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One of the most commonly used ground-water remedtatlon
technologies Is to pump contaminated waterto the surface for
treatment Evaluating the effectiveness of pump-and-treat
remediation* at Superfund sites is an Issue Identified by the
Regional Superfund Ground Water Forum as a concern of
Superfund decision-maker*. The Forum Is a group of ground-
water scientists, representing EPA's Regional Superfund
Offices, organized to exchange up-to-date Information related
to ground-water remediation at Superfund sites.

Recent research has tod to a better understanding of the
complex chemical and physical processes controlling the
movement of contaminants through the subsurface, and the
atotty to pump such oontamirBrjts to tf» surface. Understandng
these processes permits the development and use of better
site characterization technology and the design and
implementation of more effective and efficient see remediation
programs.

This document Is an Interim product of a research project that
Is developing a protocol for evaluating the effectiveness of
ground-water remedations. t has been reviewed by members
of EPA's Robert S. Kerr Environmental Research Laboratory.

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

Summary
Pump-and-treat remedJattons are complcated by a variety of
factors. Variations In ground-water flow velocities and
directions are Imposed on natural systems by remedtoflon
welffiekte. and these variations complicate attempts to

evaluate the progress of pump-and-treat remediattons. This
Is In part because of the tortuosity of the ftowlines that are
generated and the concurrent redistribution of contaminant
pathways that occurs. An Important consequence of altering
contaminant pathways by remedtatton weWelds k that historical
trends of contaminant concentrations at local monitoring
weds may not be useful for future predictions about the
contaminant plums.

An adequate understandng of the true ooent of a contamination
problem at a ale may not be obtained unless the alto's
geologic, hydrologlc, chemical, and biological cornptoxltos
are appropriately defined. By extension, optimization of the
effectiveness and eff tetoncy of a pump-and-treat remedtotton
may be enhanced by the utllzatlon of sophisticated ske
characterization approaches to provide more complete, alto-
specific data for use In remediation design and management
effort*.

Introduction
Pump-and-treat remediattons of ground-water contamktalton
are planned or have been Initiated at many ales across the
country. Regulatory responsbBttles require that adequate
oversight of these remedattons be made possUe by structuring
appropriate monitoring criteria for monitoring and extraction
weds. These efforts are nominally Directed at answering the
question: What can be done to show whether a remediation
hger^Uly trwdeclniduji diul of fte(XM lamination? Recently,
other questions have come to the forefront, brought on by the
realization that many pump-and-treat remedations may not
function as wed as has been expected: What can be done to
determine whether the remediation wU meet Is BmeBnes?
and What can be done to determine whether the remedtotten
wM stay wttMn budget?
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potentially destructive interactions between contaminants
and subsurface formations, such as the devolution of Jmestone
and dolomite strata by acidic wastewaters. Contaminated
ground water is a major focus of many hazardous waste ste
cleanups. At these sites, a large number of EPA's Records of
Decision (ROD'S) can for pump-and-treat remeolatlons.

The mechanism by which a source introduces contaminants
to ground water has a profound effect on the duration and
areal extent of the resulting contamination. Above-ground
spits (Figure 2) are commonly attenuated over short Distances
by the moisture retention capacity of surface aoBs. By
contrast, there is much less opportunity for attenuation when
the contaminant Is Introduced below the surface, such as
occurs through leaking underground storage tanks. Injection
weHs. 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 flow directions. The water-table mounding
that takes place beneath surface Impoundments (Figure 3),
for instance. Is often sufficient 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 Impart three-dimensional flow
characteristics to contaminated ground water (e.g., a losing
stream creates local mounding that forces ground-waterflow
downward). In addition, contaminated ground water may
move from one aquifer to another through a leaky aquttard,
such as a tight silt layerthat Is sandwiched between two sand
or gravel aquifers.

