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One of the most commonly used ground-watsr remediation evaluate the progress of pump-and-treat remediations. This
technologies is 10 pump contaminated waterto the surface for is in part because of the tortuoaky of the flowlines that are
tvatment. Evaluating the sffectivensss of pump-and-treat generated and the concurrent of contaminant
remediations at Superfund sltes is an issue identified by the pathways that oocurs. An important consequence of altering
Regiona!l Superfund Ground Water Forum as a conosm of contaminant pathways by remecdiation wellleics s that historical

Superfund decision-makers. The Forum s a group of ground-
water scientists, representing EPA's Regional Superfund
Offices, organizedto exchange up-to-date information related
10 ground-water remediation at Superiund sites.

Recent research has led to & better undersianding of the
compiex chemical and physical processes controlling the
movement of contaminants through the subsurface, and the
abiiity to pump such contaminants to the surface. Understanding
these processes permits the development and use of better
she characterization technology and the design and
impiementation of more effective and efficient site remediation

programs,

This document is an interim product of & research project that
Is deveioping a protocol for evaluating the efisctiveness of
ground-water remediations. I has been reviewed by members
of EPA’s Robert S. Kerr Environmental Research Laboratory.

For further Information contact Marion R. (Dick) Scall, Chief,
Applications and Assistance Branch, RSKERL-Ada, FTS
743-2312, or Randall R. Ross, Project Officer, RSKERL-Ada,
FTS 743-2355.

Summary

Pump-and-ireat remediations are complicated by a variety of
factors. Variations In ground-water flow and
directions are on natura! systems by remediation
wellfielkds, and these variations complicate attempts to

trends of contaminant concentrations &t local monltoring
welis may not be useful for future predictions about the
contaminant plume.

An adequate understanding of the trus exdent of a contarmination
pruiahmaum:ny_nmumamdu&mmmb:
geciogic, hydrologic, chemical, biological complexi
are appropriately defined. By extension, optimization of the
sffectiveness and sfiiciency of & pump-and-treat remediation
may be enhanced by the utiitzation of sophisticated she
characterization 1o provide more compiste, site-
specific data for use in remediation design and management
offorts.

introduction

Pump-and-treat remediations of ground-water cortamination
are planned or have been inkizted at many sies across the
oountry. Regulatory responsbiiiies require that adequate
oversight of these remediations be made by structuring
appropriate monitoring criteria for mon! and extraction
wells. These efforts are nominally directed at answering the
question: What can be done 1o show whather a remediation
Is generating the desired control of the contamination? Recently,
other questions have coms to the forefront, brought on by the
realization that many pump-and-treat remediations may not
function as well as has been : What can be done 10
determine whether the remediation will meet Iis timelines?
and What can be done to determine whether the remediation
will stay within budget?
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potentially destructive interactions between contaminants
and subsurface formations, such as the dissolution of limestone
and dolomite strata by acidic wastewaters. Contaminated
ground water is a major focus of many hazardous waste site
cleanups. Atthess sites, a large number of EPA’s Records of
. Decision (ROD's) call for pump-and-treat remediations.

The mechanism by which a source introduces contaminants
1o ground water has a profound effect on the duration and
areal extent of the resutting contamination. Above-ground
eplis (Figure 2) are commonly attenuated over short distances
by the moisture retention capacity of surface soils. By
conirast, there is much less opportunity for attenuation when
the contaminant is introduced below the surface, such as
occurs through leaking underground storage tanks, injection
wells, and septic tanks.

The hydraulic impacts of some sources of ground-water
contamination, especially injection wells and surface
impoundments, may impart a strongly three-dimensional
character to local fiow directions. The water-table mounding
that takes place beneath surface impoundments (Figure 3),
for instance, Is often sutficient to reverse ground-water flow
directions locally and commonly results in much deeper
penetration of contaminants into the aquifer than would
otherwise occur. Interactions with streams and other surface
water bodies may also Impar three-dimensional flow
characteristics to contaminated ground water (e.g., a losing
stream creates iocal mounding that forces ground-water flow
downward). In addition, contaminated ground water may
move from one aquifer to another through a leaky aquitard,
such as a tight sift layer that is sandwiched between two sand
or grave! aquifers.

