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-" 1.0 PURPOSE

m This modeling study supportsthe design of the pilot-scalepermeablereaction wall (iron curtain). The

iron curtainis a passive, in sire remedial technology that will be constructedat Site 9 of Moffett

Federal Airfield (MFA) to serve as a long-term source control measure for solvent contamination.a
The iron curtainrefers to the permeable "gate"in a funnel-and-gatesystem. A funnel-and-gatesystem

uses relatively impermeableslurrywalls to funnelgroundwaterand contaminantsinto a permeable

u reactivecell that is designed to break down solvent contaminationthrough the chemical process of

reductivedechlorinization. The reaction cell consists of 50 percentsand and 50 percent iron filings

m bounded by walls of pea gravel on the upgradientand downgradientsides of the cell.

Is The modelwill be usedto predictthe anticipatedgroundwaterflow velocitythroughthe reactioncell.
Modeledflow velocitiesprovideadesignbasisfor the thicknessof the iron curtain,basedon the

retentiontimethat is requiredfor the contaminantsto breakdownto chlorineions. The modelwillm
also be usedto qualitativelyassessthe abilityof the iron curtainto capturecontaminantsthat originate
upgradientof the system,specificallyfromthe Building88 areaof Site9.

IB

Section2.0 of this reportdiscussesthe modeldesign. Sections3.0 and4.0 discussboundary

m V conditionsandparametervaluesused in the model. Section5.0 discussesmodelcalibration.

Section6.0 presentsthe resultsof the modelstudy. Sensitivityanalysesarediscussedin Section7.0.

Im A summaryis providedin Section8.0. Referencesare providedin Section9.0.

2.0 DESIGN
R

This modeling study employed the ModularThree-Dimensional Finite Difference GroundwaterFlow
m

Model (MODFLOW)(McDonaldand Harbaugh 1988) to simulate flow through the A1/A2 aquifer

and iron curtainsystem, and MODPATH (Pollack 1989) to calculatepotentialparticle pathways

II throughthe iron curtain. These particletracks are used to depict the extent of the iron calrtaincapture

zone and determine the velocityof groundwaterpassingthroughthe iron curtain.

al

A three-dimensionalmodelgridwasusedinthisanalysisbecausethe ironcurtaindoesnotfully

m penetratethe A aquifer anda two-dimensionalmodel would neglect the potential for groundwater
flow and contaminanttransport beneath the bottom of the iron curtain. The model was also

constructedto account for the heterogeneity and anisotropyinherentin the aquifermaterialat MFA
Ill

and the effects these materialproperties have on the ability of the iron curtainto capture

_" contaminants.
Im
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A seven-layer grid, encompassingan area 1,000 feet (parallel to the directionof flow) by 700 feet a

(perpendicularto the directionof flow), was used to model the area surroundingthe iron curtainsite.
The grid consists of 111 rows and90 columnswith a total of 69,930 model cells. A cell size of

3.75 by 2.5 feet was used in the centerof the grid so that the individual componentsof the iron I

curtaincouldbe representedin the model. The cell size was expanded to 20 by 20 feet in the corners

of the model. I

The lithology of the A aquiferwithin the model area consists of sandand gravel channeldeposits I

which are incised into, and interbeddedwith, finer-graineddeposits. These channels are believed to

have a stringer-likemorphology andmay have been depositedby one or more flood events. The m

channel sands andgravels are lens-shapedin cross-sectionandgrade laterally into silty sand andsilt

deposits. Lithologic datafrom approximately20 cone penetrometertest (CPT) holes and20 soil
0l

borings were used to define the spatialvariabilityof aquiferpropertieswithin the iron curtainarea.

Away from the iron curtainarea, channelmaps (PRC 1993) were used to fill in the remaininggrid.
all

A schematic representationof the seven model layers is presentedin Figure 1. All layers are

horizontal,though the uppersurfaceof layer 1 is bounded by a sloped watertable. All layers are 6 n

or 7 feet thick, except layer 1 (variable), layer 5 (3 feet thick) andlayer 7 (16 feet thick). The

uppermostfour layers of the model correspondto the A1 aquifer. The first layer representsa _m
surficialsilty clay layer that appears to be continuousacross the site. This unit consists of a

minimumof 5 feet of relatively impermeablesilty clay. This unit may create locally confined

groundwaterconditions in the underlyingaquiferwhere the unit is thickest (where the first permeable Ill

sediments lie at a depth of 10 to 15 feet).
/

Layers 2 through4 contain AI permeable zone sediments, though the majority of each layer contains