GREAT HYDRAULIC MPACTS
FROM HKJH RATES Of RELEASE

Row* 3. Hydraulc Impacts of oontvTWiantsouree*.
wife and surtec* impoundments may ratecM ftukto at a Ngh ntt.
resulting In toce) mounding of lht water atte.

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

values of the hydraulic conductivity of the sediments, the
cross-sectional area through which flow occurs, and the
hydraulic gradent along the ftowpath through the sediments.
The hydraulc conductivities of subsurface sediments vary
conakisfabr/overamaldManoae. ft Is pnrnarty this spatial

mducUvty that nwutt In a oo»

Rgur*4. Oirtfs-eyevliw of oontemtoent plume •pfeedmo- Adveolon
e>uM*ttwma]o%afplu(MtpreedkiolnmottoseM Dtapentonedd*
enly merginely to ttw epraedno.

The plume spreading effects of spatially variable velocities
can be confused wfth hydrodynamlc dispersion (Figure 5), V
the details of the velocity distribution are not adequately
known. Hydrodyrumfc dtepersbn results from the combination
of mechanical and chemical phenomena at the microscopic
level
The mechanical component of dhperston denves from vetooty
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Cosolvation is the process by which the solubility and mobility
of one contaminant are increased by the presence of another
(Figure 8). usually a solvent present at levels of a few percent
(note: 1 percent«10,000 parts per million). Such phenomena
are most Ikely to occur dose to contamination sources,
where pure solvents and high dissolved concentrations are
often found.

Figures. Conceptualization of transport by eoeorvafen.
contaminants may dissolve in ground «wler thai contains solvents
at high concentrations.
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" *• •' • tt'c.j oesign treatment strategies should anticipate the
ne. io remove from ground water certain contaminants that
are ;ormally immobile. IT the ground water is to be extracted
In areas that tu dose to a source of contamination. Those
who make health risk estimates should attempt to factor in the
Increased mobility and exposure potential generated by
cosolvation.

.-.....j between chemical phases (Figure 0) involve a large
change in the pH or redox (reaction) potential of water, and
can Increase contaminant solubilities and mobflKies by Ionizing
neutral compounds, reversing precipitation reactions.forming
complexes with other chemical species, and limiting bacterial
activity. Phase shifts may occur as the result of biological
depletion of the dissolved oxygen normally present In ground
:?«ter. or as the result of biological mediation of oxldation-
leciuction reactions (e.g.. oxidation of Iron II to iron III). Phase
shifts may also result from raw chemical releases to the
subsurface.
Some ground-water contaminants are components of Irnissdbie
solvents, which may be either floaters or sinkers (Figure 10).
The fl.-altrs generally move along the upper surface of the
saturated zone, although they may depress this surface
locally, and the sinkers tend to move downward under the
Influence of gravity. Both kinds of Immlscfote fluids leave
residual portions trapped in pore spaces by capillary tension.
Thlfc Is particularly troublesome when an extraction we! is
utilized to control local gradients such that free product
(drainable gasoline) flows into Its cone of depression.

Figure 6. FadttatecJ tantport by phase diagram shifts
of acidic contaminants, or depletion of oxygen by btota, may
eolubiize ptedpftaled mete* or tonte organtes.

feeler movement oontr«S*d
BY local oradJents end cas*ertty

RgurelO. Dynamics of immisoMe floater and «Jakeff»*TiBS. r> r- n C
Buoyant plumes migra»s latormBy on top of tf»« l̂ia««a«bj JJ^
*one. Dense plumes sink and follow bedrock slopes.



Public-Supply Monitoring Points
Public water supply wells located downgraoTent of a plume are
another kind of monitoring point The locations of these points
are not negotiable;they have been drilled in locations that are
suitable tor water supply purposes, and were never intended
to serve as plume monitoring wells. The purpose of samping
these wells Is to assure the quality of water delivered to
consumers, as related to speeffic contaminants asaodated
with the target site. The criteria typically specified forthls kind
of monloring point are MCL's or other health-based standards.

