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ABSTRACT

Effective local greundwater managewent requires technical information
which aften must be provided by experts from outside the vommunlty whe
become intervenors. We have found that suceessfully weaving technical
information into the decision making preogess of a comeumity requires a
sensitivity to the perspective of the community. Underatanding the
community contezt ean allow an intervenor to develop technical information
that is relevant to the immediate neceds of the community. An effective
partneranip detween the intervenor and key individuals in the community
facii.tates the development of realistic options, and usually leads to a
paaittive cutfome.
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INTRADCCTION

Groundwater management .3 a responsibility which local governments in
Mew York State are begiuning to address as a result of the ingreasing
frequeney of grounawater ccncamination incidents. Effective management
requires bechmieal information which often must be provided by experts
fram cutside the community. The Water Resources Program at Cornell nas
been assisting communities through New ¥erk State in dealing with water
quality issues, Our goal has been to help communltles address the issues
eurrently faclng Ehem 1n & manner that will leave them better prapared to
face and deal with future Waber quality problema. We have also sought to
develap and improve methods of assisting communities. The issue which Wa
have dealt with most is groundwater protection which is the subject of
this paper.

We have found that successfully weaving technigal information izto
the decision making pragess of a community requires a sensitivity to the
perspectives of the comrunity, since every community we have worked with
has spproached the problems from a slightly different perspective.
Groundwater quality is not always of primsry importance to a communicy
and, therefore groundwater management compeTes wWith othar commurity goals.

This paper identifies three key components of intervention by outside
experts 1n local groundwater canapement decislons which we have found from



experience to be critical Lo achieving a positive outecome. The Flest
cotiponent consists of gaining an understanding of the commumity's
perspective and establishing a constructlve relatlonship with community
leaders. The second i1s to cevelop technical information which addresses
the most important isaues of the current situation. The third component
13 presenting the technical information in the form of optioss whzon give
the community as much Flexibility as passible to choose bow groundwater
w1ll be managed locally.

The Local Perapective

The goals whleh a communlty has #£T which are noo rerakted oo
groundwater may either compete with or compliment the goals related to
groundwater. The goal which mest often confliets with groundwater
protection is econcmie davelopment. In some communities, development is &
goal of loeal officials because more jobs are nesded. In several Long
Island towns, where rapid development 1s already oceurring, local
officials are Lrylng ta reduce or contrel the development pressure for a
number of reagons ineluding grouhdwater protection and open space ab
farmland preservation,

Where development 12 already perceived by community leaders as
undesiraple, groundwater protection Is embracea as one of several
nampl imenkacy gials. However, the communities that seek development alang
with groundwater protection are much more skeptleal of ztriet land use
eontrols, such as limlting housing densities. [F community leaders want
both development and good guality groundwater then the information
presented bo them should help them understand the risks that particular
vypes of develPpment pose to groundwater guality.

Farmland preservation 1z a goal wmich may or may not eompliment
groundwater protection, The nonintensive type of agriculture practized in
many rural areas of New York State 13 often consistent wWith maintaining
hign quaiity grounawater in uncerlying aguifers. In chese areas farmiana
oreservation and groucdwaker protecticn are natural allies. More
chemically intensive agriculiare can cause serious groundwater
contaminabion meaning that the need for high quality groundwater maab
compete with agriculture or at least wikh certalm agrizultural
practlces. ThlS 18 Most evident in potato growing areas of Long [sland
where nitrogen fersilizers and several pesticides have contaminated large
guantities of Aroundwater,

In each community with which wWe havs worked, the past sxperiences of
the community with groundwater and the other goals have 1nfluenced the
perception of the risk of grounawater contamination from various lecax
aetivibies. (71 order for us to intervene 1n a constructive way 1t was
necessary to take the time to understand the specific community and to
realize that whlle we were the exparts on groundwater, the leaders of the
community wers the expewis on the community. Helping the community
leadere maks uze of the information we could provide required us to
eskablish a ralationship with the leagers so that we ecould understand
their goals and gain their trust. We could them worx togebher to develop
a groundwater protection sbtrategy.

Develoning Dseful Technical Information

The key to deveraming Laefu. techrical infermation for a community is
understanding what juestions reed bto se answered before community leaders
van proceed Kikh a groundwater management program. Groundwater and iks
contamipants are elusive entities from a technical standpount. This makes



it very difficult to answer questions about cortaminant health affects or
graundWater movement in preclse verms. This, In turn, can cause experts
to either shy away from hard to answer questlons or to invest a lot of
money in trylng to preeisely define one aspect whille ignering others.

Both of these pitfalle can pender a technical report useless if thay cause
key questions to be left unanswered. Answers to the technical cuestiona
which can not be ealeulated precisely can be develeped and presénted in a
way that openly shows the uncertainty.

4 question that manhy communities atart with when they address
groundwater management lg: "Where does the water In our well or walls
come from?" The community needs to know whers preciplbation water
infiltrates the land surface and flows toward their well. This area of
land, referred to as a recharge area, is very difficult to lpcate
precisely and the price for loeating it increases rapidly with
precision., However, if groundwater is to be protected the community RusE
answer this guestion with a precision whieh it Pesls comfortavle
defending.

Ot Long Island, deep Flow recharge areas Were identified during a
regional study as the most important recharge areas for drinking water.
Undeveloped tracts af lind in these deep Flow recharge areag became
patural eandidates for areas to protect. In more rural arsas theré often
are not detailed hydrologic studies available, and it was neceszary far us=
to develop estimates of the location af the impartant rechacge areas for
public wells In these commumities.

Oee comunity started with a more basic question which was samething
like: "Can groundwuater contamination bappen ta cur wells?" Many of the
members of the town planning board were not familiar with the numerous
incidents of groundwater contamination which were highly publicized in
ather parta of the state. Hefice, they were not aware of the risks that
their curcensly high quality groundwater faced. This made it lmportant
for us 4o develop information which could help them envisien the types of
contamination which kthey were vulnerable to. Thia was done by developing
nypothetical case studies which skewed, 1n detail, what could kappen to
their water as a result of a particular development in the recharge area
for their wells. The case studies cowered contaminatlazn from residential
development, intensified agriecultural zetivity and underground gasollne
storage. Such hypothetipal case studies were not nseessary on Leng Igland
ar 'a other areas where public officials had been reading anout
groundwater contamination in thelr newspapers far years.

