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|. | NTRODUCTI ON

Wien hazardous wastes contam nate water supplies, individ-
ual s and governnment bodies may act to avert the consequences of
contamnnation. Such actions mght include buying bottled water,
switching to another source of water, filtering contam nants out
of the water, or even cleaning the contam nated aquifer. [|f they
are undertaken, the costs of these actions -- the averting costs

- can be used as a neasure of the benefits of inproved hazardous
waste disposal. The sinplest reason for this interpretation of
costs as benefits is that if the inproved techniques prevent
contamnnation, the averting actions wll be unnecessary and indi-
vidual s and governnments will save the costs of the averting
action. The common sense explanation for this notion is con-
tained in the adage, "an ounce of prevention is worth a pound of
cure.”

Al though the averting cost approach has been used to assess
benefits fromair and water pollution, such estimtes are
typically small conponents of the total benefits. For exanple,
in the National Academy of Sciences (1974) study of the benefits

of automotive air pollution control, reductions in cleaning
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expenses frominproved air quality accounted for only 0.04
percent of the total benefits; the renminder were estinated using
the property value and damage assessnent approaches. The reason
for the small share accounted for by averting costs is clear;
there are few opportunities to avert the damages of air pollution
control. Households sinply nust bear most of the residua

damages after controls are set.

Averting costs promse to be a nuch greater conponent of
benefits assessnents for hazardous waste controls. As mentioned,
there are many opportunities to avoid the health risks of
drinking contamnated water. Moreover, nost communities are
likely to take steps to avoid using contam nated water. Thus,
reductions in the |ikelihood of groundwater contam nation wll be
translated into reductions in the costs comunities incur to
provide their residents with clean water.

This paper gives an overview of how averting costs can be
used to measure the benefits of hazardous waste disposa
regul ati ons and provides an exanmple of how the methodol ogy can be
applied by presenting results for a site in Acton, Massachusetts.
Two of Acton's nunicipal wells -- accounting for 40 percent of
Its water supply -- were contam nated by material disposed of in
a nearby chemcal plant. The town decided not to use the
contam nated water and took various actions to restore the |ost
water. In the case study we estimate the costs that would have
been averted if the |eakage fromthe chemcal plant had been
prevented. This paper is part of a larger effort to assess the
applicability of various methods for estimating dollar benefits,
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with a common enpirical focus on the Acton site. (The other
techniques are the property value approach, the risk assessnent
approach, and the contingent valuation technique.

The paper is organized as follows. Section Il sets forth
t he conceptual approach we use to estimate benefits using the

averting cost approach. The nain elenent is an analysis of
changes in the supply conditions for town water, since the Acton
contam nation affected comunity rather than individual wells.
Section Il applies the conceptual framework to the contam nation
incident in Acton. Section IV summarizes the results and

concl usions of the paper.

154



1. CONCEPTUAL FRAVEWORK

The measure we seek is the increased costs that result from
a contamnation incident. Since they would have been avoided by
controls on the source of contam nation, the added costs can be
used to neasure the benefits of regulations. These costs m ght
take the formof increases in expenditures to avoid or mtigate
t he damages from contam nation or decreases in consuner or
producer surplus resulting from various nmarket adjustnents.

A typical scenario is the followng. A chemcal conpany
operates a disposal lagoon or landfill on its premses to handle
wastes fromits production process. The facility has no |iner or
groundwat er nonitoring wells and eventually the material |eaches
through the soil, enters an underground aquifer, and contam nates
wel l's used as the local drinking water source. The town water
district decides not to use the contam nated water, and takes
various actions to restore the [ost water. Individuals hear of
the contamnation and try to reduce their exposure to
contamnants. Town, state and federal officials investigate the
incident and require the firmto reduce or mtigate the danages.
These pressures eventually force the firmto clean up the site
and the aquifer.

Raucher (1983) summarizes the circunstances under which
averting costs measure the benefits of groundwater protection.
Benefits of groundwater protection are defined as the change in
expected damages fromcontam nation. Expected damages consist of

averting costs if incurred contamnation is detected plus costs
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incurred if contam nated water is used in the absence of
detection, weighted by the probability that the contamnation is
detected, i.e.,
ED) = plaCy + (1-q)Cyl
wher e
P = probability (in the absence of policy i) that
contam nation will occur (0 ¢ p < 1);
q = probability that contam nation would be detected
before tainted water was used (0 < g ¢ 1);
C, = expense of the nost economcally efficient response to
the contam nation incident (c, > 0);
C, = cost incurred if contam nated water were used in the
same manner as prior to the incident (c, > ..

In our study, we assunme that the contanmination is detected.
As Raucher points out, if the |losses associated with the use of
tainted water (C,) are less than the costs of the feasible
averting actions, then the losses will be accepted as the |east
cost response (i.e., €, =C,. Wen an averting action is less
costly than ¢, it will be selected instead of suffering the
| osses.

To obtain an enpirical estimate of the benefits of
groundwat er protection requires determnation of the averting
costs actually undertaken by public and private actors. Qur
enpirical study focuses on the costs incurred by househol ds when
their town water supply is contamnated. In this section, we
describe the conceptual framework for estimating these costs. W

also include a less detailed framework for the other key actors
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househol ds; the town: state and federal governnents; and the

firm whose disposal led to the contam nation
There is an added conplication in using estinates of

averting costs to neasure the affected residents' wllingness to
pay to avoid contam nation because so many of the costs are
incurred by public bodies. Since public decisions do not
necessarily reflect the preferences of local residents, costs of
public averting behavior may or may not be measures of the
wi I lingness to pay of local residents to avert the hazards of
using contamnated water. W discuss the issues surrounding the
interpretation of these public averting costs as measures of

willingness to pay in the final part of this section

Muni ci pal Water Supply and Well Contam nation
A municipal water systemis a producer of residential water.

The production process is very sinple: raw groundwater is
extracted, treated and distributed to users. Enpirical studies
show that the long-run supply curve for residential water is
upward sloping (Hrshleifer et al. 1960, Hanke 1978, and Berk et
al . 1981) because extraction costs vary depending upon the
groundwat er source and the depth of the water extracted. W
assume that the water system has some mininmumquality level for
final water. Thus, contam nation of one of the aquifers used by
the water district will lead to averting actions to restore the

mnimum quality level of the water, which increases the water
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system's costs. These costs might involve using other existing
well's nore intensively, developing other groundwater sources,

or increasing treatment to remove the contamnants before the

water is distributed.

Basi ¢ _Franmewor k

W begin by examning the sinple case pictured in Figure 1.
Averting the effects of the contam nated aquifer raises the
margi nal cost of water from McCy to Mcy;. If the water is sold at
margi nal cost, water usage would drop from gy to g;. Thus, we can
think of the averting cost as having two conponents:
(1) The increased costs of producing the water now used,
d1- This is represented by the darkly shaded area in
Figure 1. To this area should be added any increase in
fixed costs resulting fromthe contam nation
(2) The loss in surplus (excess of value over narginal
cost) 2 resulting from the reduction in water use from
qg to gi. (The change in surplus is the sumof changes
in producer and consuner surplus. However, this
distinction may not be neaningful here since the water
custonmers typically own the water supply, at least in
the cases where water is supplied by nmunicipal water
authorities. Thus, in this report, we shall sinply use
the termsurplus.) This is represented by the lightly

shaded area in Figure 1.

Mat hematical |y, the situation facing the water departnent is

the following. In general, the sum of consuner and producer
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Figure 1. Averting Cost, Sinple Case

D

MC

= Demand for "clean" water

MC of "clean" water before incident

MC of "clean" water after incident
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surplus can be expressed as a function of x, the quantity of

wat er sol d:

TS(x) :JO [P(a) - MXq)ldg - F (1

wher e TS = total surplus,
q= Qquantity of water
P(q) = inverse demand function
M(q) = the marginal cost function
F = fixed costs.
VW assume that the contam nation incident has raised the
wat er departnent's cost function from fMcy(q) + Fy to fMCy(q) +
F;. Wth marginal cost pricing, the quantity sold declines from
dg to 93
Thus, the change in total surplus due to the incident is the

di fference between Tsy(qy) and Ts;(qy) or

99 q3
So [P(q) - MCo(a)ldg - Fg - [50 [P(g) - MCi(@)]dq - FlJ, (2)

which can bhe rewitten as foll ows:

d1 do
. [MCi(q) - MCy(q)ldg + Fy - Fg+ [P(q) - MCq () ]da. (3
q1

For the case of marginal cost pricing, the first three terns
in (3) represent the first conponent of the averting costs -- the
added expenditures now needed to produce g; units of water --
while the last termin (3) represents the second conponent of the
averting costs, the lost surplus on the units of water which are
no | onger consuned.

I'n conputing the first conponent, it is inportant to conpare

expenditures for producing the same quantity, g, With and
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without the contamination. Thus, a conparison of actua
expenditures before and after the incident will not directly
yield this conponent.

If we assume that elasticity of demand is constant, then the
key paraneters in conmputing the second conponent will be the the
quantities before and after the incident, g, and g, the prices
before and after the incident, py and p;, and the increnenta
cost of producing the inframarginal units, ICy(qy - qy). (Note
that this fornula does not apply to the figures we have drawn
with [inear demand curves.) The prices and quantities before and
after the incident determne the values of the elasticity, e, and
the constant k, in the demand function, q = kp™®, so that the
formula for the second conponent becomes:

I
e e e
(?lf) k |ag -q - IC(qgrq;) (4)

1-
e

The above anal ysis abstracts from a number of inportant

factors. In particular:

(1) The short run and long run allow very different kinds
of adjustment.

(2) Water is generally not priced at marginal cost and/or
non-price rationing schemes (e.g., bans on outdoor uses
of water) are frequently used, especially in energency
si tuations.

