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SUMMARY

This report provides background informationfor the BonnevillePower

Administration(Bonneville)in its effortsto quantify the environmental

externalitiesassociatedwith new electricityresources. A more detailed

companion document has been providedto Bonnevillefor internal use.

This report defines what is meant by externalities,particularlyin the

context of electricityresources, lt outlinesthe economics issues associated

with assigning an economic value, such as cents per kilowatt hour, to the

" residual environmentalimpactsof electricitypowerplants, lt exanlinestwo

generic theoreticalapproachesfor estimatingsuch values and discussestheir

advantages end disadvantages. The report also addresses the need to include

relevant stag_,sin the fuel cycle in estimatingthe costs of externalities.

The fuel-cycle,conceptis defined and its importanceis discussed.

The approachesused by several states to quantify externalitiesare

described. A review of the valuationeffortsof various states and utilities

indicatesthat three states have actuallydevelopedmethodologiesfor

assigning economic values to externalites. Informationthat Bonnevillemay

need to request from resource developersto quantify externalitiesis

discussed, and an appendix presents suggestedforms for obtaining the required

information. Summary informationalso is presentedon models for analyzing

the dispersionof powerplantplumes for the purposeof estimating

environmentalexternalitycosts.

The only way to fully assess externalitiesfor a particularplant is to

document and analyzea range of informationabout the potentialenvironmental

impacts_ Required informationincludesthe steps in the fuel cycle, the types

and extent of all environmentaldisturbancesthroughoutthe fuel cycle, the

location of the plant and sites where disturbancesoccur throughoutthe fuel

. cycle, and the characteristicsof the geographicregions affected by all

environmontaldisturbances. These regionalcharacteristicsincludethe number

of people affected,the types and quantitiesof plant and _nimal life

affected, and the types and quantitiesof materialsaffected. Much of this

informationis already required in the siting,permitting,and environmental

evaluation processes. Our approach in this document is to identifythe types
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of informationrequired to assess the externalitiesand to recognize that much

of that informationwill have to be providedby Cevelopers in the course of

siting a new plant.

Until more informationand better methodologiescan be developed,

Bonnevillemay have to rely a mixture of controlcosts and damage cost

estimatesto value externalities. An incrementalapproach is suggestedfor

developingthe required informationbase and methodologies.
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1.0 INTRODUCTIONAN{)OVERVIEW OF APPROACHESFOR QUANTIFYINGEXTERNALITIES

This report was prepared by PacificNorthwest Laboratory (PNL)(a)for the

Bonneville Power Administration(Bonneville). lt provides background

informationon issues affectingthe quantificationof environmental

externalitiesassociatedwith powerplants. Externalitiesare residual

environmentalimpactsthat are not priced in the marketplaceor included in

internalresourcecosts. In the context of this report, externalitiesare

uncompensatedenvironmentaldamages.

By definition,the personsor firms bearing the costs associatedwith an

externalityabsorb them without compensation. The costs are the result of

impactsthat can includefairly tangible damages, such as increasedhealth

care or depressedproperty values, and less tangible effects, such as reduced

attractivenessof a scenic vista. Many of the latter types of impactsfall

into the category of non-marketvalues becausethey includeeffects on

resources and goods that are typicallynot bought and sold in markets.

Electricity generation involves a wide range of potential and actual

environmental impacts. Legislative, permitting, and regulatory requirements

directly or indirectly control certain environmental impacts, implicitly

causing them to become internalized in the cost of electricity generation.

Electricity generation, however, often produces residual environmental impacts
that constitute externalities.

State regulators and utility officials are paying increasing attention to

the issue of externalities associated with new electricity resources. A

growing number of states are requiring utilities to factor externalities,

particularly residual environmental damages, into their decision-making

- processes for new resources. However, only three states--New York, Wisconsin,

and Vermont--and the Northwest Power Planning Council (NWPPC)have actually

specified values to be used in such evaluations.

The 1986 Northwest Conservation and Electric Power Plan, Volume Two,

Appendix II-A (NWPPC1986) outlines a 10-step process that the Bonneville

(a) Pacific Northwest Laboratory is operated by Battelle Memorial Institute
for the U.S. Department of Energy under Contract DE-ACO6-76RLO1830.
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Administratoris to use to quantify all residual environmentalcosts a_d

benefitsdirectly attributableto a conservationmeasure or energy resource.

The processdistinguishesamong impactsfor which I) an economic cost can be

determined (priceable impacts),2) no economic cost can be determined

(unpriceableimpacts)but the impacts can be measuredin some other terms, and

3) no quantificationat all is possible. This report primarily focuses on

quantifyingimpacts of powerplantexternalities. While the focus here is on

economicallyquantifiableimpacts,the informationpresentedmay be useful for

assessingthe significanceof other impactsas weil.

Two generic economic approachesto valuing externalitiesare considered.

The first and simplerapproach,called here the cost-basedapproach, is

usuallythe default approach becauseof a lack of suitable alternatives. This

approachuses the costs of controllingor mitigatingexternalitiesas proxies

for the actual damages or costs associatedwith the externalities. This

approach assumes that the marginal costs societyhas elected to impose through

emission (and other environmentaldisruption)regulationsequal the marginal

benefitsthat society receivesfrom avoiding environmentaldamages. However,

this approach is unlikely to give an accurate estimate for the value of

residualdamages for many obvious and not so obvious reasons. Nevertheless,

for practical reasons this approach has been used in almost all cases where

attemptshave been made to value externalitiesso far.

The second approach,called here the damages-basedapproach, entails

listingand quantifyingall economic costs associatedwith each type of damage

causedby the residual environmentaleffects. This can be a complex and

expensiveundertaking. Furthermore,although this is the theoretically

preferredapproach,a comprehensiveapplicationto externalityvaluationhas

not yet been done. This document brieflyoutlines how this approach ideally

would be implementedand suggests how Bonnevillemight conduct some of the

steps required in a comprehensivedamages-basedmethodology.

This report is intendedas a sourcedocument for Bonneville in support of

its resource acquisitionprocess. A more comprehensivedocument has been
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provided to Bonneville for its internal use only.(a) Followingthis

introductorychapter, Chapter 2 examines the conceptof economic externalities

and how they arise from powerplantoperationand electricitygeneration, lt

also examines the process by which environmentaleffects are translated into

economic impacts and identifiesthe kinds of economic values that must be

quantifiedto derive a total cost associatedwith residualenvironmental

damages.

. Chapter 3 identifies some of the informationneeds associated with the

process of valuing externalitiesand reviewsexisting "plume dispersion"

models for analyzing atmosphericemissionsfrom powerplants. Chapter 4

examines the two approachesto economic valuationof externalitiesin greater

detail. Chapter 5 summarizescurrentvaluationefforts by selected states and

pre_,entssome conclusions and preliminaryrecommendationsto guide Bonneville

in developinga methodologyfor quantifyingexternalities.

Appendix A Presents more informationon economicsof optimal regulation

of externalities.Appendix B is a sample data collectionform for obtaining

some of the necessary informationassociatedwith the process by which

environmentaleffects are translatedinto economic impacts.

(a) Lee, A. D., M. C. Baechler,J. M. Callaway, L. O. Foley, and C. S.
Glantz. 1990 (Draft). Technical Informationin SuPDortof Bonneville's
Quantificationof EnvironmentalExternalities. PacificNorthwest
Laboratory,Richland,Washington. This draft report provides an
extensivereference list for additionalsources of informationon the
issues discussed here.
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2.0 VALUING I_XTERNALITIES

Thischapter first defines externalitiesand then discussesgeneral

issues associatedwith eliminatingexternalities, lt next discusses how the

concept of externalitiesappliesto environmentalimpacts cause__ by powerplant

operationand electricitygeneration. Finally, it illustratest_ledifferent

kinds of values that must be includedfor quantifyingthe economic damages

• associatedwith these externalities.

" 2.I BACKGROUND

According to Baumol and Oates (1975),an external effect, or externality,

is said to exist when both of the followingconditionsare satisfied:

I. The utility or production relationshipsof one economic agent, A,
include_onmonetaryvariableswhose values are chosen by another
economic agent, B, without regard to the effects on A.

2. B does not pay A compensationequal to the incrementalcosts
inflictedon A.

Neither conditionalone is sufficientfor an externalityto exist. Although

externalitiescan include non-environmentaleffects, in this report we only

consider residualenvironmentaldamages.(a)

In the context of electricity-generatingresources, if a new plant

dischargesair pollutants that harm A, this discharge satisfiesthe first

conditionfor an externality. The second conditionrules out effects that are

effectively"priced" either by efficient(b) legal remedies or by efficient

market-likemechanisms such as marketableair-pollutionpermits. Regulations

that requirefirms to reduce their levels of environmentaldamages to

• specifiedlevels by adopting pollution-controltechnologiesor best-

(a) Externalitiescan involveboth positive and negativeeffects. While
negative externalitiesare more common, there are situations in which A
can also be benefittedby the actionsof B, or bc both harmed and
benefittedby B, dependingon the level of B's activity.

(b) The term "efficient"is used here to refer to a compensationscheme in
which the compensatingpayment is equal to the value of the marginal
damage or benefitassociatedwith the externality.
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management practicesare a third means of internalizingcosts associatedwith

externalities.

Externalitiesusually arise becauseof the inappropriateassignmentof

property rights. Air pollutionprovidesa classicalexample of this. An

unregulatedfirm has no economic incentiveto consider the potentiallyharmful

effect of the residualsit releases into the atmosphere in large part because

I) the ownershipof the air we breath is not well-definedand 2) given the

difficultyof determiningthe source of the potentiallyharmful elements and

compoundswe inhale as air pollution, legal liability is very difficult to

establish. Therefore, when an unregulatedfirm discharges pollution into the

environment,it effectivelypays no price to dischargethe waste, while

society faces the social cost of the pollutiondamage.

Although regulationstheoreticallycould be designed to set economically

optimal levels of reductions in environmentaldamage (marginalcontrolcosts

equal marginal benefits),the levels at which environmentaldamages are

regulated is typicallygoverned by the extent of the biophysicaldamages

caused. These issues are examined later when alternativemethods of valuing

externalitiesare discussed.

2.2 EXTERNALITIESOF POWERPLANTS

In the case of ,_owerplants,externalitiescan arise during any stage of

the process of generatingelectricityand at any time during the life cycle of

the plant. Most commonly,environmentalexternalitiesarise when the

electricityis producedthrough emissionsof potentiallyharmful gases and

particles,dischargeof various substancesinto water, and other mechanisms

that affect the welfare of other economic agents without any compensationpaid

for damages caused.

To comprehensivelyassess exteraalitiesassociatedwith powerplants it is

necessary to examine the complete "fuel cycle" relevant to specificplants

(Callawayand Currie 1989). By "fuel cycle" we mean all the steps from

extraction of the fuel and other materials used in a powerplantto the

ultimate end-use of the electricityand decommissioningof the plant,

includingtransportationof the fuel and materialsto the plant, use of the
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fuel onsite, and transmissionof the electricitygeneratedby the plant. The

fuel-cycleperspective addressesthe need to includeall environmentalcosts

directly attributableto a powerplantor other resource.

Environmentalexternalitiesresult from some disturbanceto one or more

componentsof the environmentat the various stages in the fuel cycle.

Typicallythe initialenvironmentaldisturbancesdirectly affect the air,

water, or land. Many types of powerplantsemit air pollutantsthat get into

' the atmosphere and can be depositednear the plant or carried many miles away.

Materialsproduced at the powerplantor during fuelextraction can enter

" bodies of water and cause water pollution. Constructionof a powerplantcan

disrupt the land by eliminatinganimal habitats and destroying natural

vegetation.

Where the externalitiesoccur in the fuel cycle can vary considerably

from one type of plant to another. Typically.,the largest impactswill be at

the plant during electricitygeneration. Some plants,however, will have

significantimpacts at other stages in the fuel cycle. A photovoltaicplant,

for example,may have relativelylarge externalitiesassociatedwith the

productionof the solar cells, whereas the impactsduring electricity

generationmay be relativelysmall. The effectslikely to be associatedwith

the various stagesof the fuel cycle for specific types of generating

facilitiesare discussed in the next chapter.