Figure 3. Hydraulic impacts of contaminant sources. injection
welts and surface impoundments may reiease fuids &t a high rate,
resutting in local mounding of the waer table.

As ground water moves, contaminants are transported by
advection and dispersion (Figure 4). Advection, or velocity,
estimates can be obtained from Darcy’s Law, which staies
that the amount of water flowing through porous sediments
in a given period of time is found by multiplying together

values of the hydraulic conduct of the sediments, the
cross-sectional area through flow occurs, and the
hydraulic gradient along the flowpath through the sediments.

The hydraulic conductivities of subsurface vary
considerably over smal distances. s this spatial
veriabilty in hydraulic conductivity that in a comesponding

distribution of flow velocities and contaminant transport rates.

Figure 4. Bird's-eye view of contaminant pkume spreading. Advection
causes the majority of plume spreading in most cases Dispersion adds
only marginally ©© the spreading.

The plume spreading effects of spatially variable velocities

can be confused with hydrodynamic dispersion (Figure 5), ¥

the details of the velocity distribution are not adequately

known. Hydrodynamic n resutts from the combination

gvr:\ochmbdanddnniw phenomena at the microscopic
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Cosolvation is the process by which the solubllity and mobility
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Figure 8. Conceptualization of tansport by cosolvation. insoluble 0123468678 10 12 14
contaminants may dissolve in ground water that contains solvents pH
&t high concentrations.
Tt wits cesign treatment strategies should anticipate the Figure ©. Faclitated Yransport by phase diagram shifts. Releases
ne.. o remove from ground water certain contaminants that of acidic contaminants, or depletion of oxygen by biota, may
ars ;ormally immobile, If the ground water is 10 be extracted solubiiize precipitated metals or ionize organics.

in areas that &;, ciose 10 a source of contamination. Those
who make health risk estimates shouid attempt to factor inthe
increased mobility and exposure potential generated by
cosolvation.

A....s between chemical phases (Figure 9) invoive a large
change in the pH or redox (reaction) potential of water, and
can increase contaminant solubliities and mobilties by lonizing
neutral compounds, reversing precipitation reactions, forming
complexes with other chemical species, and limiting bacterial
activity. Phase shifts may occur as the result of biological
depietion of the dissoived oxygen normally present in ground
wnater, or as the result of biological mediation of oxidation-
recuction reactions (e.g., oxidation of iron li to iron Iil). Phase
shilts may aiso result from raw chemical releases to the
subsuriace.

Some ground-water cortaminants are components of immischbile
soivents, which may be either fioaters or sinkers (Figure 10).
The fi:-alers generally move along the upper surface of the
saturated zone, although they may depress this surface
focally, and the sinkers fend to move downward under the
influence of gravity. Both kinds of immiscble fluids leave
residual portions trapped in pore spaces by capillary tension.
This !s particularly troublesome when an extraction well is Rgure 10. Dynamics of immiscibie floater and mn 5 9
utilized to control local gradients such that free product Buoyant plumes migrate lateralty on top of the J 5
(drainable gasoline) flows into its cone of depression. 20ne. Dense plumes sink and follow bedrock slopes.




Public-Supply Monltoring Points

Public water supply wells located downgradisnt of a plume are
another kind of monftoring point. The locations of thess points
are not negotiable; they have been drilled in iocations that are
sultable for water supply purposes, and were never intended
10 serve as plume monttoring wells. The purpose of sampling
these wells is 10 assure the Quality of water deilversd to
oconsumers, as related to ic contaminants associaied
with the target site. The criteria typically specified for this kind
of monkoring point are MCL's or other health-based standards.