Once it has Deen estphlished tkhat risks do exist and that a
partimslar recharge area iz to be khe focus of manggement prograg, it Is
wegessary to relate particular management actions to levels of risk of
contamination From various contaminants. The two clagses of groundwater
contaminants which we haws dealt with most are nitrate and synthetie
organic chemleals asince these are by far the most common contaminants
causing puslic weil tlesings in New fork State.

Nitrate is the simpler example bo disguss from a risk management
stand point. New Yorlk State nas bad an efficial nitrate standard fer
drinking water for a long time. The maximum allowable caneenbration of
nivrate in deinking water in New Yark 3fate is 10 milligrams per Llter
(mg/l). Alsc, nitrate loadlhgs from ¥ariaus land uses are due largely to
sewage, animal wagte an¢ nitrogen fertilizers. Theze loadings are
predictable, and nence it ig possible to determine with reasonable
ageuracy what land uses can be allowed in a recharge area to be compatible

with a chegen planning criterion.



In order to ensure Shat the coneentraticn of any contaminant i3 below
the standard wore than hall the time, the average concentration of the
contaminant must be less than the standard. 3Since concentrations vary,
this means that a planning criterion must be less than the heaith stardaed
by an amount that guarantees meeting the health standard a high porcentage
of the time. This 15 particularly true of groJndwater where relativoly
little mixing takes place. Porter (1982} ewaluated tne relationship
between the mean concentratioh of nitrate Found in a set of groundwater
samples in Nassau County and the percentage of the samples which violated
the 10 mg/l nitrate standard. He found that 1f the average nitrate
concentration 1n an area Was & mgf] khen 10% of the samples from that area
had nitrata comcentrations exceeding 10 mg/l. In order ta achieve better
than 90% compliance with the 10 mg/l standard in an area characteristic of
Nassau County, an average concentratien of less then 6 mg/l would be
required. A higher percentage of compliance would require a lover
average.

Several Long Ialant towns adopted unofficial planning eriteria for
nitrate which reflectee their -espective philosephles and eurrent
situations. [n the eastern Long Island towns which are still largely
undeveloped there was considerable sentiment for a policy of
nendegredation toward the high quality groundwater. Apcordingly, planners
there used a nitrate eriterion of 2 mgsl as a basis for zening ordinances
in recharge areas. The 2 mg/l criterien would emsur? a very nigh
percentage of compliance Wikh the *0 mg/l standard, and it had a history
of use for protecting similar areas in New Jersey (Hughes amd Porter,
1983). It did allow for =ome development.

L wore heavily developed wastern Long Island town, with which we
worked, felt that a 6 mgs/l criterion wag acequate for the aress Lney were
trying to proteet. This higher criterion reflects a number of differences
between the western and eastern towns. Development pressures are much
kigher in western Long Island, there is less public pressure {or
nondegradation of grounuuater ard there 1s less emphasisz on malntaining
open =pdce.

We helped the towns develop zoning ordinances T ensure thab mew
residential developments would be consistent with their nitrate
criteria. The ordinances limited the denmsity of housirng and the size of
fertilized lawns.

The synthetlc arganic chemicals we were concerned about did net have
official standards, but the State Health Department uses guidelines of 50
micrograma per liter {(ug/l) for a single organic, or 100 ugsl cawbined
concentrations if more than one synthetle organic 1s present, for closing
water supply wells. For certain proven carginogens such as hetiZene ar
vinyl chloride the guideline 1S 5 ug/l. While the nitrate standard 13
assumed %6 be a stable guantity for plamming purposss, the synthetic
organtes guldelines are expected to change, and could 9e lowered. Table 1
shows the caleulated water guality oriteria which accompany various cancer
risks from drinking water for twe of the organics most often found in New
York's groundwater, These criteria are all less than the S0 ugs:
guidelime.

The New York State Department of Znviranmental Conservation which is
separate from the Department of Health hWas established ambient groundwater
standards For certain of the syathetic arganie ckemicals, which specrify
the magimum congentration of the contaminants which can be released to



Table 1
Water Quality Criceria Suggested by EFA (1980 a,b)

Water Quality Criterin to Allow One
Additional Cancer per:

10, 000,000 1,000, 00 100,000
Chemical peocple people people
Trichloreathylene 0.27 ug/l 2.7 ug/l a7 ugsl
Tetrachloroethylene 0.08 ug/l 9.8 ugrl 8 ug/l

groundwater. For triehloroethylene, for example, the standard 1s 10

ugfl. We ised Shis 10 ug/l standard as a starting peint for develapment
planning information. The 10 ug/l standard can be translated iato a
permissible loading rate per upit area Zor a patticular area. Faor
trichlargethylene the maximum permissible leadlng rate turns out to be
0.07 pound {3/4 of an vunce of liquid} per acre per year for Long Island's
alimate (Hughes et al., 1985). For all practical purpeses this means that
a facility using trichloroethylere mast not discharge any of 1t to the
groundwater since even a very smali discharge will czuse the atandard to
te viglatac

There iz much less flexlbllity for a town 1n preventing syhthetic
organic chemical contamination. Most pcentaminzbier frow synthetic organic
chemieals comes from industrial and commercial areas. The Lowns were able
to reduce the risk of argan.c chemloal contamination by keeping industrial
and commercial development oub of She important recharge areas az much as
possible. Ip z2reas wkhere industrial and commarcial activitiss ara already
averly .mportaat recharpge areas, the emphasis needs to be on 2ncluaraglng
and reguLring wWaste disposal practices which do not endanger
groundwater. Unlike the situation with citrate, there wzs not an
oppor tunity to design land use plans which coulc be expeckted co produce
water with a certain acceptable concentraticn af the organie compounds.
There are still differ=snces in the ways communities approach prevention,
but they are more scbile. & community's strategy for preventing synthetic
organic contaminatior cay be governed more by what 1s possible
eopnomically and pelitieally in thelr situation than by how communiby
iezaders Zee: about the risks.