When quantifying a specificpowerplant'sexternalitiesat different

points in the fuel cycle it is importantto count only those marginal impacts

at.tributa.bleto the plant. For example, a plant that uses a fuel readily

availablein the market in large quantities is unlikelyto cause significant

marginal impactsassociatedwith fuel extraction. In addition,those impacts

are likely to be distributedover many sites where fuel is extracted,and it

is virtuallyimpossibleto attributethose impactscorrectlyto a specific

powerplant.

2.3 THE ENVIRONMENTALIMPACTPRO_SS AND ECONOMICVALUATION

In efforts to attach economiccosts to environmentaldisruptions at

differentpoints in the fuel cycle, the initialenvironmentaldisturbances
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must be traced through the chain of events and conversionsthat lead to

ultimate impacts that can be valued monetarily. This point is very important

because air pollutants,for example,have no economic consequencesby

themselves;_t is only through their ultimate interactionwith some economic

agent that they take on an economic value.

Figure 2.I illustratesthe chain of events by which environmentaleffects

are translated into economic impacts(changes in _;conomicwelfare). The

generic economic activity,shown at the very left of Figure 2.1, represents

any relevant economic activit_ at any stage in the fuel cycle of a powerplant.

For example, this "activity"can be the operationof a large coal-fired plant

at the powe_!,-g_lerationstage cf the coal fuel cycle. The input from the

previous stage uf the fuel cycle is coal. The output from this activii_yto

the next phase of the fuel cycle is the electricitygeneratedby the plant.

The process of placing an economic value on environmentalexternalities

entails tracking and quantifyingef6ects throughout'theentire chain. This

process ideallyconl;istsof four stages (indicatedin Figure 2.1).(a) The

data collection and analysis effortsrequired for each stage of the valuation

are describedbelow°

Stage I is the point where the primary disruptionto the environment

occurs. The change is usuallymeasured at the source and mey affect the air,

water, or land. At this level the externalitycan be quantified in physical

units, e.g., tons/kWh,using standardengineeringsources for a given

technology.

(a) The only way to fully assess externalitiesfor a particularplant is to
document and analyze a range of informationabout the potential
environmentalimpacts. Required informationincludesthe steps in the
fuel cycle, the types and extent of all environmentaldisturbances
throughoutthe fuel cycle, the location of the plant and sites where
disturbancesoccur throughoutthe fuel cycle, and the characteristicsof
the geographic regions affected by all environmentaldisturbances. Much
of this informationis already required in the siting,permitting,and
environmentalevaluation processes. Chapter 3 addressesthese
informationneeds in more detail.

2.4
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Stage 2 involvesmeasuringthe distributedeffects (e.g., depositions)as

precursors and pollutantsare transportedelsewhere. In the case of a coal

plant, for example, one would be concerned about"

• the short-rangedepositionof volatile organic compounds (VOCs) and S02,
which might affect human health

• the longer-rangedepositionof I) ozone, which can adverselyaffect
human health, crops and forest_,',and materials, and 2) acids, which
can damage materials,aquaticecosystems,and possibly forests

• the global dispersionof CO2 and long-termbuildup.

At this point, impactsc._nstill be measured in physical terms, usually j.

by the amount of the pollutantdeposited. This stage of the valuationprocess

requiresmodeling how the primary changesto the environmentare transported

through the environmentand identifyingthe linkages betweenthe primary

disruption and affected systems. However, becauseof the complicated

relationshipsinvolvingthe transportand chemical reactions associatedwith "

many pollutants, it may be very difficult (andexpensive) to target the source

of the pollutant. Furthermore,processes, such as those associated with

powerplantpollutants,that combine transportphenomenaand chemical reactions

are often extremely difficultto simulate adequately.(a) In the case of air

pollution, simulatingthe transportprocess for point-sourcepollutantsover

relatively short distancescan be done for some pollutants by using "plume"

models. These models are describedbriefly in Chapter 3. More work needs to

be done on modeling the transportand conversionmechanisms for non-air-

quality impacts.

In Stage 3, the effectsof the environmentaldisruptionon affected

systems and their responsesare measured. Most often, the direct physical and

biophysical impactsof externalitiesare not directly observableand can only

be estimatedas statisticalevents. For example,,inhaledsulfur compoundsmay

cause lung damage in certainpeople. Although it is unlikely that anyone can

trace a particularhealth effect on a particularindividualto the emissions

(a) In the case of acid deposition,for example, very large computer models
are required that can take up to severaldays to project the geographic
distributionof acid deposition from a large number of plants under
specific atmosphericconditions.
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from a given powerplant, the increasedmorbidity of an affected population can

be linked to increased pollutantlevels. The data collectionJnd analysis

associatedwith the physicaleffects are not discussed in this report because

they requir_biophysicalanalysis of exposures,dose-responsefunctions,

characteristicsof affected populations,etc.(a)

This reports focuses primarilyon how to measure the economic effects

associatedwith environmentalimpacts. These economic effects can be

determine__y observing the behavioralrespons_ by firms, resource owners, and

consumers. For example, the relativeprofitabilityof a crop may change

• sufficientlyfor the farmer to change his crop mix. In turn, prices of food

items purchasedby consumersmight rise, causingconsumersto adjust their

purchasingpatterns. By the same token, recreationalanglers may react to

increasingacidificationof their favoritelakes by going elsewhere, or taking

up golf.

In Stage 4, economic effectstranslate into changes in economic welfare.

Once all the basic informationis available,quantifyingthis last stage

involvesplacing a monetary value on each of the effectsexamined in order to

derive a total economic value for the externality,i.e., the costs associated

with residualenvironmentaldamagesor the benefits associatedwith reversing

those damages.(b) Three types of economic effects are examined here. The

first type of effect is market effects on goods that are bought and sold in

markets,e.g., yield reductionsof commercial crops and timber. The second io

non-marketeffects, where the physical effect is on a resourcewhich is not

bought or sold in a market. The third is human health effects, which can fall

into either of the other two categoriesbut is sufficientlydistinct and

controversialto be put in a class by itself. Human health effects can be

(a) Lee et al. (1990 Draft) review various studies and methodologiesthat
have been applied to pieces of this process. [Lee,A. D., M. C.

• Baechler,J. M. Callaway,L. O. Foley, and C. S. Glantz. 1990 (Draft).
Technical Inform_iQn in Support of Bonneville'sQuantificationof
_nvironmentalExternalities. PacificNorthwest Laboratory,Richland,
Washington.]

(b) Assuming that the damagesof a poilutantare rever_ible,then the value
of the damages associatedwith a specific change (e.g., materials
deterioration)in the state of the environmentis equal to the value of
the benefits associatedwith reversingthat change.
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translated into economic effects by examiningthe "willingnessto pay" of

individualsto avoid morbidity/mortality-relatedrisks (discussedin

Chapter 4).

Theoretically,all of the above effects can be valued in dollar terms.

However, a comprehensiveevaluationof the economic impactsof environmental

externalitiescan be a difficult undertaking. In practice,several steps can

be taken to simplify the problem and still produce estimatesthat are

sufficientlyaccurate and complete.

2.4 _TWOAPPROACHES!O ECONOMIC V.ALUATION

This report presents an overviewof two generic theoreticalapproaches to

valuing externalities(describedin detail in Chapter 4). The first approach,

the cost-basedapproach,values external effects based on the amount of money

society is willing to give up either to regulatethe productionof an

externalityor to mitigate the damages from it. This approach uses marginal

mitigationor control costs imposedby regulationsas proxies for actual

marginal damages. In most cases, the requirementstake either explicit or

implicitaccount of the locationof the powerplantand the impactson affected

populations.

The logic behind this approach is that if regulationsmitigate

environmentaldisruptionsat the economicallyefficient level, the amount that

society is willing to pay at the margin to reduce environmentalimpacts equals

the marginaldamages associatedwith the resultingexternalities. This

approachdoes not go through the four stages of the ideal valuationprocess

outlined in the previous section. Rather, it uses the primary control or

mitigationlevels,associated with Stage I outputs, and control or mitigation

costs as a substitutefor the combinedvalue of the Stage 4 impacts.

While this approach is easier to implementthan the second approach, it

requires the questionableassumptionthat the regulatoryprocesscorrectly

requirescontrols that equate marginal controlcosts and damages. Although

this probablyoccurs rarely in practice,the regulatoryprocess typicallydoes

weigh costs and benefits in the decisionmakingsteps that lead to regulations.

As noted earlier,this approach has been used in almost all cases thus far
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where ar approach has been used to value powerplantexternalities (see

Chapter 5).

The damages-basedapproach involvesestimating the actual economic

damages (or the benefits of reducing damages) of external effects to determine

the aggregatedamages from a powerplantwhen the level of pollutantsemitted

is known. To address condition (2) in Section2.1, this method attempts to

quantify how much economicagent B would have to pay society at-largeto

• compensate for the marginal value of the damage to society. Directvaluation

should take into account all the linkagesbetween the primary environmental

changes caused by an activityand the eventualeconomic impacts. Ideally,

this would entail gatheringand analyzinginformationfrom all four stages

described above. While this approach is on sound theoreticalground, accurate

and complete quantificationusing this approachpresents many analytic

challenges. The methodologyfor a damages-basedvaluationoutlined in this

report focuses primarilyon valuingeconomic impactsin Stages 3 and 4.

Existing regulatoryand licensingprocessesalready requirecertain data

and informationthat may fulfill some of the data needs for externality

valuation.(a) Major gaps, however, are probable in three areas" I) parts of

the fuel cycle other than electricitygeneration,2) steps in externality

valuationother than the primary environmentaldisruptions,and 3) cumulative

impacts.

(a) An analysis of Oregon's processesand requirementsdemonstratedthat
existing processesin most states are likelyto provide data and
informationadequateto partiallyassess powerplant externalities(Lee,
Baechler,and Callaway 1990).
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3.0 DATA REOUIREMENTSAND_.DISCUSSIO.NOF PLUME DISPERSIONMODELS

To includethe costs of externalitiesin Bonneville'sgenerating resource

evaluations,a wide range of da,a and informationabout environmentalimpacts

is needed. Compiling such informationwill require informationfrom

Bonneville,as well as from developersof proposed facilities,and should

addressall potentiallysignificantimpacts,regardlessof where they fall in

the fuel cycle. Informationunique to the project should come from proposers;

generic informationfor portionsof the fuel cycle not directly linked to

specificprojects should be provided by I_onneville.During the solicitation

process, it may be appropriateto requestfrom proposersa limited set of

informationon project impacts in the form of a checklist. This information

could be used to flag potev_tiallysignificantimpacts. After Bonneville

conducts an initial screening,more detailed informationof the type discussed

here could be requestedfrom remainingdevelopers.

This chapter discusses some of the factors that shouldguide the

collectionof projectdata relatedto externalities. Because one of the major

categoriesof impacts is likely to be air pollution, it also summarizes the

characteristicsof numerous models that might be used to analyze the

dispersionof plumes from powerplants. Outputs from such models are necessary

in the quantificationof externalities.

3.1 DETERMINATIONOF SIGNIFICANCE

Perhaps the most importantstep in evaluating environmentalimpacts is

choosingwhich impacts to focus on. All powerplantsare likely to result in

some environmentaleffects. The nature and magnitude of these effects depend

very much on specific project features,such as the i(els and technologies

employed,and the location of the project. Bonnevilleshould evaluate any

significantimpact, regardlessof where it occurs in the fuel cycle.

The National EnvironmentalPolicyAct (NEPA) states that significance

requiresconsiderationof both the context and the intensityof an impact (40

CFR 1508.27). Context means the setting in which the impact occurs.

