtation
A limited surface water evaluation was conducted to gain a better understanding of existing storm water runoff from
the site and evaluate some engineering controls. Preliminary alternatives including a wet pond and underground
retentionsystemswereevaluated.A wetlanclassessmentwas performedandno regulatedwetlandswereidentified
atthesite.

Ground Water and Gas Monitoring
Establisheda groundwaterand landfillgasmonitoringsystemaroundtheperimeterofthe41-acresite,Ground
watersamplesarecollectedon a quarterlybasisusingdedicatedsamplingequipment.Gas monitoringhasb_n

conductedon amonthlybasis,Hydrogeologicservicesincludedmonitoringwelldesign,welldevetopment,'aquifer
testingandgroundwaterflowconditionevaluation,Ground-water-to-surfa_-waterpathwayanaiysisiscurrently
beingevaluamd.

Public Participation
Coordinated facilitation support to King County Solid Waste Division in a public involvement program. The team
has developed consensus among an active Citizens Advisory Committee regarding issues affecting site redevelop-
merit.

ENUMCLAW LANDFILL

t_numclaw, Washington
Mr. Strunk is serving as project manager for improvements to the Enumclaw Landfill ground water and gas moni-
toring network. Gas probes and ground water monitoring wells located on private property were evaluated for
abandonment.New gasprobesand wellswere designedalongthewesternlandfillpropertyboundary.Well
developmentofthereplacementwellswas performed.A pneumaticslugtestmethodwas designedtoestimatethe

hydrauliccharacteristicsofavery.permeablesandandgravelaquifer,Groundwaterpotentiomerricsurfacemaps
wereproducedand anupdatedgroundwatervelocitywas calculated.Mr, Strunkprovidednegotiationsupportto
KingCountySolidWasteDivision,forwet[constructionepprova[andgasprobevariance.AESI prepareda report
forreviewand approvalby WashingtonStateDepartmentofEcologySolidWaste and SeaUle-KingCounty
Department of Public ;-iealthrepresentatives.

DUVALL CUSTODIAL LANDFILL

King County, Washington
Mr. Strunk provided project support for a landfill investigation that included evaluation and corrective action for the
ground water monitoring system, leachate collection system, cover, site drainage, and landfill gas conditions.
Existing hydrogeologic, landfill gas, climatic, water quality end landfill closure engineering data was oompiled and
reviewed. Regional hydrogeologic data were incorporated with site-specific data to develop a conceptual model of
the geologic/hydrogeologic framework at the landfill and surrounding vicinity. Low-flow sample and purge
methods were utilized to prove the presence of false metal detections at the site that exceeded MCLs. Landfill gas
chemistry was evaluated in conjunction with ground water chemistry to assess gas/ground water transfer of contami-
nants. An evaluation of the current ground water monitoring well system was made based on the position of the
well in the hydrogeologie system, historic water quality data and construction details. Previous well construction
methods caused the need for replacement of selected wells. Additional wells were installed to complete a compre-
hensive ground water monitoring system in three aquifer systems beneath the site. A gas monitoring network is
currentlybeing installed.

CEDAR FALLS LANDFILL

King County, Washington
Mr. Strunk assisted in performed a landfill investigation that included evaluation of the ground water monitoring
system, site drainage, landfill cover and gas collection system. Existing hydrogeologic, landfill gas, climatic, water
quality and landfill closure engineering data was compiled and reviewed. Regional hydrogeologic data was incor-
porated with site-specific data to develop a conceptual model of the geologic/hydrogeologic framework at the
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landfill and surrounding vicinity. An evaluation of the currentground water monitoring well system was made based
on the position of the well in the hydrogeoiogic system, historic water quality data, construction details, and results
of the well redevelopment. Surface water data, rainfall and cover installation were reviewed to evaluate the effec-
tiveness of the cover material. A water balance was developed that was used in the evaluation of the cap effective-
ness, volume of [eachate generation and recharge/discharge characteristics of the aquifer system. Evaluation of
water quality data showed the geomembrane cover to be very effective in reducing contaminant levels in ground
water. Recommendations were provided for improvements to the ground water monitoringsystem.

CEDAR HILLS LANDFILL

King County, Washington
Mr. Stronk assisted in the preparation of a work plan designed to characterize the hydrog¢ologic conditions per
Washington Administrative Code (WAC) 173-351 for permitting Area 6 of the Cedar Hills Landfill. Attended
negotiations with Washington State Department of Ecology and King County Solid Waste regarding the design of
the hydrogeologic investigation. Identified perched ground water bearing target zones and recommended sonic
drilling methods to collect continuous soil cores to classify the thickness and extent of perched waterbearing units.

ALKI TRANSFER/CSO PROJECT

West Seattle Pump Station
Slurry Trench Design and Ground Water Modeling
Seattle, Washington
A steady-state two-dimensional horizontal aquifer simulation model, FLOWPATH, and three-dimensional model,
MODFLOW, were used to aid in the design and configuration of a slurry trench at the proposed West Seattle Pump
Station as part of the Alki Transfer/CSO project. A drainfield was m be installed on the west side of the pump
station to lower the ground water surface and stabilize a landslide mass located in the vicinity of the pump station.
Preliminary analyses indicated that the lowering of the groun6 water around the drain field would cause a reversal of
the regional ground water flow direction. Ground water flow.from a portion of the former West Seattle Landfill
would be directed toward the pump station and finally lethe drain field. Concern was raised that the reverse flow
may cause migration of the contaminants from the landfill to the drain field. A slurry trench was proposed to be
installed between the drain field and Harvor Avenue SW to reduce the ground water flow gradient and to prevent the
potential migration of the comaminants toward the pump station. The purpose of the ground water modeling task
was to delineate the capture zone for the drain field and to determine the length and configuration of the slurry
trench required to cut off the ground water flow reversal. Worked closely with hydrologists and engineers in the
design of the slun'y wall.

