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Figure 1
Three Phases in the Damage Assessment Process
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At present there are 1,194 Superfund sites throughout the
United States on the National Priori ties List where past
releases of hazardous substances have contaminated
natural resources and pose a human  heal th r isk.  Section
107 of the Superfund Act (more formally, the
Comprehensive Environmental Response, Compensation,
and Liability Act or CERCLA) allows federal and state
government agencies in  their r ole as natural resource
trustees to collect monetary damages from responsible
parties for injuries to natural resources (such as
groundwater) as a result of hazardous-substance releases.
The agencies must use the recovered natural resource
damages to restore, rehabilitate, replace, or acquire the
equivalent of the injured natural resources.

This article focuses on assessing natural resource
damages as a result  of groundwater injuries.   The first
section  briefly describes the phases in the damage
assessment process.  We then discuss some techniques for
valuing reductions in the services provided by
groundwater.  Next, we examine the applicability and
measurement of so-called nonuse values associated with
groundwater.  Finally, we describe the main challenges in
assessing groundwater  damages.

DAMAGE ASSESSMENT PROCESS

Figure 1 shows the three phases in the damage
assessment process at Super fund sites according to
regulations promulgated by the U.S. Department of the
Interior (DOI).1  In the fir st phase,  scientists  determine 
the nature and extent of the injuries to natural resources
from the hazardous-substance release.  In the second
phase, scientists and economists work together to quantify
the reduction in natural resource services as a result of
the injuries.  Finally, economists determine the  monetary
damages associated with the reduction in natural  resource
services and the trustees develop a restoration plan in the
these phases in more detail  below.

Injur y Determination

In the DOI regulations a natural resource injury is a
measurable change in the physical or chemical quality or
the viability of natural  resources as a resul t of a
hazardous-substance release (43 CFR §11.14).  The DOI
regulations emphasize that there must be a clear pathway
connecting the in jury to the release.  Thus, the natural
resource trustees must demonstr ate that the release caused
the observed injuries.  For groundwater  resources in
particular, the following information should be collected
during the injury-determination phase to measure the
extent of the injury attributable to the hazardous-
substance release:

C Regulatory standards for the maximum concentration
of various substances in groundwater

C Concentration of released contaminants in the
groundwater

C Areal extent of the contaminated groundwater over
time

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

contaminants over time
C Connection of groundwater  to other natural resources

and any resulting injuries to these resources
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Figure 2
Determining Damages

If an injury did occur as a result of the release and the
above information has been collected, then the next  phase
in the damage assessment process is service
quantification.

Service Quantifica tion

This phase requires iden tifying the natural resource
services adversely affected by the injuries from the
hazardous-substance release and measuring the
concomitant reduction in th ese services.  Natural resource
services are defined in the DOI regulations as the
physical and biological functions of natural resources (43
CFR §11.14).  In general, there are two types of natural
resource services: human-use services and ecological
services.2  Human-use services are services that resources
provide directly to people (such as the provision of
drinking water to households).  Ecological services are
services that natura l resources provide to other natural
resources (such as support of living organisms in
wetlands through groundwater discharges). 

After identifying all of the affected services, the analyst
must choose the units of measurement  for these services.
For most human-use services this is relatively
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
drinking standards.  The water for irrigation services can
be measured in terms of the total acre-feet of extracted
water that meets agricultural standards.  It is more
challenging to determine an appropriate measure of
ecological services because they often depend on
complicated physical and/or biological relationships.   To
the extent possible, ana lysts must choose a measure that
captures quality as well as quantity.  For example,
suppose that the water table is close to the surface at a site
such that some plants have their roots in the groundwater.
A hazardous-substance release will probably not change
the total acre-feet of water available for the plants, but the
contamin ated water may reduce the density of the plants,
which in turn reduces the amoun t of food and nesting
material for animals that depend on these plants.  Clearly,
the number of acre-feet of contaminated groundwater will
not properly measure the reduction in ecological services
as a result of groundwater injuries.  A better measure may
be changes in the stem density of the plants that have
their roots in the groundwater.

The reduction in services attributable to the natural
resource injuries is quantified by comparing the services
provided following the injury to the services that would
have been provided in the absence of the injury (i.e.,
baseline services).  The with-injury services are the
services actually provided after the injury, and as such are

potentially observable.  However, baseline services cannot
be observed; they must be estimated in some way.  One
approach  for estimating baseline services is to use the
services provided in an uncontaminated reference area to
predict the baseline services in the injured area.  The
other approach  for estimating baseline services is to
predict such services using historical in formation on the
services in the injured area prior to the injury.  Regardless
of which approach is used, it is important to realize that
the overall trend in baseline services may be increasing,
decreasing, or constant over time.

Damage Determination

Figure 2 shows the three components of natural resource
damages in the DOI process.  The restoration costs are
the costs of actions tha t return natural resource services
to their baseline (i.e., without-injury) levels sooner than
natural recovery.3  The compensable value is the amount
of money that compensates the public for  the reduction of

natural resource services prior to their return to baseline
levels.  Finally, 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 services to baseline
sooner than natural recovery usually will decrease

compensable values, because the public will exper ience a
smaller  loss of natural resource services over 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 naturally, in which
case restor ation  costs wil l be min imal  but compensable
values may be high.  Thus, restoration costs and
compensable value tend to move in opposite directions.
Spending more on restoration actions will  usually reduce
compensable values, and vice versa.  Al though not
required by the DOI regulations, trustees should select
restor ation  actions that minimize the sum of restora tion
costs and compensable values.