(3) Some averting actions may not restore the water to the

sane quality it had before the contam nation
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The third conplication cannot be dealt with conpletely within the
averting cost framework. |f some residual damages remain, they
must be evaluated separately and the total regulatory benefits
woul d equal the sum of the averting cost and valuation of the
residual damages. (Raucher 1983) However, the averting cost
framework can handle the first two conplications.

Short run/Long Run Differences. In the long-run, the water

district has tine to adjust its operations and can choose the

| east cost means of providing clean water. The |ong-run options
include drilling alternative wells, developing connections and
purchasing water from other districts, and the like. But in the
short-run these options may not be available and the water
district wll have to adjust to the contam nation incident using
only its current facilities.

Figure 2 shows the difference between the SR and LR
situation facing the water district. The SR marginal cost curves
are nore steeply sloped than the LR curves, indicating the nore
limted options for expanding capacity. Essentially, the
contam nation shifts both the SR and LR nmarginal cost curves to
the [eft. In this sense, the SR and LR analysis of the increased
costs of water production due to aquifer contamnation is no
different fromthe SR and LR analysis of increased costs of
producing a private good following the loss of a factory. There
I's, however, a key difference.

In the Tong run, the cost of replicating factories to
produce many goods will be constant = if the industry does not use
specialized factors of production which are in inelastic supply.
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Q of "clean"
water

Figure 2. Differences Between Short-Run and Long-Run Situation
Facing the Wter District
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That is, we expect the LR marginal cost curve to be perfectly
elastic so that shifting it to the left leaves it unchanged.
Thus, if a factory were destroyed, there would be only a short-
termeffect on costs to replace the factory; the long run costs
woul d be unaffect ed.

However, in general the long run cost of replicating clean
wat er sources will not be constant. The water department has
three long-run ways of dealing with contam nation of one of its
wel |'s:

(1) Treat the contam nated water forever:

(2) shut down the wells in the contam nated aquifer and
replace with new wells drilled in other aquifers or
with more intensive use of existing wells; or,

(3) stop the disposal of contam nated material, clean up
the source of the contam nation and let the aquifer

eventual ly purify itself.

If option (1) is chosen, there is a clearly identifiable
permanent long-run increase in water costs. |f option (2) is
chosen, there will generally also be a permanent [ong-run
increase in water costs, because those aquifers which are |east
expensive will tend to be used first and the contam nation has
forced the use of nmore expensive alternatives. For exanple, the
alternative aquifers my be nore distant, requiring maintenance
and operation of longer pipelines. nly if option (3) is used
(the analog of rebuilding the original factory), will there be no
permanent |ong-run effect on water costs. (The option may involve

| ong-run costs outside the water systemif stopping disposal of
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hazar dous substances is costly; this issue is discussed in the
case study.)

The distinction between short-run and |ong-run costs of
course sinplifies the actual set of responses to the well water
contamnnation. As our case study of contam nation of the Acton
aquifer indicates, the actual pattern will consist of a series of
responses over tinme. The total averting cost consists of the
di scounted present value of the costs of these responses. The
annual costs are typically greater in the short-run, although the
total averting costs will probably be domnated by |ong-term
adj ustments if discount rates are not too large and if the |ong-
run supply curve is fairly inelastic (and thus there are

substantial costs for replacing the |ost capacity).

Non- nmar gi nal cost pricing and non-price rationing. Water is

generally not priced at marginal cost. Typically, water is
supplied by a governnment department or by a regulated water
conpany.  Sone form of average cost pricing is used instead.
Indeed, fully efficient marginal cost pricing for water exists
nowhere since it would require differential rates by day of the
year, zone, etc. In general, average cost pricing neans that the
price is set above marginal cost during periods of off-peak use
because of the high proportion of fixed costs. However, during
periods of peak use (e.g., sumrer), average cost pricing would
mean that price is set below marginal cost. The sinple analysis
presented above in Figure 1 does not apply if price is not equal

to marginal cost.
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Figure 3 represents the situation where price is set above

mar gi na

(1)

(2)

cost. The two conponents of averting cost are:

The increased costs of producing the water now used,
gy. This is represented by the darkly shaded area in
Figure 3. To this area should be added any increase in

fixed costs resulting fromthe contam nation

The loss in surplus (excess of value over marginal
cost) resulting fromthe reduction in water use from g
to gqy. This is represented by the lightly shaded area
in Figure 3.

Figure 4 represents the situation where price is set bel ow

marginal cost. In this case, the averting costs would have two
conponent s:
(1) The increased costs of producing the water now used,
qy. This is represented by the darkly shaded area in
Figure 4. To this area should be added any increase in
fixed costs resulting fromthe contam nation
(2) The loss in surplus (excess of value over marginal

cost) resulting fromthe reduction in water use from g
to gl. This is represented by the lightly shaded area
mnus the black area in Figure 4. This conponent could
actual ly be negative if the divergence between price
and marginal cost is large both before and after the

cont am nati on.

While Figures 3 and 4 appear quite different from Figure 1,

cl ose exam nation of the mathematical fornmulation in the basic
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Figure 3. Averting Costs with Price set Above Marginal Cost
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Figure 4. Averting Costs with Price set Bel ow Marginal Cost
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framework reveals that the conmputational schene outlined there
for determning the size of the two conponents still works for
the case of non-marginal cost pricing.

Anot her possible water department response to the
contam nation problem especially in the very short run, is the
use of non-price rationing schemes to allocate the restricted
supply of uncontam nated water. This measure may or nmy not
acconmpany increased water department expenditures but generally
it does affect surplus. The anpunt of surplus lost cannot be
shown sinmply on a sinple graph of water supply and demand for it
depends on nore than just price and quantity. However, the
lightly shaded area shown in Figure 5 is a |ower bound on the
reduction in surplus fromany rationing schene which reduces
water use from gy to q;. The exact amount of surplus lost in
this case will depend on the particular rationing mechani sm used
(e.g., bans on outdoor water use, household water quotas, etc.).
If rationing existed before as well as after the incident, the
anal ysi s becones still nore conpl ex.

Summary. To sum up, there are two basic conponents of water
department averting costs, no matter what the pricing system
One conponent is the additional expenditure needed to produce the
anount of water now being produced, conpared to what woul d have
been necessary w thout the contam nation. The second conponent
Is the oss of surplus which was previously being obtained on
units of water not now being produced. Non-narginal cost pricing
merely adds the winkle that the second component may be slightly

more conplicated to estimate and may in fact be negative.
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Figure 5. Lower Bound on Averting Costs when Rationing is Used
to Keep Price Constant
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Q her Costs
Thus far we have only considered averting costs related to

the production of residential water. As nentioned in the
illustrative scenario, other costs might be incurred as a result
of the contam nation incident that fall outside the nunicipal
water system  These costs might be incurred by individuals, by
| ocal, state or federal governments, or by conpanies held
responsible for the contamnation incident. In this conceptua
section we briefly review the types of costs that mght be

invol ved. The case study provides a nore detailed discussion of

t hese costs.

Private Averting Behavior. \Wen water users learn that
their nunicipal water is contamnated, they may take actions to

avoid avoid their own exposure to this contamnation. The nost
straightforward response would be to purchase bottled drinking
water. But sone househol ds m ght use other neans, such as
installing a treatnment device to filter the nunicipal water or
boiling their tap water. In effect, such actions raise the price
they face for clean water. Thus, such averting actions give rise
to the same two conponents of averting costs as in the case of
wat er district expenditures: increased expenditures for a given
quantity of water and loss in surplus on inframarginal units of
water no longer consumed. In addition, in some cases the
averting action does not elimnate all risks. For exanple, use
of bottled water for drinking may |eave the consumer exposed to
contam nated water for bathing or hone filtration systens may

remove only sonme of the contanm nants.
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oservations of private averting costs in a comunity may be
much nmore informative than observations of averting costs
incurred by public bodies or the water supply authority. There
are two reasons for this. The first is sinply the fact that
there are many nore households in a comunity than public bodies
so that observing private averting actions yields nore data
points about responses to a particular action. Data on
i ndi vidual s' averting actions potentially reveal a wealth of
information on the diverse preferences and information held by
various households in a community. Secondly, decisions about
private averting actions directly reflect househol ds' preferences
wher eas decisions about public averting actions are made by
bodies acting, in effect, as agents for the households. |f we
try to infer citizen preferences from observing a public decision
to take a particular averting action, we are forced to deal wth
difficult issues such as the principal-agent problem aggregation

of preferences, and the Iike.
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On the other hand, analysis of individual averting actions
in this context introduces an added complication. There is an
Interaction between public and private averting actions because
both are neans to avert the same damages. |In principle, if
public averting actions can elimnate exposure risks at |ower
cost than private averting actions, then we should not expect to
observe private averting actions. (O course, if public actions
do not elimnate the hazard entirely, then househol ds m ght
undertake varying levels of supplementary averting actions.) The
efficient solution is for the appropriate public body to act and
for households to do nothing. Even in such a case, however, we
may continue to observe househol ds incurring averting costs,
because they do not believe that that public averting actions
have elimnated the exposure risk. This may be a sinple problem
of inadequate publicity about public actions or the nore
difficult problem of insufficient credibility attached to
i nformation about public actions. W would expect that
househol ds whose nenbers actively participate in public decision-
maki ng processes (attending town neetings, city council meetings,
special water district neetings, or witing their |egislators)
woul d have better information about public averting actions and
woul d also tend to attach nore credibility to that information
t han househol ds whose nenbers do not participate.

The issue of the interaction between public and private
averting actions is further conplicated in cases where some
private citizens may have imediately taken averting actions
whi ch reduce the need for public averting action. For exanple,

suppose that some citizens have installed el aborate water
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treatment devices in their homes or drilled private wells in
uncontam nated aquifers (this last mght be particularly likely
in the case of new devel opment projects). Such citizens nmay not
support expensive public averting actions. The situation is
simlar to the case where the public school system deteriorates,
and a nunber of famlies respond by sending their children to
private schools rather than by participating in a public effort
to restore the quality of public education.

