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At preent there arel,194 Supefundsites throughou the
United States on the National Priorities List where past
releases of hazardous substances have contaminated
natural resour ces and pose ahuman healthrisk. Section
107 of the Superfund Act (mae formally, the
Comprehensive Environmental Regponse, Canpensation,
and Liability Act or CERCLA) allowsfederal and state
government agencies in their role as natura resource
trustees to collect monetary damages from reponsible
paties for injuies to natural resources (such as
groundwate) asaresult of hazardous-substance rel eases.
The agencies must use the recovered natura resource
damages to restore, rehabilitate, replace or aoquirethe
equivaent of the injured natural resources.

This article focuses on assessing natural resource
damages as aresult of groundwater injuries. The first
section briefly describes the phases in the damage
assessment process. Wethen discuss some techni quesfor
valung reductions in the services provided by
groundwvater. Next, we examine the applicahlity and
measurement of so-called nonuse val ues associated with
groundwate. Finally, wedescribethemain challengesin
assessing groundwater damages.

DAMAGE ASSESSMENT PROCESS

Figure 1 shows the three phases in the damage
assessment process at Superfund sites accarding to
regulations promul gated by the U.S. Department of the
Interior (DOI).Y In thefirst phase, scientists determine
the nature and extent of theinjuries to natural resources
from the hazardous-substance relesse. In the second
phase, scientistsand economi stswork togeth er toquantify
the reduction in natural resource services asa result of
theinjuries. Finally, econamistsdeterminethe monetary
damages assaci ated with thereduction in natural resource
services and thetrustees devd op arestaration plan in the
these phasesin more detail below.
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Figure 1
Three Phases in the Damage Assessment Process
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Injury Determination

In the DOI regulations a natural resource injury is a
measurablechange in the physical or chemical quality or
the viahlity of natura resources as a result of a
hazar dous-substance release (43 CFR §11.14). TheDOI
regulationsemphasizethat there must be adear pathway
connecting the injury to the release. Thus, the natural
resource trusteesmu st demonstr atethat therel ease caused
the observed injuries. For groundwater resources in
partiaular, the following information shouldbe collected
during the injury-determi nation phase to measure the
extent of the injury attributable to the hazardous-
substance release:

C Regulatary standar dsfor themaximum concentr ation
of various substances in groundwater

Concentration of released contaminants in the
groundwat er

Areal extent of the contaminated groundwater over
time

Acre-feet of contaminated groundwater over time
Direction and rate of flow o groundwater
contaminants over time

Connection of groundwater to other natur al resour ces
and any resulting injuri es to these resour ces
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If an injuy dd occur asaresut of the rdease and the
above information has been collected, then the next phase
in the damage assessment process is service
quantification.

Service Quantification

This phase requires identifying the natural resource
services advesely affected by the injuries from the
hazardous-substance release and meawuring the
concomitant reductionintheseservices. Natural resource
services are dedfined in the DOI regulations as the
physical and biological functions of natural resources (43
CFR 811.14). In general, therearetwo types of natural
resource services: human-use services and ecological
services.? Human-use services are servicesthat resour ces
provide directly to people (such as the provision of
drinking wate to househdds). Ecdogical services are
services that natural resources provideto othe natural
resources (such as suppat of living organisms in
wetlandsthrough groundwater discharges).

After identifying al of the affected services, the analyst
must choose the units of measurement for these services.
For most human-use savices this is rdatively
straightforward.  For example, the drinking water
services provided by groundwater can be measured in
terms of the total acre-feet of extracted water that meets
drinkingstandards. Thewater for irrigation services can
be measured in terms of the total acre-feet of extracted
water that meets agricutural standards. It is mae
challenging to determine an appropriate measure of
ecolagical services because they often depend on
complicated physical and/or biological relationships. To
the extent possible, analysts must choose a measure that
captures quality as wdl as quantity. For example,
supposethat thewater tableis closeto the surface at asite
such that same plantshavethdr roasin thegroundwater.
A hazardous-substance release will probably not change
thetotal acre-feet of wate available far the plants, but the
contaminated water may reduce the density of the plants,
which in turn reduces the amount of food and neging
material for animd sthat dependon these plants. Clearly,
thenumber of acr e-feet of contamin ated groundwater will
not properly measure the reduction in ecological services
asaresultof groundwater injuries A better measuremay
be changes in the stem density of the plants that have
their rootsin the groundwater.

The reduction in services attributade to the natura
resource injuri es is quanti fied by comparing the services
provided following the injury to the services that would
have been providal in the absence o the injury (i.e,
basdine serviceg. The with4injury services are the
services actually provided after theinjury, and assuch are
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potentially observabl e. However, basdineservi cescannot
be observed; they must beestimated in some way. One
approach for estimating baseline savices isto use the
services provided in an uncontaminat ed reference ar eato
predict the baseline services in the injured area The
other approach for estimating baseline services is to
predict such services using histori cal information on the
servicesin theinjured areaprior totheinjury. Regardless
of which approach is used, itisimportant torealize that
the overall trend in basgline servi ces may be increasing,
decreasing, or constant over time.

Damage Deter mination

Figure 2 shows the three components of natural resource
damages in the DOI process. The redoration costs are
the costs of actions that return natural resource services
to their baseline (i.e., without-injury) levds soaner than
natural recovery.® The compensable vadue is the anount
of money that compensates the public for ther educti on of

natural resource services prior to their return to basline
levels. Finaly, damage assessment costs are the costs
associated with the studies required to implement the
damage assessment process.

It is important to understand the linkage between
restor ation costs and compensable value. Restoration
actions that return natural resource servicesto baseline
sooner than natural recovery usually will decrease
Figure 2
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compensahl e val ues, because thepublic will experiencea
smaller loss o natural resaurce savices ove time.
However, if restoration costs are far larger than the value
of services being restored, then the natural resource
services should be allowed to recover naturaly, in which
case restor ation costs will be minimal but compensable
values may be high. Thus, restaation cods and
compensabl e value tend to move in opposite directions.
Spend ng moreon restoration actionswill usually reduce
compensable values, and vice versa.  Although not
required by the DOI regulations, trustees should select
restor ation actions that minimize the sum of restoration
costs and compensable values.
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