Intensityrefers to the severityof the impact. In judgingwhich impacts are

significantand clearly insignificant,decision makers must consider a number
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of factorsto assess the intensityof an impact within its unique context (see

Alton, Dowty, and Schmidt 1989). A great deal of scientificuncertaintyor

substantial controversyabout an impact tends to indicate a conclusion of

significance. Other factors that shouldbe considered includepotential

effects on human health;possible effectson unique geographicalfeatures,

such as nearby cultural ur historicresources,parklands,prime farmlands,

wetlands, or wild and scenic rivers;whether seemingly insignificant

individualactions result i_ a significantimpactwhen taken cumulatively;and

potential idverseeffects to endangeredor threatened species.

The externalityquantificationmethodologyproposed by the Northwest

Power PlanningCouncil (NWPPC 1986) partiallyaddressesthis issue by

requiringestimationof a resource's impactsover its effectivelife.

Previous analysesconducted for Bonnevillehave taken an approachsimilar to

that describedhere by estimating impactsthroughout the fuel cycle (see, for

example, ECO 1983).

Several issues are associatedwith attemptinga comprehensiveaccount of

powerplantexternalities. First, a completeanalysis of all the stages in the

Fuel cycle and all the steps i11ustratedin Figure 2.1 would require a large

investmentof resourcesunless much of the informationis readily

available.(a) Second,once the analysisextends beyond the electricity

generation process, it becomes difficultto determine the extent to which

environmentalimpactshave been internalizedeconomically. This obviously

poses a difficultand expensivetask if required for all fuel-cycle stages and

all possible resources.

Third, as effects become less directly attributableto a specific

resource,they becomemore difficultto assess and the justificationfor

includingthem becomes less defensible. Tho NWPPC quantificationmethodology

(a) The potentialenvironmentalimpactsassociatedwith severalgenerating
resources includinghydroelectric,combustionturbines,cogeneration,
geothermal,biomass, municipal solid waste, and stationarydiesels are
discussedby Lee et al. (1990 Draft). [Lee, A. D., M. C. Baechler,J. M.
Callaway, L. O. Foley, and C. S. Glantz. 1990 (Draft). Technical
Informationin SUDoort of Bonnevi.!le'sQuantificationof Environmental
Externalities. Pacific NorthwestLaboratory,Richland,Washington.] See
also Baechleret al. (1990).
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appearsto recognizethis, stating that Bonneville "... is required to

estimateali direct [quantifiableenvironmental]costs..." (NWPPC 1986),

without mentioningindirect costs. A hierarchyof impactsexists for any

powerplantand ic can be described in terms such as "directand indirect"

impacts,or "primary,secondary,and tertiary"impacts. Problems arise with

such distinctionsin establishingthe criteria for categorizingimpactsand

then applying them uniformly.

3.2 FU.EL-CYCLEANALYSIS

The fuel cycle can be broken down into six stages and each stage can in

turn be broken down into pre-operation,operation,and post-operationphases.

The first three stages,which directly involve providingfuel to a plant, are

fuel extraction,preparation,and transport. These stages typically are most

importantduring plant operation. The fourth stage is power generation. The

most significantexternalitiesin this stage, of course, are most likely to

arise during plant operation. However, plant constructionand decommissioning

can, in some cases, entail substantialenvironmentalexternalities. The fifth

stage,transmissionand distribution,can involveexternalitiesprior to

operationand well into the future. The last stage involves externalities

during the end-use of the electricityproduced by the plant, lt is included

here for completeness;however, for practicalpurposes, it is not likelyto

vary across generatingresourcesand is most relevantto demand-side

managementtechnologies.

The fuel extractionstage is importantfor most generating resources. If

the fuel supply is dedicatedto the powerplantbeing evaluated, then pre-

operation impacts should be considered;if the fuel supply has already been

developedand is for multiple uses and users, then it is less arguable that

pre-operationimpacts should be counted. Similararguments hold for the

operationand post-operationphases. Certain impacts, such as worker health

effects, are likely to be includedpartially in the fuel costs, and others may

be internalizedthroughregulationsand permittingor siting requirements.

Residual effects may still remain,however, and they should be examined. In

some cases, controlmeasure costs will be availableand they can serve as a

proxy for marginal damages and, therefore,the economic value of
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externalities. In other cases, previous studiesmay providevalid damage

estimatesand they can be used.

The fuel preparationand transportstages can be handled similarly. Fuel

transportmay have the potentialfor spills and accidentsthat should be

considered in the externalityevaluation. Many studieshave been conducted on

risk assessmentand economicdamagesassociatedwith fuel spills. Again, a

determination'mustbe made as to whether such costs should be attributedto

the powerplant in question or whetherthe effects should be considered so

indirectas to be beyond the appropriatescope of analysis.

The power generation stage tends to dominate the assessmentof

externalities. Bonnevillehas made considerablestridesin addressing impacts

during this stage, for a number of resources. The largest impacts and the

main focus have been on health effects from air pollutants. Some impacts,

however, have only recently startedto receiveattention, and considerable

uncertaintiesexist about the best approachto quantify them and the proper

value to attach to them. The effectsof CO2 are one example.

The electricitytransmissionand distribution(T&D) stage will be

importantfor powerplantsthat requireconstructionof any new T&D facilities.

Fairly good techniques exist for quantifyingmost of the likely residual

damages of such facilities. Scientificuncertaintiesremain,however, in the

area of health effects. Also, the issue may arise of how much of the

externalitiesshould be chargedto a specific powerplant if the additionalT&D

equipmentcan serve other generatorsand electricitytransfer purposes.

When quantifyinga specificpowerplant'sexternalitiesat different

points in the fuel cycle, as we noted earlier, only those marginal impacts

from the plant should be counted. For example, a plant that uses a fuel

readily available in the market in large quantities is unlikely to cause

significantmarginal impactsassociatedwith fuel extraction. In addition,

those impactsare likely to be distributedover many sites where fuel is

extractedand it is virtually impossibleto attributethose impacts correctly

to a specificpowerplant.

Some method will be requiredto prioritize and screen the stages and

phases in the fuel cycle becausethere are nearly 100 possible, separate
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points at which analyses can be conductedfor each powerplant. A major study

conductedfor Bonneville screenedeffects based on NEPA's definitionof

environmentallysignificanteffectsand applied the authors' judgment in

determiningwhetherthe effects would be economicallysignificant(ECO 1986).

The screeningprocess involvedthree sequential steps and permittedjudgment

to be used where uncertaintieswere large or public concernmight be high.

For screeningeffects, Callaway and Currie (1989) present a frameworkthat

relies on similar principles.

lt is not practical,nor do we believenecessary,to conduct each of

these analyses for every proposedplant. Given the existing approachesand

Bonneville'sneeds, Bonnevil3emay want to considerestablishingan

incrementalprocessinvolvingprioritization,screening,reliance on available

information,developmentof new informationin critical areas, and development

of appropriateanalytic tools. Such an approach,designed to evolve over

time, might includethe followingcomponents:

I. Use availableresearch resultsand informationto establish
prioritizationand screeningcriteriafor the fuel cycle stages and
impact areas.

2. Rely on relevant estimatesof damage costs where availableand use
control or mitigation costs where inadequatedamage cost data are
now available.

3. Conduct research in criticalareas where environmentalimpacts and
damage cost data can be improvedand will have potentiallywide
applicability.

4. Develop analysistools and modeling systems for especially important
impacts.

5. Revise the criteria and quantificationapproachesas new and better
data and informationbecome available.

3.3 QUEST!..ONNAIRES

To gather informationpertinentto the valuation process, PNL has

developedtwo types of questionnairesto be filled out by the proposer of a

generating facility. These questionnairesare based on similarmaterials used

by the Orange and Rockland Utility to score and rank 13 different

environmentalattributes for a supply-sidebid solicitation(Orangeand

3.5



Rockland 1989). Includedin this ranking is the assignmentof points based on

the severityof environmentaleffects.

The first type of questionnaireis broad in scopeand is designed to

gather informationthat may result from any proposeddevelopment (see

Appendix B). For some proposalsthis may be all the informationnecessary.

For proposalswith rather specializedimpacts,such as a hydroelectric

generator, PNL developeda second set of questionnaires. These questionnaires

cover municipal solid waste, transmissionsystems,wood biomass, hydroelectric

generation, and cogeneration. The fact that an issue is addressed in the

questionnairesdoes not imply that the project automaticallyresultsin a

significanteffect.

The questionnairesare design'edto gather from developers information

that is unique to their proposal. Examplesof this type of informationfor

the power generationportion of the fuel cycle include:

• land requirementsfor the generatingplant

• control technologyto be employed at the plant

• potentialpollutantsemitted by the plant

• effects on local land uses.

Developerswould not be required to providedetailed informationabout

generic portions of the fuel cycle. Genericmeans that the portion of the

fuel cycle in question is not directly or exclusivelylinked to the proposed

generating facility,or related to a specificlocation. Table 3.1 describes

whether environmentalinformationtends to be generic or specific for

differentresourcesat different stages of the fueIJcycle. This table also

illustrateswhich portions of the fuel cycle are likely to be applicableto
different resources.

For the most part, the informationneeded for Bonneville'sassessment

will also be needed by the developer _o performengineeringand financial

viabilityanalyses, as well as to meet state and local siting requirements.

Bonneville should develop off-the-shelfreferencesfor assessingimpacts from,

or to, generic elementsof the environment. Examples of tFese elements

•includesurfacecoal mining of western coal; train transportationof western
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coal, naturalgas pipelines, and oil wells; and occupationalhazards.

Bonnevillehas previouslyproduced this type of informationin environmental

documents.

The questionnairemay give Bonnevilleenough informationto determine if

proposedmitigationstrategiesare optimal from a societal or NEPA

perspective. Although not necessarilyrequired by law, Bonnevillemay wish to

encouragea mitigationapproach as part of a NEPA strate§y. Furthermore,the

cost of institutingmitigationmay be less than the social cost of the impact

if left unchecked. Such an investmentin mitigation internalizesthe cost of

environmentalimpacts,possibly at much less expense than if the costs were

spread externallythroughout society,thus making the resourcemore

competitive.

In additiunto providingthe informationneeded to quantify

externalities,the inventoryof data will providepreliminaryinformationto

plan the preparationof environmentaldocumentationfor compliancewith

federal, state and local laws. The actual preparationof environmental

documentswill probably require specific informationin addition to that

discussedhere. The informationdiscussedhere should also be useful to help

Bonnevilledetermine if any of the external environmentaleffects can be

internalizedthrough the applicationof effectivemitigation techniques. And

finally, Bonnevillecan use the informationto develop a database to use for

quality assurancewhen evaluatingnew proposals.

3.4 PLUME DISPERSION MODE_D_.__S

One of the first types of impactsthat Bonneville is likely to analyze

when evaluatingalternativegeneratingresources is air pollution-related

health effects. Such impactshave been assessed in prior studies and they may

be the predominantimpactswith fossil-fueledPlants. A key step in analyzing

these impactsis determininghow pollutantsare dispersed after they have been
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generated by a powerplant. (a) Table 3.2 summarizes 21 current atmospheric

dispersion models. (b) All of the models presented in the table are dispersion

models approved by the U.S. Environmental Protection Agency (EPA) or Nuclear

Regulatory Commission (NRC). Unless otherwise noted, additional informa'Lion

on tile models and references is available in EPA (1986). The models can all

run on mainframe and minicomputers; most have PC versions or can be converted

for PC operation. Those with existing PC versions are indicated.

Plume models can be divided into two major categories, Gaussian and inon-

Gaussian. Gaussian models operate under the assumption, based on classical

diffusion theory, that in a cross-section through a plume of pollutant

material, pollution concentrations exhibit a Gaussian distribution. (c) For

most applications, this is a good assumption; Gaussian models are the most

frequently used dispersion models.