As the discussion above shows, information about private
averting actions is extremely useful even in situations where it
Is clear that public averting actions are more effective and |ess

expensi ve.

Government  Costs. Covernments at the local, state, and
federal levels may incur added costs as a result of the

contam nation incident. One set of costs relates to information
col lection and planning. For exanple, the town (and perhaps the
state or federal government) is likely to undertake a study of
the contamnation, including nonitoring of the contanmi nated

wel lwater, nonitoring of the contamnation in the aquifer, and
anal yses of alternative actions to deal with the problens. |f
the water district has a separate budget, none of these costs

woul d be reflected in the costs of providing municipal water.

Busi ness Costs. Sone of the costs of averting actions may
be borne by the firns judged to be responsible for the aquifer

contamnation. It is likely, for exanple, that firms faced with
accusations that their disposal was responsible for aquifer
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contam nation would fund studies to investigate the claimand to
determne what mght be done about the contamnation. In
addition, some of the renedial efforts undertaken (or mandated)
by governnents mght be paid for by private firnms. For exanple,
the Superfund |egislation provides for recovery of the cost of
clean-up fromboth the firms operating disposal sites and the
firms whose wastes are at the site. In addition, a business not
responsible for the contam nation may incur averting costs, e.g.,
to filter the water it uses, just as a househol d user woul d.

Costs as a Measure of WIlingness to Pay
The sum of the added costs resulting fromthe contam nation

I ncident provides a conceptual ly sound neasure of the benefits of
| and disposal regulations for any given site. (O course, if
some of the adverse effects of contam nation are not elim nated
by the averting costs, the averting cost estimate is an

inconpl ete nmeasure of total benefits.) But an individual
enpirical case study would be of greater value if the costs could
be interpreted as a measure of the willingness to pay of |oca
residents to avoid exposure to contamnated water. This section
di scusses the conditions under which such an interpretation would
be valid. We consider three separate cases: averting actions
taken by individual residents, averting actions taken by |oca
governnent bodies, and averting actions taken by other parties.
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Averting Actions Taken by Individuals

Consi der an averting action taken by an individual household

(e.g., buying bottled water). If the follow ng conditions hold,
then the cost of that action will reflect the household's

Wi | I'i ngness-to-pay for avoiding the risks of contam nated water.
The necessary conditions are (1) the household has good
information about the contam nation; (2) the household has a
consistent set of preferences; and (3) the househol d expects to

bear the costs of its averting action.

Adequate Information. The decision-nmakers shoul d have

adequat e informati on about the nature and extent of the
contamnation. If, for exanple, the household believes that the
ri sks of drinking contam nated water are much smaller than is
actually the case, trying to infer their "true" wllingness to
pay fromtheir actions will lead to an underestimate. Sinmilarly,
if they believe that the risks of drinking contamnated water are
greater than is actually the case, we may infer a wllingness to
pay that is an overestimate. In general, if decision nmakers have
poor information, their decisions may reflect the information

rather than their preferences.

Consi stent Preferences. The househol d shoul d have a

consistent set of preferences. Econom sts generally assune this
automatically holds for private decision-mkers. However, there
Is a good deal of recent experinental evidence (see, e.g.,
Tversky, 1969 or Gether and Plott, 1979) that individuals may

not have well-defined, transitive preferences in choosing between
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risky alternatives. Since there is substantial uncertainty about
outcomes in choosing, say, a honme filtration system this neans
that there is some difficulty in interpreting averting costs
taken by househol ds as neasures of their willingness to pay to

reduce risks from contam nated water

Cost Bearing. The househol d shoul d expect to bear the costs
of its decisions. For exanple, if the household expects sone
other party (e.g., the corporation responsible for the
contam nation) to pay all or part of the costs the comunity
incurs, the decision to take averting actions may not reflect the
household's willingness to pay. However, if the conpensation is
I ndependent of the averting actions taken, we can infer a

wi I lingness to pay fromthe averting actions.

Averting Actions Taken by Local Governnents

The sinmplest way to view local government (including the
water departnent) is as a sort of generalized "extended
househol d," whose actions reflect the preferences of its
citizens. This viewis valid only if the |ocal government's
deci si on-maki ng process is responsive to its citizens'
preferences. Under this assumption, we can interpret costs of
averting actions taken by a local governnent as a nmeasure of the
collective willingness-to-pay of its citizens as long as the
anal ogous conditions for individual decisions hold: adequate

information, consistent preferences, and cost-bearing.
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Thus, the main new issue which arises in the case of |oca
government averting decisions is the extent to which they reflect
the preferences of their citizens. One factor affecting this
woul d be the formof local government; a direct town meeting
form mght have different properties froma representative
council form

Anot her factor would be the diversity of preferences anong
voters. If all voters have the sane preferences on a given
issue, local government decisions would tend to reflect those
preferences, for any typical American form of |ocal governnent.
However, if citizens have different preferences, particularly
different intensities of preferences, |ocal decisions m ght
reflect the preferences of "special interest groups" rather than
the preferences of the entire town. In the context of hazardous
wast e contam nation, homeowners near the contam nation source
m ght be one exanple of such a special interest group.

Diversity of preferences also gives a certain amunt of power
to the individual or body responsible for determning the agenda
of town neetings or council neetings. Strategic manipulation of
the order of itens on the agenda can |ead to outcomes which
reflect the preferences of the agenda-setters rather than the
preferences of the majority of those voting on the agenda issues.
(See, e.g., Plott and Levine, 1981.)

From the discussion above, it is clear that interpreting the
costs of averting actions taken by |ocal governnents as
reflecting the preferences of its citizens is somewhat
problematic. It is far nore straightforward to analyze the
i nplications of averting costs incurred by individual househol ds.
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However, in nmany situations involving water contam nation, the
| ocal water department may be the party with the apparently

| owest cost of avoiding damages fromthe incident. Thus,
asignificant portion of averting expenditures will generally be

incurred by local governnent bodies.

Averting Actions Taken by Qther Parties
In addition to households and |ocal governments, other

parties may take averting actions as well: state and federal
government agencies, and the party responsible for the
contamnation. The last section of this paper dealt with the
problems of interpreting averting costs incurred by the loca
government as a reflection of its citizens' wllingness to pay;
these problens are only intensified in the case of averting costs
incurred by state and federal governnent agencies. The cost of
actions voluntarily taken by the party responsible for the

contam nation may not reflect anyone's wllingness to pay to
avoi d the damage of hazardous wastes but rather the party's
willingness to pay to avoid bad publicity and/or costly
litigation. Mreover, the cost of actions involuntarily taken by
the party responsible for the contamnation (e.g., under court
order) do not necessarily reflect the residents' preferences.

Sunmar
This section has set forth a conceptual franework
I dentifying the various decision-makers, the nature of the costs

incurred by each, and the conditions under which averting costs
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are likely to reflect the preferences of the affected househol ds.
The next section uses this framework in analyzing the case study

of an incident in Acton, Mssachusetts.
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I11. ACTON CASE STUDY

In 1978, the Town of Acton, Mssachusetts, was inforned by
the U S. Environmental Protection Agency that water fromtwo of
its wells (Assabet # and #2) was contaminated. These two wells
provi ded about 40% of the Town's water. The contamination
consisted of concentrations of various organic chemcals. (The
conpani on damage assessnent study provides a detailed analysis of
the well water contamnation. See Cooper et al. 1984.)

Simlar chemcals were produced by a nearby chem cal plant
operated by W R Gace and Conpany, and officials suspected that
the chemcals mgrated through the aquifer from disposal |agoons
operated on the plant site. In this case study we assune that
the contam nation would not have occurred if the disposal |agoons
had been regul ated under |and disposal regulations adopted under
the Resource Conservation and Recovery Act.

The wel | water contam nation set in motion a host of actions
by the Acton Water Supply District (AWSD), the Town of Acton, the
Massachusetts Department of Environmental Quality Engineering
(DEQE), the U. S EPA and W R Gace and Conpany. Appendix A

provi des a chronol ogy of the actions taken.

Summary of Results

Fol | owi ng the conceptual framework described in Section |l
we di stinguish costs borne by Acton residents as a result of the

AWSD action, costs borne by Acton residents directly, costs
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incurred by other government agencies, and costs to W R Gace
and Conpany. Table 1 summarizes our estinmates of the range of
total averting costs. Qur "best guess" estimate is that
$4,844,000 in costs woul d have been avoided if controls had been
in place at the Acton site. (Al costs estimates in this report
are in 1982 discounted dollars unless indicated otherw se.) W
put the range of plausible costs between $2,200,000 and
$19,877,000. The range is so |large because of uncertainty about
how W R Gace and Conpany will clean up its site and the
aquifer; the clean-up could add as nuch as $15 nillion to
averting costs. W do not expect the clean-up to be so extensive;
the "best guess" estimate of averting costs includes an estinate
of $1 mllion for clean-up of the Grace |agoons and the Assabet
aqui fer.

W al so eval uated which costs in Table 1 could be
interpreted as estinmates of the willingness to pay of Acton
residents to elimnate the risks of water supply contamnation
Table 2 summarizes our conclusions. The criteria described in
the previous section inply that only expenses incurred by Acton
residents -- either directly as individuals or indirectly through
town expenses or water district expenses -- could qualify as
Wi | lingness to pay. We conclude that Acton residents would be
willing to pay at |east $1,255,000 to avoid these ill effects, or
$228 per househol d for each of the 5,500 Acton househol ds. This
figure represents a | ower bound, both because Acton residents

m ght have been willing to pay for sone of the costs in Table 1
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Table 1. Estimated Averting Costs for the Acton Case Study

Total Costs ($000s) 2

Act or "Best (uess” Range
AWSD 1,534 1,375 - 1,567
Privateb - -

Town of Acton 123 123
Massachusetts DEQEP - -

US EPA 187 187

WR G ace 3,000 515 - 18,000
TOTAL 4,844 2,200 - 19,877
Not es:

4costs are in discounted 1982 dollars using a real discount
rate of 10 percent.

b%e have no information on costs incurred by private
citizens or the Massachusetts DECE.