Gndknt Control Monitoring Points

Isonefordetermlnatlonsofhydraullcgradierits. This kind may
be comprised of a cluster of small diameter wefts that have
very short screened intervals, and Is usually located Just
outside the perimeter of the plume. Water level measurements
•re obtained from wells that have comparable screened
Intervals and are then used to prepare detailed contour maps
from which the directions and magnitudes of local horizontal
hydraulic gradients can be determined. I is equatty Important
to evaluate vertical gradients, by comparison of water level
measurements from shallow and deeper screened intervals,
because a ̂ mediation welVield may control only the uppermost
portions of a contaminant plume If remediation wells are too
shallow or have Insufficient flow rates.

pntemal] Plum* Monitoring Polntf
Less often utilized Is the kind of monitoring point represented
by monitoring wells located within the perimeter of the plume.
Most of these are Installed during the site Investigation phase,
priorto the remediation, but others may be added subsequent
to implementation of the remediation ; they are used to monitor
the progress of the remediation within the plume. These can
be subdivided into on-slte plume monitoring points located
within the property boundary of the facility that contains the
source of the contaminant plume, and off-ale plume monloring
points located beyond the facility boundary, but within the
boundary of the contamination plume.

Interdep«nd»nci9* of Monitoring Point Criteria
Each kind of monitoring point has a specific and distinct role to
play In evaluating the progress of a remediation. The Information
Oathersd is not limited to chemical Identities and u»uHtuUuu,
but includes other observable or measurable Items that relate
to specific remedial activities and their attrbutes. In choosing
specific locations of monitoring points, and criteria appropriate
to those locations, I is essential to recognize the Wefdapendenev
el the criteria for different locations.

In addition to the foregoing, one must decide the following:
Should evaluations of monitoring data incorporate allowances
for statistical variations In the reported values? If so, then
what cut-off (e.g.. the average value plus two standard deviations)
should b* used? Should evaluation* consider each monloring
point independently or use an average? Finally, what method
should be used to Indicate that the maximum dean-up has
been achieved? The zero-slope method, for example, holds
that one must demonstrate that contaminant levels have
stabilized at their lowest values prior to cessation of remediatfon

- and that they will remain at that level subsequently, as
shown by a flat (zero-slope) plot of contaminant concentrations
versus time.

Limitations of Pump-cnoVTrMt Rwntxflations
Conventional remedlatlons of ground-water contamination
often Involve continuous operation of an extraction-injection
weWteti. In these remedial actions, the level of contamination
measured at monitoring wells may be dramatically reduced In
a moderate period of time, but low levels of contamination
usually persist. In parallel, the contaminant toad discharged
by the extraction welVleld declines over time and gradually
approaches a residual level In the latter stages (Figure 12). At
that point, large volumes of water are treated to remove small
amounts of contaminants.

eppeient readm
eontamlneflon level

— me a*

Rguraiz.
Contamlnaaonoonaentatom in pumped
ID an eppvenfly IrraduoMe toveL

deolne overtime,

Depending on the reserve of contaminants wthin the aquler,
this may cause a remediation to be continued Indefinitely, or
I may lead to premature cessation of the remediation and
closure of the site. The latter Is particularly troublesome
because an Increase In the level of ground-water contamination
may f olow (Figure 13) I the remediation Is discontinued prior
to removal of afl residual contaminants.

There are several contaminant transport processes that are
potentially responses for the persistence of residual
contamination and the kind of poet-operational elfect depleted
In Figure 13. To cause such effects, releases of contaminant
residuals must be slow relative to purnpage-Wuced water
movement through the subsurface.