HOUGHTON CUSTODIAL LANDFILL

Kirkland, Washington
Mr. Strunk was the field operations hydroge01ogist for ground water studies at the Houghton Custodial Landfill.
The project involved ground water/gns investigation at a 40-acre cinsed landfill in Kirkland, Washington. Designed
and implemented an eleven-monitoring-well network in two aquifers including two off-site residential wells.
Identified contaminants including chlorinated solvents and conventional leachate constituents. ML Strunk was
involved in the design and implementation of a ground water monitoring program for the abandoned landfill.
Geologic and ground water data within a one-mile radius of the landfill were collected and tabulated to evaluate the
first aquifer beneath the facility and determine ground water flow direction. Nearby residential wells were field
checked and the water levels measured. Residential wells adjacent to the tandfill were sampled. In addition, eight
gas probe wells were sited. Performed hydrogeologic interpretation, aquifer testing and analysis, development.of
ground water flow direction maps and calculated groundwater gradient and velocities for the two-aquifer system.

SNOHOMISH RIVER CSO - REMOVAL OF LANDFILL REFUSE / STOCKPILING / SAMPLING

Everett, Washington
Provided on-site environmental construction services for the City of Everett as of the Snohomish River CSO projecL
The environmental phase of the project consisted of trenching through the northern portion of the former City nf
Everett Landfill to place a 12-inch and a 60-inch combined sewer and overflow line. The trench section through the
landfill was about 500 feet in length to a depth of about 10 feet for the 12-inch line. Provided oversi_t of the
excavation contractor and dire_ed the stockpiling of the material. Stockpile samples were collected for waste
classification profiling.
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CATHCART LANDFILL HYDROGEOLOGIC AND METHANE INVESTIGATION
SnohomishCounty,Washington
Extensive investigation of ground water, surface water, and landfill gas migration at this 1000 ton/day solid waste
facility, Sited and oversaw the installation of over 25 monitoring wells in three separate phases. Monitoring wells
were completed in a shallow g]acial aquifer and a deeper bedrock aquifer. A terrain-conductivity survey of the site
was performed to assess the extent of leachate-impacted ground water and assist in locating additional wells.
Inu=rpretedwaterqualitydatausinggraphicalandstatisticalmethods.Recommended locationsforlargediameter
extractionwellforremediationofleachate-impactedgroundwater.Designedanddirectedinstallationandplumbing
oftheextractionwell.Interpretedwaterqualitydatausinggraph,,_landstatisticalmethods.Sited,designedand
direcmdinstallationofovertengasprobewellstomonitormethanemigration.Inaddition,interactedcloselywith

WashingtonStateDepartmentofEcologyandlocalhealthdepartmentofficials.

CATHCART LANDFILL WATER BALANCE

SnohomishCounty,Washington
ProjectinvolvedinawaterbalanceinvestigationatC.athcar_LandfiU.Purposeofdevelopingwaterbudgetwas to
investigate leachate entrainment pathways and ieachate migration. Development of water budget entaiJed review of
as-builtconstructiondiagrams;interviewswithpeoplepresentduringconstruction;gaugingofprecipitation,stream
flow,underdrainandleachatecollection;andcalculationofgroundwaterflowandevapotranspiration.

CA3-HCART LANDFILL HYDROGEOLOGIC STUDY

SnohomishCounty,Washington
Interpretedwaterqualityandterrainconductancesurveyresultstodeterminedepthandextentof|eachateoimpaoted
groundwater.Preparedwaterqualityportionofhydrogeologicstudyreport,whichpresenteda comprehensive
overviewofmonitoringresultsm date.

SAN JUAN COUNTY LANDFILLS

OrcasIslandandFridayHarbor,Washington

DevelopedgroundwatermonitoringplanstobringOrcasIslandandFridayHarborLandfillsintocompliancewith
stateregulationsforgroundwateratsolidwastefacilities.The OrcasIslandfacilityisa20-acresolidwastelandfill
locatedon glacialoutwashandtill.FridayHarborLandfilliscomprisedofaclosedsolidwasteareaandanactive
ash ill] portion, sited on bedrock. Performedpreliminary hydrogeologlcassessment,sited monitoring wells,
oversaw momtoringwell installations,performed pump tests,installed dedicatedsamplingpumpsand developed
sampling and analysis plan. Analyzed dataand prepared reporton lateral and vertical extent of leachare impacted
ground water, County employees were familiarized with sampling techniques and equipment and to perform
quarterly monitoring.

LAKE GOODWIN LANDFILL

Snohomish County, Washington
Lake Goodwin Landfill stopped accepting refuse in 1982 and final cover was placed in 1983. Developed a ground
water monitoring plan for this closed facility specifying ground water monitoring well locations and depths and
analytical testing parameters. Mr. Strunk was in charge of the monitoring well drilling and installation, well
development, and installation of dedicated sampling pumps were completed. Performed pump tests on the wells to
determineaquifer characteristics.Throughoutthe drilling process,reevaluatedthe groundwater flow directionto
ensure three wells were sited downgradient and one well upgradient of the waste area in accordance with the MFS
for solid waste facilities. Interpreteddata and preparedreport. This project was completed under a grant from
Departmentof Ecology and requiredcloseinteractionwith boththeDepartmentof Ecologyand localhealth depart.
menL

REGIONAL LANDFILL

Snohomish County, Washington
Performeda hydrogeologicinvestigationto evaluategroinedwater flow conditionsand waterqualityprior to the
startoflandfi[lingata new regionalsolidwastefacility.Projectincludedtheinstallationofgroundwatermonitor-
ingwells,aquifertestingandanalysisofwaterqualitydata.Developedagroundwatervelocitymodeltoaidcounty

personnelinupdatingfuturegroundwaterflowconditions.
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LAKE STEVENS LANDFILL

Snohomish County, Washingtnn
Assisted in preparation of ground watt" monitoring plans, compiled and interpr_ed regional well log data, and
provided locations of eleven monitoring wells to monitor shallow, perched and deep mginnal aquifers.