Gradient Control Monitoring Points
Athird kind of off-plume montoring poirt established
is one for determinations of hydraulic gradients. kind may

be comprised of a ciuster of small diamster welis that have
very short screened intervals, and is usually located just
outside the perimeter of the plume. Water lsvel measurements
are obtained from wells that have comparable screened
intervais and are then used to prepars detalied contour maps
from which the directions and magnitudes of local horizontal
hydraulic gradients can be determined. & is equally important
10 svaluate vertical gradients, by comparison of water leve!
measurements {rom shaliow and deeper screensd intervals,
because a mmediation wellfiekd may control only the uppermost
portions of a contaminant piume if remediation welis are too
shallow or have insufficient flow rates.

{internal] Piume Monitoring Points

Less often utllized is the kind of monltoring point represented
monitoring wells located within the perimeter of the piume.
ost of these are instalied during the slte investigation phase,
priorto the remediation, but others may be added nt
1o implementation of the remediation; they are used 10 monktor
the progress of the remediation within the plume. These can
be subdivided into on-site plume montltoring points located
within the property boundary of the faciiity that contains the
source of the contaminant plums, and off-ske plume monkoring
ggints located beyond the facility boundary, but within the
undary of the contamination plume.

Interdependencies of Monltoring Point Criteria

Each kind of monltoring point has a specific and distinct role to
play in evaiusting the of a mmediation. The information
gathered is not limited to chemical identities and concentrations,
but includes other observabie or measurable kems that relate
to spaciiic remedial activities and their atirbutes. In choosing
specific locations of monioring points, and criteria

1o those locations, & is essential 1o recognize the interdependency
of the criteria for differant locations.

in addtion 10 the foregoling, one must decide the following:
Should evaluations of monttoring data incorporate aliowances
for statistical variations in the reporied vaiues? N so, then
what cut-oft (8.g., the average value phus two standard deviations)
should be used? Should evaluations consider each monkoring
pointindependently or use an average? Finally, what method
shouid be used 10 indicate that the maximum clean-up has
been achieved? The zero-siope method, for example, holds
that one mus! demonstrate that contaminant levels have
stabilized at their lowest values prior to cessation of remediation

- and that they will remain at that level subsequently, as
shown mﬂm (zero-siope) plot of contaminant concentrations
versus .

Limitations of Pump-and-Treat Remediations

Cornventional remediations of ground-water contamination
often invoive continuous operation of an extraction-injection
welfieid. inthese remedial actions, the level of contamination
measured at monkoring welis may be reduced in
a moderate period of time, but low levels of contamination
usually persist. in paralie!, the contaminant load discharged
by the sxtraction weilfieid deciines over time and gradually
approaches a residual ievel inthe latter stages (Figure 12). At
that point, large volumes of water are treated to remove small
amounts of contaminants.

Fgure 12 Apparent dean-up by pump-and-trest remediation.
Contamination concentrations in pumped water decline over time,
© an apparently ireducibie lsvel.

Depending on the reserve of contamninants within the aquifer,
this may cause a remediation to be continued indefinitely, or
&t may lead to premature cessation of the remediation and
closure of the site. The fatter is particularly troublesome

contamination

because an increase In the level of

may follow (Figure 13) ¥the re n Is discontinued prior
to removal of all residual

There are several contaminant that are

transport processes
potentially responsibie for the persistence of residual
contamination and the kind of effect depicted
in Figure 13. To cause such sffects, releases of contaminant
residuais must be siow relative 1o pumpage-induced water
movement through the subsurtace.

Transport that generate this kind of behavior
wwcomm:;;mbnotmmmmmmbmm:

(1) diffusion of contaminants in low permeabilty

sediments,
@ hydodmamk wolstion (cesdgpt AW 59 6
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Sorption influences

The number of pore volumes of contaminated water to be
removed during & remediation depends on the
tendencies of the contaminant. The number of pore volumes
to be removed also depends on whether ground-water fiow
welocties during remediation are 100 rapid 1o allow contaminant
fevels to buiid up to equilibrium concentrations locally (Figure
15). i insutficient contact time is aliowed, the affected water
{s advected away from sorbed contaminant residuals prior to
achisving a state of chemical equilibrium and is replaced by
fresh water from upgradient.