Presenting Tnformation

The manner in which informatZon i3 shared with a community has much
to do with how well 1t 1s apceepted. We found that presenting the
technical informatfon at the end of a projeet in terms of specific optlons
nas several advantages. It allows the intervenor Lo map out orne ar mare
specifie actiong that the community can take, hut 1t clearly l2aves the
ultimate decision up to the community leeders. Ik most sowns, we worked
closely with one or more planners who worked for the tewm and lived 1n
town. We developed a set of coptions in conjunction Wibth these people, to
make them realistic far the commundby.



Tn each town, %he antions wers presented and discoszed 1n report form
and at one or mare meetings bringing together the leaders who would have
the responsibility of mplementing the opticns. These meetings typically
included representatives from the bown, the county health and pianning
departments, the mabter supp:y companies and the cooperative extension
service. ‘The procoss af involv_ng everyone from the beginning gave them
a stake Ln the suceess of sae effort. By the end of a praject there was
usually a consensus developing zround cne or more optlons as being
appropriate for tag communiby

CONCLUSTON

To be affective, an iotervenor must not enter inte a local risk
management situation assumicg bhat he or she has all the answers ahead of
time. Community leaders are often experts on what their community wants
and what type of cptlens are feasible politieally and economically.
Understanding the community contexz can allow an intervenor to develop
technical information that 15 relevant to the immediate needs of the
community. An effective parsnership must exlst between the intervenocr and
key individuals 1m the ococmenuniby. We feel that our projects have been
sueeessful when a comanity acopss steps for groundwater protection and
the intervenors lsarn frgm cne project how to better assist other
commun Ll L6,

NOTES

% This paper is parz of a ser:es of five related papers entitled
"Enhancing Risk Management 3y Focusing on the Local Level.™

¥ Water Regource Speclallsat, Center for Environmentzl Research.
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POLICY COMSIDERATION IN THE SELECTION QF NATIONAL EMISSION

STANDARDS FOR HAZARDDUS AIR POLLUTANTS FOR THE TACOMA SMELTER
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INTRODUCTION

This paper presants background information and the pelicy basis for
the Natiognal Emiasion Scandards for Hazardous Alr Pollutants (NESHAP) that
were proposed to limt inorganic arssnic emissions from the ASARCO smelter
at Tacoma, Washington. The standard-setting approach used and the role
publie participation played in the development of the fipal standard are
also discussed. Factors considered include the estimated community health
risks and the uncarbalntles 1 these estimates; the need to reduce public
exposure to arsenle and to protect nealth; the potentially availaole
control measures; the sconcmic lmpacts of plapt closure on smelter
employees and the loecal communiby; and the opinions of the local community
as expressed in 3 days of puslic hearings and in over 650 comment letters.

The Environmental Protection Agency's (EPA's) inltial activities
relating to development of standards for inorganic arsenic began when
"Standards of Pearforsange for Mew Stationary Sources - Primary Copper,
Zinc, and Lead Smelters,"” were promulgated in 1976. The Natural Resource
Defense Council, Inc. [(NADC), subsequently filed a petition to review the
standards becauss inarganic arsenic emissions from nonferrous smelters
ware not included among the regulated pollutants. In respense to the
petition, EPf made a comwitment to gather data necesgsary for setting
standards on arsenlc emissions from copper smelters. In the fall of 1976
EPA initiated work to assess arsenic emissions from existing primary
copper smelters and to evaluate appropriate control technology.
Information obtained Frow this work indicated that fugitive arsenie
emissions from copper amelters could al30 ba a major source of arsenie air
pollution and the greatest conkributor to public exposure., Thiz werk
eventually led to Ehe propogal of standards 1o 1983 for glass
wanufacturing planta and primsry copper smelterg, with the most prominent
part of the rulemaking pertaining to the ASARCO smelter at Tacoma,
Washington {48 FR 33112}. A final standard had been developed and was
being reviewed within the Agency when ASARCO announced its plans to close
tha smelter. Because of the planned closure (which has now occurred), EPA
did not lssue a Final rula. The period betwesn 1976 and 1983-8Y ineluded
several changes in EPA's administration and significant shifts in the
approach to rulemaking. This paper provides a brief history of this
rulemaking and discusses the risk management approach used in development
of the standard, Ineluding the role local participation played in the
development of the Final standard.



BACKGROFRD

The primary copper smelting industry in the U.5. uses

pyrometallurgical processes to extract ocopper from sulfide copper ores.

At all primary copper smelters, two primary operaticna are condusted: (1)
smelting the copper ore concentrates by melbing the cancentrates together
with Fluxes to produce an iron-copper sulfide mixture (matte} and an 1ron
oxide slag; and {2) converting the matte to blipber copper by oxzidizing
the sulfur and other Impurities for removal in the offgases and oxidizing
the iron for removal 1n slag.

In the pyrometallurgical process, arsenie 1s separated from the
gopper and 1ts oxldized and volatilized into the process offgaszes ar
removed with the slag. The amount of arsenie emitted to the atmosphers
during roaskting, smelting, and eonverting 1z a direct funmeticn of the
arsenie conkent of smelter feed materials and smelter configuratian as
#ell ag the emission capture and contral technigues used.

Arsenic is an impurity frequently found in copper oee deposits. At
the 15 primary copper smelters operating in the U.S. 1ln 1983, the average
arsenic content of feed material charped toc roasters or furnaces ranged
from 0.0004 to 4.0 weight percent. A= ahown in Figure 1, the average
arsenic content af the feed materizls was well below 0.5 weight percent at
the majoricy of smelters and only one smelter processed feed material with
more than 1 percent arsenis. Thia was the Tacoma smelter which, 1n
addition to progessing high-arsenic copper ore concentrates, also
recovered arsenic triocxide from waste materinls. This signifieant
differance between the Tacoma smelter and the remaining smeltera and the
urban location of the smelter led to the development of a separatea
gtandard For the Tacoma smelter.

