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Christine Joyce

From: Steve Ledoux

Sent: Monday, December 07, 2009 3:48 PM I ~I1

To: Manager Department

Subject: FW: WR Grace Capture Zone Evaluation

For extra info

Steven L. Ledoux
Town Manager
472 Main St
Acton, MA 01720
Telephone:(978) 264-9612
Fax: (978) 264-9630

When writing or corresponding, please be aware that the Secretary of State has determined that most email is a
public record and, therefore, may not be kept confidential.

From: Mary Michelman [mailto:msmichelman@comcast.net]
Sent: Monday, December 07, 2009 12:47 AM
To: Matt@actonwater.com; Chris Allen; Doug Halley; ‘James Okun’; ‘Bruce Nickelsen’
Cc: Steve Ledoux; Stephen Anderson; Paulina Knibbe (comcast)
Subject: WR Grace Capture Zone Evaluation

Hi fellow Acton Stakeholders,

FYI, Amongstotherissues,on tomorrow’sconferencecall with EPA, I’d like to heartheir inputon thefollowing:
1. What methodologydid WR Graceuseto generateestimatedcapturezones?

2. Theneedtounderstandthedynamicsat the site---Couldchangesto pumpingratestriggertheneedfor additional
treatmentfor 1,4 dioxaneor othercontaminants?(Pleasesamplethe treatmentplant effluent for 1 ,4-dioxaneasap,
given the currentdeclinein the totalextractionratein the landfill area,and thependingdecisionon treatmentplant

design.)

3. What weretheOctober29,2009 extractionwell flow ratesfor SELF-i andSWLF-1?

4. The2008 benzeneplume cross-sectionappearsdifferent in theCaptureZoneEvaluationthanin two previousWR
Gracereportsthat arebasedon the same2008 dataset.

5. Would EPAmodelerspleasereview/critiquetheevaluation?Note: EPAhasguidanceon capturezoneanalysis.

See: http://www.epa.gov/adaldownload/reports/600R08003/600R08003-FM.pdf

Below are moredetailedversionsof thesecomments.

1. Methodology to estimatecapture zones?
TheNov. 19, 2009 Landfill AreaCaptureZoneEvaluationdoesnotmakeit clearwhatmethodologyWR Graceusedto
generatetheestimatedcapturezonesfrom theSeptember2009 waterlevel measurements.Did theyusethe model? Some
othertool ormethod?
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FYI, I haveattachedthreedocumentspertinentto this question.

a. Section 4 of the Pre-DesignResults Report that wereceivedfrom EPA on May 15, 2009. (I would be happyto send
you Section4 figuresin a separateemail. Justlet meknow if you’d like them. The file is large,andyou mayalreadyhave
the figures...)

b. EPA & DEP’s June 9, 2009 Conditional Approval of the Pre-DesignResults Plan.
In this documentEPA directsWR Graceto collect additionalwaterlevel dataanduseit “to generatepotentiometricsurfaces
andestimatecapturezonesfor overburdenand bedrock.” “Usethesedata,ratherthan themodel-predictedcapturezones,to
determineif additionalextractionwells may be neededin order to obtaintheROD specifiedcapturezone.”

TheEPA commentsalso includesomeof theconcernsthat wehadaboutthe model-generatedcapturezones.

c. WR Grace’s August 27, 2009 responseto the EPA Comments on the Pre-DesignResultsReport.

Questions:
Did WR Graceadjusttheir groundwatermodelbasedon theSeptember2009 waterlevel measurementsandthen usethe
adjustedmodel to estimatecapturezones?(Thereweresomeseriousshortcomingsnotedwith theuseof themodel last
spring.) If themodel wasnot used,then whatmethodwas used?Theevaluationshouldprovidesomediscussionof the
processand any uncertaintiesassociatedwith whatevermethodwasused.

2. Effects of varying pumping rates? Sampleasap for 1,4-dioxanein effluent
Weneedto understandtheeffectsof changesin pumpingratesof individual wells on the waterqualityof thetreatment
systemeffluent, aswell as on the horizontaland verticalextentof the capturezonesandwaterquality in theLandfill Area.
For example,theconcentrationof 1,4-dioxaneis substantiallyhigherat SELF-i than attheotherthreeextractionwells,
which essentiallyprovidedilution for this contaminantin theeffluent. Accordingto Table2-2 in the2009DraftLandfill
Area GroundwaterConceptDesignthemaximumconcentrationof 1,4-dioxaneinboth the treatmentplant influent and
effluentwas2.6ug/L. This is verycloseto the Massachusettsdrinkingwaterstandardof 3 ug/L. If theproportionof effluent
that comesfrom SELF-i is increasedby eitheran increasein pumpingat this well or adecreasein pumping(andtherefore
dilution),at theotherthreeextractionwells, then thereis thepotentialthat the concentrationof 1 ,4-dioxanein theeffluent
dischargedto Sinking Pondwould exceed3 ug/L.

Notethat extractionwell MLF suppliesapproximately35 timesmore flow than SELF-I and a verytiny fractionof the 1,4-
dioxanein SELF-l. Theconcentrationof 1,4-dioxaneat MLF rangedfrom 0.76 ug/L to 1.6 ug/L, during the2008 annual
sampling,while the concentrationat SELF-l rangedfrom 22 ug/L to 28 ug/L during the samesamplinground (Monitoring
Program Report,2008, WRGraceSuperfundSite,April 30, 2009,Table3-7). As of October2009therehasbeena decline
in thepumpingratesat extractionwells MLF andWLF.

• Pleasesamplethe treatment plant effluent for 1,4-dioxaneasap,given the currentdeclinein the total extraction
ratein the landfill area,andthe pendingdecisionon treatmentplantdesign.

3. October 29,2009 flow rates at extraction wells SELF-i and SWLF-2?
Accordingto thereport, theCaptureZoneEvaluationusedwaterlevel datacollectedwhenthetotal averagepumpingratein
the extractionwells was47.6gpm. As of October29,2009the total flow ratehaddecreasedby at least7.1 gpm. (adecrease
of 3.9 at MLF and3.2at WLF). Whatweretheextractionratesat SELF-i andSWLF-1 on October29, 2009?What have
the extractionratesat all four wells beensincethen?

4. Discrepancyin extent of 2008 Benzeneplume
TheLandfillArea GroundwaterPre-DesignResultsReport(April 2009),LandfillArea GroundwaterConceptDesign
(September2009),andLandfill AreaCaptureZoneEvaluation(November2009),all presentfigureswith coloredcontours
showingtheextentof VDC andbenzenecontaminationat thesite. In all threereportsthe databeingpresentedarethe 2008
annualmonitoringdata.

ThecrosssectionofthebenzeneplumealongtransectB to B’ appearsdifferentin theLandfillArea GroundwaterCapture
ZoneEvaluationthan in thetwo previousreportsthat arebasedon the samedataset,and show thesametransect.In both the
Pre-DesignReport(Figure4-22)andthe ConceptDesignReport(Figure1-5) the3 1-100 ug/L contourof thebenzeneplume
extendsinto bedrockto a depthof approximately80 NGVD. Howeverthecomparablefigurein theCaptureZone
Evaluation,(Figure18),depictsthe 31-100ug/L contourofthebenzeneplume assmallerthanin theprevioustwo reports,
and as NOT extendingintobedrock,and only going as deepas approximately95 NGVD,
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But, 56 ug/L ofbenzenewasdetectedin bedrockwell LF-06N (85 to 90 NGVD) on October28,2008,(MonitoringProgram
Report,2008, WR GraceSuperfundSite,April 30, 2009,TableA-i).

5. Review by EPA modelersrequested
Would modelingexpertsfrom the EPAandDEP pleasereview andcritiquetheNovember19, 2009 Landfill AreaCapture
ZoneEvaluation?It’s essentialthat thecapturezonesbe bothsufficient andsustainable.

