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Seminar Overview

Challenge: Trichloroethene NAPL in source area and large dissolved-
phase groundwater plume in complex geology.

Approach: Apply multiple remedy elements to address source and 
dissolved phase plume.  Mass flux can help determine source 
strength, guide remedy design, and provide performance monitoring.

Impact: Verification of thermal treatment performance.  Implemented 
pump-and-treat source control.  Both actions help decrease the overall 
remedy duration.

Objective:  Present a case study describing strategic monitoring 

approaches and remedies for source removal/control.

Take-aways 

from today's 

seminar:
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Outline of Discussion

ÅIntroduction to Joint Base Lewis McChord

ÁComplex site with source area, multiple plumes and multiple treatment components

ÅMass flux for remedy performance monitoring

ÁWhat it is and example application

ÅPump-and-treat for source control

ÁKey element to overall remediation strategy
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Joint Base Lewis McChord
(Fort Lewis) Logistics Center

ÅContaminated groundwater in the Logistics Center area

ÅTrichloroethene (TCE)

ÁHistorically used as a degreaser/solvent in equipment maintenance

ÁWaste solvent disposed of in drums in Landfill 2

Ʒ Formerly known as East Gate Disposal Yard (EGDY)

ÅRemedial investigations in 1980s and beyond

ÅRegulatory

ÁSuperfund National Priorities List in 1989

ÁRecord of Decision in 1990

ÁExplanation of Significant Difference in 2001

ÅMore site details in Remedial Action Completion Report (EPA, 2015)
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Site Overview

ÅSite location

ÅReference features

ÅTCE plumes

ÅConceptual model 
elements

Landfill 2

Truex et al. 2006
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Conceptual 3D Depiction of
Logistics Center Trichloroethene Plumes

6

I-5 P&T System

Thermal Treatment /

Landfill 2 P&T System

SLA P&T System

Qpon Aquitard

Ground Surface

~25-year plume

dissipation 

~20-year plume

dissipation 

ÅLandfill 2 and I-5 P&T since mid-1990s

ÅSource removal in 2001

ÅUpgrade of Landfill 2 P&T in 2005-2006

ÅSLA P&T since 2009

ÅThermal 
treatment

ÁNAPL Area 1 
in 2003-2004

ÁNAPL Area 2 
in 2005

ÁNAPL Area 3 
in 2006-2007
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JBLM Logistics Center 
Cross Section and Modeling

ÅComplex geology

ÁOutwashes, tills, 
lacustrine

ÅWindow from 
upper to lower 
aquifer

ÅRepresented in a 
numerical model

ÁUsed for remedy 
assessment and 
design

Low

permeability

QponAquitard Landfill 2

Truex et al. 2006
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Landfill 2 Source Treatment Summary

ÅNAPL area treatment ïonly way to significantly reduce source lifetime and 
overall cost

ÅWithout source treatment, Landfill 2 P&T would continue for ~500 years

ÁDoes not meet installation goal for groundwater cleanup

ÁLifecycle cost of >$60M (constant dollar)

ÅPreferred remedy includes thermal treatment

ÁThermal treatment new funds required = $12M

ÁResidual contamination P&T remediation lifetime ~ 40 years

ÁLandfill 2 P&T lifecycle cost of ~$6M (constant dollar)

ÅEffect on source flux

ÁEstimated 95% reduction in flux possible
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Flux Measurements in Granular Deposits

ÅApplying mass flux and mass balance concepts

ÅExample using Joint Base Lewis McChord thermal treatment area

ÅWork on flux measurement presented here represents efforts of a large 
collaborative research group supported through a number of funding agencies

http://www.serdp.org/default.html
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MD = Mass Discharge [MT-1]

J = Mass flux [ML2T-1]

C = Concentration[ML -3]

q = Groundwater flux [LT-1]
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Flux Based Site Characterization

ÅIs knowledge of pre- and post-mass in the source zone critical?

ÅBecause of the difficulties measuring mass in source zones, may want to 
consider an alternative approach to characterization

ÅLook at the source zone characteristic that has a direct link to plume 
response ïmass flux/discharge

ÁDowngradient control plane

Source Zone

Control
Plane

B

A'

A

B'

Contaminant

Flux (Jc)
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Passive Flux Meter ï
Groundwater & Contaminant Fluxes

Hatfield et al., 2004 JCH

q MR < 1

.

MC
q

Displaced resident tracers for groundwater flux

Captured contaminants for contaminant fluxes
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Example Site for Flux Based 
Assessment ïJoint Base Lewis McChord

ÅTCE source zone area defined (3 major NAPL zones)

ÅTreated the first (upgradient) zone with resistive heating (TRS)

ÅMeasured mass flux using passive flux meters and integral pump 
test in November 2003

ÅSite heating from December 2003 to August 2004

ÁAverage site temperature reached 97 ÁC

ÅPost-remediation flux June 2006

ÅSERDP project in collaboration with the EPA lab in Ada, OK

ÁLynn Wood and Michael Brooks
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Dissolved-phase TCE Plume

ÅIn 2003, prior 
to thermal 
remediation

Source Area
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Landfill 2 (EGDY) NAPL 
Thermal Treatment Areas

ÅNonaqueous 
phase TCE

ÁThermal 
treatment 
areas 1, 2, & 3

Area 1 Flux Plane

Area 3 Flux Planes 
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Logistics Center Plume Source Zone 