Because of the high esgtimated risks for the ASARCO-Tacoma smelter and
the community concerns, the Tacoma smelter became= a prineipal focus of
EPA's inorganie arsenic NESHAP development ackivities. #As Dave Patriek
and others Iin this session will deseribe, the potential for elevatead
community exposure was confirmed in sgeveral studles and risk estimates
indicated both high individusl and population risks. Consequently,
following the listing af imorganle arsenic as a hazardous pollutant,
development of a standard teo limit emissions from the Tacoma smelter
became a high priority.

DEVELOPMENT 0OF STANDARD

Proposal Risk Management Approach

The basis for the risk management approach to standacrd-setting is
EPA's interpretation that it 13 not the intent of Seektlon 112 to eliminate
totally all risks fram airborne carcinogens and that Section 112 standards
which permit some level of residual risk can be congidered to provide an
ample margin of safety to protect public health. The standard-setting
approach used to select the sontrel requirements in the arsenic NESHAP was
eggentially the three-stap approach First deseribed in 1979 in the
proposed air ecarcinogen policy (44 FR 58642). The first step consisted of
determining whether current controls at the ASARCO-Tacoma sheliter reflect
appliecation af best available technology (BAT}. The BAT is the tachnology
which, in the judgment of EPA, is the most advanced level of contral which
is adequately demonstrated considaring environmental, energy, and ecomomic
impacts. For those emission puints where BAT is in place, EPA determined



wnether a WESHLP standard is needed to assure that BAT will remain 1n
Place and will be properly operated and malntained. A primary
consideration 12 the existence of other Federally enforceable standards.
Also, EPA consldered whether standards estzblished under separate
authorities {¢.g., other EPA standards, other Federai, 3tate, or loesal
requirements) are effective in reducing emissions and woetber Section 172
standards will be redundant and unnecessary. If BAL 13 nobt 1in place on
specifie emlssion peints or if there is reason to sipect that BAT may not
remain in operation, khese enission pointg are identified for development
of standards,

The second step involwed Eha selection of BAT for the emission points
tdentified for developpent of skandatrds. To select BAT fot an emlssion
point, regulatory alternatives were defined based on demonstrated contrel
technology. The environmental, economic, and energy lmpacts of the
alkernatives were determined. Based on such an agsessment, one cf the
albarnariyes was selected at BAT.

The third step invelved consideration of regulatory albernatives
beyond BAT for all of the inorganic arsenic smizsion pounts at the ASARCO~
Tacoma smelter. This consisted of consideration of the estimated risk
which remains after application of BAT alotg wikh apnsidering costs,
economic impacts, risk redustion, and obher impacts that would result If a
more stringent altermative wers salegted. If the residual risk 15 judged
not to be unreasonable comamidering the other impacts or beyond BAT
controls, more stringent coembrols than BAT are not required. However, 1f
the residual risk is judged to be unreasohable, then an alternative more
stringent than EAT would be required.

Mevelopmens of Proposed Standard

Consistent with the above policy, EPA examined each ihorgarnic arseric
emission Source at the Tacoma smelter to determine whether the level of
control reflects BAT., Ip this review, the fgency fourd snat, except for
converter fugitive emission contrels, BAT wa® 1n place The converter
fugitive emission controls identified ag BAT were the air-curtaln
secondary hoods which ASARCO was installing in a phased program. It was
EPA's assessment based op cbsarvations of the technolegy in Japan and
review of ASARCO's plans that thls technology would be about 95 percent
effective in capturing fugltive copverter emissions. The capital cost of
the threa hoods was estimated at $3.5 million and the annual operating
east was @atiemmted at $1.5 million, The EPA performed an economic
analysis based upon availableé data and concluded these controls should not
have a significant economie lmpact on the smelter. Energy, solid wasie
and other nanalr environmmental impacts were eatimated and Judged to be
reasanable.

The EPA next assessed the residual health risks remaiming after
application of BAT and the availabllity af additienal controls heyond
BAT. As described in Dave Patrick's paper, the residual esbimated health
risks were relatively high compared to other sources previcusly considered
for NESHAP. Howewver, EPA's eXamination i{dentified no additional
technolegical eontrols that would significantly reduce emissions and
assoclated exposures. Remaining alternagives were, therefore, limited to
production curtailments and reducklon 1n arsenic content of copper ore
concentraces processed by the smeiter, It was EPA's fudgmént that either
would cause glosure of the smelter. Thus, the decision involved a
balancing of & BAT-based standard with relakivaly high estimated risks on
the one fang against closure of the amelter with potentially setinus
personal and community impacts on the gther. In reaching a dealsian, Lwo
factors became particularly important. One was the significant



uncertainty in tha many assumptlons and data that went nte the health
risk estimates and the recagniktlen by the Agency that these estimates
should not be regarded as accurate estimates of the actual cancer risk.
(These uncertainties ircluded the significant uncertainties in the
emission estimates, the dispersicn modeling of the smelter, and the
simplifyilng assumptions made in the risk analysis.} The ascond was the
meretofore absence of any comments or opportunity for comments by the
affected public. BEased on this, the decision was made that the proposed
standard should not go beyond BAT,

Other Considerations

It 1z important ko mote thas bhe information that was available at
the time of proposal and the policy approach which was followed were
developed during the Costle &dministration and the Gorsuch
Administration, However, it was Mr. Ruckelshaus, who was appointed
Administrator in early 1983, who was ieft with the responsibility for tne
actual propesal and Final decisions. Due to the short court-ordered time
gohedule and the manageria® change=z which were being undeartaken during the
initi1al montha af the Ruckelshaus Qdministration, there was little time
available for the new Administrator to consider the far reaching
implications of the policies embodied in the proposed regulation. These
changes included the appointment of a new Administrator for EPA Region X
where the smelter 1s leeaktad. and the replacement of the Asgistant
Administrator Cor fe, Nolse, and Eadlation by an Acting Assistant
Administration. Consequently, at the time the standard was proposed, the
Administrator mage very clear that in this case, in particular, the final
standard was st1ll open S0 debate, ang that full participation by the
public in the process leading up o the publication of the final
regulation for arsenic waz especially important [n order to gulde the
final decisions.