Non-Gaussiaa models are based on a number of alternative methods for

estimating the dispersion of pollutants. (d) Sophisticated non-Gaussian models

can provide more accurate solutions for particular situations than can their

simpler Gaussian counterparts. However, complex non-Gaussian models ma), be

difficult to initialize, require more powerful computer systems, take longer

to run, and require a higher level of operator training to properly use the

model and interpret results. The use of sophisticated non-Gaussian models

will increase as non-Gaussian modeling techniques improw as the capabilities

of PCs and other small computers continue to expand, and a_ expert systems

(a) Lee et al. (1990 Draft) discuss such models in the context of a more
generalmodeling system that could characterizepollutantdispersion
and ultimate impactson affectedpopulations. [Lee, A. D., h. C.
Baechler,J. M. Callaway,L. O. Foley, and C. S. Glantz. 1990

• (Draft). T_chnical Informationin Support of Bonneville's
QuantificatLQnof EnvironmentalExternalities. PacificNorthwest
Laboratory,Richland,Washington.]

(b) The discussion here focuses on models that can be used to assess human
health impacts, but Bonnevillemust ultimatelyconsider other impacts,
such as those on materials and wildlife.

(c) Detailed informationon Gaussian distributionsis available in advanced
calculus texts, in the user's guides of many Gaussian models, and in
dispersionmodeling texts such as Randerson (1984). See also Barr and
Clements (1984).

(d) These methods involveK-theory,similaritytheory, particle-in-cell
techniques,and higher order closuremethods (Barr and Clements 1984).
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technologycan be applied to initializemodel runs and help interpretmodel

results.

As part of its environmentalimpactmodeling system, Bonnevillemust

select an atmosphericdispersioni_odelthat is appropriatefor the modeling

objective, size of the modelingdomain, local topography,available

meteorologicaldata, releasecharacteristics,pollutantcharacteristics,

computer resources,and user expertise. Bonnevillemust addresseach of these

selectioncriteria and carefullydefine model requirementsand computer

capabilities before selectinga specificdispersionmodel or models to include

in Bonneville'smodeling system. Although PNL does not have enough

informationto effectivelyevaluatethese criteria for Bonneville,the

followingassumptionsmost likely will apply in Bonneville'smodel selection:

• The dispersionmodel will be used to estimatethe ground-level
pollutantconcentrationsresultingfrom the routineoperationof
power plants.

• The model will need to consideroffsite environmentalimpacts, in both
simple and complex terrain settings,out to distancesof 50 km from the
release point.

• Both short- and long-termimpactswill be studied;however, the emphasis
will be on long-term impacts.

, Model executiontime Will need to be fairly rapid (less than 10 min) for
most applications,although slower executiontimes will be acceptable for
more sophisticatedanalyses (e.g.,these analysesmay be conducted using
overnight,batch-moderuns).

• Climatologicaldata will be required for some applications;hourly
meteorologicaldata sets (providinginformationon spatial and temporal
variations)will be required for other applications.

• Pollutionwill come from point or area sources;emissionsmay occur from
more than one point source and may vary with time. Time varying
emissionsmay be handled in a singleor multiple model runs.

• Pollutantemissionsthat are only indirectlyrelated to the operation of
powerplants (e.g.,emissions from increasedautomobiletraffic in the
vicinity of the power plant) will generally not be considered.

• The model will need to considerplume rise, deposition processes, and
some simpie chemical transformations.

• Sourceswill be inland;specialcoastal dispersionmodels will not be
needed.
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• Heavy gases will not be studied;the model will not be used to simulate
the accidental releaseof liquid naturalgas, chlorine,or other heavy
gases at power plants.

• The modeling system will be based on a PC worlkstation(e.g., IBM PS/2
Model 70 or 80).

• The modeling system will be used by technical]lycapable people--.
scientists,engineers,and managerswith some experience in interpreting
environmentalassessmentdata.

• A user's guide and a trainingmanual will provideguidance on how to use
the dispersionmodel, how to interpretresults, and how to evaluate model
performance.

Unfortunately,PNL is not aware of a single dispersionmodel, or system,

that can meet all Bonneville'sneeds. PNL recommendsthat Bonnevilledevelop

a modeling system that incorporatespollutantdispersion analysis with

emissionsmodels, dose-responsemodels, and economics impactsmodels. This

system also should permit the user to choose from at least two dispersion

models with differingcapabilities (a)

(a) See l.eeet al. (1990 Draft) for furtherdiscussion. [Lee, A. D.,
M. C. Baechler,J. M. Callaway, L. O. Foley, and C. S. Glantz. 1990
(Draft). Technical Informationin Supportof !Bonneville'sQuantification
of EnvironmentalEx.t.ernalities.PacificNorthwest Laboratory,Richland,
Washington.]
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4.0 TWO APPROACHES TO THE ECONOMICVALUATIONOF EXTERNALITIES

The objective of the externalityvaluationprocess is to accurately

estimate the economic costs of the damagesthat should be attributedto every

residualenvironmentaldisturbanceassociatedwith a powerplant. There are

two generic theoreticalapproachesto this. The first approach,the cost-

based approach (discussedin Section 4.1), involvesusing estimates of

marginal mitigation or controlcosts to value residual effects. The second

approach,the damages-basedapproach (discussedin Section4.2) entails a

complete listing and quantificationof economiccosts associatedwith each

type of damage caused by the residualenvironmentaleffects.

4.1 THE COST-BASED APPROACH

The cost-based approach involvesusing estimatesof marginal mitigation

or control costs to value residualexternal effects. This approach does not

requiretracking effects through all the stages identifiedin Section 2.3

because the mitigation ansicontrol costs are assumedto reflect the ultimate

economic costs of the damages. Althouglhregulationstheoreticallycould be

designed to set economicallyoptimal levels of reductions in environmental

damage (marginalcontrol costs equal marginal benefits),the level at which

environmentaldamages are regulatedis 'typicallygoverned by the extent of the

biophysicaldamages caused. Environmentalassessmentsare used to establish

the extent of damages and the effects oF regulationon these damages.

Economicconsiderationsusuallyenter into a regulatorydecision but may be

secondaryto health and environmentalfactors. Nevertheless,the relationship

between levels required by regulationsand controlcosts are importantin

deriving estimates of the costs associatedwith externalities.

4.1.1 TheoreticalRationale

Ideally,cost-basedappruachesanalyzemarginal benefit and marginal cost

curves from the standpointof determiningthe economicallyefficient level of

emissionsreductions. Thecurves are assumed to includeboth consumer and

producer costs and benefits,and all the market and non-market effects

discussed in Chapter 2.
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The theoreticalargument is based on the assumptionthat environmental

impactsshould be controlledto their economicallyefficientlevel, taking

into accountboth control costs and the damage costs of uncontrolledimpacts.

In a marginaleconomics framework,marginal control costs increase and the

marginal benefitsof each additionalreductionin environmentaldamages

decrease as tighter and tighter controlsare imposed. To satisfy the economic

efficiencycriterion,controls should be required up to the point where the

marginal control cost equals the marginal benefits of reduced damages.

For a single powerplant in isolation,the intersectionof the marginal

controlcost curve and marginal benefitscurve for that plant determines the

optimum control level (see AppendixA, Figure A.I). At levels of pollution

abatementabove the economicallyefficient level, the marginal cost

systematicallyexceeds the marginal benefit. Society is worse off when less

or more abatementoccurs than the economicallyefficientlevel. However, this

conclusionmay change when th_ effectsof individualplants are considered in

combinationwith other plants alreadypresent.

Most discussionsabout powerplantenvironmentalexternalitiesand

regulationstend to focus on the impactsof a single plant, with little

explicit attentiongiven to the consequencesof assessingthe impactsof this

single plant in an environmentwhere, in fact, many plants may be present.

NEPA analyses,however, often addressthe "cumulativeimpacts" associatedwith

particularprojects,taking into account to some extent the contributionof a

particularproject to cumulativeenvironmentaldisruptions. Analyzing a

single source in isolationis often inadequatebecause lt ignores the damages

caused by residual emissionsfrom other sources and assumes that the level of

pollutionabatementmandated by existing regulationsapplies to ail sources

uniformly.

When all existing sourcesof environmentaldamages are taken into

account, differentrequirementsemerge for individualsources. For example,

in the case where one powerplantexists and an identicalfacility is being

added, the marginal control cost and benefits curves should be based on both

plants together (see Appendix A, Figure A.2). In this situation, cumulative

impactswould be taken into account and, under these circumstances,it can be
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shown that the optimal control level is tighter for the new plant than if it

were analyzed in isolation.(a)

This result suggeststhat where existing pollutionlevels are higher,

tighter controlson new plants are justified and the societalbenefits are

higher.(b) Since the incrementalcost of damages caused by each new

powerplantdepends on the existing level of environmentaldamages, externality

valuationsshould take into accountsuch cumulativeeffects•

4.1.L Mitiq.a.tionand ControlCosts

• There are two types of cost-basedapproaches. The first determines the

cost of mitig_Ling the damagesdone by an externality,while the second

focuses on the control costs of preventingan environmentalexternality at the

point of production.

Mitigation approachesmeasure "defensiveexpenditures." Exi_ernalities

pose a threat to individualswho, economic theory suggests,will engage in

defensive behavior to avoid these damages. The economically"rational"

individualshould select a way of mitigating the damages that equates the

marginal benefits with the marginalcost of the mitigation. Thus, in cases

where mitigation is economicallyfeasible,the marginalmitigation cost to the

individualshould equal the marginal damage to the individual.

Using this logic, changes in total mitigationcosts or "defensive

expenditures"to avoid the adverseeffects of environmentalexternalitieson

the part of all affectedeconomic agents can be used, under certain

conditions,to measure the damages (or benefits)of increases (or decreases)

in environmentalexternalities This approachhas been used to estimate the

benefitsof programs to reduce soiling from particulatesand non-melanomaskin

. cancers due to stratosphericozone depletion;and several studieshave used

(a) Intuitively,pollutioncontrolson new facilitiesshould be tightest in
regionswhere existing pollutionlevels are the highest. The Clean Air
Act (42 USC 7401-7642)and Clean Water Act (33 USC 1342, Sac. 402)
exemplifythis concept throughtheir tiered control technology
requirements.

(b) This theoreticalfinding is supportedempiricallyby recent arguments in
California that certain out-of-stateair quality damages should be valued
at one-tenththeir in-statevalue [CaliforniaEnergy Commission (CEC)
1989].
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the cost of planting trees to offset increasesin atmosphericcarbon as a

means of valuing the damages done by CO2 buildup (Chernickand Caverhill

1989). The same type of approachgenerallylends itself to valuing the health

effects of increasedair pollutlondue to highermedical costs associatedwith

increasedmorbidity.(a)

Alt;,oughthe theory underlyingthe use of "defensiveexpenditures"to

value externalitiesis compelling,the method has two primary limitationsand

its use is appropriateonly in certaincircumstances. First, damages may

exist for which there are either no economicallyfeasible defensivemeasures;

or, even if such measures do exist, they may be hard to observe and measure

and only certain people may be able to afford them. Second,there are cases

when mitigating actions often have subsidiarybenefits that are not related to

the specific pollutant,and thus the true benefitsof mitigationmay actually

exceed the cost of damages being mitigated.

Despite these limitations,mitigationcosts represent an importantand,

with some limitations,theoreticallysound set of measures for valuing the

damages of environmentalexternalities. In fact, most economistswould

probablybe reluctantto call this a cost-basedapproach,preferring instead

to emphasize the behavioral link betweenthis approach and the more direct

methods for valuing the damagescaused by environmentalexternalities

described in Section4.2.

The second cost-based approachinvolves using estimates of the costs of

reducingenvironmentalexternalitiesto their regulatedlevels at the source

as a measure of the economic damages. Similar to the mitigation approach,

this approach assumes that regulatorsregulate an environmentalexternalityto

the point where the marginal benefits to societyof controllingthe ]ast unit

of an externalityequal the marginalcontrol costs. In this framework,the

value of the margina'icontrol cost is ,denticalto the value of the marginal

benefit. Therefore, the marginal control cost can be used, appropriatelyand

without error, to value small increasesin the externality.