Source: Calculations in Appendix C
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Table 2. Estimated WIIlingness to Pay of Acton Residents

Total Costs ($000s)@

Act or "Best Quess" RangeP
AVED 1, 207 1,047 - 1,240
Private® - -

Town of Acton 48 48
Massachusetts DEQE NA NA
U S. EPA NA NA
WR Gace NA NA
Tot al 1, 255 1,095 - 1,280
Cost per Househol d ($s) 228 199 - 233

3Costs are in discounted 1982 dollars using a real discount
rate of 10 percent.

bThe_range I s based solely on costs incurred by Acton
residents; expenses by other groups are not included.

Cwe have no information on the costs incurred by private
househol ds.

NA = not applicable

Source: Calculations reported in Appendix C
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that are excluded from Table 2, and because sone of the adverse
effects fromthe Gace site | eakage are not included in our

averting cost framework.

Acton Water Supply District (AWSD) Actions
The response of the AWSD to discovery of contam nation at

the Assabet wells has ranged fromthe inmediate closing of the
well's in Decenber 1978 to recent decisions to re-activate the
wells and treat the water. Appendix A lists the actions, while
Appendi x B provides our estimates of the expenditures the AWSD
has incurred as a result of the contamnation. In addition to
these expenditures, the total costs include reductions in
consunmer and producer surplus.
To organi ze the analysis of averting costs, we distinguish
the followng three tine periods and nmajor averting actions:
Long-run (1983 and beyond):  AWSD reopened
the Assabet wells and used a granul ar
activated carbon (GAC) treatment system
suppl enented by an aeration system to
el mnpate the contam nation, connected
to the water supply of an adjacent town,
and inplenmented a water quality nmonitoring
program
| ntermedi ate-run (1980-1982): AWSD comm s-
sioned a hydrogeologlc study, drilled a new
wel |, increased water quality monitoring to

define the extent of the contam nation, and
initiated | egal action against W R G ace.

Short-run (1978-1979): AWED cl osed the
Assabet wells and inposed a ban on all
outside and non-essential water use.
In this section we summarize our results for these various tine
periods. Appendix C provides the details of our cost

cal cul ati ons.
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Long- Run Costs. The AWSD decided to treat the contam nated

will water rather than to rely upon other well fields. The major
| ong-run expenditures consist of $375,000 for construction of the
GAC treatnent system $143,000 for the aeration treatment system
$30,000 for the Concord connection, and $15,000 for an analytica
| aboratory. (W R Gace contributed $100,000 toward the
construction of the treatment plant, however, in this section,
the $100,000 is treated as if it were a cost borne by the AWED.)
Operation and nai ntenance expenses include $45,000 per year for
the treatment plants and $5,000 per year for the |aboratory.

There is some question of how long the treatnent plant wll
need to be operated because of uncertainty over how long the
aquifer will be contamnated. The consultants for Gace
estimated that with normal punping the contamnation will be
elimnated at the Assabet well field 12 years after the Gace
| agoons are cleaned up. In February 1980, Gace discontinued its
chem cal operations at the Acton site and noved the operations to
a plant in Texas. W assume Grace will clean up the Acton site
in 1984, and thus that the treatment plant will be operated unti
1996. Total discounted treatment costs amount to $760, 000 under
this scenario, or about $138 per househol d.

The Gace consultant also indicated an alternative scenario
in which the aquifer would be cleaned up in 6 years. This

accel erated clean-up involves installation of several wells to
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withdraw, treat and recharge the aquifer water. Reducing the
tine the treatnment would be required to six years (to 1990)
reduces the long-run costs to $668, 000.

The Concord connection and |aboratory are pernmanent
I nprovenments built in response to the contamnation. The total
di scounted costs of these inprovenents, including operation and
mai ntenance, amount to $94,000. Thus the total discounted costs
in the long-run range from $762,000 for the 7 year treatnent
scenario to $854,000 for the 13 year scenario.

These added costs will result in an increase in the water
price in Acton, which in turn will lead to reductions in the
quantity of water demanded. As discussed in Section Il, these
changes generate costs in the formof reductions in consumer
surplus. The size of the price increase and quantity decrease --
and thus the consunmer surplus loss -- will depend upon the
elasticity of demand for water and the shape of the demand curve.

Figure 6 shows the "current” conditions for the Acton water
market. In 1978, the price of water was $24 per year for the
first 14,960 gallons and $0.802 for each additional 1,000
gallons. Since the base flow amounts to only 41 gallons per
househol d per day, well below the anount of water for in-house
use (Bond and Straub 1973) the relevant price of water is $802
per mllion gallons (M3. W estimate the quantity of water used
in 1978 to be 640 mMg.l

The AWED doubled its water rates in 1980, but only part of
that price increase can be attributed to the added costs fromthe
contam nated aquifer. Since the AWSD prices on the basis of

average cost, the price increase due to contam nation wll be
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proportional to the increase in average cost. Appendix C
describes our calculations of average cost increases, price
increases, and consumer surplus |osses fromthe change in water
production costs. Qur results use a price elasticity of -0.37, a
figure reported by Male et al. (1979) using a sanple from
communities in the Eastern US.  For the time horizon to 1996,
these calculations result in a long-run annual price increase of
$200/ MG, a 25% increase, and a reduction in quantity demanded of
55 MG This quantity reduction results in a loss in consuner
surplus of $4,800 per year -- the shaded area in Figure 6 --, or
a discounted total of $31,000. For the alternative tine horizon

to 1990, the consumer surplus loss is $32,000.

| nt ermedi at e-Run Costs. It took the Water District about

four years to plan for its long-run solution to the well water
contamnation. In the interim the AWSD added a new well and
increased its water quality monitoring program In addition, the
district conm ssioned a hydrogeologic study to aid in its |ong-
term planning, and engaged in litigation to recover its costs
from G ace.

The major task in determning the averting costs in this
intermediate period is to separate costs attributable to the
contam nation fromthose that would have been incurred anyway.
Acton is a growing town, located on the fringe of the Boston

netropolitan area. Thus, the decisions to add a new well and
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upgrade the existing well in 1980 are likely to represent an
acceleration of additions to new capacity that would eventually
have been required by new growth. This acceleration, of course,
represents an added cost.

VW assunme that the contam nation accelerated capital costs
three years, and that the operating and maintenance costs of the
new wel | were equal to those costs for the Assabet wells. Qur
calculations (reported in Appendix C, Table C-2) estimate that
the added capital cost of the new well and the hydrogeol ogic
study in 1980 anounted to $181,000. Using a capital recovery
factor of .402, these costs anount to $73,000 per year.

In addition to accelerating the main well, the AWSD spent
$200,000 for litigation in a suit against W R Gace and $85, 000
for monitoring designed to identify the extent of pollution at
the Assabet wells. These represent an added annual cost of
$102,000 over the three year period. Thus the total annualized
costs for the intermediate expenditures is $175, 6000, or a present
val ue of $525,000 in 1982 dollars at the discount rate of 10%
for the three years. This figure nmay understate the costs if the
AWSD woul d not have added the new wel|ls and upgraded an existing
wel | before 1983.

These added costs result in price increases and quantity
reductions which in turn inpose costs on Acton residents in the
form of reductions in consumer surplus. Using a price elasticity
of -0.37 and a constant elasticity demand function, we estimte
that 34% of the doubling in price was attributable to the cost
acceleration and the increased nonitoring and |egal expenses and

that water use was reduced by 66 mllion gallons per year. These

190



changes inply a reduction in consuner surplus of $8,400 per year,

or a discounted total of $25,000 (Table C3) in 1982 dollars.

Short-Run Costs. |In Decenber 1978 the AWSD closed the two

Assabet wells and began the planning process that eventually led
to the GAC filter and aeration treatnent solution. But its
options for the next year were very limted; the |ost capacity
coul d not be replaced until 1980 and thus sone rationing of the
remai ni ng 60% capacity was required. The AWSD decided to ban
out side use of water and thus Acton residents were not able to
water their lawns in the summer of 1979. As discussed in Section
I, a ban leads to a larger net consumer surplus loss than the
alternative of a price increase. The size of the consumer
surplus cost can be predicted fromestimates of the quantity
restriction and the demand el asticity.

We estimated that the ban on outside water use would reduce
the quantity of water used during the year by 92 M5 a reduction
of 14.4% of total estimted annual use. Valuing this quantity
restriction is problematic. The elasticity used for the |ong-
termand intermedi ate-term changes (-0.37) was based on overal
residential use. Howe and Linaweaver (reported in Russel 1970)
calculated a price elasticity for sprinkling water of -1.57,
confirmng the general inpression that demand for outside water
Is nore elastic than for overall residential use. But using the
constant elasticity assunption to conpute the lost surplus may be
I nappropriate. Since the elasticity, -1.57, is elastic, the
conputed figure is a finite value, $166,000. |f the demand for

out door water becones nore inelastic as outdoor water decreases,
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this nunber m ght even be an underestimate of the true 10Ss. The
conputed figure comes to roughly $30 per household, a plausible
figure for a sumrer of brown lawns and dirty cars. For
conparison, Russel (1970) calculated a value of $13 per househol d
(updated to 1982 dollars) for the annual consuner |oss fromthe
1961- 1966 drought, which elimnated outside water use. W would
expect an affluent suburban community |ike Acton, to have a

hi gher than average val ue.

Qur best guess is that the loss of consumer surplus is
approxi mately $100, 000, or $18 per household. The constant
elasticity function for sprinkling water may overstate the val ue
of the first gallons (the estimtes assune househol ds woul d pay
$0. 014 per gallon for the first two gallons per day of sprinkling

water); but the total figure is probably reasonably accurate.

Sunmary. Table 3 summarizes our estimates of the costs of
the well water contamnation resulting from averting actions by

t he AWSD.