PUBLIC INVOLVEMENT

Public Participation. Ceonsistent with the Administrator's belief that the
opinions of the people directly affected by the rulemaking are important,
eitraordinary steps were taken to ensure that they were informed and
afforded an oppertunity for meaningful partieipation. Specifically,
supporting infermation for the proposed standard was made available for
public inspection in kthe area affected by the ASARCO-Tacoma smelter
(Tacoma and Vashon Island}. In addition, EPA conducted a series of three
public workshepa in the aras during August 1983, to provide and explain
information on :the proposed stangard. These workshops were well attended
and ineluded bctn formal presentations by EPA personnel and guestion and
answer sessions. Because of these efforts to solicit public comment on
the standard, soms pecple derceived that the public was being asked to
vote on the standarc. The EFA subsequently clarified that the decision on
the standard was the Admwinistrator's aleone, but that the administrator
congidered the agioiona aof the affeqted people to be an important elament
in the decizsionmasficg pracess,

A public hearicg was helé on November 2, 3, and 4, 1983, 1n Tacoma.
Washington, and a second publie hearing was held in Washington, D.C., on
November 8, 1983, In additicn, EPA met with the major interested groups
{ASARCO, Sierra Club, Puget Scund Air Pollution Control Agency [PSAPCA],
NRDC, and United Steeiwor<ers of America [USWA])} on December 20, 1983, to
discuss the dispersion moceling study for the ASARCO-Tacoma smelter and
acaitional opportunities for emission control that were listed in the
December 16, 1953, Federal Register notice (48 FR 55880).




During the pubile comment periad, more than 650 comment letters were
received on the proposed statdard, the revised ambient modeling of
emissions from the ASAACU-Tacoma smelter, and the additional analyses and
proposed requirements described im the December 16, 1983, Federal Register
notice. Most of She commenters made multiple comments, and many repeated
comments made in other lakbbers cor by other commenters.

Overview of Cumments. The Majlority of the comments received on the
propesed standard were from members of the public and appear to be
motivated by persamal concerns and interest in the rulemaking. The public
comments reflected the range of concerns of people living in the affected
commnitiss over the haalth acd economic impacts of the ASARCO-Tacaoma
smalter's operations. To present the spectrum of comment3, the comments
have been categorized into five general positions. These five positlons
can be described as ranging fram "not regulation is needed" to "the
smelter should be closed." These general positions are briefly described
below.

& small number of ocommenters erpressed the opinien that regulation
was unnecessary because existing air pollution controls were adequate.
Frequently, these commenters argued that the ASARCO-Tacoma smelter's
arsenic emissions did not present any threat to the health of local
residents. .

A slight majerity af all kthe commenters pecommended that EPR adopt
only the proposed contrals for sonverter alr-curtain 2econdary
emissions. As a group, these commenters tended to believe that there was
not evidence of a public health risk from the ASARCO-Tacoma smelter's
arsenic emissions and that EPA should evaluate the air quality improvement
Achieved hy the uge of the ponverfer secondary hoods befors lmpesing any
additional control requlrements.

Commenters expressing bhisapinion ineluded ASARCO, current and retired
ASARCO emplovees, and many residents of Tacoma, Ruston, and surrounding
communities. Some of Lhese commenters argued that the jobs and economic
benefits to the area ware of greater importance than any health risk from
the arsenic emissians.

The third category of opinion held by commenters 183 that to reduce
risks to a maximum extent feasible, the EPA should require converter
controls and all other controls that may be technically feasible. 4
number of these commenters further commented that the proposed standard
does not require any emission cantrols beyend those already required by
PSAPCA, and the proposed standard wag only delaying control of converter
fugitive emissions. These opilnions were expressed by local regulatory
agencies and the USWA, and a number of environmental groups, civie
organizations, and private individusis. Many of these groups and
individuals (including, in partfeular, Washington Fair Share, Tacoma City
Council, Tacoma~Pigrce County Chamber of Council, and Tahomans for a
Healthy Environment) smphasgized thatb the Taccma area ¢an have beth jobs
and health through applicatlon of best contrels and new smelEing
technology. These commenters favored continued operation of the ASARCO~
Tacoma smelter as long as ewissions are well controlled. To achieve this
goal, the groups and individuais made specific recommendations for
additional conttrola.

The fourth category of comments reflecta that opinion that the
proposed standard doey not provide an ample margin of safety and that EPA
should require emission reductions sco there are no remaining risks or only
negligible risks. Thils opinien was expressed by a significant number of



the commenters, predominantly residents of Vashon Island but alsd
including residents of Tacoma and Ruston. Commentersy stating this opinion
also considered reduction of risks and health protecklen more important
than allowing the smelter te continue operation and the retention of

Jobs. Within the group, some colMenters expreS3€d CANPErns regarding the
effeots of the A3ARCO-Tacoma smelter's emissions on Their health and on
the environment in general. Frequently cited coneerns of this group are
the secumulation of arsenic and heavy metals in the soil and water. the
warnings by the local health department against growing and censumption of
certain garden vegetables, levels of arsenie measured ie Che urine and
hair of children livipg in the area, and fallout of emissiops on
autowahiles and property.

The flpal category in the spectrum of public opinionz proposed that
the ASARCO-Tacoms skelter should be required to process Low-arsenic
suntent copper ore concentrates or be required to cease operation. These
commenters believed that arsenic emissiona {and other emissions) from the
ASARCU-Tacoma smelber present significant health risks to the surrounding
population. Thiz opinion was expbressed by a significant number {but a
smalier Twmber than the preceding category) of poblic commenters.
Preguently, these commanters stressed that the Tacoma area would benefit
finanelally and aegkthetieally fram closure of the smelter. These
cammanters thought that the ASARCO-Tacoma smelter was a sigonificant
contributor to the negative image for the area and bo loss of new business
opportunities te other locales.

RISK MANAGEMENT POLICY AMD APFROACH AFTER PROPQSAL

The final standard that was under consideretion Within EPA at the time
ASARCO announced its decision to close the smelter was based upon an
assassment of a wide range of fectors and on the risk management policy
described previously. The draft standard reflected application of the
best technology Which was available and could be applied without causing
plant closure or impesing costs that far exceed any publie health
benefit. Tha facters that were considered during the development of the
Final standard fall into five broad cabegories: {1) health risks and che
uncertainties in the health rizk estimates and the need to reduce exposure
in order Lo protect public health; {2) the potential te reduce emissions;
{3) tha ecanomic impacts of plant closure on the local commumity and on
the smelter employees; (Y) the opinions al the tocal community As
expressed in the hsarings and comment letbers, and (5) other envircnmental
conzideratiohs. These are each desqribed in more detail below, excent for
the health risk estimates and uncertalnties which are diseussed in Mr.
Patrick’= paper.

