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Pump and Treat
Optimization Technology
Brings Significant Cost
Savings

by Kathleen Yager, U.S. EPA
Technology Innovation Office,
and Robert Greenwald, HSI
GeoTrans

The U.S. EPA Technology Innovation
Office (TI0) and Office of Research
and Development (ORD) recently
teamed with HSI GeoTransin astudy
evaluating the effectivenessof an
optimization technology for pump and
treat (P& T) systems. The optimization
approach consistsof using ground-water
flow model s coupled with mathematical
optimization techniquesto develop
improved pumping strategies. Study
resultsindicated that significant savings
inannual operation and maintenance
(O& M) costsare possiblefrom optimi-
zation-simulation analyses. Potentia
cost savingsat two of thethree sites
evaluated inthe study ranged from
$200,000 to $550,000, annually.

Nearly 700 pump and treat systemshave
been selected, are under construction, or
currently operateat Superfund sites
acrossthe county. These systemsare not
only costly to construct but can be
extremely expensiveto operateand
maintain for thelong periods of time
commonly required for site cleanup. A

primary objective of the study wasto
eva uate atechnol ogy that could improve
theefficiency of P& T systemswhile
significantly reducing O&M costs. EPA
also aimed to highlight theimportance of
evaluating system performanceona
regular basis, and to devel op guidance on
when adetailed optimization anaysis
may bebeneficid.

The scopeof thestudy included selection
of threesiteswithexisting P& T systems,
screening of the sitesfor optimization
potential, and application of ahydraulic
optimization code(MODMAN) at each
site. MODMAN couplesaground-water
flow model (MODFLOW) with math-
ematica optimization techniques (linear
and mixed-integer programing) to
determinethebest locationsand ratesfor
extraction and/or injectionwells. A
major advantage of hydraulic optimiza
tionisthat it considersall possible
combinationsof flow ratesat potential
well locations, so that the best combina-
tionisidentified. Threediversesites
(located in Kentucky, Utah, and Ne-
braska) were selected for the study to
allow for demonstration of the optimiza-
tion technology under various
conditions. The dtesdiffered intotal
ground water flow rate, the number of
extraction/injection wells, thetype of
aboveground treatment, and theannual
O&M cost.

Resultsof the study can beillustrated by
sdlected findingsfrom the Kentucky site,
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which studied 18 extraction wellsused to
prevent adissolved plumeof volatile
organicsfrom discharging to an adjacent
river. Inaddition, “hot spot” wellsfor
moreaggressvemassremova were
included. Based ontrial and error
analysisusing an existing ground-water
flow model, atotal pumping rate of 500
gdlonsper minute wasrecommended at
the 18 barrier wells. An objective of the
optimization anaysiswasto determine
theminimum pumping rate that satisfied
the containment constraintsat theriver,
whilemaintaining the existing pumping
ratesat the* hot spot” wells. Results
indicated that the total pumping rate at
thebarrier wells could be reduced by
nearly 50 percent, and that fewer than 18
wellswererequired. Thisreductionin
pumping rate represented apotential
savings of $550,000 from the original
$1.8 million estimated for annual O& M
costs, most of which wereassociated with
operation of an aboveground steam
stripping treatment system.

Based onthese and earlier findings, EPA
devel oped guidanceto assist site managers
indetermining if adetailed optimization
anaysisislikey to reducecosts. The
guidanceoutlinescritical operating
parametersand cost information that
should beevaluated asafirst stepinthe
optimization process. Informationinthe
guidanceiscompiledin asimple spread-
sheet that may be manipulated to evaluate
aternative operating scenarios.

In addition, EPA plansto conduct
nationa workshopsto encouragethe
widespread application of this, aswell as
other, approachesto P& T system optimi-
zation. For more information on the
study or workshops, or to obtain copies of
the optimization guidance, contact
KathleenYager (T10) at 732-321-6738 or

yager.kathleen@epa.gov, or Robert
Greenwald (HSI GeoTrans) at 732-409-
0344 or rgreenwal d@ hsigeotrans.com.

AFCEE Develops Algorithm
to Optimize Long-Term
Ground-Water Monitoring
Networks

by Philip Hunter, P.G., Air Force
Center for Environmental
Excellence, and Kirk Cameron,
Ph.D., MacStat Consulting, Ltd.