Private Averting Actions

Li ke public actions, we expect that private averting actions
woul d have begun in Decenber 1978, since before then there had
been no concrete evidence that the town water supply was
contam nated. However, town residents near the Grace site had
been conpl ai ni ng about odors since 1973 and water fromtest wells
drilled in 1973 and earlier in 1978 had objectionable odors, so
it is possible that sone Acton residents m ght have suspected

that their water supply was contam nated before public official
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Table 3. Estimated Averting Costs from AWSD Actions

Time Period I ncreased Reduced Tot al
cost of Consuner
Wt er Sur pl us

Total Costs ($000s)@

Short - Run 0 72- 166 72- 166
(1979)

[ nt er nedi at e- Run 525 25 550
(1980- 1982)

Long- Run 762- 853 31-32 794- 884
(1983+)

TOTAL 1,287-1, 378 128-223 1,416-1, 600

Cost per Househol d ($s)@

Present Val ue 234- 251 23-41 250- 285
Annual i zed 29-31 2-4 31- 36
Not es:

8Costs are in discounted in 1982 dollars using a real discount
rate of 10 percent.

Source: Appendix C
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confirmation of that fact and m ght have taken averting actions
before December 1978, or taken actions to avert the odor, even if
they thought the water was safe.

The two nost |ikely private actions are to purchase bottled
drinking water or to install a water filter. Buying bottled
drinking water costs $264 per househol d per year (Belnont Springs
VWater Conpany, 1983). Filters capable of treating the
contaminants in the Acton water range in price from$27 to $132
per household per year (Metropolitan Pipe et al, 1983). These
figures represent the cost of treating drinking and cooking water
only; rmoreover, systens do not treat the water as thoroughly as
the ASWD water treatment system Thus, if public and private
averting actions are alternative options, the public solution
woul d probably dom nate, since the public averting actions taken
by the AWSD cost approximately $31 to $36 per househol d per year.
Because the full costs of buying bottled water or installing
filtration systems include the inconveniences and required space
and because the public averting actions renove contam nation from
water for all purposes, including bathing, dishwashing, and
| aundry, we mght not expect to observe private averting actions
in Acton as long-run solutions to contam nation

As discussed in Section Il, there are reasons to expect that
such public actions are not perfect substitutes, and thus that
sone residents of Acton m ght have purchased bottled water or
installed filters. Sone residents night not be aware of the
public actions, while other mght mstrust the town or the AWSD
These reactions mght in turn be a result of household

characteristics, including participation in the decisions taken
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by the Water District and the town. |n addition sone residents
may prefer purer water then that provided by the town.

The inportance of private averting costs could be determ ned
by surveying the Acton population. The survey would collect the
followng information: the use of bottled water and ot her
private averting actions: know edge of the contam nation
incident, the actions taken by governnent and other officials,
and their likely effectiveness; participation in town neetings
and other involvement in the decision-nmaking process for public
averting actions: and household characteristics, such as incone
and househol d size, that influence the attitudes toward ri sk.
Such survey information would enable us to estimte the size (and
pattern) of private averting behavior in Acton and test
hypot heses about the nmutual relationship between private and

public averting actions.

Town of Acton

Regardl ess of the level of private expenses, all town
residents did bear additional costs through actions taken by the
Town of Acton. The Town has spent a total of $105,000 in Town
funds for additional engineering, technical and legal services
(Appendix B). This total consists of a 1980 appropriation of
$50, 000 by the Acton Town Meeting for legal, engineering and

technical services, and a chenical analysis; a 1982 additiona
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appropriation of $25,000 for legal, engineering and technica
services; and a 1983 appropriation of $30,000 for |egal expenses.
These expenditures can be considered costs due to the

contam nation

An earlier expenditure for a hydrological study is, however
probl ematical, since before the groundwater contam nation was
confirmed, the Town Board of Selectmen required that W R Gace
fund a Town hydrogeol ogic study as a condition for approval of a
proposed plant expansion. The Town appropriated funding for the
study, but was eventually reinmbursed the $130,000 cost by W R
Gace. \Wen the study began, the contam nation had been detected
and the purpose of the study became identification of the
pol lution, its source, and distribution.

VW conclude that the added expenses by the Town due to the
contam nation total $123,000 in discounted 1982 dollars, the
total for the engineering, technical and legal studies nentioned
above. This cost represents a present value of about $22 per

househol d.

Massachusetts DEQE and U S, EPA

The Massachusetts DEQE has spent considerable tine on the
Acton problem but has not spent any noney on external contracts.
The DEQE participated in water sanpling and defining the
contam nation problem It has issued admnistrative orders to W
R Gace. The DEQE provided the ANSD with the granular activated
carbon treatnment plant that the AWSD used in its pilot program
The DECQE had acquired the plant at no cost fromthe Cal gon
Corporation for use in denonstration projects. Al of these
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activities required internal expenditures: however, the
Departnent has no estimate of the manpower expenditures it has
made in dealing with the Acton problem

The EPA did not keep a record of its internal expense caused
by investigation and enforcement of the Acton problem |t did,
however, spend approxi mately $100,000 in 1980 on contracts in
preparation for litigation. In addition, an attorney fromthe
U.S. Attorney General's office worked half-time for six nonths
and full-time for five nmonths on the case with additional staff
support froma 3/4-time student for nine nonths. W estimte
that these legal activities cost approximtely $46, 000.

W R Gace Expenditures
Expenditures on W R Gace and Conpany are the nost
difficult both to characterize and to predict. To properly

measure averting costs we need to elimnate expenditures that
woul d be required under the |and disposal regulations -- those
expenditure are costs rather than benefits. For exanple, the
conpany will eventually spend nmoney to cover the disposal |agoon
and to develop and naintain nonitoring wells. Since these
actions woul d be required under regulations, the costs do not
represent added costs to avoid the dangers of contam nation.

The conpany estimtes that it has spent $3 nillion
addressing the problem caused by the discovery of chemca
contamnation in the Assabet wells. Appendix B lists sone of the
conponents.  Sone items are quite clearly averting costs -- costs
that would not have been incurred if controls prevented aquifer
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and well contamnation. These costs include $100,000 given to
the AWSD for the GAC treatment facility, and $400,000 for a
partial clean-up of the site ordered by the court in a consent
decree between W R Gace and the U S. EPA entered on Decenber
4, 1980. The $100,000 has already been included in the estimte
for the AWSD, so only the $400,000 is an additional cost. One of
the item zed conponents in Appendix B -- $130,000 provided to the
Town for the study of the contam nation problem-- is not an
averting cost because the conpany woul d have had to pay for the
study even if the contam nation had not been discovered.

The other $2.37 million is not itemzed, and thus is nore
difficult to attribute to the contamnation. The list of

activities undertaken include various independent technica

studies, runoff control, legal expenses for two najor |awsuits
(one instituted by the U. S. EPA and the other by the AWSD)
drilling and nonitoring of test wells, and representation of the

conpany at various public meetings. W expect that the bulk of
these activities are directly attributable to the contam nation,
al though there are some exceptions. For exanple, nonitoring
wel I's and runoff control are required under the RCRA |and
di sposal regulations, and thus at |east part of those costs woul d
have been incurred anyway. O course, we have no way of
verifying the accuracy of the $3 nmillion estimte. To take into
account the possibility of overstated costs or inclusion of non-
averting costs, we use a "best guess" of $2 mllion for W R
G ace averting expenditures thus far in our overall totals.

The greatest source of uncertainty in the Gace estimtes of

averting expenditures concerns the actions the firmwll be
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required to take to clean up both the site and the aquifer. As
nentioned, the conpany has decided to nove the operation that
produced the chemcal waste to Texas, and thus no additiona
chemcal wastes will be added to the disposal |agoons. But W R
Gace officials estimate that clean up of the site would cost
between $1 mllion and $15 nmillion. The | ow cost sol ution woul d
be to cover and seal the |agoons,a procedure which is required
under the RCRA land disposal regulations for site closure; the
hi gh cost option involves renmoving the contamnated material to a
desi gnated hazardous waste disposal site.

Gace wll also be required to restore the aquifer to a
usable condition. As mentioned, several options are possible.
Wth the Assabet wells punping, the aquifer would be free of
contam nation in approxinately 12 years. Thus, the cost of this
clean-up option is already included in the estimtes for the
AWSD.  The aquifer could be restored in six years if additiona
recovery wells were added and a treatment plant and recharge
system constructed. Estimtes of the cost of this accelerated
programrange from $1 mllion to several mllion dollars.

Qur best guess is that the Gace expenditures that we
classify as averting costs will total $3 mllion. This figure is
based on an estimate of $2 mllion for costs incurred thus far
and an estimate of $1 mllion for future site clean-up costs. W
thus predict that very costly site clean-up options will not be
required and that no additional costs to clean-up the aquifer
will be required. The range of possible values is very |arge,
however -- from $515,000, if only the clearly identifiable cost
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categories are included and no additional clean-up is required,
to $18 nmillion, if all expenses listed by Gace are averting
costs and the conpany is required to take costly actions to clean

up its site and the aquifer

W lingness To Pay
Mich will eventually be spent to avoid the ill effects of

the chem cal contam nation of the Assabet wells. As discussed in
Section Il, not all averting expenditures represent revealed
estimates of the willingness to pay of Acton residents. W want
to distinguish expenditures that households in the Town of Acton
woul d have undertaken if faced with information on their costs
and effects.?2 Such expenditures nmust meet three criteria: they
must be based on adequate information on the ill effects that
woul d result without averting actions; they nust be based on
consistent preferences; and the actor nust bear the costs of the
decision, and thus be presumed to reveal its tradeoff of resource
costs for risk reduction. In this section we analyze how wel

the expenditures by the AWSD, the Town of Acton, the DECQE, the

EPA and W R Gace nmeet these criteria.