Siltandsilty clay. Layer 2 containsa relatively wide (hundredsof feet) channelthat crosses the site B

from southeast to northwest, which will be referredto as the upper channel. These channel sediments

were found between depths of 5 and 13 feet below ground surface(bgs) east of the proposed iron

curtainlocation. Layers 3 and 4 containa north-southtrendingcompoundchannel across which the

iron curtain will be constructed. This channelwill be referred to as the targetchannel. It is narrower
m

(about50 feet wide) but thicker than the upperchannel. These channel sediments were found at

depths of 10 to 26 feet bgs. The upperchannel does not appearto intersectthe target channel in the

iron curtainbased on lithologic data. Though these channeldeposits may not intersect in the iron m

curtainarea, they are almost certainlyhydraulicallyconnected, either because they intersect

downgradientof the iron curtainarea or they are connectedthroughsilt/clayey silt beds that envelope ..

each channel.

m
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Layer 5 representsthe discontinuousA1/A2 aquitard. Boring logs in the area show that it typically
am

consists of 3 feet of silty clay or clayey silt between depthof 25 and28 feet bgs in the iron curtain

area. The model layer consists of silt below the targetchannel andsilty clay away from the target

channel. A layer thickness of 3 feet was assumed, m

Layers 6 and7 represent the A2 permeablezone. Layer 6 represents the upper7 feet of the a

A2 permeablezone. In the iron curtainprojectarea, this correspondsto a depth of approximately

35 feet bgs, which is as deep as CPT borings were conductedin the iron curtain area duringthis

investigation. The 16-foot thick layer that representsthe lower A2 aquifer(layer 7) is based on

channelmaps only. The seventh layerwas addedprimarilyto providedistance between a simulated

extractionwell in layer 6 and the lower (no-flow) model boundary, m

The iron curtain is representedin layers 2, 3 and 4 of the model and is orientedperpendicularto the m

target channel. The total width of the funnel-and-gatesystem is 36.75 feet and the permeable cell, or

gate, is 11.25 feet wide. The reactive cell is 10 feet wide perpendicularto flow and boundedby a .=
2.5 foot-thickwall of pea gravel on the upgradientanddowngradientsides. Figure 2 depicts the

configurationof the iron curtainin the model and its relationshipto lithologic zones in layers 3 and 4. m

Figure 3 shows the majorhydrologic featuresof the model in plan view.

3.0 BOUNDARY CONDITIONS _ m

The model is boundedon the upgradient(southern)side by a constanthead boundaryequal to m

16.5 feet and on the downgradient(northern)side by a general head boundaryat which the head just

outside the modelboundaryis equal to 10.5 feet. General head boundaryconductanceswere zoned III

accordingto the hydraulicconductivityof the adjacentmodel cell and were equal to this hydraulic

conductivitymultipliedby the area of boundarycell face perpendicularto the direction of flow. The m
upperboundaryof the model is the watertable. The lateral and lower boundaries are zero-flux

(no-flow) boundaries.
am

An internal line sink representinga utility tunnelwas incorporatedinto layer 1 of the model. The

utility tunnel crosses the site from southwest to northeast. The northeasternportion of the tunnel is am

below the watertable. Watertable elevations from a piezometer networkthat was installed at the

iron curtainsite indicate that the watertable is depressedin the vicinity of this utility tunnel.

Groundwaterseepage has been observed in a portion of the tunnel that crosses the site anda sump

pumpat the end of the tunnel pumpsat an averageof 5 to 7 gallons per minute (gpm) during the dry ,,

season. The line sink was representedby a diagonal line of general head boundarycells. The heads

nlB
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m

,, assigned to the cells are approximatelyequal to the estimatedelevationof the tunnelfloor. General

_, head boundarycell conductanceswere varied throughseveral orders of magnitudeuntil the discharge

into the tunnel was approximately3 gpm. This value was chosenbecause a portionof the tunnel that
!

is below the water table is located outside of model domain. Therefore, the line sink should not

account for a discharge equal to thatpumpedout of the sump. The final value of conductanceapplied

m to the general head boundarycells that representthe line sink was 400 square feet per day (i_/d).