BRYANT LANDFILL

Snohomlsh County, Washington
Evaluated four years of groundwater quality data for this closed facility and preparedmonitoring report. Closta'e of
Bryant Landfill was completed in 1989. Time series analysis and statistical techniques using graphical methods
(box plots), single Actor analysis of variance and student t tests were app!ied to the data to determine temporal and
spatial trends in leachate impacted ground water. Prepared final report and provided recommendations for con-
tinued monitoring.

BOEING COMMERCIAL AIRPLANE GROUP
PROPOSED SITKA INDUSTRIAL LANDFILL
Sitka_Alaska
Performed a preliminary geotechnical investigation to determine the depth to bedrock and refusal on glacial
sediments. Evaluated a30-acresite to determine siting feasibility.

PROPOSEDJARVIS STREET LANDFILL
Sitka, Alaska
Conducted a preliminary investigation to obtain information regarding the subsurface conditions at a site under
considerationforanew landfillsitebytheCityofSitka S̀copeofworkincludedsitereconnaissance,testprobeand
hand-augerexplorations,geotechnicalanalysisanddesignrecommendations.

SITKA LANDFILL SITINGSTUDY

Sitka,Alaska
Evaluatedfivealternativelandfillsitesunderconsiderationforanew landfillinSitka,Alaska.Work includedsite

reconnaissanceand mapping,testprobeexplorations,observationand"descriptionofexistingsiteuse,topographic
conditions,surfacewater,adjacentpropertyuseand surficialgeologicfeatures.Developedsitingcriteriaand
performedanumericalrankingtoaidintheplanning/feasibilitystageofthesitingprocess.

LANDFILL EXPANSION AND CLOSUP_
Sitka,Alaska
Performed geotechnical investigation for the proposed closure of the City of Sitka landfiU. Work included geologic
reconnaissance, subsurface explorations consisting of test pits, ground water level determinations, field permeability
tests, water quality sampling and testing, water temperature measurements, laboratory soil testing, and engineering .
evaluations and development of design recommendations.

SITKA LANDFILL EXPANSION PROJECT
Sitka, Alaska
Conducted a preliminary geotechnical evaluation on a expansion site located adjacent to the existing landfill in
Sitka, Alaska. The scope of work consisted of test pit and hand probe explorations, measurement of the ground
water level in the test pits, laboratory soil testing, settlement analysis and engineering evaluations and development
of design recommendations.

BENNINGTON LANDFILL

Bennington, Vermont
Performeda CERCLA Pre-gemedialSiteInspection,which includeddevelopinga work plan,conductinga
samplingprogramofenvironmentalmediathatincludedgroundwater,surfacewater,ieanhate,soilandsediment

PublishedintheFederalRegistertheHazardRankingSystem(HITS)scoringpackage.ProvidedEPA personneland
contractorswithtechnicalsupportand fieldassistance.ProvidedassistanceinearlyRemedialInvestigation/
FeasibilityStudyprojectstart-up.
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BURGESSBROTHERSLANDFILL
Woodford,Vermont
Initiatedthe responsibleparties to conduct a hydrvg_oiogicinvestigationto determinethe natureand extent of
contaminationresultingfrom formerdisposal practices. Reviewedand commentedon technicalrcpom resulting
fromthe study. Conductedsamplingof groundwaterandsurfacewaterfor compoundson the hazardoussubstance
list. Performedgeologic mapping to determinethe orientationof bedrock fracturesand possible pathways of
preferredgroundwaterflow.

OLDPOULTNEYDUMP
Poulmey,Vermont
Providedtechnical supportto the town of Poulmey to evaluatethe environmentalconditionsof an inactivedump.
Assisted in the developmentof a RIP, aided in the selectionof a consultant,reviewed work plans, oversawthe
installationof shallow andbedrockmonitoringwells, developedand implementeda groundwaterand residential
drinkingwatersamplingprogram.

WILLIAMSTOWNLANDFILL
Williams,own,Vermont
Hazardouswastesite investigationto determinethenatureandextentof contaminationresultingfrom the disposa_
of drycleaningsludges. Site evaluationincludedgeologicreconnaissance,subsurfaceexploration,soil gas survey,
soilsamplingforperchJoroethvne,designand implementationof long-termgroundwatermonitoringprogram.

YOUNGLANDFILL
Highgate,Vermont
PerformedCERCLA Pre-RemedialSiteInspectionSampling,whichincludedanalysisofHazardo_SubstanceList
compoundsfromgroundwater,surfacewater,leachate,soilandsediment.Someinwstigationsinvolvedtheinstal-
lationofgroundwatermonitoringwells.