Note thefollowing EPAguidanceon CaptureZoneEvaluations: “A SystematicApproachfor Evaluationof CaptureZones
atPumpandTreatSystems”,EPA/600/R-08/00,January2008
http;//wv,epa.gov/adaldown!oad/reports/600R08003/600R08003-FM.pdf

I look forwardto joining you on Monday’sconferencecall at 1pm.

Mary

12/7/2009
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4 LANDFILL AREA GROUNDWATER MODELING

Thegroundwaterflow andcontaminanttransportmodelthat wasdevelopedfor the Site

duringthe RemedialInvestigation/FeasibilityStudy(RT/FS),andrevisedto incorporate

additional informationregardingtheNortheastArea of the Site,hasbeenupdatedto incorporate

datacollectedduringthe Landfill Area Pre-Designinvestigation,including datacollectedduring

the constantratepumpingtest. Modelparameteradjustmentsweremadeduringcalibrationto

drawdownobservedduringthe ten-daypumpingtest,andto provideabettercomparison

betweenmodel-calculatedandobservedVDC andbenzeneconcentrationstrendsin specific

monitoringwells. Theoriginal groundwaterflow andcontaminanttransportmodel wasdescribed

in detailin AppendixA of thePublic ReviewDraft RemedialInvestigationReport(GeoTrans,

2005a)andAppendix B of the Public ReviewDraft FeasibilityStudyReport(GeoTrans,2005b).

Modificationsmadeto the groundwaterflow and contaminanttransportmodelsincetheRi/FS

weredescribedin the September17, 2008 letterRE: Additional ModelingResultsfor Northeast

Area GroundwaterRemedy(GeoTrans,2008a)andthe October30, 2008 letterRE. Sensitivity

AnalysisofModelResultsfor NortheastArea GroundwaterRemedy(GeoTrans,2008b)that

weresubmittedto USEPAandMassDEP.

This sectionof the report:

• Summarizesmodificationsmadeto the groundwaterflow andcontaminant
transportmodel since October2008;

• Comparesmodel-calculateddrawdownto the drawdownobservedat the
endof the 10-dayconstantratepumpingtestdescribedin Section3.2;

• Comparesmodel-calculatedto observedVDC andbenzeneconcentration
trendsat certainwells;

• Comparesthe February2001 water level targetcalibrationstatistics
calculatedby the currentversionof the model to thecalibrationstatistics
calculatedby the October2008 version of the model;

• Evaluatesthe model-calculatedcapturezonefor the proposedLandfill
Areagroundwaterextractionwell system;and

• Comparesthe model-calculatedLandfill Area capturezoneto the Landfill
Areacapturezoneshownin the ROD andto the currentunderstandingof

the horizontalandvertical extentof groundwatercontaminationin the
Landfill Area.

FORW.R. GRACE& Co. - CON1’~ 4-1 GeoTrans, Inc.
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4.1 POST-OCTOBER 2008MODIFICATIONS TO THE GROUNDWATER FLOW AND

CONTAMINANT TRANSPORT MODEL

The Site groundwaterflow andcontaminanttransportmodel wasmodified to incorporate

datacollectedduringthe Landfill Area GroundwaterPre-DesignPhaseinvestigationsandto

improvethe comparisonbetweenmodel-calculatedandobservedVDC andbenzene

concentrationtrendsin specific Landfill Area monitoring andextractionwells, Theversionofthe

model with ahydraulicconductivity of 25 ft/day in theareaof BOC Gasesin Layers 1 and2,

describedin the letterRE: SensitivityAnalysisofModel Resultsfor NortheastArea Groundwater

Remedy(GeoTrans,2008b),wasusedas thebasemodel for theLandfill Areagroundwater

modeling.Hydraulic propertiesof the landfill areaportionof themodel weremodified to reflect

the lithologic information andotherhydraulicdatacollectedduring theLandfill Areapre-design

investigationas well as to bettermatchobservedVDC andbenzenegroundwaterconcentration

dataovertime. The following sectionsdescribemodelcalibrationto the drawdownobserved

during the ten-dayconstantratepumpingtest;comparemodel-calculatedandobservedVDC and

benzeneconcentrationtrendsat specificLandfill Areawells;andcomparethe February2001

waterlevel targetsummarycalibrationstatisticscalculatedby therevisedmodel with the

summarycalibrationstatisticscalculatedby the October2008 versionof themodel. Therevised

modelwasthenusedto calculatethe capturezonelikely to becreatedby long-termoperationof

the existingLandfill Areaextractionsystem.

4.1.1 TEN-DAY CONSTANT RATE PUMPING TEST

The Site groundwatermodelwasmodified to reflectthe lithologic informationcollected

during thepre-designinvestigationandthe model wasrecalibratedto the drawdownobserved

during theten-dayconstantratepumpingtest. A ten-daytransientsimulationwas madeusing

model-specifiedpumpingratesthatwereequalto the averagepumpingratesof the Landfill Area

extractionwells during the ten-daytest. The specifiedrateswere:MLF at 37.1 gpm, SELF-1 at

1.3 gpm, SWLF-1 at4.2 gpm andWLF at 9.6 gpm. The hydraulicpropertiesthat weremodified

duringthe calibrationto the ten-daypumping testdata includedhydraulicconductivity and

specificstorage.Figures4-1 through4-4 showthe hydraulicconductivityzonationandvalues

specifiedfor eachof themodel layersfor the recalibratedmodel. Thesefour figurescanbe

comparedto Figures2-6 through2-9 of AppendixA of the PublicReview Draft Remedial

InvestigationReport(GeoTrans,2005a)to seethemodifications thatweremadeto hydraulic

FORW.R. GRACE& Co. - C0NN 4-2 GeoTrans, Inc.
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conductivity. Specificstoragevaluesof theunconsolidateddepositsandbedrockwerereduced

as partof the recalibrationto theten-daypumpingtestdata. The specificstorageof the

unconsolidateddepositswasreducedfrom 0.05 to 0.01, andthe specificstorageof the bedrock

wasreducedfrom 0.005to 0.001.

Table 4-1 lists the observedandmodel-calculateddrawdownafter ten-daysof pumping.

Wells in whichwaterlevelsweremonitoredcontinuouslyusingpressuretransducersanddata

loggersarehighlightedin yellow on the table.Drawdownestimatesin wells that hadcontinuous

waterlevel monitoringweredeemedto be morereliablethandrawdownestimatesfrom wells in

which waterlevelsweremeasuredperiodicallyby hand.Figures4-5 and4-6 showthe model-

calculateddrawdownin unconsolidateddepositsandbedrockgroundwater,respectively.Figure

4-5 showsmodel-calculateddrawdownfrom monitoringwells completedin model layers 1, 2

and3 (sandandgravel andtill), while Figure4-6 showsmodel-calculateddrawdownfrom

monitoringwells completedin model layers4 through7 (bedrock).Thesemapsof model-

calculateddrawdowncanbe comparedto Figures3-9 and3-10 of this report,which showthe

observedten-daydrawdownin theunconsolidateddepositsandbedrockgroundwater,

respectively.

A reviewof Table4-i andFigure3-9, 3-10,4-5 and4-6, showthat thereis reasonably

goodagreementbetweenthe model-calculatedandobservedten-daydrawdownvalues.For

example,thereis reasonablygoodagreementbetweenthe contoursshowing0.5 feet of observed

andmodel-calculateddrawdownin theunconsolidateddeposits(Figure3-9 and4-5) andbedrock

(Figure3-10 and4-6). Consequently,themodifiedhydraulic conductivitydistributionthat is

reflectedin Figures4-1 through4-4 wasacceptedas a calibrationimprovement.

4.1.2 HISTORIC VDC AND BENZENE CONCENTRATIONS

The groundwaterflow andcontaminanttransportmodelwasalsorecalibratedto observed

VDC andbenzeneconcentrationsin groundwaterover time in theLandfill Area. The hydraulic

propertiesthat weremodifiedduringthe calibrationto observedVDC andbenzeneconcentration

trends.Two separatesimulationsweremade:onefor VDC andonefor benzene.All model

conditions,exceptfor the initial contaminantdistribution,were identicalfor both simulations.