Transport processes that generate this kind of behavior

(1) effusion of contaminants In low
sediments,

(2) hydrodynamb Isolation Cdead,
woDfields. WW5596



Sorption Influence*
The number of pore volumes of contaminated water to be
removed during a remediation depends on the sorptrve
tendencies of the contaminant The number of pore volumes
to be removed also depends on whether ground-water flow
vetocties during remodbtion are too rapid to alow contaminant
levels to build up to equilibrium concentrations locally (Figure
15). If Insufficient contact time to aHowed. the affected water
to advected away from sorbed contaminant residuals prior to
achieving a state of chemical equlBbrlum and Is replaced by
fresh water from upgradienL

V__„.
IMDUL OXBf tUfttf

HgurtlS. Sorplon fcntafon of pump-en**»al ramd
Increased flow vttodtiet cauMd by pumpao* may not
euffici»m Km* to raach chwnfcal •quHbrium tocely.

Hence, continuous operation of pump-and-treal remedtotions
may resun In steady releases of contaminants at substanttaly
toss than their chemical equHtortum level*. With lees
contamination being removed per volume of water brought
Into contact with the affected sediments. I to dear that large
volumes of mildly contaminated water are recovered, where
small volumes of highly contaminated water would otherwise
be recovered.
Unfortunately, this to all too Ikoly to occur with conventional
pump-and-treal remediations and wth those fcvatu remedtotions
that depend upon injection wells for delivery of nutrients and
raactants. This is because ground-water flow velocities within
wellfields may be many times greater than natural (non-
pumping) flow velocities. Depending on the sorptfve tendencies
of the contaminant, the time to reach maximum equiBbrium
concentrations in the ground water may simply be too great

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

UquU-UquH Partitioning
Subsequent to gravity drainage of free product that has been
dtocharged to the subsurface. ImmtodbJe or non-aqueous
phase IquUs (MAPI's) remain trapped In the pores of
subsurface sediments by surface tension to the grains that
bound the pores. Uquld-iquW partitioning controls the
dtoaolutton of NAPL residuals Into ground water.
As with sorWng compounds, flow rates during remedutfon
may be too rapid to allow aqueous saturation levels of
partitioned NAPL residuals to be reached locally (Figure 16).
I Insufficient contact time to alowed, the affected water to
advected away from the NAPL residuals prior to reaching
chemical equUbrium and to replaced by fresh water from
upgradtont

AOVECTON

OJ*OUM>WAmVBjOOTY

PertfenlngMbpump-and-teati
••n »aubi%l»v»». erf oont»rtn«n»n»y be nliiMd torn tapped
—••—"Mi—r~o~'——-TITfr itpptiii

Again, this process generates large volumes of mUly

water would otherwise result, and Into means that R wll be
necessary to pump and treat far rnore.wjiejr. fta£ wwjld
otherwise be the case. The efficiency tofrft ftWOT" 7
fold, because much of the pumped water wl certain c



chemical equUbrium, since equtlbrtum occurs on the same
time frame is the fluid recharge event In tow permeability
settings. In Mttings of moderate to Woh pemieabllty, the
onset and cessation of pumpage could to keyed to contaminant
concentration levels in the pumped water, Independent of
flow changes required to maintain proper hyorodynamic
control. Peripheral hydrodynamte controls may or may not be
necessary during the retting phase of the cycle.

Other strategies to Improve the performance of pump-and-
treat remedlatlons Include:

(1) ech*dullnfl of w»!lfl»k) operations to satisfy
simultaneously hydrodynamlc control and
contaminant concentration trends or other
performance criteria.

(2) repositioning of extraction wells to change
major transport pathways, and

(3) Integration of weffWd operations win other
subsurface technologies, auch as barrier
wab that Imt plume transport and mWmtze
pumping of fresh water, or infiltration ponds
that maintain saturated flow conditions for
flushing contaminants from previously
unsaturated soils and sediments.