TheAir Force Center for Environmental
Excellence (AFCEE) hasdeveloped a
spatial and temporal algorithm for
optimizing long-term monitoring (LTM)
networksat U.S. Air Forceingtallations.
Inapilot project at the Massachusetts
Military Reservation (MMR) on Cape
Cod, MA, datafrom two ground-water
plumeswere used to develop the
agorithm. The purpose of the project
wasto determine how an LTM network
could be optimized so that resourcesare
wisaly dedicated and not unnecessarily
expended for sampling, laboratory
analysis, and/or well construction. The
primary objectivewasto determinethe
degreetowhichtheseresourcescould be
pared without losing key statistica
information concerning the plumesbeing
monitored. Through use of thisalgo-
rithm, it was determined that an
estimated $240,000 in remediation costs
could besaved at MMR each year.

The network that monitorsaplume
knownasFS-12 isassociated with a
remediation systemthat hasbeenin place
for more than two years. The second
network, whichisassociated with the
Eastern Briarwood plume, currently does
not have aremediation systemin place.
Two primary congtituentsof concern
wereanayzed at ech site; ethylene

dibromide and benzene at FS-12, and
trichloroethylene (TCE) and perchloroeth-
ylene (PCE) at Eastern Briarwood.
Concentrationsof these contaminants
exceeded applicable maximum contaminant
levelsonly asmall fraction of thetime, and
generally werenon-detect. “Hits’ were
concentrated in afairly small subset of the
known monitoring wells.

To optimizean LTM network, an accurate
assessment of ground-water quality over
timeisneeded to construct aninterpolated
map of the concentration levels, and to
accurately assesstrendsor other changesin
individual monitoring wells. Typicaly,
interpolated maps are used to assess
whether acontaminated ground-water
plumeexists, and, if so, itsextent and
characteristics. Changesin such mapsover
timeindicate whether ground-water quaity
hasimproved or declined. Changesin
concentration patternsor theidentification
of trendsat individua “sentinel” wellsalso
can servethe same purpose.

Toimplement thisoptimization process,
thea gorithm and decis on pathway
analysisare separated into separate compo-
nents of temporal redundancy and spatial
redundancy. Temporal redundancy, which
indicates samplesare collected so often that
thereisasignificant degree of

autocorrel ation between closdly spaced
measurements, may bereduced or €imi-
nated by lengthening thetime between
samplecollection. Spetial redundancy,
whichindicatestoo many wellsarebeing
monitored and providing redundant
information, may be reduced or eliminated
by removing selected wellsfromthe
network without sacrificing the ability to
map ground-water quality.

The optimization algorithm consists of
threebasic steps:. (1) identifying tempora
redundanciesin currently monitored wells;
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(2) identifying spatidly redundant wells;
and (3) projecting cost savingsgained by
eliminating wellsand/or reducing sam-
pling frequencies. Thetemporal algorithm
involves both computation of acomposite
temporal variogramto determinetheleast
redundant overall sampling interval, and
“iterativethinning” of the sampling dataat
sdlected welIsto determinewd|-specific
sampling frequencies. A temporal
variogramisaone-dimensionda
geostatistical measure of autocorrelaion
acrossarange of lag times between
sampling events. Thesmallest lagtimeat
whichthevariogramreachesastable
plateau or “sill” isthesampling interval at
whichthesame-well measurements
becomeessentialy uncorrelated and,
therefore, non-redundant. “ Iterative
thinning” involvesan estimation of a
basdinetrend at each well, followed by
re-estimation of thetrend after random
deletion of sampling eventsfrom the
well’shistorical record.

The spatial algorithmispredicated onthe
notion that well locations are redundant if
nearby wellsoffer nearly the same
statistical information about the underly-
ing plume. AtMMR, awell was
considered redundant if itsremoval did
not significantly changeaconcentration
map of the plume. To identify well
redundancy, indicator kriging was used to
generateaninitial plume map. Kriging
weightsassigned to eachwell location
then were used to gaugeeachwell’s
relative contribution to thisinitial map.
By temporarily removing that subset of
wellswith thelowest global kriging
weightsand re-estimating the plume map,
it was possibleto determine how many
wellscould beremoved without substan-
tially atering the map, leading to alist of
potentially redundant wells.

Based on application of the optimization
agorithm at MMR, closeto 20 percent of

theknown monitoring locationswere
tagged asspatialy redundant at each Site.
Furthermore, thetempora variogram
indicated that quarterly sampling could be
relaxed and replaced by annual sampling
a FS-12 and by once-per-5-quarters
sampling a Eastern Briarwood. The
overall reductionin MMR'stotal annual
sampling and analytical budget for these
ground water plumeswas estimated to be
36 percent for Eastern Briarwood and 42
percent for FS-12.

AFCEE currently istesting the algorithm
at other Air Force sites. For additiona
informeation, contact Philip Hunter
(AFCEE) at 210-536-5281 or e-mail
philip.hunter@hg.af cee.brooks.af.mil.