(a) Medical costs alone, however, are likely to underestimatethe total costs
associatedwith physical and mental health damages.
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However, at least two major complicationsare associatedwith the use of

this type of approach. First, it is unlikely that the regulatoryprocess in

the United States produces an optimal level of pollutionbased on social

benefit-costprinciples. Pollutionregulation in this country involves

severalcriteria that often make it difficult to determinethe relationship

betweenmarginal benefits and marginal controlcosts at the regulated level of

pollution.

Second is the complex task of assigning a single marginal cost estimate

to a single source or pollutionprecursor. In the simplestcase, a single

source is assumed to emit a single pollutant,for which there is a well-

defined optimal pollutionrule. In the real world, however, regulatingone

pollutantor precursormay influencethe levels of other pollutants.

Allocatingmarginal control costs to a single pollutantis extremelydifficult

becauseone precursor alone or in combinationwith other pollutants may cause

a varietyof damages and becauseregulating one precursormay influencethe

effects of otheYs.

PNL has not attemptedto assess the accuracyof using marginal control

costs as a proxy for damage costs. However, the assessmentsthat have been

done by others suggest that controlcosts provide a fairly good proxy

(Chernickand Caverhill 1989, p. 38). As a practicalmatter, typical research

and resourceconstraintsoften mean this approach is the only feasible way to

set a value for certain externalities.

4.2 THE,DAMAGES-BASEDAPPROACH

If pollution control regulationswere driven strictlyby economic

optimizationcriteria, then the marginal cost of the required controls would

equal the marginal benefitsof reducingemissionsby one additional unit.

Under these conditions,the marginal value of the residualdamages associated

with an externalitywould be simply the marginal controlcost. Since this

optimal control condition rarelyexists in practice,a more direct valuation

approachneeds to be developed.
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4.2.1 TheoreticalBackqround

The damages-basedapproach estimatesthe costs of damages,or the

benefitsof reducingdamages, by examiningchanges in the welfare of economic

agentswho are in some sense "damaged"by the physicaleffects of the

externality.(a) The basic purposeof the valuationmethod is to determine the

actual amount of compensationthat society is willing to accept (or pay) to

tolerate (or prevent) the residualdamages caused by a generating resource.(b)

Determiningthese amounts involvesvaluingboth market and non-marketgoods.

In theory, all of the damagesassociatedwith the effects of a specific

source (or all of the benefits from regulatin',that specificsource) can be

quantifiedand then can be plottedto derive the marginal damage curve

associatedwith the emissions of a specificpollutant from that source. The

damages method of valuation is based on two basic models of economic behavior,

one for consumerwelfare and one for producerwelfare.(c) Assessing total

damagesentails evaluating changes in both consumer and producerwelfare.

Valuingchanges in producerwelfare is relativelystraightforward. Valuing

changes in consumerwelfare, however, is more complex.

Two welfaremeasures commonly used for consumers are willingness to pay

(WTP) and willingnessto accept (WTA) compensation.(d) ConsumerWTP to

prevent a decrease in welfare is defined in terms of the maximum amount of

money a consumerwould be willing to pay to avoid the change, before it

happened. Consumer WTA compensationfor a decrease in welfare is measured by

(a) The discussion in this sectiontypically focuseson air emissions, but
the principles are general enough to be applied to any type of
environmentalchanges.

(b) The basic principlesof economicvaluation are detailed in Just, Hueth
and Schmitz (1982). The best discussion of the applicationof economic
valuationto air pollution is containedin Brown and Plummer (1990).

(c) At the center of these models is a mathematicalfunction that indicates
levels of welfare: a utility functionfor consumersand a profit
function for producers. Increasesin the levels of these functions are
taken as improvementsin individualeconomic welfare. See Silverberg
(1978)on the issues associatedwith developing money measures oF
utility.

(d) Consumer surplushas also been used to value welfare changes in some
cases.

4.6



the minimum amount of money the individualwould accept to tolerate the

change, after it happened.(a)

To better understandthe valuationprocess,Table 4.1 provides a

relatively simple taxonomythat shows the relationshipbetween different

effects categoriesand the types of economicvalues that are associatedwith

them for air pollutionimpacts. The economicvalues are as follows.

. • Market Values - reflectthe economicvalues of goods and servicestraded
in markets

. • Non-MarketUse Values - reflect the economicvalue of (usually)
environmentalresourcesto users, such as recreationalanglers

• Non-MarketNon-UseValues - reflectthe willingness-t°-PaYboflJ non-usersto protect or preserve (usually)environmentalresources.

The effects of air pollutionare grouped into three major environmental

categories" terrestrial,aquatic, and air. Terrestrialeffects includethose

on "goods" such as commercialcrops and forest recreation. Aquatic impacts

includethose on "goods"such as commercialfishing and recreationalfishing.

Finally, air impactsare related to the effectsof air pollutionon visibility

and human health effectsthrough air pathways.

In Table 4.1, an "X" indicatesthat the type of value in the column

heading is relevant to the effect category in the correspondingrow. For

example, crops representthe case of an effect category that has market

impactsonly becauselosses in crop yields are valued throughmarket prices.

Effectson wildlife, on the other hand, can have three different valuation

componentsdependingon the resource affected. For example, the adverse

(a) WTA and WTP are not generallyequal for the same change in welfare;
however, WTA for an increase in welfare from state A to state B is
identicalto WTP for a decrease in welfare from state B to state A. In
that sense, the measures are symmetricand the damages of a state change
are equal to the value of the benefitsof the reverse state change.

(b) Health values are treated as non-marketvalues in this framework. Note
that health impactsof air pollutionhave both non-market use and non-
use characteristics. The use characteristicsrelate to the direct
effects of air pollutionon morbidity and mortality as valued by the
affected individuals,while the non-usecharacteristicsof these impacts
relate to the willingnessto pay of loved ones, friends, etc., to avoid
those health effects to others.
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TA!._.LL_4J...A Taxonomy for Relating DifferentTypes of
EconomicValues to Air PollutionEffects

Type of Values

Non-Market

EffectsCategories Market Use Non-Use

Terrestrial

Crops X

CommercialForests X

Forest-BasedRecreation X X

Wildlife X X X

Materials X X X

Other Terrestrial

Ecosystems X X

A__q_uatic

CommercialFishing X

RecreationalFishing X X

Other Water-Based

Recreation X X X

Health X X

Other Aquatic Ecosystems X X

Ai__zr

Visibility X X

Health X X

_ffectsof air pollutionon the populationof game speciescould influence

market values through producersand consumers in commercialmarkets for

affected species; these effectscould also influencethe welfare of users such

as recreationalhunters; and finally these effectscould influencethe welfare
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of non-userswho wanted to preservethe affected speciesfor others in current

and future generations. Note that in at least three effectscategories all

three types of economic values may be potentially involved.

From an applied standpoint,the taxonomy is far from complete. The type

of tables necessaryto characterizethe valuation needs associatedwith a

single type of pollutantfrom a single source would have many more rows to

reflectthe individualresourcesat risk under each effect category.

4.2.2 Market Values

• WTP and WTA measures of the effectsof pollutionon the consumptionof

market goods can be obtaineddirectly for market values. Evaluatingthe

damages associatedwith a market effect of an externality,such as decreased

crop yields associatedwith an increasein air pollution,entails comparing

before and after supply and demand curves for the crop to derive the combined

changes _n consumer and producerwelfare. Valuing the effects caused by

changes in air pollution from a single source requiresgoing through all the

stages describedin Section 2.3. For market goods, economistsmust be able to

determinehow the physical damage to affected resourcesalters market values.

From a mechanisticstandpoint,this'iseasiest to do for crops and is much

harder to do, for example, for constructionmaterials.

4.2.3 Non-MarketUse Values

As Table 4.1 shows, non-marketuse values are relativelycommon because

functionalmarkets for environmentalgoods rarely exist. For non-market

goods, indirectmethods or direct questioningof individualscan be used to

estimate WTP and WTA to value the effects of externalities. The latter method

is referredto as contingentvaluation (CV).

The principleof indirectvaluationis the basis for travel cost methods

to value recreationalsite damagesand for hedonic methodsthat analyze

property values and wage differentialsas measures of pollutiondamages to the

environmentand human health. Travel cost methods relate differences in the

costs of travelingto alternativesites to the environmentalquality of the

sites.

4.9



A major strengthof travel cost methods is that they can be applied to a

fairly large number of the effects categoriesin Table 4.1. These models have

been used to calculatethe benefits to individualsof improvedwater quality,

to place values on specifictypes of sport fish, and to estimate the value of

reducing acid rain in Adirondack lakes. Nevertheless,there are several

unresolved issues regardingth(!irapplication.(a) One is that welfare results

obtained from travel cost models have been shown to be extremely sensitiveto

model specificationand choice of estimationtechnique.

Hedonicmethods are another techniqueused for indirectvaluation of non-

market use values. They relate the variationin the market price of a good or

factor of productionto variations in the characteristicsof the good or

factor. This approach is used in healtheconomics to relate individualwage

rates to variations in the characteristicsof various occupations. The

hedonicwage approachhas also been used to show that interurbandifferences

in wages correlatewith air quality. The hedonic property value approach,

which relates the variation in residentialstructuresales prices to

variations in house characteristics,has also been used to value the effects

of inter-urbanvariationsin air quality. However, applicationsto other

forms of pollutionare limited.(b)

The major conceptualproblemwith hedonicmethods is that changes in

wages or propertyvalues cannot be used to measure changes in WTP or WTA,

except under very restrictiveconditions. Typically, hedonic studies to value

environmentalamenitieshave not attemptedto assign values to specific

environmentalgoods but have providedestimatesof the marginal price of air

pollution reductionor similar genericmeasures. With the exception of health

effects, then, hedonic approaches are very difficult to apply to the

individualeffects areas in Table 4.1.

If either the assumptionsthat underliethe indirect approach are not

satisfiedor the data needed to apply the specific methods are not available,

changes in WTP and WTA in response to changes in pollutionlevel_ must be

(a) See Brown and Plummet (1990}.
(b) Even in air-pollutionapplications,accordingto Brown and Plummer (1990,

p.4-36), the state of the art is "in a relativelyunsettled state."
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obtained by directly questioningindividualsabout their behavior in

hypothetical,or contingent,markets. The CV approach has been used to

estimate individualWTP and WTA for visibilityand has been appliedto the

valuationof air and water quality damages. However, a nu,r,ber of issues have

been raised by economistsand social psychologistsregardingthe CV method.(a)

The methods for valuingthe non-marketeffectsof changes in air

pollution are not as well developed as the methods discussedfor market

values. A particularproblem is that no straightforwardformula can be used

to apply these values to physical damages. While the results of direct and

• indirectmethods can be transferredto other contexts,to do so usually

requires the assumptionthat individualsand resourcesare distributed

identicallyto how they were in the original studies.(b) A final problem

involves aggregatingnon-marketvalues. Simply adding up individualvalues in_,,

different effects areas will not, in general, provide a theoreticallycorrect

estimate of the total change in welfare, even for a single individual.

4.2.4 Non-MarketNon-Use Values

Much evidence suggests that individualswho do not plan to "use" an

environmentalamenitymay still be willing to pay some amount of money to

prevent pollutiondamages, either I) to preservethe environmentfor their own

potential future use or 2) for other reasons not related to their own use.

The first type of value is referred to in the literatureas "optionvalue.''(c)

The second type of value, or "existencevalue," is totally unrelatedto use.

lt is defined in terms of the compensatingpaymentwhich an individualwould

pay (or accept) to avoid (or live with) environmentaldamage when the cost of

access to the resource is so high that the individualprefers not to use it

(Callaway1990).

(a) See Mitchell and Carson (1989) and Cummingset al. (1986).
(b) The valuationof market effects is complicatedby questions relatedto

the transferabilityof scientificinformation,but usually not the
transferabilityof economic informationwhere market informationis
available. The valuationof non-marketeffects is beset with both
problems.