Adequate Information. The information available to all of

the involved groups is relatively extensive. Since the well
contam nation was discovered, two hydrogeol ogi ¢ studies have been
conducted that reveal the type, distribution and source of the
contamnation. The results of these studies have been nade
available to the public in the Acton Public Library. These
reports have been suppl emented by sanpling done by DEQE, EPA and
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W R Gace and by engineering assessments funded by the Town,
EPA and W R Gace. The AWBD had extensive information on the
alternatives for supplying water based on the 1979 hydrogeol ogic
study of alternative groundwater sources and the results of the
1979 pilot treatnent project.

Wil e extensive, the information available is far from
conplete. No study has estimated the magnitude of the cancer
risk associated with the chemcals found in the well water.
Furthernmore, it is not clear what the concentrations of toxic
chemcals in the well water would be if the wells had not been
shut down. On the whole, however, the information available to
deci sion-makers in Acton seens to be as conplete as is likely
under the circumstances. Indeed, a mmjor reason why we chose
Acton as the case study site was the fact that so much
information was available fromthe engineering studies.

We conclude that all of the groups involved in the Acton
case had adequate information about the problem and possible
responses, although full information under the circunstances
woul d include estinmates of the likely risks from drinking

cont am nat ed wat er

Consistent Preferences. Public actions mght reflect a host

of considerations and not conformvery closely to the preferences
of constituents. In this section we consider whether the
rel evant decision-makers were likely to reflect the preferences

of Acton residents for risk reductions when expenditures were

made
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Local. Because averting actions have been taken by |oca
public bodies -- rather than by individuals directly -- we need
to examne their responsibilities and powers as well as the
extent to which their decisions reflect the preferences of Acton
citizens. Acton has a town neeting form of government, with the
day-to-day business conducted by an el ected Board of Selectnen.
The AWSD is an independent government unit with its own town
nmeeting, budget, and taxing and bond issuing authority. The AWSD
Conmi ssioners carry on the day-to-day business of the District.

Al t hough the Town Board of Selectmen and the AWSD Commi ssioners
have the power to make day-to-day decisions, the operating
budgets and special appropriations nust be approved by a majority
vote of the citizens attending the respective town neetings
(Yaffee et al. 1980).

Because decisions to spend nmoney on averting actions nust be
made by vote of the town meetings, these decisions should reflect
citizens' preferences nmore directly than decisions made by
officials elected to represent citizens views on a broad range of
concerns.  However, only a few hundred citizens actually attend
the town neetings, -- out of approximately 9,000 eligible adult
residents -- so it is possible that these decisions do not
reflect the preferences of the majority of Acton's citizens.

But most of the town nmeeting votes taken on appropriations
related to the contam nated water have been unanimous or close to
unani mous, regardless of whether the decision was to fund or not
to fund the activity under consideration. The unaninity or near
unanimty on these direct votes suggests that the votes reflect
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the Town's preferences and that social choice inconsistencies are
not a problem The poor attendance at town meetings may not
reflect citizen apathy about the contam nated water problem so
mich as a belief that one's opinions will be represented
adequately by one's fellow citizens.

From this analysis we conclude that the local actions do

represent the preferences of the Acton residents.

State And Federal. The basis for the involvement of the
DEQE and EPA in the Acton problemis enforcement of |aw

Although in the abstract, State and Federal representatives could

be interpreted as expressing a willingness to pay on the part of
Acton residents when they litigate to enforce the law, this
extension to a specific local site is not very convincing.

The state and federal actions in this case involve preparing
material for litigation. The question is whether these expenses
can be interpreted as estimates of the willingness to pay of
Acton residents to obtain the benefits of the law.  Since the
AWED filed its own lawsuit and retained its own counsel and the
Town al so retained its own counsel, we suspect that the federal
actions were not a substitute for Acton actions. Court cases
like the one in Acton are likely to have broader inplications.
In an attenpt to set precedent or send a signal to other
pol luters, the government may well have spent nore on the Acton
case than it would have had the issue only been to clean up the
Acton site.

W conclude that the DEQE and EPA actions cannot be presuned

to reflect the willingness to pay of Acton residents.
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W R Gace. The expenditures made by W R Gace were nade

at the request of public officials or in response to litigation.

It is inpossible to determ ne whether Acton officials would have
taken the actions Gace did to reduce the threat of

contam nation, and difficult to specul ate about whether Acton
woul d take the future actions to clear up the site or the

aquifer. However, as discussed in the next section, other
comunities in the Boston area faced with contam nation incidents
have decided not to clean up when they had to bear the costs.

Cost Bearing. The third issue we need to consider is
whet her those who nmade the decision to incur averting costs may

ultimately expect sone other party to repay those costs. This
criteria is relevant for the decisions nmade by the Town and the
AWED.  There is evidence that both the Town and the \Water
District believed that G ace would pay for at |east some of the
averting costs, and thus that sone expenditures do not
necessarily reveal the Town's willingness to pay to avoid the
right from contam nation.

In early 1980, Selectnmen and AWSD Conmi ssioners nmet with W
R Gace officers and demanded that G ace agree to:

1) stop disposing all hazardous wastes

2) fund replacenment water supplies

3) clean up Grace lagoons and landfills
4) restore the aquifer

5) conduct a health study.
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In the spring, Gace did agree to these demands (Acton Town
Report 1980). Subsequently G ace reinbursed the Town for the
Town- conmi ssi oned hydrogeol ogi ¢ study, which cost a total of

$130, 000.
In April 1980, the U S. Governnent filed suit against W R

G ace asking for the same five actions. The resulting consent
decree, entered on Decenmber 4, 1980, required that Grace do three
of the five activities, the decree did not require that Gace
fund replacement water supplies or conduct a health study. The
AWED al so has filed suit against Grace for contam nating the
Assabet aquifer and has asked for reimbursement of past damages
as well as future liability. W R Gace has already given the
AWSD $100,000 for treatment of the water and a settlenent of the
suit is expected in 1983.

These statenents and |egal actions make it difficult to
determ ne which actions taken by the Town or Water District were
taken assuming that they would bear the costs. Looking at
averting actions taken by nearby conmunities confronted with
water supply chem cal contam nation from unknown sources may shed
sone |ight on what actions taken in Acton would have been taken
I f they thought they would bear the cost thensel ves.

Ve reviewed chem cal contam nation problens and community
responses in seven northeastern Massachusetts conmunities:
Bedford, Burlington, Danvers, Goveland, North Reading, Row ey
and wilmington.3 Although the communities spent town resources
on studies, alternative supplies and water treatment, no
communi ty had considered an extensive on-site clean-up program
unless it had identified a source which could be held liable for
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the clean-up or was able to receive Massachusetts or Federa
grants. Since residents of Acton are simlar to those in these
seven comunities, we conclude that the costs of site and aquifer
clean-up do not necessarily reflect Acton residents' wllingness
to pay.

Finally, the AWSD litigation suggests that sone or all of
Its costs mght not have been incurred if Acton water users had
to pay for the increased treatnent. The greatest uncertainty
involves the long-run solution, since it is unlikely that the
AWSD woul d be able to recover for lost consumer surplus fromthe
short-run ban on outside watering or for the costs of
accelerating additions to its water supplies. But the Water
District may well be able to recover the added costs of treating
the Assabet well water; indeed W R Gace has already
contributed $100,000 to the AWSD for construction of the
treatment plant. It is even possible that the District chose to
construct a separate treatnent plant for the Assabet wells
because such costs could be clearly identified as costs that the
aqui fer contam nation inposed on the AWSD.  Despite these
reservations, however, we conclude that the increased \Wter
District expenditures, mnus the $100,000 provided by W R
Grace, do provide an estimate of the Town's willingness to pay to

avoid the use of contam nated water
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V. CONCLUSI ONS

The nation nmust decide in the comng years what controls
will be placed on hazardous waste disposal operations. Mich of
the inmpetus for stringent controls comes fromthe high cost of
dealing with uncontrolled sites: towns nust find new sources of
water, individuals mght buy bottled water; and either firns or
government agencies mght pay to clean up the contam nation. But
these averting costs can also be used to infer the benefits of
control, and thus provide information to determne the correct
| evel and form of controls.

The principal purposes of this paper have been to devel op
the conceptual foundation for the averting cost approach and to
Illustrate the technique with a specific exanple. In this
concluding section we first review the conceptual approach and
sunmari ze the enpirical case study. The final part discusses a
promsing area for further research, the interaction of private

and public averting costs.

Use of Averting Costs to Measure Benefits

Information on the costs that househol ds, governnent
agencies, and private firms incur to avert damages from an
uncontrol | ed hazardous waste facility provides an estimte of the
benefits of control because the resources would not have been
used if effective controls were in place. Only part of the
benefits are accounted for under this approach, since averting

actions will not necessarily prevent all adverse effects -- such
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as the air pollution fromthe site, the threat of explosion, or
effects on the ecosystem Thus, the technique does not provide a
measure of the benefits of effective controls.

Qur conceptual approach focuses on the costs of avoiding
health risks from contam nation of water supplies, and
particularly to the costs incurred by public water districts.
When an aquifer is contamnated, a |ocal water conpany adjusts by
providing other sources of water, treating the water, or
restricting use. The two principal costs of these adjustments
are the greater costs of providing water and the cost surplus
fromany reduction in water use. In the conceptual section of
the paper we illustrated the nodifications in the basic model to
deal with different tine periods and with alternative assunptions
about the water board's pricing policy.

One of the key advantages of the averting cost technique is
Its use of actual decisions to obtain information on the
wi | lingness to pay to avoid the use of contam nated water. Both
private and public decisions to spend nmoney rather than use
contam nated water reveal information on the value that
househol ds place on clean water, and thus on their wllingness to
pay to institute controls on hazardous waste disposal facilities.
As we discuss in considerable detail in the paper, using these
decisions to infer willingness to pay requires that individuals
and government agencies have good information on the
contam nation, that public actions reflect the preferences of the
I ndi vi dual households in the town, and that the public body

expects to bear the costs of the adjustment rather than shift the
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costs to another government body or non-government actor. \ile
these assunptions may not always hold, the relationship between
decisions and preferences is clearer for the averting cost
approach than for the housing value approach, the other principa
i ndirect approach to estinate willingness to pay.