Fgure 15. Sorpton Emitation of pump-and-reat remediations.
increased flow velocities caused by pumpage may not allow for
sufficient time 10 reach chemical squilibrium locally.

Hence, continuous operation of pu remediations
may result in steady releases of contaminants at substantially
fess than their chemical equilibrium levels. With less
contamination being removed per volums of water brought
into contact with the affected sediments, R is ciear that large
volumes of mikily contaminated water are recovered, where
small volumes of highly contaminated water would otherwise
be recovered. ‘

Unfortunately, this Is all too ikely to occur with conventional
pump-and-treat remediations and with thoss in-situ remediations
that depend upon injection wells for delivery of nutrients and
reactants. This is because ground-water flow velockies within
wellfieids may be many times greater than natural (non-
ing) flow velocities. Depending on the sorptive tendencies
of the contaminant, the time 1o reach maximum
concentrations in the ground water may simply be 100 great

compared with the average residence time in transit through
the contaminated sediments.

LUiquid-Ligquid Pn\rtlﬂonhg

Subsequent to gravity drainage of free product that has been

to the subsurface, immiscbie or non-aqueous
phase ‘s) remain trapped in the pores of
subsurface by surface tension to the grains that
bound the pores. Liquid-iiquid partitioning controls the
dissolution of NAPL residuals into ground water.

As with nds, flow rates during remediation
may be 100 to afiow saturation levels of
oned NAPL residuals to be reached locally (Figure 18).
insufficient contact time is aliowed, the affected water is
advecied away from the NAPL residuals to reaching
chemical oqulbrlum and is repiaced by water from
upgradisnt.

QROUND-WATER VELOCITY

FMgure 18. Partitioning Imis pump-and-teat effectivenses. Less
than soludiilty levels of contaminants may be reisesed from tapped
soivents ¥ pumpage incresses flow velocilies.

Again, this process generatss large volumes of midly
contaminated water where armall volumss of highly contaminated
water would otherwise resutt, and this means that &t will be
necessary o

mp and treat far more id
o T SR
foid, because much of the pumped water wil

otherwise be



chbmical equilibrium, since equilbrium oocurs on the same
time frame as the fluid recharge event in low permeabliity
settings. In settings of moderate to ity, the
ones! and cessation of :urrp-po oould be to contaminant
concentration levels in the pumped water, m
flow changes required to maintain proper h

control. Peripheral hydrodynamic controls may or may notbe
necessary during the resting phass of the cycle.

Other strategies 1o improve the performancs of pump-and-
treat remediations include:

(1) scheduling of wellfieid operations to satisty
simuttaneously h control and
contaminant concentration trends or other
performance criteria,

repostitioning of extraction welis to change
major transport pathways, and

integration of welifieid operations with other
subsurface technoiogies, such as barrier
wals that imit plume and minimize
pumping of fresh water, or infiltration ponds
that maintain saturated flow conditions for
flushing contaminants from previously
unsaturated solis and sediments.

Flaxbie operation of a remediation welfield, such as occasionally
tuming off individual pumps, allows for some flushing of
stagnani zones. That approach may not be as
officient as one that invoives permanently repositioning or
adding pumping wells to new locations at various times
during remediation. Repositioned and new wells require
access for drilling, however, and that necessarily preciudes
capping of the site until after completion of the pump-and-
treat operations. The third approach cited above, combining
:mp-and-ttut with subsurface barrier walls, trenching, or
-sltu techniques, ail of which may oocur at any time during
remediation, may also require postponement of capping until
completion of the remediation.

The foregoing discussion may raise latent fears of lack of
oontrol of the contaminant source, something aimost always
mitigated by isolation of the contaminated solis and subsolis
that remain long after manmade containers have been removed
from the typical site. Fortunately, vacuum extraction of
contaminated air/vapor from solls and subsolls has recently
smerged as a potentially effective means of removing volatile
organic compounds (VOC's). Steam fliooding has shown
promise for removal of the mors retarded organics, and in-
sliu chemical fixation techniques are being tested for the
Isolstion of metals wastes.