(c) As Smith (Ig87a and b) and Freeman (1988) point out, option value is
actually a use value which takes into account uncertainty.
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In the case of non-use values,CV methodsmust be used to determine how

much money individualsare willing to pay (or accept) for hypothetical

increases(or decreases) in environmentalquality. Existencevalues have been

estimatedfor a number of non-marketgoods, includingscenic vistas, water

quality, big game, and endangeredspecies. Estimatesof existence values

associatedwith air pollutionare limitedto studiesof acid rain effects in

the Adirondacksand Norway.(a)

Recent reviews of the theoreticalbasis for existencevalues have

concludedthat although basicallysound, the theory still has some internal

inconsistenciesthat require furtherresolution.(b) These reviews also found

that most existing empiricalestimatesof existencevalues are flawed and that

more work is needed to develop CV protocolsfor revealingthese values. The

underlyingtheme in all of these works is that, for a variety of reasons, the

non-use values obtained in existing studiesare systematicallybiased upward.

However, the magnitudeof these biases cannot be determined.

4.2.5 EstimatinqDamaqes' Practice

Relativelyfew studieshave used a comprehensivedamages-basedapproach

to determinethe overall socialcosts of air pollution. Several region-level

studieshave used systems-basedmodels to value acidic deposition damages in

Europe and the United States. ADEPT, a model developed to look at the role

which uncertaintyfrom a varietyof sources plays in acid rain risk assess-

ments, is currentlybeing extended to value external effects. However, models

such as this are directly applicableonly to regionalemissions, transport,

and deposition processesand are not directly applicableto single sources.

Two studieshave attemptedto estimate the social costs associated with

specifictypes of technologiesfor producingelectricity.(c) Hohmeyer (1988)

(a) See Kealy et al. (1987) and Navrud (1989). The estimates from these
studiesare large -- from $5 to around $40 per individual-- such that if
cumulatedover a large number of individualsthe sum can be quite large.

(b) See Freeman (1988);Brown and Plumnler(1990);and Callaway (1990).
(c) See Lee et al. (1990 Draft) for a detailed discussion of these studies.

[Lee, A. D., M. C. Baechler,J. M. Callaway,L. O. Foley, and C. S.
Glantz. 1990 (Draft). T_e_chnicalInformationin Supportof Bonneville's
Quantificationof EnvironmentalExternalities. PacificNorthwest
Laboratory,Richland,Washington.]
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used this approach in part to quantifythe social costs of energy consumption

in the FederalRepublic of Germany. However, the large number of simplifying

assumptionsand the near total absenceof informationabout linkages between

physicaldamagesand emissionsand between physicaldamages and economic value

result in very rough estimates.

The second study, the generic coal study, is actuallyone of several

studiesprepared for Bonneville,principallyby ECO Northwest,that attempt to

quantify and value the environmentalimpactsof differentelectrical

generatingtechnologies.(a) These studies are the best examples of the

_amages-based_pproachthat PNL was able to find in our limitedreview of the

literatureon this subject. They are also the only studiesPNL found that are

potentiallyapplicableto Bonneville'sexternalityevaluationefforts.The

analyticalapproach used in the coal study consistedof six steps:

I. Estimate the level of emissionsfrom a generic coal plant.

2. Use a transport and diffusionmodel to estimatethe ground-level
concentrationsof each pollutantdue to emissionsfrom the plant.

3. Estimate the magnitude and compositionof the human populationand
resourcesat risk exposed to each pollutant.

4. Estimate dose-responsecoefficientsto characterizethe bio-physical
damages due to exposureto each pollutant.

5. Apply the dose-responsecoefficientsfor each pollutantto the exposed
populationand other resourcesat risk to estimate bio-physicaldamages.

6. Estimate the monetary value of these damages.

Based on the discussion in Section2.3, these steps are consistent with

all of the stages and transformationsthat characterizeenvironmentaleffects

at the power generation level of the fuel cycle that need to be taken into

accountto value externalities.

(a) The generic coal study is ECO Northwest (ECO). 1987 (Draft). Generic
Coal Study: Quantificationand Valuationof _nvironmentalImpacts.
Draft Report Submitted to BonnevillePower Administration,Portland,
Oregon. The other technologiesincludedual-fuelcombustion turbines
(ECO 1983) and five generatingresources: cogenerationfrom biomass and
municipal solid waste, geothermal,solar central stations,and wind
turbines (ECO 1986).
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4.3 CONCLUSIONS

While the damages-based approach is theoretically correct, its intensive

information demands, coupled with limitations in the state of the science in

economics and in the other disciplines required, raise serious questions about

the accuracy of estimates obtained. In summary, the difficulties inherent in

applying this approach are as follows:

• Accounting for exte'rnal effects directly can be prohibitively expensive
and difficult.

• Required models are in their infancy and require large amounts of
computer time to obtain results.

• A great deal of conflicting information and uncertainty is associated
with the bio-physical damages caused by many pollutants.

• Economic methods for estimating pollution damages are not well developed
in many of the effects areas.

• Application of economic methods to value both market and non-market
effects can involve significant uncertainties.

• Valuation of physical damages (if even a single pollutant from a single
source has never been done .i._ a marginal damage function framework.

• Marginal damage estimates cannot be created by adding up the damages due
to a small change in the level of a single polIlutant over multiple damage
categories (e.g., crops, recreational fishings, and visibility) unless
interactions are taken into account between these effects in the utility
and profit functions of consumers and producers, respectively.

For these reasons, many utility regulatory bodies have looked

increasingly for proxy measures to use in valuing i:he environmental effects of

new generating resources. Much of this attention has focused on using the

costs of controlling pollutants as a proxy for marginal damages, as was
discussed earlier.
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5.0 STATUS OF EXTERNALIT.yVALUATIONSAND CONCLUSIONS

Although the economicsliterature is repletewith theoreticalmodels to

assess the value of residual environmentaldamages, most of the theoretical

models require data that thus far cannot be measured credibly. The practical

models that have been developedbased on theory tend to deal with only a small

portionof the problem. Consequently,.very littleof the theoreticalwork has

' been incorporatedinto utilityprocesses. This chapter summarizes state

activitiesto date and presentsconclusionsfor Bonneville'sconsiderationin

• its efforts to place an economicvalue on powerplantexternalities.

5.1 STATE .ENVIRONMENTALEXTERNALITYREQUIREMENTS

Historically,environmentalexternalitieshave been controlled by fed-

eral and state regulationsto What were thought to be acceptablelevels; how-

ever, residual damages have been largely igncredby utility planners as well

as regulators. Recently, however, severalstates have taken initial steps to

includeexternalitiesin their utilities'powerplantplanning processes.

Table 5.1 summarizesthe approachesseveral states have used thus far to

account for environmentalexternalities. The lack of uniformity suggests that

no single approach has proven superior. The genesisof much of this work is

rooted in the PacificNorthwestElectric Power Planning and ConservationAct

(16 U.S.C. 83ga.,Sec.3),passed in 19130.That Act was one of the first laws

to specifythe cost-effectivenesscriterionfor resourceevaluation and to

includethe quantificationof environmentalcosts and benefits as part of that

definition. The intervening10 years have seen much attention an_denergy

directed toward that effort. The last two years have seen a spate of Orders

and Statuteswith language referring'tothe necessityof accounting for

environmentalcosts in the resource planning,and especially the competitive

bidding, process.(a)

(a) According to Ottinger (1990),26 states have such language on the books.
A survey suggests that agencies in 17 states have developed approaches
for incorporatingthese costs (Cohen et al. 1990). According to
testimonygiven before the CaliforniaEnergy Commission (Knox 1990),
even the Edison Electric Institutehas advisedthe utility industryto
factor global climatechange into its planning processes.
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: T__B_LF,__LI.Status of Externalities Quantification in Selected States
i

Quantification How Requirements
State Basis Are Imposed. Value

NY Mitigation cost of Through resource Up to 1.4
different bid process cents/kWh, 24% of
externalities avoided cost with

quantity
determined through
scoringmatrix

WI Assumed benefits Through least- Automatic 15%
of noncombustion cost planning credit for noncom-
resourcesover bustion resources
combustion
resources,based
on NWPCC
recommendation

VT Assumed benefits Through integrated Deduct 5% from DSM
of demand-side resource costs for
management (DSM) assessments environmental
options benefits,and 10%

for risk reduction

MA Quantifiable Through resource NEES adds up to
external impacts solicitation 15% to resource

process cost based on
matrix similar to

ORU approach

ME Uncertain Proposed through No values
cost-effectiveness specified
evaluationof

large DSM programs

OR Control costs Through least- Depends on utility
(PacificPower & cost planning evaluation
Light)

CA Control costs Assessmentof Add I0-25% to
(probably) utility resource generation costs

plans (proposed)
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PNL's review of these activitiessuggeststhat while there is no

shortageof language and directives,actual rulingsand enforcementorders

requiringthe utilitiesto includtthe social costs of environm()ntaldamage

resultingfrom enemy productionare still rare. States in which a tool or

methodologyis actually being implementedare rarer still. Only thrue states-

-New York, Wisconsin,and Vermont--andthe NorthwestPower PlanrlingCouncil

have actually specifiedvalues to be used in such evaluations(see Foley and
• Lee Iggo).

Wisconsin'sand Vermont'sapproachhas been to subjectivelyassess a

cost credit for relativelybenign resourcessuch as conservation. New York

has taken a different direction,directly incorporatingenvironmental

externalitiesinto its utilities'biddingprocess by assigningpoints to

environmentalcosts just as the utilitiesassign points to other attributesto

be evaluated in the bid. The value (cents/kWh)associatedwith the

environmentalcosts is added over the avoidedcost. New York's approach goes

furtherthan any other state to includethe costs of residual elnvironmen_al
damage.

Massachusettsand Oregon have ordered utilitiesta includeexternalities

in resourcecosts for planning purposeswithout specifyinghow to do so.

Massachusetts,however, is well on its way to implementingan approach similar

to that adoptedby New York. While California has probablydone more serious

analyses of this issue than any other state thus far, no ruling has been

promulgatedordering utilitiesto includeexternalitiesin resource cost
_ssessments.

In all these states,most externalitieshave been valued using control

or mitigationcosts. The difficultyof applying the damages-b(Lsedapproach

and the pressing need to begin reflectingexternalitiesin deciisionsthat will

affect society for many decades have requiredcost-based approachesto be

used, at least initially.....

5.2 SUMMARY AND CONCLUSIONS

lt is becoming increasinglyclear that externalitiesneed to be

incorporatedinto energy decisionmaking. The electric utility sector is an



importantsourceof these externalities,and the activities outlined in the

previous section indicatea growing response to this issue by utilitiesand

the state agencies that regulate them. But, it is also clear that much

remains to be done before externalitiesare appropriatelyincorporatedinto

the utility planning process_

Approaches to date have relied heavily on controlor mitigationcosts,

rather than direct estimatesof damages, as the basis for quantifyingimpacts.

None of the approaches implementedso far has looked beyond the basic impacts

involved in power productionto the incrementalimpactsdue to the other

stages of the fuel cycle, from fuel extraction,to construction,fuel

preparation,fuel transport,transmission,waste disposal, and

decommissionirig.

More importantly,none of these approacheshas explicitly addressedthe

cumulative impactsof environmentaldamages. However, even though little

analysis has addressedhow to properly accountfor the effect of multiple

sources in valuingexternalitiesfrom a new powerplant,evidence from the

regulatory arena suggeststhat the theoreticalargumentspresented earlier are

implicitlyfactored into regulations.

From our analysis,we present the followingconclusionsand suggestions

for Bonneville'sconsideratio_in its valuationof externalitiesin the

resource acquisitionprocess:

, Possible externalitiesat all phases of the fuel cycle should be
considered initially. Which phases are most importantwill depend on
the resource type.

, The externalityvaluationprocess needs to be coordinatedwith other
processes, such as NEPA, that addressthe environmentalimpactsof new
resources. Part of the informationrequiredfor valuing externalities
should be available from NEPA and siting and permitting processes.