Botential Emission Reductions, & range of potentlal emissien pancrol
optiona were ldentified which were, or may have heen, applicabie to the
BSARCO-Tacoma smelber. These included: {1) converter fugative emission
controls; (2) eguipment and work practice contrals for other Low-lewal
FugEtive emission sourpes; {3} control of emissions during malfunctions;
(4} more efficient main stack contrel devices; (5} new smeltirg
technology; (6) new arsemic trioxide production techuology; and (7} limits
of he afsetic content of copper ore concentrates processed. Table 1 1ists
the availability of the control options. Figure 2 compares 1982 estlmated
arsenlc emission rabtes From the ASARCO-Tacoma smelter with estimated
arzenic emission rates For the different control options.

The conclusions im Table 1 regarding technical feasibility and
affordability reflegt the pesition of EPA technical staff at the time the



floal rule was being prapared. The conclusiohs regarding affordability
pertain to whether the agditional cantrol measureg are in themselves
affordable, asauming that 1o the ahsence af further control the smelter
would remain profitable. Inm addition to the previously cited costg of
converter controls, equinment and work practice controls ano furtallmencs
during malfunctions were estimated to involve capikal costs of $750,000
and annualized costs of $1,540,000. While substantial, EPA's analyses
imdicated these costs would hot cause closure. In contrast, EPL's
analysis of the effect of limits on the arsenmic content of congentrates
showed that even 1f 0w arzenic copper ore concentrabes were available, 1t
would be affordabla to replace only a small proportion of the high-arsenic
with low-arsenic concentrates. Even thiz would be eostly. For example,
based on EPA'a analysiz, a 15 percent reduction in the amount of high-
arsenic concentrates would result in approximately $2.8 millien reduction
1n net income.

Based on this, it 1s clear that, from the perspective of risk
management there were, in Faet, anly two optioms: (1) application of atl
available, feasible controls which would reduce emigslons by appraximately
20 percent, and {2) closure of the smelter. There were differences 1n
opinion both wlthin EFA and among the commenters as to what techhologies
were available, the effectiveness of various technologies, and the
appropriate monitering and enforcement approaches. However, none of
these, even in the most effecklve combinations, could come close to
reducing smissions and risk te near zero, and in the broader perspective,
did not substantially alter the baslc choiees which were zvallable

Effects of {lasure, BHecause the alternative of requiring the ASAHCO-
Tarota spelier to process primarily low-arsenlc coneentrakes would likely
result in closure, EPA updated a study on the .mpagts of ¢losure of the
smeiter on the loesl business, eeployment, and tax reventes in the Tacoma
area. Other potential societal impacts were consldered qualitatively
through consideration of publiec eomments on the effeats of clasure and the
desirability of closure of the ASARCC-Tacoma spelter. The updated
evaluation indicater that elosure would: (1) increase the local
unemployment rate by an additiomal 0.7 percentage peints; (2) reduce local
buziness revenues by about $2) milliom annually; and {3} reduce taz
revenues to State ang lacal gowerrments by apouc $2.7 million anmually.
The study 2id rot assess tha other economic effects of the smelter's
operation, sueh as unemployment insurahce costs, retraining cosks for
employees, effects on property values, health care casts, and home and
auto maintenance 1f Lhe =smelter olosed.

The above informatlon was considered along with the public comments
on the =ocietal impacts of closure of the ASARCO-Tacoma smelter. The
majarity of publie cemments on the soeietal impacts of closure fecused on
the anticipated employment and local economic impacts. Some commeoters
argued that closure would improve econamic development opportunities for
the area, hence an ultimate positive economic lmpact on the area. In
canktrast, most commenters beliaved that closure would have A negative
gconomic impact on the Tacoma area. A majorlby of commenters did not
favor closure peczuse of the negative economic impacts on the area, the
lack of demgnstrated health effests, and a belief in the possibility lor
additional mignificant emission reductions at the smelter. ‘The other
soctetal impacts of concern were discussed in bhe smelter workers' Union
comments on the proposed standards. These additional impagts included
health risks due to unemployment and toxip waste disposal problems thas
would oocur in other communities from the need to dispeze of the arsenic
that ASARCO had besn recovering. The Union also argued that EPA should
consider the impact af forced cloaure of the smelter on publlce health and



reject deliberate oreation of anemp:ayment as a regulatory strategy. In
support of this polnt, the Unlon cited the finding of a 197b Joint
Economic Committee of the U.5. Congress that unemployment has been
assoclated with incressed deaths and 1llness. Assuming the results of
this study can be appiled ta countises, and using the risk estimates
developed in this study, the U3WA estimated that a 1 percent inereage in
unemployment, sustained ¢ver a E-year period, would reprerent an Lhorease
in the mortality rate in Pierce County of 91 deaths.

Publie Opiniens. Bath spee_fic comments on smelter controls and
general public oplnions an the proncsed standard playved an important role
in the final assessmant af the appropriate level of control for the
ASARCO-Tacoma smelter. The specific comments on Smelter controls
illustrated the need for extensive involvement with day-to-day operations
of the smelter, and affected the specific econtrol measures evaluated after
proposal, In particular, owWing Lo comments and recommendatlons by State
and local agencies, members of the community, and EPA Region X, tncreased
emphasis was placed on evaluaking means of reducing emissions due to
upsets and preventable malfunckions and of ensuring proper operation and
maintenance of control eguipment, [n general, the majorlty of comments
supported the position (1} that standards should be designed to reduce
emissions and health risks %o a minimum, and (2) that setting standards at
overly restrictive levels wnich would result 1n closure was not
appropriate,