Vacuum extraction fechniques are capable of removing
several pounds of VOC's per day, whereas air stripping of
VOC's from comparable volumes of contaminated ground
water typically results in the removal of only a few grams of
VOC's per day because VOC's are 80 poorly soluble In water.
Similarly, steam ficoding Is an sconomically aftractive means
of concenirating contaminant residuals, as a front leading the
injected body of steam. Steamflooding or chemica! fixation
have potential for control of fluid and contaminant movement
in the unsaturated zone and should thus be conskiered a
potentially significant addition to the fist of source control
options.  In addition, solis engineering and landecape

@
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maintenance techniques can minimize infiltration of rainwater
in the absence of a multiiayer RCRA-style cap.

:\' bmdw&lultbn :'1 ht;t: performance of a remediation,
pressnce of a mul r RCRA-styled oould pose
major Imitations. mpododlcnmvdde?;smpmof
subsurface solids from the body of the plume and the source
zone, with subssquent sxtraction ot the chemical residues on
the solikis, is the only direct means of evaluating the true

Modeling as a Performance Evalustion Technique

meu'm&mw:mr
transport and fate of contaminants. In order for solutions

ry to practical . jon for
weltlisid simulations is to assume that all flow ls horizontal, so
that a two-dimensional mode! can be applied, rather than a
three-dimensional model, which is much more difficult to
oreate and more expensive to use. Two-dimensional mode!
fepressntations are ocbviously not fakthful 1o the true
of real world pump-and-freat remediations since most of
thess are in settings where thres-dimensional fiow is the rule.
Moreover, most pu treat remediations use partialty
penetrating welis, which effect significant vertical fiow

nents, whereas the two-dimensional modeis assume
that the remediation welis are scresned throughout the entire
saturated thickness of the aquifer, and therefore do not cause

upconing of deeper waters.

Besides the errors that stem from simpiltying assumptions,
applications of mathematical modeis t0 the evaluation of

g

pump-and-treat remediations are also subjectio considerable
orror where the study siie has not been characterized.
%t is sssential 10 have determinations of

nq:rrg:mb
natural process parameters variabies (Figure 18), because
these determine the validity and usefuiness of each modeling
Emors from inadequats data are not addressed
rly by mathematicaltests such as sensitiviy analyses or
the appiication of stochastic techniques for estimating
unoertainty, contrary to popular beliefs, because such tests
and stochastic simulations assume that the underlying
conosptual basls of the mode! is correct. Onoannotpm.poﬂy
change the conceptual basis (e.g., from an isolated aquilerto

one that has intsraction with a stream or another
underlying aqulfer) without data to justlfy the ch . The
high degree of hydrogeoiogical, chemical, and ioal

complexity typically present in fleld stuations requires site-
specific characterization of various natural processes by
detalied field and laboratory investigations.

Henoe, both the mathematics that describe models and the
parameter inputs to those models should be subjected to
gomus qQuality control procedures. Otherwise, results from

id applications of models Ikely to be qualt
well as qulmg::lvoly. lneon:; l;.d%r‘; prog‘:iynm 3 5 9



Figure 20 Rustrates another means of readily
recognizable pattems of the mili-equivaience values of major
cations and anions in a ground-water sampie. Geochemical

ors have used this graphical technique as an ald in
the identlfication of waters associated with mineral deposits.
These graphical presentation techniques have been adapted
recently to the dispiay of organic chemical contaminants. For
exampie, a compound of interest such as trichioroethene
(TCE) may be svaiuated in terms of its contribution to the tota!
organicchemical contamination load, or against other specific
contaminants, $0 that some differentiation of source contrbutions
to the overall plume can be obtained.

i 10 056 0 08 10 15
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Figure 20. Stiff diagrams of major ions in two samples.
The concentrations of the ions are piotied in the manner shown
in (2); the uniqueness of another water type is shown by (b).

Perspectives for Site Characterizations

Concepts pertinent to investigating and predicting the transport
and fate of contaminants in the subsurface are evolving.
Additional effort devoted to ste-specific characterizations of
preferential pathways of contaminant transport and the natural
processes that atiect the transport behavior and ultimate fate
of contaminants may significantly improve the timetiness and
cost-sffectiveness of remedial actions at hazardous waste
sltes.