The pumpingratesfor the Christofferson,Lawsbrook,andScribnerpublicwatersupply(PWS)

wells wereheldconstantat 156, 99, and55 gpm, respectively.The pumpingratesfor the

FORW.R. GRACE& Co. - CONN 4-3 GeoTrans, Inc.
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Assabet1 andAssabet2 PWSwells wereheldconstantat 208 and199 gpm, respectively.These

model-specifiedpumpingratesarebasedon long-termaveragepumpingratesat eachwell.

Annual stressperiodswereusedto representannualvariation in the pumpingratesfor the ARS

extractionwells. Long-termaveragestageelevationswereusedfor theAssabetRiver, Fort Pond

Brook, Sinking Pond,MuskratPond, andTurtle Pond.Thestageelevationswereheld constant

for eachsimulation.

VDC concentrationtrendsobservedbetween1984,whengroundwaterextractionfirst

began,and2008were evaluated.An initial (1984)VDC concentrationdistributionin

groundwaterwasestimatedfrom availableVDC concentrationdataandmodified,as necessary,

to improvethe comparisonbetweenthe model-calculatedandobservedVDC concentrationsat

severallocationsin the Landfill Area.Usingan initial specifiedVDC concentrationdistribution,

the transportmodelsimulationwas run for 24 years,from January1, 1984 throughDecember31,

2007.

Model-calculatedchangesin VDC concentrationswerecomparedto observedVDC

concentrationsat severalmonitoringlocationsin the Landfill Area.Figuresshowingobserved

andmodel-calculatedVDC concentrationsat monitoringwells AR-20A, B-03B, LF-02A, LF-10,

andLF- 1 9SBRandextractionwells MLF andWLF, respectively,areincludedin AttachmentF.

The figures showthat model-calculatedVDC concentrationsandmodel-calculatedVDC

concentrationtrendscomparewell to observedVDC concentrationdataandtrendsatmonitoring

well AR-20A andextractionwell WLF. Themodel-calculatedVDC concentrationtrendsat B-

03B andMLF comparefavorably to the observedVDC concentrationtrend, but the modelover-

predictsVDC concentrationsat monitoringwell B-03B andextractionwell MLF with model-

calculatedVDC concentrationsof216and88 jtg/L, respectivelyin 2007,comparedto the

observedconcentrationsof 16 and4.6 p.g/L. Themodel-calculatedVDC concentrationstrendsat

LF-10 andLF-19SBRarereasonablywell replicated,but the modelunder-predictsVDC

concentrationsat thesewells. Model-calculatedVDC concentrationsat monitoringwells LF- 10

andLF- 1 9SBRwere 196 and 192 j.ig/L, respectivelyin 2007,comparedto the observed

concentrationsof 480 and520 j.ig/L. The model-calculatedandobserved2004to 2007VDC

concentrationsat LF-02A aresimilar, but the VDC concentrationtrendis not well-replicated.

FORW.R. GRACE& CO. - CONN 4-4 GeoTrans,Inc.
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Benzeneconcentrationtrendsobservedbetween1998,whenthe Landfill cap was

completed,and2008 werealsoevaluated.An initial (1998)benzeneconcentrationdistributionin

groundwaterwasestimatedfrom availablebenzeneconcentrationdataandmodified,as

necessary,to improvethe matchbetweenthe model-calculatedandobservedbenzene

concentrationsat severallocationsin the Landfill Area. Usingan initial specifiedbenzene

concentrationdistribution,the transportmodelsimulationwasrun for 10 years,from January1,

1998 throughDecember31, 2007.

Model-calculatedbenzeneconcentrationtrendswerecomparedto observedbenzene

concentrationtrendsat severalmonitoringlocationsin the Landfill Area. Figuresshowing

observedandmodel-calculatedbenzeneconcentrationsatmonitoringwells AR-11B1,AR-21, B-

08B, B-08B3,LF-05E,LF-06C,andLF-06N andextractionwells ELF andMLF are also

includedin AttachmentF. The figuresshowthat model-calculatedbenzeneconcentrationsand

model-calculatedbenzeneconcentrationtrendscomparereasonablywell to observedbenzene

concentrationdataat monitoringwells AR-i 1B1, B-08B, B-08B3andLF-05E.Model-calculated

benzeneconcentrationscomparereasonablywell to observedbenzeneconcentrationdatafrom

extractionwell ELF. However,benzeneconcentrationtrendsatextractionwell ELF do not

matchas well. The modelover-predictsbenzeneconcentrationsatmonitoringwells AR-21 and

LF-06N, andextractionwell MLF with model-calculatedbenzeneconcentrationsof 44, 260,and

9 ~tg/L,respectivelyin 2007 comparedto the observedconcentrationsof not detected,56 and 1

~tg/L. Themodelunder-predictsbenzeneconcentrationsat monitoringwell LF-06Cwith a

model-calculatedbenzeneconcentrationof 600jtg/L, respectivelyin 2007comparedto an

observedconcentrationof 1800j.ig/L.

Thecomparisonof model-calculatedandobservedVDC andbenzeneconcentrationsand

concentrationtrendssupportsacceptanceof therevisedgroundwaterflow andchemicaltransport

model.

4.1.3 FEBRUARY 2001 CALIBRATION SIMULATION

Whenthe groundwaterflow modelfor the Site wasoriginally constructed,it was

calibratedto waterlevel datacollectedin February2001 (GeoTrans,2005a).To providean

additionalevaluationof themodificationsmadeto the groundwaterflow andchemicaltransport

modelsinceOctober2008,the original February2001 calibrationtargetsweresimulatedusing

FORW.R. GRACE & Co. - C0NN 4-5 GeoTrans,Inc.
M:\DOCs\WRGrsce\Acton\2009\LFResultsReport\R12121040 Landfillresults rev.doe



DRAFT

the revisedmodel. Table4-2 lists theresidualsandsummarystatisticsfor the applicationofthe

revisedmodelto the February2001 calibrationtargets.The summarystatisticsfor therevised

modelwerecomparedto thosepresentedin the letterRE:SensitivityAnalysisofModelResults

forNortheastArea GroundwaterRemedy(GeoTrans,2008b).As shownin Table4-3a, the

summarycalibrationstatisticsin the revisedsimulationaresimilar to the October2008 model

version,but absolutevaluesof the minimumandmaximumresidualsfor the revisedmodelare

greaterthanfor the October2008 versionof themodel.In addition,themodel-calculated

groundwaterfluxesto severalsurfacewaterbodieswerecomparedto the fluxes presentedin the

letterRE:SensitivityAnalysisofModelResultsforNortheastArea GroundwaterRemedy

(GeoTrans,2008b).As shownin Table4-3b,the calculatedfluxesof the revisedmodelare

similar to the model-calculatedfluxesof the October2008 versionof the model.

4.2 LANDFILL AREA CAPTURE ZONE EVALUATION

Overall, the evaluationof theresultsof the modified groundwaterflow and contaminant

transportmodel, describedabove,indicatesthat the revisedmodelprovidesareasonablygood

representationof observedSite conditions.Therefore,therevisedgroundwaterflow and

contaminanttransportmodelwasusedto calculatethe expectedcapturezoneof the Landfill

Area groundwaterextractionsystem.The model-calculatedcapturezoneis a reasonable

representationof the existingcapturezonecreatedby theLandfill Area extractionsystem.

Thepumpingratesusedin the modelevaluationsdescribedbelowarelisted in Table4-4.