• Bonneville may need to distinguishbetweengeneric and plant-specific
informationand data required for individualpowerplants. Developers
should be required to provide plant-specificinformationand Bonneville
should develop databasesof generic information.

• Because the potentialnumber of impacts is too large to be tractablefor
analysis in all cases and some impactsare insignificant,screening
criteria and procedures should be developed to reduce the number of fuel
cycle phases and types of impactsthat have to be analyzed.
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° Initially,Bonnevillemay have to rely for certain types of
externalitieson controlor mitigation costs as proxies for the value of
their damages.

• Available informationon actual damage costs should be used, where
possible,to value externalities. In critical areas, further studies
may be necessaryto expand the informationbase.

° Valuationsof externalitiesshould take into accountthe location of
powerplantsand cumulativeenvironmentalimpacts.

• • A modeling system should be deve'iopedthat integratesmodels of the
initial environmentaldisruptionscaused by powerplants(e.g., air
emissions)with dispersionmodels, dose-responsemodels, and economic
impactsmodels. DOE's Multimedia EnvironmentalPollutantAssessment
System and EPA's Human_ExposureModel are two candidatemodels for
furtherdevelopment._u_

(a) See Lee et al. (1990 Draft) for additionaldetails. [Lee, A. D., M. C.
Baechler,J. M. Callaway,L. O. Foley, and C. S. Glantz. 1990 (Draft).
Techr_icalInformatign in SuoDortof Bonnevill_'sQuant!ficationof
E.nvironment.a!...._xternaliti_s. Pacific NorthwestLaboratory,Richland,
Washington.]
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APPENDIXA

DETERMININGOPTIMA.LCONTROL LEVELS

This appendixprovides additionalinformationon the theory and

implicationsof controllingenvironmentaldamages at their economically

optimal levels_ lt discusses the theory of optimal control and the impacts

. that multiple sourceshave on determiningoptimal control levelswhen more

than one sourceof environmentaldamages are present. The discussion is

particularlyimportantin assessingcumulativeenvironmentalimpacts.

A.I THEORETICALRATIONALEFOR COST-BASEDAPPROACHES

The underlyingtheoreticaljustificationfor using marginal control cost

as a proxy measure for damages is the assumptionthat society'spreferences

for regulatingpollutantsare revealedby the amount of money its members are

willing to give up at the margin to regulatethe damages caused by environ-

mental externalities. This approach assumesthat the regulatory,legislative,

or administrativeprocessesweigh costs and benefits and set requirements

based on an optimizationthat reflectssociety'spreferences.

Two fundamentaltheoretical issuesare associatedwith using a

regulationcost-basedapproach to value environmentalexternalities. First,

under what circumstancesis the marginalcontrol cost a good proxy for the

marginal benefits of reducing those damages? Second, if marginal control

costs and benefitsdiffer substantially,under what circumstanceswill the

marginal mitigationcost systematicallyunderstateor overstatethe marginal

benefits of reducingpollutionemissions? Figure A.I illustratesthe

principlesunderlyingthe processof determiningthe economicallyefficient

level of emissionsreductions. The level of pollutionabatement is shown on

the x-axis, and marginal costs and benefits ($ per unit of pollution

abatement)are shown on the y-axis. This figure displays the situationfor a

single powerplantconsidered in isolation.
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FIGURE A.I. EconomicallyEfficientPollutionAbatement
for a Single Powerplant

In Figure A.I the line BB' reflectsthe marginal benefits curve

associatedwith reducingemissionsof a pollutantfrom a single plant in a

region from some maximum level, ignoringemissionsfrom all other plants.

This curve is downward sloping, reflectingthe fact that the marginal benefits

associatedwith the first unit of pollutionabatement (for which the marginal

value of damages is correspondinglyhigh) is more valuable than subsequent

units. The area ullderBB' from the origin to any level of abatementis the

total value of the benefits associatedwith that level of abatement.

The marginal abatementcost curve, OS, in Figure A.I, is upward sloping

to represent the fact that the first unit of pollution abatement is less
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expensivethan subsequentunits. The area under OS for any level of abatement

is the total control cost associatedwith that level of abatement.

The difference between benefitsand costs for any level of pollution

abatementis simply the area under the curve BB' betweenthe origin and the

abatementlevel minus the area under the curve OS. This difference increases

from left to right up to abatementlevel AI. The marginal benefit function

and the marginal abatementcost function intersectat point M, corresponding

• to the abatementlevel AI, which is the economicallyefficientlevel of

pollutionabatement.(a) At AI the marginal benefitof reducing the last unit

. of pollutionfrom the maximumvalue is just equal to the marginal cost of

abatement,at MBI = MCI, on the verticalaxis.

To illustratethe implicationsof the figure,note what happens for an

abatementlevel, such as A2, that is higher than the optimum. The

correspondingmarginal abatementcost is above the marginal benefits

associatedwith A2 and the difference is indicatedby the distance between BB'

and OS at A2. Thus, the higher the level of pollutionabatement beyond the

economicallyefficient level,the wider the divergencebetween marginal

control cost and the marginal benefitsof abatement. As for abatement levels

lower than AI, the differencebetweenmarginal benefits and costs declines for

higher levels of abatement. In the extreme case where one eliminates all of

the residualemissions from the source,the marginal benefit is equal to zero

and the marginal abatementcost is at its maximum, A3.(b)

(a) Total benefits minus total control costs, for any level of abatement,
equal the area under the benefits curve to the left of the abatement
level minus the area under the control cost curve. This quantity
clearly increasesfrom the left up to the point where the two curves
intersect. To the right of the intersection,marginal costs exceed
marginal benefits so the benefitsminus costs decrease as the abatement
level increases. The maximum value, thus_ is for the abatementlevel
where the two curves intersect.

(b) Assuming that the optimumlevel of pollutionabatementis AI, then the
additionalcost of eliminatingthe residual emissionsis equal to the
area AIMSAR; the additionalbenefits associatedwith eliminatingthe
residuale_issions are equal to the smallerarea AIMAR; and the
triangulararea A3MS is a measure of the net cost to _ociety of
eliminatingthe remainingemissions from the plant.
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A.2 THEORETICALANA.L.YS!SOF MULTIPLE SOURCES

In the real world, many sourcesdisrupt the environmentsimultaneously.

The previous section looked at the simplifiedcase of regulatinga single

source in isolation. This sectionadds the reality of multiple sources to the

theory presentedthere.

Figure A.2 illustratesthe marginalbenefit and abatementcost functions

for two identicalsources,using identical-pollutionabatementtechnologies.
t

The marginal benefit function associatedwith abatingthe pollutionfrom each

plant, in isolation,is shown by the line BIBI'. The marginal benefit

function for single plants is assumedto be independent,meaning that the

effects of pollutioafrom the two plants are cumulativebut not interactive.

The marginal pollutionabatementcost function for each plant is shown by the

line OS1(a).

The aggregatemarginal benefit and cost curves are shown by B2B2' and

OS2, respectively. The aggregatemarginal benefit function for both plants

together,B2B2', is constructedby assumingthat the same linear relationship
I

exists between pollutionabatementand marginal benefitsas it does in BIBI ,

but that the amount of pollutionto be abated has doubled. The aggregate

pollutionabatementmarginal cost curve is shown by the line OS2. Sit,ce the

pollutionabatementtechnologiesat each marginal control cost can be applied

to the two sources,rather than the one source representedby OSI, the amount

of abatementthat can be achieved at each marginal control cost is doubled.

OS2 is constructedby horizontallysummingthe quantity of pollution abatement
from two sources, holding marginal cost constant.

As shown in the previous section,the economicallyefficientlevel of

pollutionabatementfor a single source in isolationis at AI, where MBI=MCI.

If both plants were regulatedoptimallytogether,however, the optimum level

of pollutionabatementoccurs at the point where B2B2' and OS2 intersect. In

(a) The curve is not continuousbeyond S, since this is the marginal cost
associatedwith reducing the maximum feasible amount of pollution.
Thus, the true marginal abatementcost curve is vertical above the

marginal cost of MCmax.
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.FIGUR..EA.2. EconomicallyEfficientPollutionAbatement
for Two Powerplants

this case, the optimal level of pollutionabatement increasesto A3, where

MB3=MC3, that is at a higher marginal cost (and marginal benefit). Thus, as

the number of sourcesto be regulatedincreases,both the total amount of

pollutionabated and the amount abated from each source increasand so do the

marginal cost and marginal benefitsof eliminatingthe last unit of regulated

pollutants.
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At the same time, the amount of residual pollutionemitted from each

source decreases. In the one source case, residual pollution is equal to the

distance BI'- AI. Regulatingthe two sources togetheroptimally,each source

is regulatedat half of A3, leaving residual pollutantsfrom each plant equal

to the distance BI'-A3/2. Residual pollutionfrom each plant decreases by an

amount equal to A3/2 - AI.

This argumentcan be extended to show that if more sources are added and

they are regulatedtogether optimally,the optimalcontrol cost converges. As

the number of sourcesincreases,th_ optimal marginalabatement Cost

approachesthe cost to abate the maximum amount of pollution from a single

plant and the amount of pollutionabated from the last source approechesthe

maximum amount of pollutioncreated by the source. Thus, for a very large

number of plants (i.e, the cumulativepollutionlevels are high), the optlmum

amount to abate from each plant approachesthe individualsource maximum

(i.e.,distance OBI') at a correspondingmaximum marginal cost (equal to a

correspondingmaximum marginalbenefit) of MCmax.

As the number of sources and cumulativepollutionlevels increases,the

criterionof economic efficiencywould require that controls be installedto

reduce pollutionthe maximum amount Lpossible.This theoreticalconcept is

consistentwith regulatoryrequirementsthat imposetighter, and more

expensive,controls in regionswhere the total pollutionlevels are the

highest. This observationpresents a theoreticaljustificationfor

environmentalregulationsaimed at controllingcumulativeenvironmental

impacts.

Figure A.2 can be used to analyze a case where there are unregulated

sources of pollution in the region. Two sources are assumed, one regulated

and the other not. The marginal benefit curve for both sourcestogether is

given by B2B2'. However, since only one source is to be regulated, the

relevantmarginal controlcost curve is OSI, not OS2. Under these conditions,

the marginal benefit of AI units of pollutionabatement(the optimum level if

the plant is considered in isolation)is MBI' (the marginal benefits on B2B2'

at abatementlevel AI), which is much higher than the marginal cost, MCI.
Therefore, it will "pay" societyto reduce some more of the residual pollution

from the one source, in this case to the level A2, where the marginal cost
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curve for the single plant, OSI, intersectsthe combinedmarginal benefits

curve, B2B2', and MB2- MC2' If the aggregatemarginal benefitcurve included

severalmore unregulatedplants, this would shift the curve B2B'2 even further

to the right,such that it might be optimal(a) to eliminateall of the

residual pollutionfrom the one regulatedsource.

To summarize,the main points of the precedinganalysis are the

following:
b

I. The marginal cost of regulatingthe emissionsfrom a single plant, when
optimizedin isolation,generallyunderstatesthe optimal marginal
benefitsand marginal cost associatedwith reducingemissions from a
number of sources in a regionwhen cumulative impactsare considered.
This result holds whether or not all sourcesare regulated.

2. The larger the number of unregulatedsourcesin a region, the more the
marginal cost of regulatingthe emissionsfrom a single plant, when
optimized in isolation,understatesthe aggregatedmarginal benefits.

3. As the number of sources in a region increases,the optimum amount of
pollutionthat should be eliminated from each plant increases. Where
the number of plants is very large, it may be economicallyefficientto
eliminatealmost all the residualpollutionfrom each source. This
theoreticalresult provides an economic efficiencyjustificationfor
imposingtighter requirementsas the number of plants and total
pollution increase.