f%xbteop>fatiDnofsferns<teaionwellrMJ.suchs«(xrs«lonaly
turning off Individual pumps, allows for some flushing of
stagnant zones. That approach may not be as hydrodynamtealy
efficient as one that Involves permanently repositioning or
adding pumping wells to new locations at various times
during remediation. Reposlttoned and new wells require
access for drilling, however, and that necessarily precludes
capping of the site until after completion of the pump-and-
treat operations. The third approach died above, combining
pump-and-treat with subsurface barrier wals, trenching, or
in-«ltu techniques, all of which may occur 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
control of the contaminant source, something almost always
mitigated by isolation of the contaminated softs and subsoils
thai remain long after manmade containers have been removed
from the typical she. Fortunately, vacuum extraction of
contaminated air/vapor from soDs and subsoils has recently
emerged as a potentially effective means of removing volatte
organic compounds (VOC's). Steam flooding has shown
promise for removal of the more retarded organbs, and In-
atu chemical fixation techniques are being tested for the
Isolation of metals wastes.

Vacuum extraction techniques are capable of removing
several pounds of VOC's per day, whereas air stripping of
VOC's from comparable volumes of contaminated ground

of concentrating contaminant residuals, as a front leading the
Injected body of steam. Steam flooding or chemical fetation
have potential for control of fluid and contaminant movement
In the unsaturated zone and should thus be considered a
potentially significant addition to the 1st of source control
options. In addition, soils engineering and landscape

maintenance techniques can minimize Infiltration of rainwater
In the absence of a mulHayer RCRA-style cap.

In terms of evaluation of the performance of a remediation,
the presence of a multilayer RCRA-styled cap could pose
major Imitations. The periodte removal of core samples of
eubsurfece soHds from the body of the plume and the source
zone, wth subsequent extraction of the chemical residues on
the solids, Is the only direct means of evaluating the true
magnitude of the msiduals and their depletion rate. Since this
must be done pertodtealy, capping would conflict unless
postponed untfcbsure of thesfts. I capping can be postponed
or foregone, great flexbUty for management of pump-and-
treat remedations (e.g.. concurrent operation of a soil vapor
extraction weWield, and sampling of subsets) can be used to
Improve effectiveness.

Modeling M • Performance Evaluation Technique)
Subsurtao* contaminant transport models Incorporate a number
of ttieurstlual assumptions about ttwnatinl processes governing
the transport and fate of contaminants. In order for solutions
tobsnruKtetractaDls.slmpllficatiomaninisdelnapplcations
of theory to practical problems. A common simplification for
weffleld simulations Is to assume that aB flow Is horizontal, so
that a two-dimensional model can be applied, rather than a
three-dimensional model, which Is much more difficult to
create and more expensive to use. Two-dimensional model
••presentations are obviously not falhful to the true <
of real world pump-and-treat remedlatlons since most of
these are In settings where three-dimensional flow is the rule.
Moreover, most pump-and-treat remedlatlons use partially
penetrating weBs, which effect significant vertical flow
components, whereas the two-dimensional models assume
that the remediation weds are screened throughout the entire
saturated thickness of the aquifer, and therefore do not cause
upconlng of deeper waters.

Besides the errors that stem from elmpflfylng assumptions,
applications of mathematical models to the evaluation of
pump-and-treat remediation* are also subjecttooonsiderable
error where the study sat has not been adequately characterized,
k Is essential to have appropriate flew determinations of
natural process parameters and variables (Figure 18). I
these determine the validity and usefulness of each modeling
attempt. Errors arising from Inadequate data are not addiaaaed
property by mathematical tests such as sensitivity analyses or
by the appfcatbn of stochastic techniques for estimating
uncertainty, contrary to popular beliefs, because such teats
and stochastic simulations assume that the underlying
conceptual basis of the model Is correct One cannot property
change the conceptual basis (e.g., from an Isolated aqulerto
one that has strong Interaction with a stream or another
underlying aquifer) without data to justly the change. The
high degree of hydrogeotogteal. chemical, and rrOcroblotogtoal
complexity typically present In field situations requires site-
specific characterization of various natural processes by
detafled field and laboratory Investigations.