Thepumpingratesfor the five public watersupplywells representthe average2005to 2008

pumpingratesandthe pumpingratesfor the Landfill Area extractionwells representthe average

ratesfrom the ten-dayconstantratepumpingtest. In order to betterillustratethe capturezone

createdby the four Landfill Areaextractionwells,modelresultsarepresentedon severalseries

of figuresby model layer,with the model layersrepresentingthefollowing lithology:

• Layer2 — lower sandandgravel;

• Layer3 — till;

• Layer4 - upper20 feet of bedrock(weatheredbedrock);and

• Layer5 - 20 to 50 feet belowthebedrocksurface.
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Figures4-7 through4-10 showthe model-calculatedcapturezonein model layers2, 3, 4,

and 5, respectively.Themodel-calculatedcapturezonewas determinedby startinga particleof

waterin everygridcell of themodel anddeterminingwhichparticlesin eachlayerwould be

capturedby the extractionwells.Theareawithin themodel-calculatedcapturezoneshownon

eachofthe four figuresrepresentsthe areain whichall the particlesstartedin a given layerare

capturedby oneof the Landfill Area extractionwells.

Model-generatedparticle tracksarealsoshownon Figures4-7through4-10.The particle

tracksshownon Figure4-7 startin the centerof model layer2 (lowersandsandgravels),the

particletracksshownon Figure4-8startin the centerof model layer3 (till) andtheparticle

tracksshownon Figures4-9 and4-10, startin themiddleof themodel layers theyrepresent.On

all the figures,colors indicatewhich model layereachparticle is traveling through. Particles

were startedalongtwo lines throughthe Landfill Areato helpillustratethe capturezonecreated

by theLandfill Area extractionwells.

Figures4-11 through4-14 showthe simulatedpotentiometricsurfaceandmodel-

calculatedcapturezonesfor model layers 2 through 5 overlain on the2008 VDC plume.An

evaluationof the model-calculatedcapturezonerelativeto thelocationof groundwater

contaminationis discussedfurtherin Section4.3.2.

4.3 COMPARISON OF EXISTING CAPTURE ZONE TO ROD CAPTURE ZONE

The following sectionsfirst describethe basisfor the capturezonedescribedin theROD,

thencomparesthe model-calculatedcapturezoneto the ROD capturezoneandto the current

distribution of groundwatercontaminationin the Landfill Area.

4.3.1 ROD CAPTURE ZONE

TheROD (USEPA, 2005)specifiedthatthe RemedialAction for theLandfill Areawould

consistof groundwaterextractionwells installedto capturegroundwatergenerallyin the area

describedas the “ROD CaptureZone” on Figure4-15 combinedwith MonitoredNatural

Attenuation(MNA) to remediategroundwatercontaminationnot capturedby the extraction

system.Basedon groundwaterflow modelanalysesdonefor the FeasibilityStudy(GeoTrans,

2005b),it was estimatedthatfour extractionwells (MLF, SELF-1, SWLF- 1 andWLF) pumping

at a combinedrate of approximately90 gallonsperminute(gpm)wouldbe neededto achieve

thiscapturezone.AchievingtheROD capturezonespecifiedin theROD representsa goalof the
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groundwaterextractioncomponentof theselectedremedy. It wasunderstoodthatthe actual

pumpingratefrom the four wells necessaryto createthe ROD capturezonecouldbemoreor

lessthan 90 gpm,andthat if the actualcapturezoneestablishedby the four extractionwells was

significantlydifferent from the ROD CaptureZone,thenUSEPAandMassDEPmayrequire

additionalevaluationsand/orinvestigationsand/oradditionalextractionwells (design,

installation,operation,maintenanceandmonitoring).

Also shownon Figure4-15 is the 2001/2002VDC plume,which was thebasisfor many

ofthe evaluationsdonefor theFeasibilityStudy(GeoTrans,2005b) andROD (USEPA,2005).

TheROD capturezonecan be separatedinto two “lobes”, the “westernlobe” andthe “eastern

lobe”. As canbe seenon Figure4-15,the “westernlobe” of the capturezonewas intendedto

capturegroundwaterwith elevatedVDC concentrations.A comparisonof the locationsof the

2001/2002VDC contaminationandtheROD capturezoneshowsthat groundwaterextraction

downgradientof the IndustrialLandfill wasnot designedto captureall contaminated

groundwaterbut only groundwaterwith thehighestconcentrations.

As canalsobe seenon Figure4-15,the “easternlobe” of theROD capturezonewas not

designedto captureVDC contaminatedgroundwater.As describedin the FeasibilityStudy

(GeoTrans,2005b,pg 6-18), the“easternlobe” of theROD capturezonewas designedto

maintainhydrauliccontrol of theareaof wells LF-06,B-08, LF-15, MLF andELF. This group of

wells is approximatelycoincidentwith the regionof elevatedbenzeneandarsenicconcentrations

in groundwater.Figure4-16 showsthecorrelationbetweenthe 2001/2002benzeneplumeand

theROD capturezone.As with the “westernlobe”, the “easternlobe” of thecapturezonewas

not designedto captureall contaminatedgroundwaterbut only groundwaterwith thehighest

concentrations.

4.3.2 COMPARISON OF CAPTURE ZONES

Onereasonfor conductingthe ten-dayconstantratepumpingtestdescribedin Section

3.2 wasto determineif the capturezonecreatedby Landfill Area extractionwells MLF, SELF-I,

SWLF-i andWLF fulfills the requirementof the ROD.Figures4-17 through4-20showthe

model-calculatedcapturezonesfor model layers2, 3, 4 and5, respectively,as well as the ROD

capturezone.As describedabove,themodel-calculatedcapturezonesencompassthe areawithin

which all particlesstartedin modellayers2, 3, 4, and5, respectively,arecapturedby the
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Landfill Area extractionwells.A comparisonof the model-calculatedandROD capturezones

showsthe following:

• Model Layer2 — Themodel-calculatedcapturezoneis more extensive
thantheROD capturezone(Figure4-17);

• Model Layer3 — Themodel-calculatedcapturezoneis moreextensive
thanthe ROD capturezoneeverywhereexceptimmediatelydowngradient
of monitoringwell clusterLF-06, locatedin the “easternlobe”. In this area
the ROD capturezoneextendsapproximately50 to 75 feet further
downgradientthanthe model-calculatedcapturezone(Figure4-18).
However,as discussedbelow, groundwatercontaminationis not presentat
this depthin this area;

• Model Layer4 — At the “westernlobe”, the model-calculatedcapturezone
is moreextensivethan theROD capturezone.At the “easternlobe”, the
model-calculatedcapturezoneis lessextensivethanthe ROD capture
zone(Figure4-19). However,as discussedbelow,groundwater
contaminationis not presentat this depthin this area;and

• Model Layer 5 — At the “westernlobe”, themodel-calculatedcapturezone
is more extensivethan the ROD capturezone.At the “easternlobe”, the
model-calculatedcapturezoneis lessextensivethanthe ROD capture
zone(Figure4-20).However,as discussedbelow,groundwater
contaminationis not presentat this depth in thisarea.

The abovecomparisonsuggeststhat theexistingcapturezonemay fulfill the capture

zoneobjectivesof theROD. However,to fully evaluatethecapturezone,the horizontaland

vertical extentof groundwatercontaminationmustbetakeninto consideration.In additionto the

model-calculatedandROD capturezones,Figures4-17 through4-20, showthe mostrecent

waterquality datafrom monitoringwells that arelocatedin the vicinity of the capturezonein

modellayers 2, 3, 4 and5, respectively.For example,Figure 4-17 showsthe extentof the model-

calculatedcapturezonefor model layer2 as well as the mostrecentwaterqualitydatafrom

monitoringwells that arelocatedin the vicinity of the captureboundaryandarecompletedatthe

depthrepresentedby model layer2. Figure4-18 showsthe model-calculatedcapturezonefor

model layer3 alongwith themostrecentwaterqualitydatafrom monitoringwells that are

locatedin thevicinity of the captureboundaryandarecompletedatthe depthrepresentedby

model layer3. Figures4-19 and4-20 showsimilar informationfor model layers4 and5,

respectively.