Other Pollutants and Past Emissions. Although this rulemaking
specifleally addressed 1norganlc arsenlc emisslons, and was conducted
under Section 112, ather considerabions were the other pollutants emitted
by the smelter, othar environmental 1mpacts of the smelter, and other
epvironmental standards aifecting the smelter. These concerns were raised
in the hearing and workanoss by & number of commenters, many af whom
expressed frustration swer the nareow focus of the rulemaking. The EPA
shared thls concern and reccgnized that arsenic control at the smelter
should not be considered 1n 1solatiom. Even in the context of Seetion 112
alone, consideration of other snvironmental impacts were important because
new control technologies and smelter processes that affect arsenie
emiszions also affeest ather pollutants. Beyond thls, EPA consldered other
spvironmental impacts af the smelter, the impact of thig standard on
emissions of other pellutants, and the adequacy of aetions being taken
under other envirormental stabubes %o address other environmental impaets
of the smelter. Spec.fic actions considered ineluded actions being taken
to reduce occupaticnal expasures ta arsenic, and actlona being taken by
EFA to elean up past amisa_ana from bEhe smelter,

On eensideratlon was that the standard fer inorganic arsenic
emissions would alsa reduce particulate matter emissions. Consequently,
emissions of other pollutants (e.g., lead or antimony} which are also
present in particuiate matter would also be reduced by BAT controls.
Emissions of gasecus pollatants, such as 30_2, would not he reduced;
however, thera sre sther regulationsz that limit emisaions of these
pollutants from the A3ARCO-Tacoma smeiter, In particular, ASARCO was
required by the 1981 ®24PCA Board Order to achieve 90 percent comtrol of
50_, emissions by 1987.

The other envirenmental impacts of the smelter were being atudied by
EPA, and efforts are underway Sa =olve the problems identified. The
Superfund program (Comprehensive Environmental Response Compensation and
Liability Act) 1s aesignen far EPA to take actions needed to protect
public health from exposure ko hazardous substances in all environmental
media. The EPA iz uaing 1ts Superfund program, therefore, to investigate



other pollutankz, such as gacdmiuky and lead, and to remedy the problems
resulting from exposures to these pollutants. Investigations funded in
part or entirely by the Superfund program are underway or being developed
ta study the potential health problems resulting from the historical
acoumulation of arsenic, lead, and cadmium in the vieinity of the ASARCO
smelter. Efforts are alse underuay ko reduce discharges of pellutanta
intc Commencement Bay. It w=s EPL's ¢oncluslon that this werk will =id in
the characterization and reseolukbion of the environmental problems
associated with the ASARCO-Tacoma smelter's operations that would not be
affected by the stringency of standards limiting air emissions.

The Agency alsg reepgnized that sven at the centrol levels raguired
by the NESHAP stapdard, that some degree of accumulation of arsenic and
heavy metals in the seil may nopur. However, the pregsent levels of these
materials in other environmental media are largely the result of the much
higher emissions from the smelter hefore effective control equipment was
installed. Emissions had decreased significantly over the past 20 to 30
years. Although the standard wauld mot have eliminated arsenic and heavy
metal deposition, EPL helieved that the sontrols would have reduced
emissions signifigantly and would reduce accumulation in the envir¢nment.

SUMMARY AND CONCLOSTONS

The policy basia for the rulemaking actlon affeeting the Taccoma
smelter was consistent through the development of the proposed and f'inal
standard. In particular, the rlsk management policy continued to be based
on EPA's interpretaticn bthat it is not the intent of Sectiom 112 to
eliminate totally all risks; and that standards which permit some level of
residual risk can be considersd to protect the public health. The basic
standard=-setting appraach of ideptifying controls and weighing the broad
range of impacts aed henefits ¢f bhe alternatives al=o wag used throughout
the rulemaking.

This rulemaking action did, however, differ from other NESHAP
rulemakings in the unusuyal level of public involvement in review and
development of the [lnpl standard. Publle involvement with the arsenic
standard wa3 greater tham normal dus to EPA efforts, under Mr.
Ruckelshaus' leadership, to obtain and consider the opinions of the
affected people. This was a significant departure from an earlier
decision by EPA to discontinue NESHAP development based on the conelusion
that BAT controls were already planned. This public involvement affected
the regulatory pracess in several ways. Filrst, the extensive local
involvemant in the process resulted in Increased understanding by EPA of
the variations in deily operations of the smelter which were not
necessarily evident during brief on-site ingpections. Thila experiernce
showed EPA the value of local invaolwement and the need for EPA local
partnership in the NESHAP praocess. Second, once the benefits, risks, and
uncertainky associated with alterbatives were deseribed to the public the
majority of thozs commentlng o the standard tended to make decizionsg
similar to those made oy EFA.
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ABSTRACT

Aoid precipitation and dry depesition of acid materials have emerged
as an imporktant emvirommental issue, This paper presents a framework for
the analysis of decigians on acid deposition, The decision framework is
intended as a means of summarizing sclentific information and
uncertainties on the relation between emissions from elgetrie utilities
and other sources, acid deposition, and impacts on gealogical systems,
The methodology for implementing the framework is that of decision
analysis, which proves a quantitative means of analyzing destzions under
uncertainty. The decizions of interest include reductions in sulfur oxide
and other ewissions thought to be precursers of acid deposition,
mitigation of acid deposition impacts through means such as liming of
waterways and solls, and choice of atrategles for research.

The paper review two versiona of a decision tree model that
implements the decision framework. The basic decizion tree addressed
decisions opn emissiong control snd mitigation in the immediate future and
a decade hence, and 1t imeludes uncertainties in the long-range transport
and ecologleal impacts. Tha research emphasis decision Lree addresses the
effect QF research funding on obtaining new information as the basis flor
future decisiona,

REY WORDS: Decisfon Analysis, Methodology, Beid Rain, Acld Depositiom,
Deciglon Tree, Research, Air Pollution

INTRODUCTION

The berms "aeid rain® and "acid precipitation" are used to describe
the complex chemical changes that result Trom the presence of oxides of
sulfur, oxides of nitrogen, and okher ccmpounds in the air that may lead
te increased aecldity in precipitation, in ground and aurface waters, and
in soil. & more comprehensive and agcurate term is "acid depasition,™
aince the transfer of acid material from the atmosphare to the bilosphere
may oceur not only in the aqueous phase, {#.g., rair snmow, fog) but also
ag dry deposition, in which gaseous or particulate material is absocrbed by
the ground, vegatation, or surface water.