4.0 PARAMETER VALUES

m Four geologic units are representedin the model: sand and gravel, silty sand, silt, and silty clay.

The hydraulicconductivities assigned to the channel materials(sandandgravel in the centerof the

channels, silty sand at the edges) are within the range of conductivitiescalculatedat observation wells
m

from an aquifertest conductedat A1 permeablezone well W9-35 in 1992. The datawere collected

and reducedby the 1T Corporation(IT) as partof the remedial investigation (RI) of the west side

m aquifers (IT 1993). Transmissivityvalues were calculated from transmissivitiesobtained from the

Cooper-Jacob Method (pumping well) and the Hantush-Jacob Method (observation wells). An

m average aquiferthickness of 8 feet was assumed. The averagevalue of hydraulicconductivity derived

from one pumping well (W9-35) and three observationwells (piezometersPZ9.8-2, FZ9.8-4, and

m _P' PZ9.8-6) was 53 feet per day (ft/d), the low value was 13 ft/d, and the high value was 169 ft/d.

Based on the high and low values and the location and lithology of the observationwell borings, a

hydraulicconductivityof 150 ft/d was used for sand and gravel, and30 ft/d was used for silty sand.Im

Estimatesof the horizontalhydraulicconductivityof the A1/A2 aquitard(which is largely composed

m of silt) were obtainedfrom slug tests conductedin wells screened across the aquitardat several

locations at Site 9 (IT 1993). IT analyzed these datausing the method of Cooper andothers. The

m estimates ranged from 0.1 ft/d to 1.4 ftYd. Based on this range, a value of 0.5 tt/d was assigned to

silt in the model. No site-specific dataare availableto estimate the hydraulicconductivity of silty

m clay. A value of 0.05 ft/d was assumed. This value is conservative in that it may overestimate the

potentialfor transportthroughsilty clay; however, the areal extent of this geologic unit is significant

only in the low-permeability model layers (layers 1 and 5).
Ill

Porosity values were based on total porosities for differentlithologic types obtainedfrom laboratory

m samplesduring the west side aquifer investigation (PRC 1993). A value of 0.30 was assigned to sand

and gravel (based on three samples); a value of 0.35 was assigned to silty sand (based on four

samples); a value of 0.40 was assigned to silt (based on two samples); anda value of 0.45 was

,_, assigned to silty clay (based on 14 samples).

m
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The materialpropertiesof the iron curtaincomponents(slurrywall, pea gravel, and the iron/sand

mixturethat is used as the reactive medium) were similarto values used in previous modeling studies.

A hydraulicconductivityof 283 _d and a porosity of 0.33 were assumed for the reactive medium. ss
A hydraulicconductivityof 2830 tt/d anda porosity of 0.33 were assumed for the pea gravel. A

hydraulicconductivity of 0.003 ft/d and a porosity of 0.45 were assumed for the slurrywalls. a

Verticalanisotropy,or the ratioof horizontalto vertical hydraulicconductivity, is one important
m

parameterfor which datado not exist. Verticalhydraulic conductivity data can only be derived from

laboratorytests (whichdo not reflect site conditions because the samples are disturbed)or specially

designed aquifertests (whichhave not been conducted at the site). In the absenceof this data, a ratio III

of 10:1 (horizontal:vertical)was assumed. Horizontalanisotropy(the ratio of hydraulicconductivity

in the longitudinaland transversedirections)was assumed to be 1:1. as

5.0 CALIBRATION as

The modelhydraulicgradient was calibratedto an averagehydraulicgradient of 0.0057, which was m

calculatedfrom head maps of the westernside of MFA. The downgradientgeneral head boundary

was varied from 8.5 feet to 11 feet while the zoned boundaryconductancevalues were kept constant. _ m

A gradient of 0.0058 was achieved with a general head of 10.5 feet at the downgradient boundary.