.f .
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DRAFT
TECHNICAL MEMORANDUM

, 19, 2001

ANALYSIS OF PREFERENTIAL GROUND WATER FLOW PATHS

RELATIVE TO PROPOSED THIRD RUNWAY

SEATTLE-TACOMA INTERNATIONAL AIRPORT

1.0 INTRODUCTION

The Port of Seattle (Port)presents this technical memorandum in response to a request from the
Washington Department of Ecology (Ecology). Ecology has asked the Port to respond to a
concern expressed by members of the public and certain State legislators opposed to construction
Of the proposed Third Runway at Seattle-Tacoma International Airport (STIA). The issue
presented is whether known contaminated ground water conditions located below the principal
aviation operations and maintenance area (AOMA) of STLA witl migrate to the third runway
construction area due to the presence of subsurface utilities and/or perched zones acting as
pathways of contaminant migration, and/or the natural westward flow of ground water in the
upper-most regional aquifer (Qva).

The purpose of this teehrtical memoraadum is to report the findings of the Port's evaluation of
potential contaminant migration from the AOMA to the third runway area.

The scope of this technical memorandum is to review and evaluate available datato enable a
technical conclusion in response to the issues raised about proposed construction of-the.third
runway. The issue is the potential for ground water flow and contaminant migr_ion from" the
AOMA to the construction area. Of particular interest to the reviewers is the likelihood of
migration of perched ground water contamination via preferred flow paths formed by constructed
utility trenches and similar subsurface infrastructure.

This scope of inquiry is different fi'om the scope of the STIA Ground Water Study being
performed by the Port under a Motet Toxics Control Act (MTCA) Agreed Order. The purpose
of the MTCA Ground Water Study is to determine whether contamination in the Qva aquifer
below the AOMA constitutes a risk to ground water at identified potential local receptors. The
scope of that study includes only the Qva aquifer, making the conservative technical assumption
that all contaminants released from sources in the AOMA reach the Qva, rather than remaining
in soil or in perched ground water zones. The scope of the Ground Water Study also excludes
consideration of the third runway. Some of the analysis presented here will inform the Ground
Water Study inquiry.
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As presentedbelow,thefindingsofthisevaluationleadtoourconclusionthatthereisno
reasonablethreatthatcontaminatedgroundwaterwillmigratefromtheAOMA totheThird
Runway area,eitherdue tothepropertiesofgroundwaterfloworduetothepresenceof
subsurfaceutilitiesorperchedzonestoactaspreferredcontaminanttransportpathways.

2.0 EXISTING CONDITIONS WITHIN THE AOMA

2.1 CENERAL

As descn_bedintheMay 1999AgreedOrder,the AOMA is"theareaofthe airportwheremost
aircraftfuelingand maintenanceoperationshavehistoricallyoccurred.WithintheAOMA,
contaminatedgroundwaterexistsinseverallocalized,discretesitesasa resultofnearlyfiRy
yearsofairportoperations.Theboundariesofthecontaminatedgroundwaterhavebeendefined
by siteinves5gationdatathatwereobtainedthroughtheplacementandsamplingofground
watermonitoringwells,anddataandobservationsobtainedinothersubsurfacedatacollection
activities.Groundwatermonitoringcontinuesatactiveremediationandpost-remediationsites
(subjecttotemporarydisruptionduetoconstruction).

WithintheAOMA, areasofcontaminatedgroundwaterexistinbothshallowperchedzonesand
m theQva. Theperchedzone.sareisolatedanddiscontinuous,whiletheQva iscontinuous.
FigureI is a conceptualdiagramillustratingthe typicalhydrogeologiepropertiesand
relationshipsbelowtheAOMA. FigureI significantlysimplifiestypicalconditions,but
identifieskeyfeatures:

• PerchedZone- The perchedzoneisdiscontinuousandispresentinisolatedareasofthe
AOMA. Perchedgroundwatermay appearon localtillsurfaces(wherepresent)andmay
alsocollectin interbedsand lenseswithinthe_ill.Theretbre,multiplediscontinuous
perching"layers"arefrequentlyidentifiedasdiscretewaterbearingzoneswithinthesame
area.To theextentthereishorizontalperchedflow,itistypicallylocalizedandflowsalong
thetopsurfaceofthetillunit,butbecomesmoreverticalattheedgeofperchingsurface;
thereisno regionallyextensivepredominanthorizontalperchedflowdirection.Typicaltow
permeabilitygeologicunits(glacialtill),thatresultinperchedgroundwaterconditions,are
located from the near surface to about 40 feet below _ound surface (about 10 to 32 fen
below ground surface below most AOMA contaminated sites); the unsaturated region
between the perching zone and ground water surface in the Qva is approximately 20 to 50
feet thick. Glacial rill and perching conditions are not uniformly present below the AOMA.
Till is absent in some tocadons due to natural processes, as well as construction related
activities (such as deep excavations for building foundations, excavation for transit tunnels,
and site grading activities) which appear to have breached the till unit at several locations at
STIA.

• Qva aquifer in the STIA area - The Qva aquifer is the uppermost aquifer of regional extent.
It is continuous throughom the AOMA and STLA and is in most areas of STIA classified as
an unconfined aquifer. In some locations it is interconnected with the underlying regional
aquifer which is identified in the South King County Groundwater Management Plan as the
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"intermediate" regional aquifer. Typical ground water flow in the Qva aquifer is to the west,
varying from northwest to southwest as a result of irdluence of local discharge zones such as
Miller Creek, Des Moines Creek and associated wetlands. Typical depth to the Qva aquifer
below the AOMA _s about 60-90 feet below ground surface, with the variability primarily
due to changes in surface elevation across STIA.