As describedabove,the “westernlobe” of the capturezonewasdesignedto capture

groundwaterwith elevatedVDC concentrations.As can be seenby looking at the waterquality
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dataon Figures4-17through4-20, the highestVDC concentrationsarepresentin monitoring

wells completedin model layers3 (till), 4 (upper20 feet of bedrock)and5 (20-50feetbelow

bedrocksurface).Figure4-21 is a cross-sectionshowingthe currentverticaldistributionof VDC

in this areaas well as the approximatelocationof the model-calculatedcapturezone.The

locationof SectionA-A’ is shownon Figures4-17through4-20.Figures4-17 through4-21

showthat groundwaterwith the highestVDC concentrations,both horizontallyandvertically, is

within the model-calculatedLandfill Areacapturezoneandfulfills therequirementsof the ROD.

As describedabove,the “easternlobe”of the capturezonewasdesignedto maintain

hydrauliccontrol in theareaof wells LF-06, B-08, LF-15, MLF andELF, aregionof elevated

benzeneandarsenicgroundwaterconcentrations.As can beseenby looking atthe waterquality

dataon Figures4-17through4-20, thehighestbenzeneconcentrationsarepresentin monitoring

wells completedin model layer2 (deepsandandgravel).Figure 4-22 is a cross-sectionshowing

thecurrentvertical distribution of benzenein this areaas well as the approximatelocationof the

model-calculatedcapturezone.The locationof SectionB-B’ is shownon Figures4-17 through

4-20. Figures4-17through4-20andFigure4-22 showthat groundwaterwith the highest

benzeneconcentrations,both horizontallyandvertically, is within the model-calculatedLandfill

Area capturezone.The waterquality datafrom monitoringwell LF-06Cshowsthatbenzene

concentrationsareapproximately1,800~tg/L in the sandandgravel,while waterqualitydata

from deepermonitoringwell LF-06N showsthatbenzeneconcentrationsare approximately56

~ig/Lin the deeptill andupperbedrock,indicating thatdepthof the “easternlobe” capturezone

doesnot haveto extendto the till andbedrock.In fact, extractionwell SELF-i was specifically

designedto extractgroundwaterfrom the lower sandandgravel,sincethat is wherethe highest

contaminantconcentrationsare found in that area.The aboveanalysisindicatesthat themodel-

calculatedcapturezonewould maintainhydrauliccontrol in theareaof wells LF-06,B-08, LF-

15,MLF andELF at depthsat which elevatedgroundwatercontaminationis present;it therefore

fulfills the requirementof the ROD.

4.4 CONCLUSIONS

The groundwaterflow andcontaminanttransportmodelfor the Site wasrecalibratedin

the Landfill Areabasedon the ten-dayconstantratepumpingtestandobservedVDC and

benzeneconcentrationsovertime. Thehydraulictestingandgroundwaterflow modelingresults
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demonstratethat currentpumpingfrom extractionwells MLF, WLF, SELF-i, andSWLF-1, has

createda capturezonesimilar to the onerequiredby theROD. TheexistingLandfill Area

extractionsystemis meetingthe capturezoneobjectivesof the ROD by capturinggroundwater

with elevatedVDC concentrationsin the “westernlobe” of the capturezoneandis maintaining

hydrauliccontrol within the areaofwells LF-06, B-08, LF-15, MLF andELF at depthsat which

elevatedgroundwatercontaminationis present.Groundwatercontaminationthat is beyondthe

limits of the capturezonewill beremediatedthroughnaturalattenuationprocessesasanticipated

by the ROD.
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Table4-i. ObservedversusModel-CalculatedDrawdownAfter 10-Daysof Pumping

Name Layer Observed
Model-

Calculated Residual
B-03P 1 0.27 0.98 -0.71
LF-02P

LF~1fCR
LF-14

LF-198
OSA-16A

1

1

1
2

1.06
0

0.07
0.19

0

1.73
56

1.73
— 69

0.27

-0.67
-0.56
-1.66
-1.50
-0.27

AR-12 1 0.48 0.52
AR-21A 2 0.68 0.34 0.34
AR-22 2 0.68 0.76 -0.08
LF-03P 2 0 0.80 -0.80
LF-05E
LF-06S

2
2

0.03
0~

1.44
417

-1.41
417

LF-09A 2 1.24 2.15 -0.91
OSA-16B 2 0.46 0.25 0.21
AR-12D 3 0 0.40 -0.40
B-08B 3 1.22 2.45 -1.23

ELF-OBS
LF-04P
LF-05D
LF-06C
LF-09

3
3
3
3
3

0.17
1.07
0.99
1.17
1.24
1.23

— .6
u.67

1.92
— —

2.18
.

2.37
1.33

— .45
0.53

-1.75
- .78
-1.19
- .

-1.13
LF-10

LF-IIAR
LF-12/A

3
3
3

-0.10
0. ~
0.14

LF-13A 3 0.97 0.30 0.67
LF-17D

— F-19D
3
3

0.72
1.54

0.44
1.99

0.28
-0.45

LF-21D 3 0.4 0.24 0.16
AR-I1SBR 4 0.84 0.25 0.59
AR-12SBR 4 0.51 0.39 0.12

AR-21
—

4 0.65 0.47 0.18
LF-02A

—

4 0.89 2.01 -1.12
LF-03A

— F-06N
LF-13SBR

4
4
4

0.56
1~5

0.62

0.86
1 34
0.24

-0.30
0 16
0.38

LF-I7SBR 4 0.67 0.55 0.12
LF-21SBR 4 0.66 0.38 0.28
OSA-I6BR 4 0.41 fl.13

— .5~

u.~7
1.04

0.28
B-08A

— 11R
~SBR

.AR-I2DBR
— 6

5

6
6

0.72
l~
.

0.71
0.5

-0.82

0.34 —

-0 4
— LF-13
— T )BR

6
6

0.42
1.15

0.23
3.08

0.1
-1

9
~3

LF-21 DBR 6 0 0.55 -0.55
Water levelmonitoredcontinuouslywith pressure

transducer/datalogger.
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Table 4-2.TargetsandRevisedResidualsfor the February2001 Calibration

Name Layer Observed
Model-

Calculated Residual
AR-04P 1 135.63 136.28 -0.65
AR-06P 1 137.40 138.81 -1.41
AR-08P I 131.57 133.66 -2.09
AR-09P 1 136.81 136.25 0.56
AR-lOP 1 136.38 136.57 -0.19
AR-I1P 1 133.92 130.61 3.31
AR-l3P 1 129.46 132.59 -3.13
AR-14P 1 127.39 129.12 -1.73
AR-15P 1 134.38 133.51 0.87
AR-I6BSH 1 129.84 129.20 0.64
AR-I9ASH — 134.16 132.17 1.99
AR-21B 134.51 128.20 6.31
AR-25S — —

— —

1

136.84 137.01 -0.18
AR-26S 136.84 36.12 0.72
AR-285 126.13 29.49 -3.36
AR-29S I 128.64 30.18 -1.54
AR-30S I 119.00

—

19.37 -0.37
AR-31S 1 124.33 126.55 -2.22
B-O1P 1 135.73 133.72 2.01
B-03P 1 134.10 134.44 -0.34
B-04P 1 137.18 136.16 1.02
B-06P 1 126.33 125.49 0.84
B-08D — 1 135.23 132.28 2.95
B-lOP 1 136.73 135.34 1.39
BD-2 ~1 136.05 134.55 1.50
CLF-IP 1 125.52 126.87 -1.35
CLF-2A 1 124.09 125.71 -1.62
CLF-3A I 124.79 125.15 -0.36
EL-3 ~1 135.41 133.96 1.45
G-1 1 138.11 38.02 0.09
G-2 1 135.67 33.74 1.93
G-3 1 136.29 .36.25 0.04
LAWSBROOK 1 128.00 129.10 -1.11
LF-05A 135.37 132.50 2.87
LF-05B 135.47 132.68 2.79
LF-05C 135.39 133.21 2.18
LF-05P — 135.39 132.40 2.99
LF-IOC 136.00 134.49 1.51
LF-1ICR — — 136.35 135.16 1.19
LF-14 135.39 133.19 2.20
LF-16 1 135.21 132.92 2.29
LF-17S 1 134.27 133.26 1.01
LF-19S 1 133.90 133.66 0.24
MW-OIS I 137.12 136.20 0.92
MW-04S I 134.21 34.26 -0.05
MW-06S I 134.61 34.27 0.33
MW-07S 1 138.08 35.10 2.98
MW-08S I 37.07 36.73 0.34
MW-lOS 1 138.08 135.36
MW-1SS 1 137.52 134.76 2.76
OSA-OIA 1 135.73 134.36 1.37
OSA-02A 1 135.85 134.85