The model was not calibratedto a set of head values because the existing monitoringwells were too m

few (four) and far between within the model areato provide a meaningfulhead map.

gl
6.0 _TS

as

MODPATHparticletracking software was used to depict contaminanttransport pathwaysthrough the

iron curtainarea underthree scenarios: without the iron curtain(pre-constructionconditions), with

the iron curtain,and with the iron curtainanda pair of hypothetical extraction wells pumping 5 gpm

from both the AI andA2 aquiferzones. The wells were located approximately200 feet
m

downgradientfrom the iron curtain. Particletracking was conductedat a local andsite-wide scale for

each scenario.
m

Local-scale particletracking focused on the area immediately surroundingthe iron curtainand is used

to estimate groundwatervelocity through the iron curtain. Five particles were positioned in the center us

of the target channelapproximately 70 feet upgradientof the iron curtainin layer 3 of the model. _"
I
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Im
Particle locations were marked at 1-day intervals. Particle (groundwater)velocity throughthe iron

curtainwas estimatedby counting the numberof markersbetween a line upgradientof the iron

m curtain(y-coordinate -- 556.76) and downgradientof the iron curtain(y-coordinate - 613.51). The

distance between these lines (56.75 feet) was divided by the fewest number of markersalong any of

m the particletracks to obtain the maximum particle velocity.

m Particlevelocitiescalculatedfor the threescenarioswere3.1 ft/dunderpro-constructionconditions;

4.1 ft/dwith the ironcurtain;and5.5/t/d with the ironcurtainandextractionwells. Table1

m providesinformationon velocities,gradients,anddischargescalculatedfor eachof the

threescenarios. Figures4 through6 depicttheparticletraces for the threescenarios. Groundwater

.. tablecontours(in tenthsof a foot) are also superimposedon theseplots.

m Site-wide scale particletracking was conductedto evaluate particletransport andcapturethroughout

the western side of MFA. Contaminantsare representedby particlesplaced in layers 2, 3, 4, and

6 near the upgradientboundary of the model. Ten particles were arrayedin a line in each of the

four layers for a total of 40 particles. The particlestartinglocations spanned channeldeposits andthe

lower permeabilitylithologies adjacentto the channels. Particlesthat enteredcells containingthe ironmY
curtainwere removed from the model, so the influenceof the iron curtainwould be visible. Table 2

provides informationon the startinglocation of each particle, its destination,and its travel time.
/

Particle travel times can be used to compare the speed of particle transport in differentregions of the

grid and to draw inferencesabout the effect of the iron curtainon contaminanttransport. However,
m

unlike the actual contaminantsof interest, particlesin MODPATHcannotbe retardedor degraded.

Therefore, the particletravel times cannotbe used as quantitativeestimates of actual contaminant
a

travel times.

Figures 7 through9 are particletracking plots that provide a qualitativeview of the capturezones

under each scenario. Figures 7 through9 superimposeparticletracks from all layers. Particle

locations are marked a l-year intervals. The model results suggest that the iron curtainwould

primarily treat A1 groundwaterfrom the channelthat the iron curtainintercepts (the targetchannel).

m Twelve of the 40 particles were capturedby the iron curtainin the iron curtainscenario. Eight of

these 12 particlesoriginatedin, or adjacentto, the target channel (in the permeable deposits in

m layers 3 and 4). One particlewas capturedfrom the upperchannel (permeabledeposits in layer 2).

_, Three particlesthat originated in low permeability deposits were capturedin the iron curtain, two of

m which originated in layer 6 (the A2 aquifer). Additionalparticleswere capturedby the iron curtain in
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TABLE 1 I

MODEL _TS

...... I

ili iiiiiilili'i: ii ii

Pre-construction 3.1 0.0058 0.8 4 + 3.1 m

Iron Curtain 4.1 0.0058 1.7 12 +2.2

Iron Curtainand 5.5 0.0072 2.4 16 -0.4 I
ExtractionWells

II
Notes:

1 Gradientcalculatedacross the center500 feet of the modelgrid (along Y-axis) I

2 The iron curtainis not includedin the pre-constructionscenario. However, the dischargethroughthe front

face of the iron curtainin the iron curtainscenarios was comparedto thedischargethroughthe equivalent m
cross-sectional area of the aquiferin the pre-constructionscenario. This was accomplishedby summingthe
individualdischarges throughthe model cells that constitutethe frontface of the iron curtain. Similarly,
the numberof particlesthat pass throughthese cells was determinedfor pre-constructionconditionsand
compared to the numberof cells that pass through the iron curtain. _ I