Figure 2 is a site map that presents the major features at STIA. The AOMA is shown in the

southeastern portion of STIA and contains the main terminal area and airport concourses. The
majority of the impacted ground water resulting from airport operations is located within the
AOMA. The third runway construction area is located approximately 2800 feet to the west of
the AOMA. Figure 2 also presents the typical Qva ground water contours and flow direction, a
west to northwest flow direction in the Qva aquifer. The location of a conceptual cross section
through the AOMA, extending to the proposed third runway embankment area, is shown as A-A'
(see Figure 6 and Figure 7).

2.2 EXISTING CONDITIONS - PERCHED ZONE

Soil and ground water samples collected during individual site investigations, together with other
subsurface observations within the AOMA, indicate that existing perched zone contamination
has remained localized near source areas and release points within the AOMA. The sampling
data show that the ground-water contaminants have not migrated significantly along constructed
utilities or infrastructure, despite the dense array of underground facilities in the AOMA (see
Figure 8 for location of utilities relative to existing areas of impacted ground water).

The following paragraphs describe the .figuresprovided with this 1-_ort. Data and observations
for each site at which contaminant concentrations in perched ground water exceed MTCA
standards are discussed in the subsequent subsections.

• Figure 3 - Figure 3 is a map that indicates the extent of impacted perched ground water in the
area of the AOMA. Ground water monitoring weUs completed in perched water bearing
zones are plotted based on the most recent ground water quality data in the Ground Water
Study database. The ground water quality data are compared to MTCA standards, and wells
are distinguished by colors indicating Whether sample data contain compounds exceeding
MTCA standards. Figure 3 also includes a portion of the conceptual cross section Iine A-A',
which extends to the proposed Third Runway area (see Figure 2 for the entire cross section
line; the cross sections are illustrated in Figures 6 and 7. The map also presents data for the
following conditions:

O Monitoring wells with measurable fuel product floating on the perched ground water
surface are indicated in green.

O Monitoring wells that contain concentrations of compounds exceeding the MTCA
Method A or B standards are shown in red.

(3 Momtormg wells that do not contain concentrations of compounds exceeding the
MTCA Method A or B standards are shown in blue.
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O The maximum we.stem boundary of impacted soiI is shown as a light blue line. This
boundary indicates the area between the AOMA and proposed Third Runway project
where soil boring data indicate no MTCA exceedences at depth.

Four sites within the AOMA are shown in yellow shading, indicating the approximate area of
fuel impacted perched ground water. These sites include the United/Continental Fuel Farm
Area, the PanAm Avgas Tanks, the Northwest Airlines Bulk Fuet Farm and the Delta
Autogas Tank site. Two additional areas in the AOMA, the Northwest Airlines Former
Hanger Tank site and monitoring well AGC-5 at the Detta Autogas Tank site, shown with
gold shading, represent areas that contain solvent impacted perched ground water. The
shaded boundaries were established within areas surrounding monitoring wells that have
exhibited ground water quality that has exceeded MTCA standards.

Figure 3 also illustrates additional evidence of the limit of the extent of impacted perched
ground water in the AOMA. The hatched btue lines shown on Figure 3 at the south end of
the AOMA are based on environmental investigations at several potential sites in that area.
The unhatched btue lines around the northern and western AOMA are based on

environmental soil boring data adjacent to the fuel hydrant pits and along fuel supply lines.
The unbroken sections of the blue lines indicates soil conditions that do not exceed MTCA

standards. The criteria for establishing this boundary was that the two deepest soil samples
collected at a specific location were below MTCA standards. Areas that do not meet this
requirement are shown by breaks in the lines and are of a very. limited extent. Likewise,
areas where no soil data currently exist are between the jagged ends of the blue lines (e.g.,
between the South Satellite and Concourse B).

• Figure 4 - Figure _. provides supporting evidence that perched ground water is limited in
extent at several locations within the AOMA. The inferred western extent of the perched
zone horizons at each of the known retease sites appears to be bound by soil conditions that
do not indicate wet, saturated or perched ground water conditions. Data points presented on
Figure 4 as brown solid circtes indicate soil conditions that do not contain evidence for wet
soil conditions or perched ground water conditions at the time of drilling. These data were
obtained from environmental and geotechnieal explorations performed at areas sun'ounding
known perched ground water zones. These data show that the extent of the perched zones
are limited in a western direction and that the perched ground water is confined to isolated
areas.

Figure 4 also presents generalized perched ground water elevation contours and associated
flow directions. The ground water contours were developed by plotting the average ground
water surface elevation that has been measured in monitoring wells completed in the perched
zones at the various sites. The contoured data set also includes the elevation of saturated

conditions noted on logs of the boreholes and wells completed below the perched aquifer.
An average ground water level was used where multiple measurements were available from a
well. This reduced variability from seasonal fluctuations and simplified complex perching
levels in areas that contain multiple perched zones. Flow direction arrows indicate the
general direction of ground water flow and indicate that the perched ground water flow is

DRAFT Page 4 June 19, 2001

AR 020991



variable and generally in directions that are away from the proposed Third Runway
constructionarea.

• Figure 5 - Figure 5 presents the extent of impacted ground water in the Qva aquiferwithin
the AOMA. See Section2.3foradescriptionofthisfigure.