Characterization Approaches

To underscors the latter point, it is useful to examine the
principal activities, benefits, and shoricomings of increasingly
sophisticated levels of site characterization approaches:
conventional (Table 2), state-of-the-art (Tabie 3), and state-
of-the-science (Tabie 4). The conventional approach to ske
characlerizations is typified by the description given in Table
2.

Each activity of the conventional can be accomplished
with semi-skilled labor and ofi-the-she! technology, with
moderate 10 low costs. & may not be possble to characterize
thoroughly the extent and probabie behavior of & subsurface
contaminant plume with the conventional approach.

13

Koy ment uncertainties regarding the degree of health
threat posed by a site, the selection of e remedial
action les, and the duration and effectiveness of the
remediations all should decrease significantly with the
impiementation of more sophisticated site characterization

]
Aotions Typically Taken

. install a few dozen shaflow monhoring wells

o Sampis ground-waisr AUMercus imes for 129+
polutants

* geology primarilly by drillers logs and dri

outtings

. Evaluam local hydralogy with water level contour
maps of shallow wells

b Possibly obtain soll and core sampies for chemical

analyess
Senefits

Rapid screening of the slte problems

Costs of kwestigation are moderate 1 low

Feid and laboratory techniques used are standard
Data analysis/interpretation is straightiorward
Tentative identification of remedial altematives is

possibie

® o ° o0

Shortcomings

True axtent of she problems may be misunderstood
Selected remedial alematives may not be appropriate

o Optimization of final remediation design may not be

possibie

o Cisan-up costs remain unpredictable, tend 1o excessive

. Verification of compiiance is uncertain and dificult
-]
Table 2. Conventional approach fo site characterization.

Rwill cost substantially more to implement state-of-
the-art and siate-of-the-science in she
characterizations, but the increased value of the information
obtained is likely to generate ofisetting cost savings by way of
improvements in the technical sffectivensss and efficiency of
the site clean-up.

Obviously, I s not possbis 1 test these conceptual relationships
directly, because one cannot camy site characterization and
remediation efforts to frultion along each approach
simutaneously. One can infer many of the foregoing discussion
points, howsver, by cbserving the changes in perosptions,
decisions, and work plans that oocur when more advanced
fechniques are brought to bear on a ste that has already
undergone a conventional level of characterization. The latter
situation is a fairly common occurrence, because many first
attermpts at site characterization tum up additional sources of
contamination or hydrogeologic complexities that were not
suspected when the inkial efforts were budgeted.

Hypothstical Example
R is helpful to examine possiie scenariod}HR! @'Q‘umg 9

from the different site investigation approaches just



seasonally dependent, having the strongest componaent of
tiow toward the river during periods of low flow in the river, and
being roughly paralle! to the river during periods of high flow
in the river.

Strong downward components of flow carry water from the
shallow 20ne 10 the deeper zone throughout municipa! and
industrial wellfieids, as wel! as along the river during periods
of high flow. Slight downward eomomnu of flow exist
eisewhere due 1o local recharge by infiltrating rainwaters.

Conventional Characterization Scenario

A conventional site characterization would define the horizontal
extent of the most mobile, widespread plume. However, i
would provide only a superﬂchl understanding of variations In
the composition of the sediments. An average hydraulic
conductivity would be obtained from review of previously
published geologic reports and would be assurmed to represent
the entire aquiferforthe purpose of estimating flow rates. The
kind of ciean-up that would likely result from a conventional
stte investigation is Hlustrated in Figure 22. The volatile
organics piume would be the most important to remediate,
since it is the most moblie, and an extraction system wouid be
instalied. Extracted fiuids would be air- of volatiles
and then passed through a treatment plant for emoval of
non-volatile esidues, probably by relatively expensive filtration
through granular activated carbon.