3 Water balance errorfor the simulationas calculatedby MODFLOW
i

I

I

I

I

m

I
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TABLE 2

PARTICLE STARTING LOCATION, DESTINATION, AND TRAVEL TIME

2 102 40 Silt West B 11.1 B 11.3 A1 15.2

2 102 44 Silt_ Sand West B 2.1 B 2. I A1 1.6

2 102 48 Silt_ Sand West B 1.5 B 1.5 A1 1.1

2 102 52 Sand and Gravel Center B 1.0 B 1.0 AI 0.7

2 102 56 Sand and Gravel Center B 1.5 IC 0.7 IC 0.7

2 102 60 Sand and Gravel Center UT 0.3 UT 0.3 LIT 0.2

2 102 62 Sand and Gravel Center LIT 0.7 UT 0.7 IC 0.4

2 102 64 Silt East UT 4.7 UT 4.4 LIT 3.7

2 102 66 Silt East UT 10.1 LIT 9.5 UT 8.1

2 102 68 Silt East LIT 20.0 UT 19.7 UT 14.1

3 104 42 Silt West B 15.5 B 16.0 A1 13.8

3 104 46 Silt_ Sand West B 3.4 B 3.4 AI 3.0

3 104 50 Silt_ Sand West B 1.9 B 2.0 A1 0.6
3 104 55 Sand and Gravel Center B 1.0 IC 0.4 IC 0.4

3 104 59 Sand and Gravel Center LIT 0.7 UT 0.8 IC 0.5

3 104 61 Sand and Gravel Center B 1.5 IC 0.6 IC 0.6

3 104 63 Silt_ Sand East UT 1.6 UT 1.7 IC 0.7

3 104 65 Silt_ Sand East UT 9.3 UT 7.4 LIT 4.0

3 104 67 Silt_ Sand East LIT 4.8 UT 7.4 UT 3.5

3 104 69 Silt East B 11.3 B 13.5 UT 10.2

4 106 40 Silt West B 4.6 IC 4.4 IC 6.8

4 106 44 Silty Sand West B 2.5 IC 2.2 IC 2.3

4 106 48 Silty Sand West B 1.3 IC 0.9 IC 0.9

_* 4. 044-O237lRRDl_ett_te-O237_m_ - tl_l_2JI-4_5_l_
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TABLE 2 (Continued)

PARTICLE STARTING LOCATION, DESTINATION, AND TRAVEL TIME
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4 106 52 Sand and Gravel Center B 1.5 IC 0.5 IC 0.4

4 106 56 Sand and Gravel Center B 1.2 IC 0.5 IC 0.4

4 106 60 Silty Sand East B 10.7 IC 1.5 IC 0.4

4 106 62 Silty Sand East tit 4.5 IC 1.9 IC 1.3

4 106 64 Silt East UT 4.2 UT 5.0 IC 1.6

4 106 66 Silt East UT 21.3 U_ 22.0 tyr 16.5

4 106 68 Sil7 Clay East UT 13.2 UT 13.7 LIT 12.7
1 1

6 108 42 Silt West B 4.3 B 3.7 A2 2.4

6 108 46 Silty Cla_, West B 20.7 IC 21.4 IC 19.1

6 108 50 Silty Clay West B 49.5 IC 50.3 IC 50.2

6 108 54 Sand and Gravel West B 1.9 B 2.0 A2 0.8

6 108 58 Sand and Gravel Center B 5.9 B 5.9 A2 0.6

6 108 61 Sand and Gravel Center B 0.9 B 0.9 B 2.0

6 108 63 Sand and Gravel Center B 2.9 B 3.0 B 1.5

6 108 65 Sand and Gravel Center B 1.2 B 1.2 B 1.1

6 108 67 Sand and Gravel Center UT 4.3 UT 4.4 UT 9.3

6 108 69 Silty Sand East B 1.0 B 1.0 B 1.1

Notes:

B Particle passed throughmodel to the downgradient boundary
UT Utility tunnel
IC Ironcurtain
A1 A1extractionwell
A2 A2 extraction wel!