• Figure6 - Figure6 isa conceptualcrosssectionthatshowsa generalizedrepresentationof
geologicformations,groundwaterconditions,typicalSTIAutilitytrenchdepths,monitoring
wellcompletiondetailsandgeneralAOM_ sitefeatures.Thecrosssectionisdeveloped
fromtheeasternboundaryoftheAOMA pastthewesternendoftheproposedThirdRunway
embankment,orientedgenerallyparalleltotheQva groundwaterflowdirection.Isolated
perchedgroundwaterzonesareidentifiedwithinglacialtillhorizonswithintheAOMA and
inrecessionalsandyoutwashsoilsneartheproposedThirdRunwayhorizon.The inferred
thicknessoftheglacialtillhorizonhasbeendeterminedbasedonavailablesubsurfacesoil
datacompiledthroughouzSTIA. Thesedataindicatean irregulartillsurfacewithvariable
thicknessandshow severalareasalongthecrosssectionwherethetillunitisabsentasa
resultofeithernaturalprocessesorconstructionactivities.

• Figure7- Figure7presentsanenlargementoftheFigure6cross:sectionthroughtheAOMA
area.TheenlargedcrosssectionisdevelopedthroughtheNorthwestBulkFuelFarmandthe
Pan Am Avgas Tank.sites,areaswhere impactedperchedgroundwaterhas been

characterized.Theperchedgroundwaterobse_edatthePan.AmAvgasTanksiterepresents
thewestern-mostareawithintheAOMA thatcontainsimpactedperchedgroundwater
exceedingMTCA standards.The crosssectionshowswellscompletedin theperched
horizonsatboththeNorthwestBuLkFuelFarmandPan.AmAvgasTanksitesandindicates
theperchedwaterlevelelevationasshownby thebluetriangle.Utilitylinesareshownon
thecrosssection,whicharepositionedatatypicalconstructiondepthofI0feet.

2.2.1United/ContinentalFuelFarmsArea

The United/ContinentalFuelFarmsAreasiteislocatedinan areawherethreediscontinuous

perchingzonesbetweenthesurfaceandabout40 feetbelowgroundsurfacehavebeenmapped
(Figure4).Areautilitiesarelocatedfromthenearsurfacetoa depthofabout20 feetbelow
groundsurface.Localperchedwatercontourssuggestradialflow,althoughthemultiple
perchinglayerstratigraphyalsosuggestsa strongverticalcomponentofflow.Inaddition,it
appearsthatlocalizedmoundingofperchedgroundwaterisoccurringatthissiteasaresultof

infiltrationresultingfromprecipitationcollectinginthetankfarmback.fillandsurrounding
unpavedareas.Thismoundinghasresultingina radialdirectionofperchedgroundwaterflow.
Howeverbasedonsoildatacollectedtothewestofthisarea,itappearsthattheperchedwater
conditionislimitedtothetankfarmarea.Boringlogsforadjacentsitewellsonthewestsuggest
noperchedwaterispresent.Remediationisongoing,includingplannedinstallationofadditional
perchedwellstothesoutheast,
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2.2.2 Pan Am Avgas Tanks

The Pan Am Avgas Tanks site is located in an area in which at least two perching zones have
been recognized. The local perched zones extend from about I0 feet to about 31 feet below
ground surface. Area utilities are located from the ,ear surface to a depth of about 12 feet below
ground surface (Figure 4). The perched ground water flow direction at this site is to the
northeast. As shown on Figure 4, the area to the west of Pan Am Avgas Tank contains a number
of soil borings that did not encounter perched ground water. The unsaturated soil borings
delineate the western extent of perched water at this location. The perched ground water appears
restricted to lenses within the till unit. In addition, it appears that the perched ground water is
generally at a lower e]evation than the bottom of typical utility trenches, gemediation continues
through current construction; monitoring will be reinitiated following construction.

2.2.3 Northwest Hangar Tanks

The Northwest Hangar Tanks site is located in an area where perched ground water occurs at
about t8 feet to about' 32 feet below ground surface in the immediate vicinity of the tanks
excavation area (Figure 4). Area utilities are located from the near surface to a depth of about 12
feet below ground surface. Frequent observation of unsaturated well conditions just outside the
tank excavation area,, and the absence of perched water in the boring for the nearest down
gradient (west) well indicate the perching zone is localized to the tank area. The inferred
direction of perched ground water flow in this area appears to the south towards the Northwest
AirLinesHanger building. It appears that perched ground water is at a lower elevation than the
depth of utilities, however, the deep foundation structure at the Northwest Airlines Hanger could
provide a vertical pathway for perched ground water migration through the glacial till zone.
Data from ground water monitoring wells indicated solvent-impacted perched ground water at
this site. It appears that solvents in the perched ground water have migrated vertically and
caused an impact to the Qva. gemediation continues through current construction; monitoring
will be reinifiated following construction.

2.2.4 Northwest Fuel Farm

The former Northwest Fuet Farm is located above a perched zone measured at about '18 feet to
29 feet below ground surface (Figure 4). Area utilities are located from the near surface io a
depth of about 20 feet below ground surface. The absence of contamination and the absence of
perched water in site wells to the west and northwest suggests that the contamination is bounded
in these directions. The absence of a perched zone ha borings for an adjacent site to the
southwest also implies a perched zone boundary. Dissolved contamination is bound on the west
side, as evidenced by the absence of wet soil cond/fions which define the western extent of the
perched zone and a southerly inferred perched ground water flow direction (Figure 4). It also
appears that the perched zone water level elevations are predominantly at depths that are below
the depth of utilities in the area (Figure 6 and 7). gemediation was completed in 1999, and
ground water monitoring will be reinitiated following construction.
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2.2.5 Delta Auto Gas Cluster

The former Delta tank installation was located in an area where multiple perching zones were
identified, with zones between about 9 to 22 feet, and about 33 to 45 feet below ground surface
(Figure 4). Area utilities are located from the near surface to a depth of about I0 feet below
ground surface. Shallow perched ground water was observed to occur within the vicinity of the
tank excavation but has not been observed beyond the tank excavation. The perched ground
water flow direction appears to be towards the south. Dissolved contamination is bound on the
west side by the presence of t"_saturated soil conditions, suggesting the perched zones are
restricted to the backfill areas of the tank excavations. Planned remediation was compIeted in
conjunctionwith constructionin 2000; additional evaluation df current conditions is pending.