Remediation System
Evaluations Helpto
Ontimize Systems

by Dave Becker, U.S. Army Corps
of Engineers/Hazardous, Toxic,
and Radioactive Waste Center of
Expertise

The Remediation System Evaluation
(RSE) processcan help reduce operating
costssubstantially for long-term cleanups
and help identify performance problems.
Developed by the U.S. Army Corps of
Engineers (USACE) to identify cost
savingsand assure the protectiveness of
remedies, the RSE process. recommends
cost-saving changesin system operations
or technologiesapplied at asite, verifiesa
reasonable closure strategy, and assesses
mai ntenance of government-owned
equipment. Besidesidentifying potential
cost savings, the RSE process servesasan
extension of the CERCLA 5-year review
process. Theevauation addresses
protectivenessissuessuch assystem
performancerelativeto remedia action
objectives, monitoring or operationa
deficienciesthat may jeopardizea

remedy’ s protectiveness, and changesin
surrounding land use or risk-based/
regulatory cleanup standards.

The USACE Hazardous, Toxic, and

Radi oactiveWaste Center of Expertise,
with assistancefrom USACE district staff
and other agency personnel, hasapplied
the RSE processat three sites. The RSEs
identified potential cost savingsof
$80,000 to more than $300,000 per year
in operationsand maintenance at each
site. Onaverage, each evduation cost
dightly under $20,000 to conduct,
including associated travel for asitevisit
and final report generation. The costs
that may beincurred in addressing
protectivenessissues, however arenot
shown to offset the reported cost savings.

In order to assist the USACE didtrict
personnel and contractorsin performing
these RSEs, asuiteof checklistswas
developed. Thesechecklistsaddressthe
overal system goals, subsurface perfor-
mance, above-ground treatment
effectiveness, and equi pment mainte-
nance, and offer possible cost saving
aternatives. Thechecklistsareintended
for use by experienced technical staff
when conducting RSEson avariety of
long-term remedies, including pump and
treat, soil vapor extraction, bioventing,
and air sparging.

Over 20 RSE checklistsareavailable.
Thecheckigtsassist in assessment of
subsurface system performance, above-
ground treatment plant effectiveness,
monitoring programs, and aternativesfor
treatment water discharge. Specific
equipment that can be evaluated through
the RSE checklistsincludeair strippers,
carbon adsorption systems, metals
precipitation units, piping, pumps,
blowers, control systems, solidshandling
systems, thermal treatment units,
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advanced oxidation processes, chemical
feed systems, oil/water separators, and
extraction/injectionwells. During site
vigits, the checklistsare useful asmenta
prompts and ameansto record
observations, if desired.

The RSE checklists, asamplereport, and
aningtruction guide areavailableon the
Internet a http://www.environmental.
usace.army.mil/library/guide/rsechk/
rsechk.html. For more information,
contact Dave Becker (USACE Hazardous,
Toxic, and Radioactive Waste Center of
Expertise) at 402-697-2655 or
davej.becker@usace.army.mil.

New Case Studies on
Ground-Water Cleanup
Systems Released

EPA’sTechnology Innovation Office
recently compiled information from 28
casestudiesof ground-water cleanup
systems. Thesesystemsincluded 26
pump and treat (P& T) systems (plusin
situ bioremediation and air sparging used
inconjunctionwith several P& T systems)
and three permeabl ereactive barriers.
The case study report contains sections
addressing site characteristicssuch as
contaminants/concentrations, ground-
water plumesize, hydrogeology, system
design/operation (including cleanup
goals), numbersof wells, ground-water
flow rates, types of above-ground
systems, optimization efforts, perfor-
mance data, cost information on both
capital and operating expenses, and
factorsaffecting performance/cost. The
full 28 case studies (document number
EPA 542-R-99-006), aswell as 112
additiona studies, areavailableonthe
Internet at http://www.frtr.gov, under
“Cogt and Performance”

United States
Environmental Protection

Agency (5102G)

Feld-Based Technologies
Training Program

TheFidd-Based Ste Characteriza-
tion Technologies Training Program
isafive-day, advanced-levd training
program designed to providea
detailed introduction to on-site
technologiesthat can be used to
characterizeasite, and an overview
of the planning and processissues
associated with field analytical and
sampling technologies. Thiscourse
isdesigned for experienced environ-
mental professionalswho are
involved inthe use of field-based
technologies, related datainterpreta
tion, or related report preparation.

Thetraining will be offeredin
variouscitiesover thecoming year
& no cost to participants. To obtain
additiona information, contact the
CERCLA Education Center at 703-
603-9910 or visit EPA’s Internet
home page ontraining opportunities
at http://www.trainex.org.
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