Hence, both the mathematics that describe models and the
parameter Inputs to those models should be subjected to
rigorous quality control procedures. Otherwise, results from
field applications of models are Ikely to be quatoatKwIy^a* Q c n
well as quantitatively, incorrect V done properly.JHoweWetj OJJ
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Figure 20 llustrates another means of producing readily
recognizable patterns of the mllli-equlvaJenoe values of major
cations and anlons in a ground-water sample. Oeochemteal
prospectors have used this graphical technique as an aid In
the identification of waters associated with mineral deposits.
These graphical presentation techniques have been adapted
recently to the display of organic chemical contamlnarrts. For
example, a compound of interest such as trichtoroethene
(TCE) may be evaluated In terms of Its contribution to the total
organic chemical contamination toad, or against other specific
contaminants, so that some offerentiation of source contributions
to the overall plume can be obtained.

1.5

Rgurt20. Sttf diagram* of major tons In »wo sampler
The concentration* at the tons m plotted in tie manner shown
in (•); the uniqueness of another water type to shown by (b).

Key management uncertainties reganfng the degree of health
threat posed by a site, the selection of appropriate remedial
action technologies, and the duration and effectiveness of the
remedlattons all should decrease significantly with the
Implementation of more sophisticated site characterization
approaches.
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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 site-specific characterizations of
preferential pathways of contaminant transport and the natural
processes that affect the transport behavior and ultimate fate
of contaminants may significantly improve the timeliness and
cost-effectiveness of remedial actions at hazardous waste
•lies.

Chfnci»riutlon Approach!*
To underscore the latter point. R is useful to examine the
principal activities, benefits, and shortcomings of increasingly
sophisticated levels of site characterization approaches:
conventional (Table 2), state-of-the-art (Table 3), and state-
of-the-sdence (Table 4). The conventional approach to ate
characterizations is typified by the description given In Table
2.

Each activity of the conventional approach can be acconpsetied
with semi-skilled labor and off-the-shelf technology, with
moderate to low costs. It may not be possble to characterize
thoroughly the extent and probable behavior of a subsurfi
contaminant plume with the conventional approach.

Table 2. Convention*! approach to site charaotertatton,

K wll probably cost substantially more to Implement stale-of-
the-art and atate-oMhe-sdence approaches in atte
characterizations, but the increased value of the Information
obtained is likely to generate offsetting cost savings by way of
Improvements in the technical effectiveness and efficiency of
the ale dean-up.

Obviously.1 b not possble to test these conceptual reJatonsnips
directly, because one cannot carry site characterization and
remediation efforts to fruition along each approach
eimutaneouefy. Onec»iWermanyoftheforego*^dBXJUs*lon
points, however, by observing the changes in perceptions,
decisions, and work plans that occur when more advanced
techniques are brought to bear on a ale that has already
undergone a conventional level of characterization. The latter
ettuation Is a fairly common occurrence, because many first
attempts at site characterization turn up additional sources of
contamination or hydrogeologlc complexities that were not
suspected when the InliaJ efforts were budgeted.

Hypothetic*! Ex*mpt*
It Is helpful to examine possble seer
from the different sle investigation approacne's'jui

9

13



seasonally dependent, having the strongest component of
ftowtowardthe river during periods of to wf tow in the rtver, and
being roughly parallel to the river during periods of high flow
in the river.
Strong downward components of flow carry water from the
shallow zone to the deeper zone throughout municipal and
Industrial wellf ields. as well as along the river during periods
of high flow. Slight downward components of flow exist
elsewhere due to local recharge by Infiltrating rainwaters.