2.3 EXISTING CONDITIONS - QVA AQUIFER

Figure 5 is a map that shows the extent of Qva impacted ground water. Ground water flow
direction in the Qva aquifer is to the west/northwest between the AOMA and the proposed Third
Runway project (Figure 2). Figure 5 indicates that the impacted ground water areas in the Qva
are bounded by data from downgradient monitoring wells that do not exceed MTCA standards.
The wells that generate data below MTCA standards are located to the west of the impacted
ground water areas, between the contaminant release areas and the western AOMA boundary.

Ground water and soil samples collected from individual site investigations within the AOMA
have also indicated that existing Qva aquifer contamination remains Ioealized, despite the
presence of several facilities that have been constructed at depth within the AOMA. For
example, the maximum measured migration ofimpacmd Qva ground water is about 550 feet in a
down gradient direction _om a zpecific source (tanks that were installed around 1949 and
removed in 1990). This area is well within the AOMA and suggests that impacted Qva ground
water is not migrating beyond the AOMA boundary. Natural attenuation and dispersion
conditions are also probably limiting the extent of migration of impacted Qva ground water.
Contaminant source control and remediation measures also function to limit the size of the

ground water plumes observed in the Qva aquifer.

2.3.1 RAC "Rental Car" Tank Site

The former tank site for a group of rental car businesses appears to have no underlying perched
ground water, but has impacted ground water in the Qva (Figure 5). The impacted area is bound
in the downgradient (west and northwest) direction, as evidenced by data from a series of
perimeter weIls reporting contaminant concentrations below MTCA standards. Ground water
monitoring continues.

2.3.2 Budget Rent-a-Car Pipe Leak Site

This site was impacted by a break in a fuel line, and has been undergoing remediation, which
conzinues. The site appears to have no underlying perched ground water, but has impacted
ground water in the Qva (Figure 5). The impacted area is bound in the downgradient (west)
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direction, as evidenced by data from a downgradient weU reporting contaminant concentrations
below MTCA standards.

2.3.3 Pan Am Avgas Tank Site

Perched zone contamination at the Pan Am Avgas Tank site was discussed above in Section

2.2.2. The Qva-impacted area is bound in the downgradient (west) direction, as evidenced by
data from a series of downgradient wells reporting contaminant concentrations below MTCA
standards (Figure 5).

2.3.4 Northwest "Closed" Fuel Hydrant System

Fueling operations at the Northwest "Closed" hydrant system were discontinued in about 1996.
This facility caused Qva impacts in three locations (shown on Figure 5), a fuel release at the
South Satellite Baggage Tunnel Site, and indications of ground water impact near two fuel
hydrant pits.

The South Satellite Baggage Tunnel Site was impacted by a leak from the hydrant line. No
perched Wound water was observed m the impacted area, but contamination was observed in the
Qva. The impacted area is bound in the down_adient (west) direction, as evidenced by data
from a series of downgradiem weUs reporting cont_ninant concentrations below MTCA
standards. Ground water monitoring continues.

Fuel system closure characterization activity for this facility indicated two locations where
_ound water in the Qva may have been impacted. In both locations data from wells associated
with other sites indicate comaminant concentrations downgradient (west) from these borings are
below IvlTCA standards, although the southernmost of the hydrant borings is not directly
upgradient of the wells providing the observation data.

2.3.5 Northwest "Abandoned" Fuel Hydrant System

Fueling operations at this facility were discontinued in about 1976. I_uel system closure
characterization activity for the Northwest' "Abandoned" hydrant system indicated a location
where ground water in the Qva may have been impacted (Figure 5). The impacted area is bound
in the downgradient (west) direction, as evidenced by data from a downgradient well reporting
contaminant concentrations below MTCA standards.

3.0 GROUND WATER FLOW- THIRD RUNWAY EMBANKMENT

3.1 EMBANKMENT AREA GROUND WATER FLOW CONDITIONS - PRE- AND
POST-CONSTRUCTION.

Ecology has developed ground water flow information relevant to third runway embankment
construction. This information was presented in the SeaTac Runway Fill Hydrologic Studies
(Pacific Ground Water Group (PGG) June 19, 2000), For one part of that study, PGG compared
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predicted changes in ground water flow and recharge due to the construction of the third runway
_mbankment by modeling prc-construction and post-construction conditions. In comparison, the
scope of the MTCA Agreed Order Ground Water Study is limited to modeling of flow and
cont_m{nant fate and transport within and below the Qva aquifer. The MTCA model was
designed specifically to model pre-third runway conditions.

The PGG ground water findings concerning ground water flow predict runway construction will
not significantly impact the flow direction or flow volume of the Qva aquifer or any aquifer
below it. The fi-_dingsand conclusions of the Ecology's PGG study include the following:

• The third runway embankment will have no significant impact on aquifers below the Qva.

• The third runway embankment will have no significant impact on Qva flow direction.

• In the pre-construction condition, the Qva contribution to base flow is small.

• Post-construction, the volume of water from all sources (including Qva and shallower ground
water zones, precipitation, and other sources) discharging to baseflow could decrease
slightly. However, the volume of seepage water through the till to the Qva will bc about the
same as in the pre-construcdon condition.