These observationshave importantimplicationsfor both regulationsand

the cost-basedapproach for valuingexternalities. Regulationsalreadydo, in

some cases, place tighter control requirementson sourcesof environmental

damages in areas where existingdamages are relativelylarge. The theoretical

argumentspresented here provide an economic rationalefor taking cumulative

impacts into account in regulationsaimed at controllingenvironmental

damages. The theory provides some guidance for regulatorswho are charged

with establishingsuch requirements.
p

In terms of valuing externalitiesbased on controlcosts, this

discussionemphasizes the need to accountfor cumulative impacts in

determiningwhat marginal control cost is an appropriatereflectionof

(a) Here, optimal means given that the other plants cannot be regulatedfor
some reason technicalor legal reason. The result raises obvious
questionsabout the fairness of such policies,given the high cost to
the single source.
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societalcosts. Simply using some typical control cost will not reflect the

actual societalcosts in all cases. In regionswhere existingpollution

levels are high, the theoreticalargumentspresentedhere suggest that

reducing externalitiesfrom a new powerplantto very low levels may be

justified,and the appropriatecontrolcosts may be those associatedwith the

most extreme controls available.

Two other points are important. First, optimum control levels will

change over tin,eas other sourcesof environmentaldamages are added to a

region. Consequently,sociallyoptimumcontrols will vary with time, and

using a single type of controland its associatedcost to value externalities

will eventuallymisrepresentthe actual societaldamages. Second, controls on

environmentaldamages should take into account all sourcesof the damages. As

damage levels increase,the optimumcontrol level for new powerplants,given

no requirementsto modify existing sources,will increaseto point of maximum

possiblecontrols. However, if p_ssibilitiesof controllingall existing and

new sources are considered,th_n _.hecontrolsrequired on new powerplants

might be reduced and the optimummarginal control costs might be less than if

only the new plant were considered. This approach would minimize the

necessarycontrol expendituresrequiredto reach an optimumlevel of
externalities°
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_ENVIRONMENTALQUESTIONNAR!_R.E

i. Descriptionof ProposedGenerating Facility(Provide a descriptionof the
proposed facility. Includeengineeringdata describingthe type, capacity,
capacity factors, fuel, fuel source,cooling source,emissions, heat rate,
mitigationdevices, precipitatorsand other relevantdata.)

1.1 Is the proposal for an all new facility? Yes No

If an expansionof an existing project is planned,describe the existing
plant:

o

Describe the expansion"

2. Land Use and Related Issues

These questionsaddress issues relatedto land use. Attach a U.S. Geographic
Survey map showingthe proposed site and the area withir_a one mile radius.
Attach a zoning map showingland use designationsfor the sit,?and the
pertinent planningagency'sjurisdiction(city or county).

2.1 Check the best descriptionof presenton-site land use"

___urban __industrial commercial

residential rural (non-farm) forest

agriculture other (describe)

2.2 Total site acreage'

Project area to be developed?

acres initially

acres ultimately
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2.3 Proposed site land use inventory"

Land Use TYpe Present Acrea_ Acreaqe After Completion

meadowor brushland
(non-farm)

forest

agriculture
(orchards, cropland,
pasture)

wet I ands

surface water
lakes and ponds

rivers and streams

bare earth
(rock, earth, or fill)

roads and paved surfaces

buildings and covers

other (describe

)

2.4 What are the predominant land use(s) and zoning classifications within a
I mile radius of the proposed site?

2.5 What is the current zoning classification(s)for the site?

2.6 What is the proposed zoning classification(s) for the site?
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2.7 Has the proposedfacility been found to be consistent with local land use
plans and zoning requirements? Yes No
What is the name of the agency an--d--theconta--ct--personwho made such a
determination?

2.8 Is any on-siteagriculturalland classifiedas "prime and unique
farmland"by the Soil ConservationService? Yes No

2.9 Is the proposed facility locatedwithin a designated coastal zone?
Yes No

If yes, has the proposed facilitybeen found to be consistentwith
coastal zone managementplans? Yes ______No

What is the name of the agency and the contact person who made such a
determination?

2.10 Will vehicle trafficvisiting the new facilityaffect local traffic
patterns?Yes No

How was this determinationreached?

Will new roads on pub'liclands be required to support the proposed
facility? Yes No

How long will the new roads be? miles

Will the new roads require any structuressuch as bridges or tunnels?
Yes No

2.11 Is the facility site locatedwithin a 100-yearfloodplain?
Yes No
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2.12 Will the proposed facility increaseon-site ambient noise levels?
Yes No

What is the averageexisting decibel level at the property line, at the
point closest to the proposed facility? dB

If the plant was built, what is the expected averagedecibel level at the
property line, at the point closest to the proposed facility?

dB

2.13 Does the proposed site adjoin, or is it near any residential
neighborhoods? Yes No

Is the proposed Facilityvisible from the residences? Yes NoB .--......

Is noise from the proposed facility audibleat the residences?
Yes No

2.14 Does the proposed site adjoin, or is it near any commercial
neighborhoods? Yes No

Is the proposed facilityvisible from any commercial establishments?
Yes No

Is noise from the proposed facility audible at any commercial
establishments? Yes No

2.15 Does the proposed facility site adjoin or contain, or is the facility
near, a building,site, or district characterizedas follows.

Listed or eligible for the National Registerof Historic Places
Yes No

With cultural significanceto American Indians Yes No

Listed on the Registerof National Natural Landmarks Yes No

A national, state, or local park or wildernessarea Yes No "

A national, state, or local wildlife refuge Yes _____No

A river designatedas a nationalor state Wild and Scenic River
Yes No
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If yes, name the locations(s)"

Is the proposed facilityvisibleto people visiting the location(s)?
Yes No

_...--... ,,

Will noise from the facilitybe audibleto people visiting the
location(s)? Yes _____No

What is the distance from the facilityto the location(s)at their
closest points? miles and feet

Will the location(s)be disrupted in any way? Yes No

If yes, please describe.

2.16 Is the proposed facility site, or land adjoiningthe site, now used by
the communityas an open space or recreationarea? Yes No

If yes, please describe how the space is used?

2.17 Are there hunting, fishing,or shellfishcollectingopportunitieson or
adjoiningthe proposed site? Yes No

If yes, please describe:

2.18 Does the proposed site now includeor adjoin scenic views known to be
importantto the community? Yes No
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If yes, please describe"

2.19 Does the proposed site includeany distinct land forms such as cliffs,
dunes, or other unique geologicalformations? ______Yes No

If yes, please describe'

2.20 Is the proposed facility visible from a high exposure transportation
corridor, such as an interstatefreeway,state highway, or Amtrak train
route? Yes No

If yes, please describe"

What is the distance from the facilityto the transportationcorridor at
their closestpoints? (miles and feet)

2.21 Are there visually similar projectswithin the vicinity of the proposed
site? Yes No

If yes, please describe the site(s)"

What is the distance from the proposedfacility to nearby visually
similar facilities?

4

2.22 Is the proposed facility visible on a seasonal basis (e.g. will the
facility be screenedby summer foliagebut visible at other times)?

Yes No
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2.23 Will the proposed facilityinterferewith radio_ televisionor other
electronicmedia? Yes No

3. Fish and Wildlife

3.1 Does the proposed project site or adjoiningareas contain any species of
plant or animal life that is identifiedas threatened or endangered?

Yes No

" How was this determinationmade?

3.2 Will the proposed facilitymodify criticalhabitat as listed by the
Secretaryof the Interior? Yes No

3.3 Will pollutionor heat emissionsfrom the proposed facility affect fish
or wildlife? Yes No

3.4 Will aquaticorganismsbe entrainedwith water intake? Yes No

3.5 Will aquaticorganismsbe impingedby water intake? Yes No

3.6. Will dischargeof water, heat, or pollutantsaffect the distribution,
abundance,or movement of aquatic animalsor plants? Yes No

How was thi,sdeterminationmade?

3.7 Will the proposed facility interferewith a resident or migratory bird
population? Yes No

How was this determinationmade?
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3.8 List the species of fish and wildlife that may be impacted from the
proposed facility. Includeand identify those affected by construction
activitiesand plant operation.

4. Water Ouality

4.1 Does this proposal includea structureor work in navigablewater?
Yes No

4.2 Will dredging occur during construction? Yes No

If yes, please describe the location and extent of dredging"

4.3 What is the depth of the water table? (feet)

4.4 Is the proposed site locatedover a primary,principal,or sole source
aquifer? Yes No

4.5 Is subsurface liquid waste disposal involved? Yes No

If yes, please describe the types of waste involvedand any treatment
techniquesthat will be employed?

4.6 Will water supply be drawn from wells? Yes No

If yes, indicate pumping capacity? (gallons per
minute)

4.7 Is surface liquid waste disposal involved? Yes No
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If yes, indicatethe type of treatmentthat will be used:

Anticipatedtypes and volume of discharges (show units):

Rather than fillingin the blanks below a copy of EPA ApplicationForm 2D -
New Sourcesand New Dischargers: Applicationfor Permit to Discharge Process
Wastewater - may be attached.

Discharqe Dail.yAverage Flow DailyMaximum Fl.o.w

. Flow (gpm)

pH

Temperature

BiochemicalOxygen
Demand

Total Suspended
Solids

Chemical Oxygen
Demand

Total Organic
Carbon

Oil and Grease

Ammonia

Total Residual
Chlorine

Cooling Water

List other pollutantsas per Table II, Table III, Table IV and Table V; 40 CFR
122, AppendixD.
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Name of water body where effluentwill be discharged"

Volume of flow on standing surface area of receivingbody:

4.8 Will condensercooling water be discharged? Yes No

If yes, what is the averageand maximum temperature"

4.9 Will the surface area of an existingwater body be increasedor decreased
by the proposed facility? Yes No

If yes, please describe'

4.10 Have computermodels of the effects of dischargesto surfacewaters been
completed? ____Yes No

4.11 Will wastes be treated on-site? Yes No

If yes, please describe the treatment"

,,

If no, where will wastes be treated?

4.12 Have you discussed the proposed facilitywith local or state agencies
with jurisdictionfor water quality? Yes No

If yes, please identifythe name of the person and the agency that you
have contacted:
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5. Air Quali_

5.1 Will the proposed facilitycomply with NationalAmbient Air Quality
Standardsfor criteria pollutants? Yes No

Identifythe method used to model emissionsand dispersion. Identify key
assumptionssuch as stack height, emissionquantities,meterological
data, and terraindata:

• Attach a copy of the analysis.

5.2 Provide an estimate of expected air emissions:

Air Peak Average Peak Average
Emission Ibs/hour lbLhs/_hour _ !bs/kWh

Particulates

Sulfur Dioxide

NitrogenOxides

Carbon Monoxide

Carbon Dioxide

Hydrogen Sulfide

Other Hazardous or Toxic Pollutants

5.3 Does theproposed facilitycomply with PSD (preventionof significant
deterioration)requirements? _____Yes ______No

Please explain how this determinationwas made'
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5.4 Has a risk assessment been done of the effects of potential hazardous or
toxic emissions? ______Yes______No

If yes, please attach a copy of the analysis.

5.5 Will air emissions from the proposed facility affect class I areas, such
as national parks and wilderness areas? Yes No

5.6 Please describe the air pollution control technologies to be employed at
the proposed facility:

5.7 Have you discussed the proposed facility with local or state agencies
with jurisdiction for air quality? Yes _,_No

If yes, please identify the name and phone number of the person and the
agency that you have contacted.

6. Solid ,andHa.,.zardQusWaste
E

6.1 Will the proposed facilitygenerate solid waste? Yes .No

If yes, please describe the contents of the waste:

How much waste will be produced?

How will the waste be disposedof? • -
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6.2 Will the proposed facilitygenerate toxic or hazardouswastes (as defined
by the US EPA)? Yes No
If yes, please descri-b-e-thecontents of the waste'

How much waste will be produced?

• How will the waste be stored?

How will the waste be Iransported?

How will the waste be disposed of?

6.3. Has hazardousor toxic waste ever beer,stored or disposed of on the
proposed facility site? Yes No

How was this determinationmade?