Not all of the benefits fromcontrols will necessarily
reflect the willingness to pay of those directly affected by
contam nated groundwater or other hazardous waste threats.
Expenses that firns or the federal governnent incur to clean up
sites or aquifers represent benefits of controls -- since the
clean up would not be required if the controls prevented toxic
rel eases -- but residents affected by the site would not
necessarily value the clean up at its cost. Cenera
adm nistrative and |egal expenses of state and |ocal governments
are in the same category; they represent program benefits but
cannot be used to assess willingness to pay.

The willingness to pay estimates are useful primarily
because they can be nost directly used to generate regional or
national benefit estimates. For sinilar contanination, the value
pl aced on reduction of risks can be generalized -- with sone
additional analysis to account for differences anmong househol ds
in their attitudes toward risk -- fromone group to another. The
transfer is equivalent to applying a price elasticity in the
literature to a specific situation. |In contrast, the other
components of averting costs are based upon the specific
characteristics of the site and the actors involved in the
decisions: transferring the averting cost results is possible but

more probl emati cal
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Case Study Results

Qur case study of Acton, Mssachusetts indicates that the
averting cost approach can be inmplenented successfully. In
Acton, |agoons used by a chem cal conpany to dispose of process
wastes resulted in contam nation of two wells that represented
40% of the town's water supply. The local water board reacted to
the contamnation by closing the two wells and taking a nunber of
averting actions over the next four years. Using the conceptua
foundation laid out in Section Il, we calculated the added costs
that town residents will bear as a result of the incident and
anal yzed whether these costs could be interpreted as estimtes of
the town's wllingness to pay.

Qur nost likely estimate is that the comunity will pay a
total of $1.7 million as a result of the contamination, $1.3
mllion of which reflect residents' wllingness to pay. The
costs represent a present value of approximately $228 per
househol d.  Thus we conclude that Acton residents would have been
willing to pay at |east $228 per household for controls that
woul d have prevented the well water contam nation.

Most of the public water supply costs are accounted for by
the decisions made to construct and operate a treatnent plant
until the contamnation is renoved fromthe aquifer. Al though
the decisions to ban outside watering in the sumrer after the
wells were closed and to raise prices to recover added
costsresulted in [osses in surplus, these |osses are nuch snaller

than the added costs of providing water.
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However, the town costs represent Iess than a third of the
overal | costs due to the contam nation incident. W estinmated
that the cost of cleaning up the site and the aquifer -- nmost of
which will be incurred by the chem cal company -- will bring the
total averting costs to $4.8 nmillion. These estimates are much
| ess certain than the public water supply costs, largely because
it is still not certain what [evel of clean up will be required.
Ve put the range of total averting cost between $2.2 million and

$19.9 nillion,

Private and Public Averting Behavior

The major om ssion fromour enpirical study is the |ack of
extensive information on private averting behavior. |n the
conceptual section we identified several advantages of
information on private actions, including the clear revelation of
preferences and the possibility of nodeling differences in
preferences for control benefits. The nobst inportant behavior we
expect to observe is private purchases of bottled water, although
ot her adjustnents are possible.

Qur enpirical investigation of private behavior was |imted
to an analysis of the likely cost to Acton residents of swtching
to bottled water or installing honme treatnment systems. W
concluded that the per capita cost of purchasing these
alternatives woul d be greater than the cost of the town's
switching to alternative public water supplies. Thus, if
I ndi vidual s expected the public and private actions to be
substitutes for one another, we would expect few Acton residents

to swtch to bottled water or install treatment systens.
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However, if residents do not know about the public actions or if
the public actions are not viewed as effective, residents mght
take their own actions. On the other hand the residents who
participated in the town decisions may be less likely to spend
noney on private alternatives. An enpirical investigation of
these issues would require additional information, which could

best be obtained froma survey of the Acton popul ation,
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APPENDI X A
CHRONOLOGY FOR THE ACTON CASE STUDY

Dat e Action
1971 . .
-- Acton Water Supply District (AWD) opens Assabet
well's # and #2 in the Sinking Pond Aquifer.
1973

- AWED detects odor of chemcal contamnants in water
fromtest wells around the Massachusetts Broken
Stone Property in the Sinking Pond Aquifer near the
Assabet wells.

1978
June -- The Departnment of Environmental Quality Engineerin%
(DEQE) reports that the odor is still present in the
waltler from the Massachusetts Broken Stone Property
wel|'s.
Juy -- W R Gace files site plans with Town Board of
Sel ectment for a proposed plant expansion.

August -- AWSD and DEQE conduct a limted hydrol ogic study of
the Sinking Pond Aquifer and detect chemcal odors
in the water.

Cctober -- DEQE sanples the Assabet wells and sends the
sanples to the Environnmental Protection Agency (EPA)
for analysis.

Novenber -- Sample results show chem cal contam nation of the
Assabet wells.

- Town conditional l'y anrpves the W R Gace expan
sion subject to conpletion of a hydrogeologlc st udy
to determne if the plant is causing ground-water
pol [ ution.

Decenber -- AWED cl oses the Assabet wells.

- AWSD inposes a ban on all outside and non-essentia

wat er use.

- Col dbert, Zoino, Dunnicliff and Associates (&D

begi ns the Town-comm ssioned hydrogeol ogi ¢ study.
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APPENDI X A (cont.)

Dat e Action

1979
- AWSD commi ssions a hydrogeol ogic study to locate

al ternative groundwater sources.

- AWBD institutes a well water quality monitoring
program

July -- DECQE issues an admnistrative order reguiring W R
Gace to study its waste generation and di sposal
Paoblens and develop and inplenent a plan to contro

em

- AWBD initiates a pilot project for granular acti
vated carbon (GAC) treatment of the water fromthe
Assabet well .

Decenber -- W R Gace comm ssions Canp, Dresser and MKee
1080 (CDM to conduct a hydrogeol ogi ¢ study.

- AWED doubles its water rates.

- AWED rel axes the outside water use restrictions to
one hour per day.

January -- Town releases the &ZD final report.

February -- W R Gace stops discharging organic chemcals at
the Acton site.

March -- W R Gace releases the COM final report.

April -- EPA files suit against W R Gace asking for
cessation of disposal and clean-up of the hazardous
wastes at the Acton site.

- Town appropriates $50,000 for |egal, engineering
apddtec nical services and a chemcal analysis
study.

July -- DECQE issues a second administrative order based on a
draft of the forthcom ng consent decree between EPA
and W R Gace.

214



APPENDI X A (cont.)

Dat e Action
Fall -- AWSD devel ops a new wel | $Sbribner wel |')and UP
rades its Lawsbrook well to replace the capactiy
ist fromthe Assabet well closures.
Cctober -- AWSD inposes a noratorium on new hook-ups to the
wat er system
Novenber -- AWSD constructs a connection to the Concord water
system as a source of emergency water
Decenber -- U.S. Court approves a consent decree between EPA
WR Gace
- W R Gace ceases operations using organic chem
cals at the Acton site.
1981
- AWED renoves the water use restrictions.
W R Gace begins studies of the site and aquifer
cl eanup and constructs a runoff diversion and
col l ection system
- AWED renoves the noratorium on new hook- ups.
1982
July -- AWED files suit against W R Gace for polluting the
aqui fer.
Summer -- AWED begins GAC treatment at Assabet well| #1.
July -- Town appropriates an additional $25,6000 for |egal,

engi neering and technical services.
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APPENDI X A (cont.)

Dat e Action
1983
Wnter -- AWSD constructs a |aboratory for testing water

quality sanples fromtheir wells.

April -- Town appropriates $30,000 for |egal services.

AWED adds an aeration systemto the GAC treatnent
and begins to treat the water fromboth the #1 and #2

wel |'s.

August - -

Source: Krinsky et al (1981) and tel ephone conversations with
affected parties.
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APPEND| X B

EXPENDI TURES ON AVERTI NG ACTI ONS IN ACTON

erting Expenditure (current $s) Decision Utimte
ction Dat e Capi tal Q&M (yrs) Maker Bur den
Town of Acton

drogeol ogic 1978 $130, 000 Board of G ace
St udy Sel ect nen
g., Legal & 1980 50, 000 Town Mg. Town Residents
Tech. Serv. (CGeneral Rev.)
& Chem Anal.
g., Legal & 1982 25, 000 Town Mg. Town Residents
Tech. Serv. (CGeneral Rev.)
gal Expenses 1983 30, 000 Town Mg. Town Residents

(General Rev.
t ernal 1978- ? Town Man., Town Residents
Expenses 1983+ Sel ect nmen (General Rev.)
g., Legal & 1984+ ? Town M g. Town Residents
Tech. Serv. (CGeneral Rev.)