195 "t,:; 1?.*., ""'-

o

17£7 18 1_TX},18

g
i

_- __ .,,_, I _[7. 7.791<>: e,7 _'_'8 e_b"*_:_">3.'2,.... >..,.._. "-t76 67 {:_7(8_t<)663 {77.7

i

......._.".......PARTICLE TRACK-MARKERS REPRESENT
ONE YEAR OF TRAVEL TIME

§ GROUNDWATER CONTOURS IN FEET ABOVE MSL

== FIGURE7
SITE-WIDE SCALE PARTICLE TRACKING RESULTS

NOT TO SCALE FOR PRE-CONSTRUCTION SCENARIO



Eli



g
t_

z

._..- _96 ,,6/ ........ 9® ,"._B:2,3ii_ 476.6,7 B7(-), ,..,._,.._.'_._
E

'_ AI EXTRACTION WELL (LAYER 3)

•_ A2 EXTRACTION WELL (LAYER 6) FIGURE 9
== ""_"" PARTICLE TRACK-MARKERS REPRESENT SITE-WIDE SCALE PARTICLE RESULTS

ONE YEAR OF TRAVEL TIME
_o FOR IRON CURTAIN AND

GROUNDWATER CONTOURS IN FEET ABOVE MSL EXTRACTION WELLS SCENARIO
NOT TO SCALE



in

" layers2, 3 and4 withthe inclusionof the downgradientextractionwell pair,implyingan increasein

_' ironcurtaincapturezone. Particletrackswereinfluencedby heterogeneityof thesedimentsandthe

m locationand strengthof hydraulicsinks. The ironcurtainwas mosteffectiveat treatingparticlesthat

originatedin the lowerpartof theAI aquifer(layer4). An upwardgradientdirectedtoward the

m utilitytunnelappearsto havea significantimpacton contaminantmovement.Manyparticlesin layers

twoandthreeweredischargedto theutilitytunnel,whilemostparticlesin layer4 werecapturedby

m the ironcurtain.

Two particlesthat originatedin the silty clay deposits in the 3.2 aquifer migrated into the A1 zone, toiii

be captured by the iron curtain. The travel times associated with these particles were much greater

than those associated with particles thatoriginatedin permeabledeposits andwere subsequentlyinn
capturedby the iron curtain. The travel times of these particles were not greatly reduced by having a

downgradientextraction well pair in operation. These results suggest that some contaminantsin the
II

low permeability deposits of the A2 aquiferwill eventually dischargeto the iron curtain, but this

process should requirea lengthytime frame, even if active stresses are applied to the aquifer. All of
lm

the particles thatoriginatedin A2 permeable deposits passed through the model, implying that there is

little opportunityfor this swiftly flowing groundwaterto migratevertically into the A1 to be captured
lay

by the iron curtain.

li 7.0 SENSITIVITY ANALYSIS

m A sensitivityanalysiswas conductedonthreeparameters: hydraulicconductivityof the channelsand

andgravel,verticalanisotropy,andthe conductanceof thegeneralheadboundarycellsthatconstitute

im theutilitytunnel. All of the analyseswereconductedon the ironcurtainscenario(withoutextraction

wells). The particlevelocitiesobtainedduringthesensitivityanalysesare comparedto the 4.1 ft/d

m valueobtainedfromthe ironcurtainscenarioin Table3.

m Verticalanisotropy and utility tunnelconductanceswere tested because there are no data to

substantiatethe values used in the model. The hydraulicconductivity of the channel sand and gravel,

m however, was based on aquifer test results from the iron curtainarea, which shouldprovide a

reasonable estimate of this parameter. This parameterwas included in the sensitivity analysis because

the hydraulicconductivityof the most permeabledeposits should have a significanteffect on theIll

particle velocity obt_ed from the model.

am
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TABLE 3
Ill

SENSITIVITY ANALYSIS

:;:i_:i_:_:_._:_:_:_ ::::_!_ iliiiiiiiiiiiiiil___ii_ iiiiiiliiiiiiiiiiii:_iii_::i::i::_:_iiiliiiiiiiii_i::_ iii[iiiiiiiii_ iiII
Base Case 150 10:1 400 4.1

ii

HydraulicConductivityof iiiiiiiii_iiiililiiii_i_:_iiiiiiiiiiii10:1 400 2.1Channel SandandGravel ............................................................................
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

iii__iii____ii__iii_ii_ii__i_:______ii_.______i____i______:_::i_.:.:.i:_:_:_i:___:_:.:.__:_:i__:.ii:______:___`__.i__i__. U