Å3 Areas for 
Remediation

0 100 200 300 400

Feet

Area 1Area 2

Area 3
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NAPL Area 1

NAPL Area 2

NAPL Area 3

Source Zone Detail
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Flux well

transect

Groundwater

flow direction

NAPL
Area 1
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Note difference in magnitude on pre and post Y-axis scales.
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ÅSignificant 
decrease 
in flux 
magnitude

ÅShift in 
spatial 
distribution
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Linked to: 

Source Mass Estimate

Or

Plume Mass Estimate

Source

Strength    MD(t) 

Function

Source  Strength 

(derived from 

current flux 

measurements or 

estimates)

JBLM Entire Source Zone  (2005 conditions)

1.5 kg/day               5,400 kg MD(t)   [G = 0.7]

historical 

concentration 

data

0 20 40 60 80 100 120 140 160 180

10

20

Source Mass                        Plume Mass

Site Mass Balance Components

ÅQuantified using 
all available 
historic site data

ÅSource strength 
functions can be 
linked to site 
mass balance
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Site Mass Balance

ÅEstimating a mass balance for entire JBLM Landfill 2 site

ÁFar more complicated task

ÁNot a consistent flux record for the site as a whole

ÅHowever, pump-and-treat data can be used

ÁProvides a rudimentary estimate

ÁBased upon contaminant mass removed after 

thermal treatment ended (post-remediation)

TCE TCE

Year Mass Removed Mass Removed

(lb) (kg)

2007 329 149.23

2008 246 111.58

2009 129 58.51

2010 141 63.96

2011 108 48.99

2012 119 53.98

2013 71 32.21

2014 61 27.67

2015 85 38.56

2016 85 38.56 * No data available--Assumed same as 2015 and 2017

2017 85 38.56

Total 1459 662

* No data available ςassumed same as 2015 and 2017

* *
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Site Mass Balance

ÅHistorical TCE mass removed by pump-and-treat system

ÅUsed with exponential decay source model

ÅCombinatorial optimization framework

ÅDetermined optimal decay rate (k) and initial 2007 (post-remedial) source 
mass (Mpost)

ÅMinimized sum of the squared differences between observed and model-
calculated mass removed values over a ten-year period (2007 to 2017)

Optimal parameters

k = 0.000556853

Mpost= 161.60 kg
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Site Mass Balance

ÅComparison of 
measured and 
model-calculated 
TCE mass 
removed by 
pump-and-treat
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Mass Flux Summary

ÅLinking mass depletion and mass flux at field scales can aid in site 
management

ÅFlux distribution may have utility in remedial design

ÅPassive Flux Meters provide a means to simultaneously measure spatial 
distribution of mass and Darcy flux

B

Bô
A

A'

Source

Strength



28

Redesign of Landfill 2 
P&T System for Source Control

28

I-5 P&T System

Thermal Treatment /

Landfill 2 P&T System

SLA P&T System

Qpon Aquitard

Ground Surface

~25 year plume

dissipation 

~20 year plume

dissipation 
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Infiltration
Gallery

Area of high
TCE concentration

Initial P&T design
extraction wells (4)

Initial Landfill 2 P&T Design

ÅInitial conceptual site model (CSM)

ÁPlume axis and hydraulic gradient in 
initial CSM (red arrow)

ÅInitial P&T system

Á4-spot P&T extraction wells

ÁInfiltration gallery upgradient/west of 
NAPL Area 1

ÅRefined CSM

ÁSeasonal hydraulic changes and 
drainage to adjacent stream

ÁLateral hydraulic gradient component 
(yellow arrow)

ÅNeeded improved capture

Truex et al.  2017
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PW-8

PW-7

PW-6

PW-5

PW-4

PW-3
PW-2 PW-1

Area of high
TCE concentration

Infiltration
Gallery

Landfill 2 P&T Upgrade

ÅSystem re-design

ÁUsed numerical model for design 
and predictions

Á8 extraction wells in "V" or dogleg 
design

ÁMoved infiltration gallery

ÅPredicted groundwater capture 
pathlines (blue lines)

ÅHydraulic head contours (green 
lines)

Truex et al.  2017
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First Five Years of Updated 
Landfill 2 Source Control P&T

ÅUpdated Landfill 2 source control P&T initiated in 2006

ÅInterpolated TCE concentration data (µg/L) in Vashon Aquifer

Truex et al.  2017

2007 2012
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Landfill 2 P&T Data

ÅAverage 
concentrations 
over time at 
extraction wells
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Impact on Downgradient 
Vashon TCE Plume
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Summary

ÅThermal treatment significantly diminished the source

ÅPre- and post-treatment mass flux was quantified

ÁProvided data to assess treatment performance

ÁApproach provides information for treatment design and site management

ÁPassive flux meters ïconcurrently measure spatial distribution of mass and Darcy flux

ÅP&T still needed for source control of residual TCE

ÅP&T design was updated to better control the source area
ÁUpdated conceptual site model Ą needed P&T re-design

ÁComplex groundwater flow led to dog-leg design

ÁData indicate performance is favorable

Ʒ Plume is being detached from source area

Ʒ Majority of source capture is at PW-1 through PW-5
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Impact and Broader Application

ÅThe conceptual site model will evolve over time as additional data is acquired

ÁComplex sites often require significant characterization

ÁHere, seasonal changes in hydraulic gradient and flow direction were important

ÅMass flux is useful for understanding:

ÁSource strength

ÁHow to design source treatment or source control

ÁRemedy performance

ÅSource control is key to minimizing overall remedy duration at JBLM

ÅThese approaches and tools can apply to many sites

ÁPNNL and U.S. Army Corps of Engineers pump-and-treat guidance (Truex et al., 2015)

ÁPassive flux meters (Hatfield et al., 2004)
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