—

1.00
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Table4-2 TargetsandRevisedResidualsfor the Februsry2001 Calibration

Name Layer Observed
Model-

Calculated Residual
OSA-03A 1 136.16 135.39 0.76
OSA-04 1 135.94 134.66 1.28
OSA-05A 1 135.35 134.86 0.49
OSA-06A I — 133.54 133.67 -0.13
OSA-07A I

1_
134.25 134.22 0.03

OSA-08R 134.84 134.88 -0.04
OSA-1OA 1_

I —

135.98 134.58 1,40
OSA-l 1A 134.89 134.54 0.35
OSA-12A 1_

1
136.28 136.18 0.10

OSA-13A 134.76 133.10 1.66
OSA-14A 135.80 135.34 0.46
OSA-lSA 133.62 132.38 1.24
OSA-16A 136.26 135.75 0.51
OSA-21

I
138.39 137.03 1.36

OSA-23A 135.39 135.75 -0.36
OW-8 — I

I
122.35 122.21 0.14

OW-E 122.96 124.55 -1.59
PS-22A ~1 126.50 129.29 -2.79
PT-03P 1

1
123.04 123.03 0.01

PT-b 124.58 124.68 -0.10
PT-12 1

— —

— —

— —

2

136.84 138.09 -1.25
SL-9 136.20 136.03 0.17
UNA-3 129.69 132.16 -2.47
WRG2-OBS 131.28 134.05 -2.77
73-4 131.61 133.70 -2.09
9-78 .2 125.70 125.39 0.31
A-2E 2 120.55 122.51 -1.96
AR-07P 2 — 145.21 146.76 -1.55
AR-12 2 123.83 123.32 0.51
AR-l8P 2 — 134.91 134.53 0.38
AR-20A 2 130.88 123.25 7.63
AR-22 2 121.18 122.60 -L42
AR-23B 2 133.84 135.26 -1.42
AR-26D 2 132.98 135.85 -2.87
AR-27S 2 135.38 .34.96 0.42
AR-28D 2 126.55 129.49 -2.94
AR-29D 2 128.62 130.18 -1.56
AR-30D 2 119.76 118.42 1.34
AR-31D 2 125.01 126.54 -1.53
B-08C 2

2
135.10 132.23 2.87

LF-OIP 135.89 135.11 0.78
LF-O3P 2 136.13 134.86 1.27
LF-05E 2 134.57 133.25 1.32
LF-06S 2 135.18 133.28 1.90
LF-09A 2 132.14 132.54 -0.40
LF-l 1BR 2 135.03 135.04 -0.01
LF-13B 2 123.12 122.04 1.08
LF-15 2 135.25 132.17 3.08
MW-OlD 2 136.96 136.00 0.96
MW-03S 2 132.53 133.74 -1.21
MW-04D 2 135.28 134.25 1.03
MW-07D 2 137.43 135.10 2.33
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Table4-2. TargetsandRevisedResidualsfor theFebruary2001 Calibration

Name Layer Observed
Model-

Calculated Residual
OSA-O1B 2 134.96 134.31 0.65
OSA-O5B 2 135.25 134.80 0.45
OSA-07B 2 133.35 134.19 -0.84
OSA-IOB 2 134.86 134.29 0.57
OSA-12B 2 135.87 136.17 -0.30
OSA-16B 2 134.09 135.65 -1.56
OSA-17 2 144.08 143.46 0.62
OSA-l8 2 137.60 136.70 0.90
OSA-20

2
2

148.49 — 144.37 4.12
OSA-22 135.98 136.04 -0.06
OSA-23B 134.73

—

— 135.63 -0.90
OW-B 2

2
122.83 .23.65 -0.82

PS-22B 127.55 129.29 -1.74
PT-09 2 — 124.65 124.35 0.30
R-2A 2 127.16 127.73 -0.57
UNA-5 2 133.39 135.39 -2.00
WLF-OBS 2 132.13 133.73 -1.60
77-3 3 128.28 132.22 -3.94
A4-78 3 125.24 126.09 -0.85
A6-78 3 126.85 128.52 -1.67
AR-OS 3 133.84 137.23 -3.39
AR-O9A 3 133.88 135.46 -1.58
AR-12D 3 124.65 123.11 1.54
AR-I7BDP 3 129.65 132.63 -2.98
AR-27D 3 130.37 134.30 -3.93
B-O8B 3 132.48 132.07 0.41
ELF-OBS 3 134.16 132.36 1.80
G-3A 3 134.93 135.68 -0.75
LF-02A 3 132.55 132.87 -0.32
LF-04P 3 132.77 131.70 1.07
LF-O5D 3 132.92 132.32 0.60
LF-O6C 3 132.48 132.46 0.02
LF-O9 3 132.29 132.30 -0.01
LF-bO 3 — 133.12 133.90 -0.78
LF-11AR 3 .33.73 134.75 -1.02
LF-12 3 130.30 135.41 -5.11
LF-13A 3 123.10 122.17 0.93
LF-17D 3 130.08 132.63 -2.55
LF-l9D 3 131.54 131.82 -0.28
MW-O3D 3 132.44 133.54 -1.10
R-l 3 127.54 128.97 -1.43
R-2 3 126.28 128.18 -1.90
R-3P 3

4
127.56 128.26 -0.70

AR-O9BR 133.88 135.12 -1.24
AR-1ISBR 4 127.69 129.87 -2.18
AR-12SBR 4 126.99 124.43 2.56
AR-16ADP 4 130.00 133.10 -3.10
AR-2O 4 127.97 124.87 3.10
AR-21 4 127.89 128.82 -0.93
AR-23 4 133.75 135.01 -1,26
AR-27SBR 4 132.26 133.74 -1.48
AR-28SBR 4 126.70 129.76 -3.06
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Table4-2. TargetsandRevisedResidualsfor theFebruary2001 Calibration

ResidualMean -0.11
Res.Std. Dev. 1.81
Sumof Squares 638.88
Abs. Res.Mean 1.41
Mm. Residual -5.1 1
Max. Residual 7.63
Rangein TargetValues 29.49
Std.Dev./Range 0.06

Name Layer Observed
Model-

Calculated Residual
AR-29SBR 4 128.55 131.10 -2.55
AR-3OSBR 4 120.82 121.46 -0.64
AR-31SBR 4 127.70 127.95 -0.25
LF-03A 4 132.48 134.57 -2.09
LF-06N 4 129.90 131.60 -1.70
LF-13SBR 4 125.73 123.46 2.27
LF-I7SBR 4 128.87 131.95 -3.08
MW-01B 4 137.11 135.11 2.00
MW-06B 4 133.67 133.09 0.58
MW-O7B 4 133.67 134.22 -0.55
MW-I3B 4 133.37 135.21 -1.84
MW-I6B 4 133.67 133.45 0.22
OSA-OIBR 4 134.08 134.05 0.03
OSA-O3BR 4 133.79 134.63 -0.84
OSA-O5BR 4 134.03 134.68 -0.65
OSA-O6BR 4 133.38 134.06 -0.68
OSA-l IBR 4
OSA-I2BR 4