Conventional Ch*nct9rtxttton
A conventional site characterization would define the horizontal
extent of the most mobile, widespread plume. However, I
would provide only a superficial understanding of variations In
the composition of the sediments. An average hydrauic
conductivity would be obtained from review of previously
published geologic reports and would be assumed to represent
the entire aqulferforthe purpose of estimating flow rates. The
kind of dean-up that would likely result from a conventional
site investigation Is flluctrated In Figure 22. The volatile
organtes plume would be the most Important to remediate,
since It is the most mobile, and an extraction system would be
Installed. Extracted fluids would be air-stripped of volatile*
and then passed through a treatment plant for removal of
non-volatile residues, probably by relatively expensive Miration
through granular activated carbon.
Extraction wells would be placed along the downgradierrt
boundary of the VOC plume to withdraw contaminated ground
water. A couple of injection wells would be placed upgradient
and would be used to return 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 NPOES permit

trfeutwy

Flgura 22. Conventional cleans* of to hypotieioal ate. EWr»
era •xtractfon weUt. IW* are Inject** weds; al are screened at
tw tarn* ttovaten and havt Identical towrates.

Information obtained from the drilling logs and samples of the
monitoring wells would be inadequate todo more than position

all of the screened sections of the remediation wells at the
same shallow depth. The remediation wellfteld 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, avowing for average
Retardation values (from the sUwilliclerature) for contaminants
found at the sle. The PCB4aden soBs would be excavated
and sent to an incinerator or approved waste treatment and
dfeposalfacNty. The decision makers would have based their
approval on the presumption that tie plume had been adequately
defined, and that If It had not. that the true magnitude of the
problem does not oWersubctentialry, except forthe possibility
of perpetual care.

SWsvottAesAft Chanctfrtution Scenario
Incorporation of some of the more common state-of-the-art
ate Investigation techniques, such as pump tests, Installation
of vertically-separated dusters of monitoring weds (shallow,
Mermeolate, and deep) and nver stage monitors, and chemical
analysis of sediment and soil samples would Ifcely result In
the kind of remediation llustrated In Figure 23. Since a
detailed understanding of the geology and hydrology would
be obtained, optimal selection of well locations, wellscreen
positions and ttowrates (the values In the parentheses In
Figure 23, In gaBons per minute) for the remediation wells
could be determined. A special program to recover the add
plume and neutralize It would be instituted. A special program
could also be Instituted f orthe pesticide plume. This approach
would probably lower treatment costs overall, despite the
need for separate treatment trains for the different plumes,
because substantially lesser amounts of ground water would
be treated with expensive carbon filtration for removal of non-
volatile contaminants.
The screened intervals of the extraction weOs would be
placed at deeper positions towards the river, If water quality
data from monitoring well dusters show that the plume is
migrating beneath shallow accumulations of days and sifts to

tributary

ABUT* 23. ModeratostatB-of-to îemedMton.
vwlk^ -̂Mpvtt̂  monitoring w^kvri an
to tttof»» remedy to to sl» hydrogeotogy.

Ousftmof
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Additional Considerations
The foregoing dfecu&sion highights generic gains to effectiveness
and efficiency of remediation that should be expected by
better defining ground-water contamination problems and
using that information to develop site-specific solutions.

Becams the complexities of the subsurface cannot fufry be
delineated even with "state-of-the-edence* data oolection
techniques and many of these techniques are not futy developed
nor widely available at this time. It is important to proceed with
remediation In a phased process so that Information gained
from Initial operation of the system can be Incorporated into
successive stages of the remedy. Some considerations that
may help to guide this process Include the following:

1. In many cases, It may be appropriate to Initiate a
response action to contain the contaminant plume
before the remedial Investigation Is completed.
Containment systems (e.g., gradient control) can
often be designed and Imptemsniedwth less information
than required for full remediation. 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 final
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 Itself might be Implemented In a staged
process to optimize system design. Extraction wells
might be Installed incrementally and observed for
a period of tim* to determine their range of Influence.
This will help to identify appropriate locations for
additional wells and can assure proper sizing of
the treatment systems as the range of contaminant
concentrations in extracted ground water Is
confirmed.

4. In many cases, ground water response actions
should be Initiated even though It is not possble
to assess the restoration time frames or ultimate
concentrations achievable. After the systems
have been operated and monitored over time.
I should be possble to better define the final
goals of the action.
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