Hydraulic Conductivityof !iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_!!iiii_:iiii!iiiiiiiiiiiiiiiiiiii_:i10:1 400 7.3
ChannelSand andGravel _:::_::._i!!:_!:_i_!ii_i_i_ii:iiii!i!iiiii::i:iii::!!!i::::

:::::::::::::::::::::::::::....... ::::. :.::::::::.. :::::.:
: :::: : :::<:.:.:::::::::::::::::::::::::: :::: : : : ::::
::::::::::::::::::::::::::::::_: ::::::::::::::::::::::::::::::

VerticalAnisotropyRatio 150 ........................=:::LL::i.........................400 3.2 Ill

Vertical AnisotropyRatio 150 !_::_::_:_:_:::_ii_:_ii:_:i_:_::_:_:_:i_::_:i400 4.7

Conductanceof Utility ;; ;_ _;; _;_;_;_; _:__ it
TunnelCells 150 10:1 :: _:_ii! ;:_:;_!:i_:_::: :: :!:: 4.1

Conductanceof Utility ii::::_:::::!::!::::::!_:::: : :
TunnelCells 150 10:1 4.1

Notes: Shaded cells denotes variedparameters

II
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im

m The hydraulic conductivity value assigned to the channelsand andgravel during the model runs was

_' 150 ft/d, which is close to the high value of 169 _d calculatedfrom the aquifertest results. The

m high value was assigned ratherthan the average value of 53 ft/d because it was assumed that many of

the observationwells from which the average hydraulicconductivityyalue was calculated were

im located in silty sand, which was included in the model as a separategeologic unit. The values of sand

and gravel hydraulic conductivitythat were tested in the sensitivity analysis were 300 ft/d and75 t_t/d,

which should provide a reasonablerangeof velocities to use for the design basis of the iron curtain.III

Particlevelocity was relatively sensitive to this parameter, increasingwith an increase in the hydraulic

conductivity assigned to the sand and gravel lithologic type. The resulting range was 2.1 to 7.3 ft/d.II

Vertical anisotropyratiosof 1:1 and 100:1 were used to bracketthe ratio of 10:1 used in the model.
D

Particlevelocity was moderatelysensitive to this parameter, increasingwith an increase in anisotropy.

Particlevelocity was insensitive to changesin the conductanceassigned to the general head cells
l

representingthe utility tunnel. Values of 40 ft2/dand 4,000 ft2/ddid not alter the calculatedparticle

velocity of 4.1 ft/d.
im

8.0 SUMMARY

Athree-dimensionalnumericalmodelWasconstructedto supportthe ironcurtaindesign.The

II MODFLOW groundwater flow model was used in conjunctionwith MODPATH particletracking

software to obtainestimates of flow velocity througha section of channelbefore and after

[I constructionof the iron curtain. An additionalscenario including an extraction well pair was included

to evaluate the change in flow velocity that may accompany the future implementationof an extraction

m well system in close proximity to the iron curtain. The following particle (groundwater)velocities

were calculated: 3.1 ft/d before constructionof the iron curtain;4.1 ft/d after constructionof the

m iron curtain; 5.5 ft/d after constructionof the iron curtainandinstallationof an extraction well pair.

II Roughlyone-third of the particles that originated in A1 andA2 permeablezones in the Building 88

area were capturedby the iron curtain, in the two scenarios that included the iron curtain. The iron

curtainwas most effective at capturingparticlesthat originated in the target channel, particularly from

the lower portion of the channel (layer 4). The capturezone of the iron curtainappearsto increase

with the additionof a downgradient well pair. Discharge to the utility tunnel_used an upward
m

gradientwithin the iron curtainarea. This allowed contaminantsfrom the finer-grained portion of the
q_,

A2 aquiferto migrate upward and discharge to the iron curtain.
ml
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Sensitivityanalyses were conductedon three parameters: hydraulicconductivityof the most i

permeablelithologic type (channelsand andgravel), vertical anisotropy,and general head boundary _1_
cell conductancesthat control infiltration to the utility tunnel. Particlevelocity was very sensitive to

II
changes in hydraulicconductivity, moderatelysensitive to changes in vertical anisotropy,and

insensitive to changes in utility tunnelconductance. The rangeof velocity values obtainedby varying
m

the hydraulicconductivity of the channel sandandgravel was approximately2 ft/d to 7 ft/d. This

provides a reasonablerange in the estimateof flow velocity throughthe iron curtain.
ul
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