133.81 133.55 0.26
135.65 135.93 -0.28

OSA-14BR 4 134.20 135.03 -0.83
OSA-I6BR 4 133.99 135.10 -1.11
OSA-24 4 132.90 133.82

131.90
-0.92

R-4 4 130.61 -1.29
R-5 4 127.55 129.28 -1.73
AR-1OBR 5 133.37 134.82 -1.45
AR-26DBR 5 132.78 135.08 -2.31
AR-28DBR 5 126.96 129.78 -2.82
AR-29DBR 5 129.05 131.11 -2.06
AR-3ODBR 5 120.84 122.48 -1.64
B-O8A 5 132.65 132.37 0.28
G-3BR 5 136.36 135.12 1.24
LF-I 1R 5 132.82 134.37 -1.55
LF-I9SBR 5 131.54 133.02 -1.48
MW-02B 5 133.80 134.32 -0.52
OSA-O2BR 5 134.82 134.34 0.48
AR-I2DBR 6 127.06 126.60 0.46
AR-3IDBR 6 129.95 127.97 1.98
LF-O6 6 128.91 130.93 -2.02
LF-I3 6 126.22 125.64 0.58

C:\Work~Acton\rdra\LFAreo\Pre.Design\Pomping Test\Modelirig\2009 model resslts\.ActonTableApr200Sjeeol.ulotarget GeoTrans
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Table4-3a.Calibration Statistics

October 2008 Statistics* May 2009 Statistics

ResidualMean -0.05 -0.11

Res.Std.Dev. 1.70 1.81

Sumof Squares 558.08 638.88

Abs. Res.Mean 1.34 1.41

Mm. Residual -4.23 -5.11

Max. Residual 4.62 7.63

Range 29.49 29.49

Std/Range 0.06 0.06

*Statisticsfrom GeoTrans,2008b,with K of Layers 1-2 @BOC

Gases= 25 ft/day

Table 4-3b. Flux Estimates

October 2008 Fluxes* May 2009Fluxes

AssabetRiver (cfs) 0.54 0.43

Fort PondBrook
(cfs)

159
‘

161
‘

Sinking Pond
(gpm)

341 307

Muskrat/Turtle
Pond(gpm)

7 2
‘

8

*Fluxes from GeoTrans,2008b,with K of Layers 1-2 @BOCGases

=25 ft/day

FORW.R. GRACE & Co. - CoN1’.~ GeoTrans, Inc.
M:\DOCs\WRGroce\Acton\2009\LFResultsReporl\R12121040 Landfillresults rev.doc
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Table 4-4. Pumping RatesUsed for Landfill Area Capture Zone Evaluation

Pumping Rate
(gpm)

Assabet1A 242

Assabet2A 207

Christofferson 58

Lawsbrook 115

Scribner 118

MLF 37.1

SELF-I 1.3

SWLF-l 4.2

WLF 9.6

FORW.R. GRACE & Co. - CONN GeoTrans, Inc.
M:\DOCs\WRGrace\Acton\2009\LFResultsReport\R12121040 Londtillresults rev.doc
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ATTACHMENT F

GROUNDWATERQUALITY VERSUSTIME GRAPHS

FORW.R. GRACE & Co. - C0NN GeoTrans, Inc.
M:\DOCs\WRGroee\Acton\2009\LFResultsReport\R12121040_Laodfillreuults_rev,doc



10000

1000

-J
~ 100

ci,
C
0

4-.

C
ci)
0
C
0
0

0.1

AR-20A
VDC Model-Calculated Versus ObservedConcentrations

— — — .-. — * .- c~J ~J t~.) t’J L’J
‘.0 ‘.0 ‘.0 ‘.0 ‘.0 ‘.0 ‘.0’ ~

00 00 00 ‘0 ‘0 ‘0 ‘0 ‘0 ~ ~ ‘Z’ —
C~ 00 ~ ~.i 4~ C\ 00 C’ ~ C~ 00 C’ ~ .~ Q~ QO C’

Date
Non detectedplottedas 0.1 j.tg/L.

C:\Work~.Acton\rdretLFAreo\Pre-Design\Pumping Test\Modeling\2009 model resslts\VDC Graphsuls 4/30/2009



B-03B
VDC Model-Calculated Versus ObservedConcentrations

10000

——Observed

—~—SimuIated

1000

~ 100

0.1 F I I F

— — — — — —. — — t’J t’J ~ N.) N.) N.) ~‘.J ~.) ~.) N.) NJ
‘0 ‘.0 ‘.0 ‘0 ‘0 ‘0 ‘.0 ‘.0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
00 00 00 ‘.0 ‘.0 ‘.0 ‘0 ‘0 C’ C’ C’ C’ C’ — — — — — NJ

00 C’ NJ .~ C~ 00 C’ 5’.) 4~ C~ 00 C’ NJ .~ Q~ 00 C’

Non detectedplottedas0.1 pg/L. Date

C:\Work’.Acton\rdra\LF Area\Pre-Design\Pumping Test\Modeling\2009 model results\VDc Graphs.xls 4/30/2009



LF-02A
VDC Model-Calculated Versus ObservedConcentrations

10000

1000

-J
~ 100

ci,
C
0

4~I

Ca)
0
C
0
0

0.1
— — — — — .~ — — NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
‘.0 ‘.0 ‘0 ‘.0 ‘0 ‘.0 ‘0 ‘.0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
00 00 00 ‘0 ‘.0 ‘.0 ‘0 ‘0 C’ C’ C’ C’ C’ — — — — .— NJ

00 C’ NJ 4~ C\ 00 C’ NJ .~ C~ 00 C’ NJ 4~ C~ 00 C’

Date
Non detectedplottedas0.1 jig/L.

C:\Work\Acton\rdra\LF Area\Pre-Design\Pumping Test\Modeling\2009 model results\VDC Graphs.ols 4/30/2009



10000

1000

-J
a~ 100

ci,
C
0

10

0.1

LF-.10

— — — — — — — — NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
‘0 ‘.0 ‘.0 ‘0 ‘0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
00 00 00 ‘.0 ‘.0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ — * — — — NJ

00 C’ NJ .~ Q~ 00 C’ NJ .~ C~ 00 C’ NJ ~ 0~ 00 C’

Date
Non detectedplottedas0.1 g.tg/L.

VDC Model-Calculated Versus ObservedConcentrations

C:\WorkV\cton\rdre\LF Area\Pre-Design\Pumping Test\Modeling\2009 model results\VDC Graphs.els 4/30/2009



10000

1000

-J
C) 100

Cl)
C
0
4-

4-

Ca)
C.)
C
0
0

0.1
- - — — — — — — NJ
‘.0 ‘.0 ‘0 ‘0 ‘0 ‘0 ‘.0 ‘.0 C’
00 00 00 ‘.0 ‘0 ‘0 ‘.0 ‘0 C’

0’~ 00 C’ NJ .~ 0~ 00 C’

Non detectedplottedas0.1 jiglL.

C:\Work’.Acton\rdra\LF Areo\Pre-Design\Pumping Test\Modeling\2009 model results\VDC Graphs.ols

NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
C’ C’ C’ C’ — — — — — NJ
NJ 4~ 0\ 00 C’ NJ ~ 0~ 00 C’

Date

LF-19SBR
VDC Model-Calculated VersusObservedConcentrations

4/30/2009



MLF
VDC Model-Calculated Versus ObservedConcentrations

0.1
‘.0 ‘.0 ‘.0 ‘.0 ‘0 ‘0 ‘0
00 00 00 ‘0 ‘.0 ‘.0 ‘0
4~ C~ 00 C’ NJ ~

Non detectedplottedas0.1 ~1g/L.