Extraction wells would be placed along the downgradient
boundary of the VOC plume to withdraw contaminated ground
water. Acouple of injection wells would be piaced upgradient
and would be used to retum a portion of the extracted and
treated waters to the aquifer. The remainder of the pumped
and treated waters would be discharged to the tributary under
an NPDES permit.

e triURSCY
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Figure 22. Conventional diean-up of the hypothetical site. EW's
are extraction welis. IW's are injection we'ls; all are screensd at
the came elevation and have identical fiowrsmes.

information obtained from the drifling logs and samples of the
monitoring welis would be inadequate to do more than position

all of the screened sections of the remediation wells at the
same shallow depth. The remediation we!lfield would operate
for the amount of time needed to remove a volume of water
somewhat greater than that estimated to reside within the
bounds of the zone of contamination, allowing for average
metardation values (from the scientific Rerature) for contaminants
found at the site. The PCB-aden solis wouk be excavated
and sent to an incinerator or approved waste treatment and
fadllty The decision makers wouid have based their
spproval on that the plurne had been
defined, and that if ik had not, that the true magnitude of the
problem does not differ substantially, sxcept forthe possiblity
of perpetual care.

State-of-the-Art Characterization Scenario

ration of some of the more common state-of-the-art
she Investigation techniques, such as pumptests, installation
of vertically-separated ciusters of monkoring welis (shallow,
intermediate, and deep) and river stage monkors, and chemical
analysis of sediment and soll samples would ikaly result in
the kind of remediation Riustrated in Figure 23. Since a
detailed understanding of the geology and hydrology would
be obtained, optimal selection of well iocations, wellscreen
ftions and fiowrates (the values in the parenthesss In
%un 23, in galions per mlnuto) for the remediation welis
could be determined. A special program 0 recover the add
plume and neutralize It would be instituted. Aspecialprog
oouid aiso be instituted forthe pesticide plume. Thtupproach
would probably lower treatment costs overall, despite the
need for separate treatment traing for the different plumes,
because substantially lesser amounts of ground water wouid
be treated with expensive carbon fikration for removal of non-
volatile contaminants.

The screensd intervals of the extraction welis would be
placed at deeper positions towards the river, if water quallty
data from monitoring well clusters show that the plume is
migrating beneath shallow accumulations of clays and silts to

Figure 23. Moderate state-of-the-art remediation. Clusters of

Mwmmwhmm-ﬁdﬁrmo

o tallor the remedy 1o the she hydrogeoiogy



Additional Considerations

The foregoing discussion highiights generic gains In effectivenses
and efficiency of remediation that should be expected by
betier defining ground-water contamination probiems and
using that information to devsiop site-specific sokstions.

Because the complexities of the subsurface cannot fully be
delineated even with “state-of-the-science” data collection
tachniques and many of these techniques are not tully developed
nor widely avallabie at this time, It is important to proceed with
remediation in a phased process so that information gained
from inltial operation of the system can be incorporated into
successive stages of the remedy. Some considerations that
may help 1o gulde this process inciude the following:

1.  In many cases, it may be appropriate to inkiate a
response action to contain the contaminant plume
before the remedial investigation is compieted.
Containment systiems (s.g., gradient control) can
often be designed and implememnied with lsss inforrmation
than required for full emediation. in addition to
preventing the contamination from migrating beyond
existing boundaries, this action can provide valuable
information on aquifer response to pumping.

2 Early actions might also be considered as a way of
obtaining information pertinent to design of the fina!
remedy. This might consist of installing an extraction
system in a highly contaminated area and observing
the response of the aquifer and contaminant plume
as the system is operated.

3. The remedy Rse! might be implemented in a staged
process to optimize system design. Extraction wells
might be installed incrementally and observed for
8 period of time 10 determine their range of infiuvence.
This will help to identity appropriate locations for
additional welis and can assure proper sizing of
the treatment systems as the range of contaminant
concentrations in extracied ground water is
contirmed.

4 in many cases, ground water response actions
shoukd be Initiated even though It is not possbile
o assess the restoration time frames or ultimate
concsntrations achievabie. Afier the systems
have been operated and monitored over tims,
k shouid be possbie to betier define the final
goals of the action.
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