3.2 CONSTRUCTION OF THE THIRD RUN_VAYAND PREFERENTIAL
FLOWPATHS: PERCHED GROUND WATER

The perched ground water conditions observed in the AOMA appear to be present in areas of
tank backfill and isolated and discontinuous zones withi. the glacial till. Flow of perched
ground water in the AOMA appears to be generally east and southeast, with a strong downward
vertical component.

Perched ground water at the Third Runway area appears to be mainly associated with recessional
outwash deposits and or alluvial deposits overlying the till Alluvial deposits were generaiIy not
deposited in the uplands of the STIA operational area, and recessional outwash deposits were
removed from much of the central STIA operational area during past site grading. Figure 6
presents a conceptual cross-section through the AOMA and Third Runway area. The absence of
recessional outwash and thick fill deposits in the central and western AOMA, and the
discontinuous nature of the till surface suggest that natural recessional outwash pathways are not
laterally extensive and are unlikely to accommodate extended horizontal migration of perched
ground water from the AOMA to the Third Runway area.

The environmental data indicate utility backfill corridors are not preferred pathways of
migration. The ground water and soil data show very limited contaminant migration despite the
existing array of 5TIA subsurface utilities and infrastructure as shown in Figure 8, and despite
the long term of contamination presence in the subsurface. There is no evidence of extended
ndgration of perched zone contamination alang existing utility backfill corridors. Construction
of the third runway embankment includes completion of only one utility, a new section of a
communications ductbank, which establishes a direct connection from the AOMA to the
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embankment. The trench excavated for the ducthank is about4-1/2 feet deep and backfill for the
new section will consist of concrete and controlled density fill. This combination of backfill
material results in very tow trench permeability, and would restrict or prevent the movement of
water within the backfill between the ThirdRunway constructionarea and the AOMA.

Note also that any utilities that would cross directly from the ailficld to the Third Runway
construction area would cross locations where the till unit is absent. In areas absent of till, there

is no evidence of perching zones, and vertical flow predominates. Lateral contaminant migration
is expected to be very limited.

The bottom of the ductbank is approximately 70 to 75 f_t above the Qva water table.
Infiltration by precipitation and stormwater runoff is virtually immeasurable because of the
impermeable cover over the ductbank and the routing of stormwater runoff away from it m the
akport's lmdustriaIWaste System (IWS). The ductbank is covered with about 13-inches of
concrete.

3.3 CONSTRUCTION OF THE THIRD RUNWAY .MVI)PREFERENTIAL

FLOWPATIZS: QVA GROUND WATER

The Qva aquifer is present as a continuous aquifer throughout STI.A, including areas of the
proposed Third Runway construction area. The Qva aquifer is located at a depth that is, in most
instances, below the proposed embankment construction area; and therefore construction
activities associated with the proposed runway will not significantly impact the Qva. As noted
above, the Ecology study conducted by PC-Gconcluded that the proposed runway construction
would not affect the current ground water flow direction or significandy affect the amount of
recharge to the Qva aquifer system. There is no indication that _ound water in the Qva that has
been impacted as a result of tfis_oricSTIA operations has migrated beyond the western boundary
of the AOMA.

As described above, the single newly constructed utility that is proposed as part of the Third
Runway is not a preferred pathway for contaminant to migration toward the runway
embankment. In addition, it will be constructed wei1 above the depth of ground water m the
Qva. Likewise, no deep infrastructure is proposed for the third runway that would establish a
direct connection from the AOMA to the embankment. Therefore, the construction should not

create a preferred pathway for the existing Qva contamination in the AOMA to migrate to the
third runway area.

4.0 CONCLUSIONS

Based on our analysis of the available geologic, environmental, and historical data, it appears
unlikely that contaminated ground water is migrating from or would migrate from the AOMA to
the proposed Third Runway area either as a result of natural ground water gradients or from
preferential flow through existing or proposed STIA utilities. The following conclusions
regarding preferential ground water pathways have been developed:
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4.1 PERCHED GROUND WATER

• Ground water flow directions in the perched water bearing horizons within the AOMA are
• variable and with a predominant direction away from the proposed ThirdRunway.

• Impacted ground water in the perched zones appears to be contained iaterally to areas
: adjacent to the source releases.

• Perched ground water will tend to move as verticaIflow especially in areas where the till is
discontinuous or in areas where construction activities have breached the till.

_- The depth to perched ground water generally exceeds the typical depth of STIA utilities.
Therefore much of the impacted perched ground water is vertically isolated from utility
backfill areas.

• Any perched ground water moving along utilities that cross areas where the till horizon is
absent will drain verticallytowards the Qva aquifer.

• There is no indication of contaminated ground water outside the western extent of the
AOMA.

• Existing contaminated perched ground water has not migrated tar fi'om source areas, and
there is no evidence to suggest contaminant migration beyond the western boundary of the
AOMA will occur.

4.2 QVA GROUND WATER

• Ground water flow in _he Qva aquifer is in a west to northwest direction between the AOMA
and the proposed Tmrd Runway construction area.

, Impacted ground water is contained within the AOMA with the maximum migration or"
impacted water no greater than 550 feet in length from its contaminant source.

• Data from ground water monitoring wells completed in a downgradicnt direction from
known Qva impacted ground water sites arc below MTCA standards and provide a defined
plume boundary.

• Ground water in the Qva aquifer is at a depth of between 60 to 90 feet below ground surface,

well below the depth of typical utilities, and no deep infrastructure is planned to be
constructed for the third runway that would establish a direct connection from the AOMA to
the embankment. '"

W:_STIA3rd RunwayProjectSupportBV99122_BV99122CPref Row Path Draft,dec
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