C:\Work’.°,cton\rdre\LE Aree\Pre-Design\Pumping Test\Modeling\2009 model results\VOC Graphsols

— NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
‘.0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
‘.0 C’ C’ C’ C’ C’ — — — — —
00 C’ NJ 4~ C~ 00 C’ NJ 4~ C~ 00

Date

10000

1000

-J
~ 100

Cl)
C
0
4-

4-

C
ci)
C.)
C
0
0

NJ
C’
NJ
C’

4/30/2009



10000

1000

-J
~ 100

ci,
C
0

4~
C
ci)
C.,
C
0
0

0.1

WLF
VDC Model-Calculated VersusObservedConcentrations

— — — — — — — — NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
‘.0 ‘.0 ‘.0 ‘.0 ‘.0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
00 00 00 ‘.0 ‘.0 ‘.0 ‘.0 ‘0 C’ C’ C’ C’ C’ — — — — — NJ
.0. 0~ 00 C’ NJ .0 00 C’ NJ .0 0\ 00 C’ NJ .0 00 C’

Non detectedplottedas0.1 ~gIL. Date

C:\Work’.Acton\rdra\LF Area\Pre-Design\Pumpirtg Test\Modelingt2009 model results\VDC Graphsols 4/30/2009



AR-i 1B1
BenzeneModel-Calculated Versus ObservedConcentrations

10000

1000

-J
~ 100

ci,
C
0

~ 10

0.1
* - — — — — — — NJ
‘0 ‘.0 ‘0 ‘.0 ‘.0 ‘.0 ‘0 ‘.0 C’
00 00 00 ‘0 ‘.0 ‘.0 ‘.0 ‘.0 C’
.0 0\ 00 C’ NJ .0 C\ 00 C’

Non detectedplottedas0.1 j.tg/L.

C:\Work~ctonvdra\LF Area\Pre-Design\Pumping Test\Modeling\2009 model results\Benzene Graphs.xls

NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
C’ C’ C’ C’ — — — — — NJ
NJ .0 0~ 00 C’ NJ .0 00 C’

Date

4/30/2009



AR-2i
BenzeneModel-Calculated Versus ObservedConcentrations

10000

1000

-J
~ 100

ci,
C
0
4-

I-
4-
C
ci)
0
C
0
0

0.1
— — — — — — — * NJ NJ NJ NJ NJ NJ NJ
‘.0 ‘0 ‘0 ‘0 ‘0 ‘.0 ‘0 ‘.0 C’ C’ C’ C’ C’ C’ C’
00 00 00 ‘0 ‘0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ — —
.0 0~ 00 C’ NJ .0 C~ 00 C’ NJ .0 C\ 00 C’ NJ

Date
Non detectedplottedas0.1 jig/L.

C:\Work’.Acton\rdra\LF Area\Pre-OesigrdPumping Test\Modeling\2009 model resslts\Benzene Graphs.ols

NJ NJ NJ NJ
C’ C’ C’ C’
— — — NJ
.0 00 C’

4/30/2009



10000

1000

-J
~ 100

(I)
C
0
4-

4-
C
a)
0
C
0
0

0.1

B-08B
BenzeneModel-Calculated Versus ObservedConcentrations

— — — — — — — — NJ NJ NJ
‘0 ‘0 ‘0 ‘.0 ‘.0 ‘0 ‘0 ‘0 C’ C’ C’
00 00 00 ‘.0 ‘0 ‘.0 ‘0 ‘0 C’ C’ C’
.0 0\ 00 C’ NJ .0 C\ 00 C’ NJ .0

Date
Non detectedplottedas0.1 ~.sg/L.

C\Work’.Acton\rdra\LF Area\Pre-Design\Pumping Test\Modeling\2009 model results\Benzene Graphs xis

NJ NJ NJ NJ NJ NJ NJ NJ
C’ C’ C’ C’ C’ C’ C’ C’
C’ C’ — — — — — NJ

00 C’ NJ .0 00 C’

4/30/2009



B-08B3
BenzeneModel-Calculated Versus ObservedConcentrations

10000

1000

-J
~ 100

Cl)
C
0
4-

3-

C
ci)
0
C
00

0.1
— — — — — — — — NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
‘0 ‘.0 ‘0 ‘0 ‘.0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
00 00 00 ‘0 ‘0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ — — — — — NJ
.0 00 C’ NJ .5~ G~ 00 C’ NJ .0 0~ 00 C’ NJ .0 00 C’

Non detectedplottedas 0.1 ~tgIL. Date

C:\Work\Acton\rdra\LFArea\Pre-Design\Pumping Test\Modelisg\2009 model results\Benzene Graphs.xis 4/30/2009



ELF
BenzeneModel-Calculated Versus ObservedConcentrations

0.1
‘0 ‘0 ‘0 ‘0 ‘0 ‘.0
00 00 00 ‘0 ‘.0 ‘0
.0 0\ 00 C’ NJ .0

Non detectedplottedas 0.1 pg/L.

c:\work~acton\rdra\LF Area\Pre.l3esign\Pumping Test\Modeling\2009 model results\Benzene Graphs.xls

— — NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
‘0 ‘0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
‘0 ‘0 C’ C’ C’ C’ C’ — — — — NJ
C~ 00 C’ NJ .0 0~ 00 C’ NJ .0 G\ 00 C’

Date

10000

1000

-J~ 100

Cl,
C
0
4~I

3-
4-

Ca,
C.)
C
0
0

4/30/2009



LF-05E
BenzeneModel-Calculated Versus ObservedConcentrations

0.1
‘0 ‘0 ‘0 ‘0 ‘0 ‘0 ‘.0 ‘.0
00 00 00 ‘.0 ‘0 ‘0 ‘.0 ‘0
.0 0~ 00 C’ NJ .0 C~ 00

Non detectedplottedas0.1 ~.tgIL.

C\Work\.Aetonhdra\LF Area\Pre-Design\Pumping Test\Modeiing\2009 modei results\Benzene Graphsols

NJ NJ NJ NJ NJ NJ NJ NJ NJ
C’ C’ C’ C’ C’ C’ C’ C’ C’
C’ C’ C’ — — — — — NJ
.0 C~ 00 C’ NJ .0 0~ 00 C’

10000

1000

-J
-~, 100

C.,
C
0

110

NJ NJ
C’ C’
C’ C’
C’ NJ

Date

4/30/2009



LF-06C
BenzeneModel-Calculated Versus ObservedConcentrations

10000

1000

-J
~ 100

Cl)
C
0
4-

3-
4~I

Ca)
0
C
0
0

0.1
— — * — — — — — NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
‘0 ‘0 ‘.0 ‘0 ‘.0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
00 00 00 ‘0 ‘.0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ — — — — — NJ
.0 0~ 00 C’ NJ .0 00 C’ NJ .0 0\ 00 C’ NJ .0 00 C’

Nondetectedplottedas0.1 ~g/L. Date

C:\Work’Actonhdra\LF Area\Pre-Design\Pumping Test\Modeling\2009 model results\Benzene Graphsols 4/30/2009



LF-06N
BenzeneModel-Calculated Versus ObservedConcentrations

10000

1000

-J
~ 100

(I)
C
0

‘a
1~

C
a)
0
C
0
0

0.1
— — — — — — — .* NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
‘0 ‘0 ‘0 ‘0 ‘0 ‘0 ‘0 ‘.0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
00 00 00 ‘0 ‘0 ‘0 ‘0 ‘.0 C’ C’ C’ C’ C’ — — — — — NJ
.0 00 C’ NJ .0 00 C’ NJ .0 00 C’ NJ .0 00 C’

Date
Non detectedplottedas0.1 ~.tg/L.

C:\Work\.Acton\rdra\LF Area\Pre.Design\Pumping Test\Modelisg\2009 model results\Benzene Graphs.ols 4/30/2009



MLF
BenzeneModel-Calculated Versus ObservedConcentrations

10000

1000

-J
-~, 100

U)
C
0

4.1

3-
4-
Ca)
0
C
0
0

0.1
— — — — — — — — NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ NJ
‘0 ‘0 ‘0 ‘0 ‘0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ C’ C’ C’ C’ C’ C’
00 00 00 ‘0 ‘.0 ‘0 ‘0 ‘0 C’ C’ C’ C’ C’ — — — — — NJ
.0 00 C’ NJ .0 0~ 00 C’ NJ .0 00 C’ NJ .0 00 C’

Non detectedplottedas 0.1 ~tg/L. Date

C:\Work\Acton\rdra\LF Area\Pre-Design\Pumping Test\Modeling\2009 model results\Benzene Graphs.xls 4/30/2009