Acton Water Supply D strict
drogeologic 1979 350, 000 AWED System User s*
St udy
w Vel | 1980 225, 000 AWSD System User s*
ncord 1980 30, 000 AWED System User s*
Connection
C Treatnent 1982 375, 000 45, 000 AWSD System User s*
(6-12) 275, 000
G ace
100, 000

ration 1983 143, 000 Included in  AWSD System User s*
Tr eat ment GAC Treat nent
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APPENDI X B (cont.)

erting Expenditure (current $s) Decision Utinmate
ction Dat e pital Q&M (yrs) Maker Bur den

Acton Water Supply District (Cont.)

sting 1978- 85, 000 AWSD System User s*
to-date 1982

zernal 1978- ? AWED System User s*
Expenses 1983+

jal Expenses 1979- 200, 000 AWSD System User s*
to-date 1983

Massachusetts Departnment of Environnental Quality Engineering

cternal 1978- ? DEQE
Expenses 1983 State Law Federal & State
Taxpayers
lot Treat. 1979 Equi prent do- AWSD Cal gon Corp.
Program nated by Cal -
gon Corp.
Environmental Protection Agency
sal Contracts 1980 100, 000 EPA 6 Att. Federa
Gener al Taxpayers
Fed. Law
ternal Legal 1980 ? EPA & Att. Federa
Expenses Gener al Taxpayers
Fed. Law
ner Internal 1978- ? EPA, Fed. Feder al
Expenses 1983 LAW Taxpayers
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APPENDI X B (cont.)

erting Expenditure (current $s) Decision Utinmate
ction Dat e Capi t al Q&M (yrs) Maker Bur den
W R Gace and Conpany

drogeologic 1979 G ace G ace

St udy

ant G osing 1980 2,370, 000 G ace G ace

noff Control 1981 Court G ace

jal 1979- G ace G ace
1983

st wells &  1980- Court G ace

Moni t ori ng 1983

gineering 1980- Court G ace

Reports 1983

blic M g. 1981- Court G ace
1983

z.Was.Disp. 1980 400, 000 Court G ace

sefore Pl ant

closure and

after Decree

te Cean-up 1983- 1, 000, 000- Court G ace
1984 15, 000, 000

uifer 1984+ 1, 000, 000+ Court G ace

Cl ean-up

nitoring &  1984- 500, 000 Court G ace

Mai nt enance 2014

Pendi ng outcone of AWSD vs WR Gace suit.
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CALCULATIONéPEENgwéRglNG COSTS

Tables 1, 2, and 3 report estimates of the costs of
contam nation of the Assabet wells. The purpose of this Appendix
Is to present the calculations used in nmaking those estinates.

The values for all calculations are reported in discounted
1982 dollars. These values are derived using a two-step process.
First, all expenditures are converted to inflation-free 1982
dollars using the Consumer Price Index for U ban Wage Earners and
Clerical Wrkers. These values are then discounted to 1982 using
a real discount rate of 10 percent. The costs reported for the
Town, EPA and W R Gace are taken from Appendix B and
di scounted to 1982 dollars as described above. The estimate of
costs to the AWSD and its users, however, involve further
calculations. These calculations are described in the follow ng
section using the total Averting Costs (Tables 1 and 3) as an
exanple. Simlar procedures were used for calculating the

wi | lingness to pay values (Table 2).

Total Averting Costs. AWSD
As reported in the text the costs to the AWSD and its users

are calculated for three different time periods: |ong-run

(1983+), internediate-run (1980-82), and short-run (1979).
Long-run. The long-run costs include increased costs of

production as well as lost consuner surplus. These costs are

reported in Table C 1.
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Table C-1. Long-Run Cost Calculations for the AWSD ($000s)

. Current $s 1982
Action (Year) 1982 $s  Present value?
Tr eat ment
GAC 375(82 374
Aeration 143(83 141
Total P 516 469
O her
Concord Conn. 30580; 35
Laboratory 15(83 15
Replagpnent 3
Total 53 48

Operation and Mintenance
Tr eat ment

7 Year Scenario - 219 199
13 Year Scenario - 320 291
Moni t ori ng - 50 45
Total Production CostsP
7 Year Scenario - 838 162
13 Year Scenario - 939 853
Annual i zed Costs
Tr eat nent .
7 Year Scenario - 151
13 Year Scenario - 118
Qther
Infbn|te - 10
Tot al .
7 Year Scenario - 161
13 Year Scenario - 128
Lost Suaplus .
7 Year Scenario - 71yr. 32
13 Year Scenario - 5/yr. 31
Total CostsP . - 794
7 Year Scenario - 884

dusing a 10 percent real discount rate.

brotal values may not equal the summation of the values in the
tabl e due to rounding.
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The increased costs of production are shown in the upper
portion of Table C-1. To sinplify the analysis we assune that
all capital is purchased in 1983. The category titled
"Repl acenent” refers to the cost of future replacement of the
Concord connection and the analytic laboratory. Since these
structures are permanent responses to the contam nation incident,
they will have to be replaced as they wear out. W assune each
has a 30-year operating |ife and calculate the present value of
replacenent every 30 years into the indefinite future.

The operation and nmai ntenance costs are reported as the
present values of streans of paynents into the future. W assune
that all of the streans begin in 1983. Operation and maintenance
of the treatment facilities will cost $45,000 per year and,
depending on the aquifer clean-up program wll continue for 7 or
13 years.

Monitoring will cost $5,000 per year and will continue into
the indefinite future.

The losses in surplus are reported in the lower half of
Table G1. These costs are the present values of streans of
annual surplus |osses over 7 and 13 years. The 7-year scenario
has |arger surplus |losses than the 13-year scenario even though
the losses are incurred for fewer years because the annual |osses
are larger due to the |arger annual costs.

Surplus losses can be calculated given the demand function
and the new average cost function. Although we have an estimte
of the demand function (a constant price elasticity of -.37) we
have no estimate of the average cost function. W do, however,
know that 639.5 MG were demanded at a price of $802/ MG before
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the incident and can use that information with some sinplifying
assunptions to estimte the change in surplus.

W assune that the responses to contamination are fixed
costs. This allows us to calculate the price of water for the
precontam nation quantity of 639.5 MG by merely dividing the
annual costs by 639.5 and adding the product to the origina
price of $802/ MG

The second assunption is that the new average cost function
I's horizontal in the region near 639.5 Mc  This allows us to use
the price for 639.5 MG as the price faced by consuners after the
contam nation incident. Using that price, the quantity denanded

can be cal cul ated using the forml a:

q = kp®
where: k = 7592.5
e = -.37

The loss in surplus can then be calculated by integrating
the area under the demand curve fromthe new quantity to 639.5 MG

and subtracting the cost of the foregone quantity:

639.5
CS = £(q)dq - 802 ( 639.5 - gy )
d;

where f(q) =p _g  ~1/.37
7592.5

Figure C-1 shows a graphic representation of these
cal culations using the 13-year scenario as an exanple.

|nternmedi ate-run. There are two types of production costs
in the internmediate-run: accelerated expenditures and |egal and

monitoring costs. The cost of the accelerated expenditures is
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the foregone use of funds caused by premature investment. Table
C-2 shows the schedule of investments with and w thout the
contamnation. As explained in the text, we assune that the

contam nation caused the investnents in the hydrogeol ogi ¢ study
and the new wel|l to be incurred three years earlier than wthout

the contamnation. As can be seen in Table C2, the accelerated
expenditures cost the AWSD $181,000. for sinplicity in

cal culation we assume that this value could have been realized in
1981.

The only information we have on |egal and nonitoring
expenses is that from 1980 to 1982 $200,000 was spent on |ega
fees and $85,000 on nonitoring. To sinplify calculation we
assune that this nmoney was spent in such a way that the sane
value in 1982 dollars was spent in each of the three years. This
| eads to the not-unrealistic assunption that the noney was spent
as follows: $87,100 in 1980, $96,000 in 1981 and $101,000 in 1982
for an annual expenditure of $101,800 in 1982 dollars.

The accel erated expenditures are annualized using a recovery
factor for three years at a 10 percent discount rate and added to
the annual |egal and monitoring costs to determne the total
annual cost. The total annual cost was used to calculate the
| oss in consunmer surplus using the nethod presented above. The

results are reported in Table C 3.

Short-run. The calculation of the costs of a ban on outside

water use is straightforward. The loss in surplus is the
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Table CG-2. Calculation of Cost of Accelerated Expenditures
for the AWSD ($000s)

| nvest ment | nvest ment
Wth Contamnation WO Contam nation Change
Year Current $ 1982 $s Di scount ed 1982 ss@ 1982 $s
1979 350 464 - +464
1980 225 263 - +263
1981 - - - -
1982 - - 349 - 349
1983 - - 198 -198

Net Change -181

3using a 10 percent real discount rate.
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Table CG3. Internediate-Run Cal cul ations

Loss for the AWSD ($000s)

of Consumer Surplus

. Cost / Year 1982
Action (1982 $s) Present value@
Expendi t ures .
Accel erated Expenditures 73
Legal and Monitoring 102
TotalP 174 525
Consuner Surpl us 8 25
Total Cost 550

dysing a 10 percent real discount rate.

brotals may not equal the sunmation of the values in the table

due to rounding.
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integral under the given demand curve fromthe quantity available
under the ban to the quantity available under the ban to the

quantity available before the ban mnus the cost of the foregone

wat er :

- 0
cs = £(Q) dQ - Pp(Q; - Qp)

Q1

where: Qg = Eﬁantity demanded before ban
Q; = Quantity available after ban
Pog = Price before ban = £(gq).

The assunptions and results are shown in Table C-4.
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Table C4. Calculations of Loss in Consumer Surplus Due to the
1979 Ban on Qutdoor \ter Use $OOOSE

cost of .
| ntegral Wt er Loss in
Denmand Limts Integral Foregone Consumer Surplus
Function (MG (79%s) (79%s) (798s)  (82%s)

Sprinkling Water Analysis
P=1.4x10%40-1/1.57  0-92 199 74 125 166
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NOTES

W calculated total water use in 1978 as follows. Before the
closure of the Assabet wells the Acton water system had a
capacity of 2.5 MJday, of which 1.0 M3 day was delivered by
the Assabet wells. assune that the 1.0 Md day represents
peak capacity needed for outside water use in the three
summer months.  Thus total water use would be 639.5 MG (273
days at 1.5 Md day and 92 days at 2.5 MJ day).

This standard for willingness to pa% inplies that we are
only concerned with user benefits that accrue to househol ds
directly. Sone researchers have estimated an "option val ue"
to measure the value househol ds place on the possibility

t hat thegomnll be affected in the future (see Feenberg and

MIls 1980, pp. 51-52).

Information for the review cane fromthe report on chemca
contam nation prepared by the Special Legislative Conm ssion
on Water Supply (1981) and tel ephone conversations wth
governnent representatives from each town.
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