As the debate on acld deposition has imtensified, the need For an
integrating framework for kbelancing the potenmtial envirenmental effects



Wwith the costs of emlz%ionz control has grown. lndustry and government
are faced with the immediate desision of whether to (1} impose additional
controls on power plankts and obker potential sources, (2) take steps to
mitigate the possible effects of acid deposition, or {3) wait until
additional gnderstanding can 9e achiaved on the relationship between
emizsiona and epclagiral effects., The choige involves the careful
balancing of very different Lypes of risks. Acting now Lo reduce
emissions carries the risk that large expenditures will be made with
little or no beneficial effect, while waiting carries the risk that
significant ecological damage Wil be incurred that could have been
prevented by prompk actian.

If the results of the extensive research programs underway in the
United States, Camada, and Europe were available today, the choice might
be less difficult. But unfertunately, resolution of crucial uneertainties
may not occur for Five %o ten years cr longer. Until that time, it will
not be possible to& predict accurately how changes in emissions will affect
the extent of esological damaga frog acid deposition. In the absence of
perfect foresight, what is needed iz a means of reasonlng apout the best
decision based on the nformatbion available today.

The object of the research reparted in this paper has been to develop
a framework to summarize oyurrent information and uncertainties on acid
deposition. The framework iz intended to ald decisionmakerz in assessing
strategies For conktrol of anthropogenic emissions and for mitigatlog the
effects of acid deponsition. The framework is alse intended te ald in the
evaluation of research programs for organizations such as the Electric
Power Research Institute or the United States Government, which are
spending substantial lunds to develop better information as a bagsis [or
future deciglons.

QVERVIEW OF THE DECISICH FHAMERNQRE

To understand the effects of alternative contrel strategies, it is
necessary to understand the relation that various levels of emissions
reduction may have on the impacts af acid depesition. The potential
changes In impact must then be baianced with the cost eof achieving
emission reductions. The comparison of various control strategies 1s made
difficult by several factors:

L] There is a large degree of uncertainty about the relationship
between emizzions and lmpacts.

. It is d4ifficult =0 compare the value of changes in impacts with
the costs of emission reductions.

. People involved in assessing control and mitigation strategies
have different degrees af uncertainty and different opinions
about bthe evauiatleor ol costs and impacts.

. The uncertainty ir the relationship between emissions and
impacts will only resoive over time.

The decision frameworl is designed te allow explieit treatment of
each of these factars, szeparablng the evaluation of costs and impactz from
eonsideration of the resclution of uncertainty over time. In doing this,
the framework provides a wehicle for discussion and investigatiom of
sensitive assumptions, which can lead to the building of a concensus.

Three stages ecan be dlstlmguished in the relationship between control
alternatives and Impacts, a2 shown [n flgure 1. First, there is the



effect that contbol strategles will have on emizalong. Then, changes in
emissions must be related bo changes in aeid depeegition. Fimally, changes
in acid deposition must be related to changes in the various impacts that
can be identified, such as decreased Porest productivity and the loss of
sport fisheries. Thers is scientific uncertainty about each of these
stages. Relatively litsle L5 kmawn abhout how specific changes in aeid
deposition will affect changes in impactz. The range of estimates given by
respected scientist varieg by several arders of magnitude. There is
somewhat less uncertainty regarcing how changes in emissions will affect
changes in deposition; however, the range of uncertainty is still guite
largr, primarily due ta kthe complex nature af the chemical transformations
that ocecur in the stmospnezre. There is comparatively Little uncertainty
about how reductien stratvegies would affect changes in emissions,
Accordingly, in implementing the framework the importance of uncertainty
in the other two stages has been stressed.

At present, the scientifie evidence regarding the effects of
emiszions 18 conteadictory and subject to different interpretations by
various experts. The decision (ramework allows an lnvestigation of the
implications of the differlng assesswents and evaluates the lmpertance of
the disagreements in terms of thelr effects on the choice of a conitrol or
mitigation strategy. Many experts wko disagree about the interpretation
of the current state of knowladge, agree that in five to ten years many of
those disagreements #ill be "etbled. Thus, in the decision framework, the
choioe is characterized az ome [n which we may aet now, at a large ooat,
and acrept the possibility that emizgion reduction will have little
beneficial impact. Alternatively, we can wait five to ten years to act on
better information that may bacome available, and accept the possibility
that damage may eccur during thak period. In each case, there is a
poasibl]ity that the decision will tuen out to have bheen tncorreect. from
our current atate af knawledge, we cannot be sure,

The strategies that are avaiiable and the resclution of unecertainty
at different points in Lime are represented as a decision tree in figure
2. A decision tree is simply an effective way of describing a set of
scenarios. Each particular set af decisions and cutcomes representing how
uncertainty could resclve camorises a seenarie. Each seepario answera a
"phat if" question correapandlhg sa what if a partlcular strategy was
chosen followed by a particular change in deposition and finally by a
particular change in impasts. The decision tree of figure 2 provides a
generic representation of the time sequence of choices among decision
alternatives and the resclubien of uncertainty In the areas enumerated in
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Decision Tree for Acld Deposition Polley

the frameworl of figure 1. The first two stages, shown at the Far left aof
the figure, are the decisions within the next few years on control and
mitigation cptions and on a national research program on acid

deposition. The hext two stages represent reselution of uncertainty on
the relation of deposition to emissions and the reiabticn of impacts to
deposition as the research program is carried out and new scientifie
knowledge is obtainen., Mext comes a Jecision point In the early 1990's,
when national policy on contral and mitigation would he reassessed and an
alternative chosen on the basis of the new information that kas recantly
been =ade availeble. Further ressalution of uncertainty on depesitlion, ard
impacts of acid deposition then follows. Additional uncertainties can
easily bpe introduced,

The decision tree oi Figure 2 provides a rich sequence of scenarios
dezcribing the decizions ané cuteomss characterizing naticnal peliey on
acid rain. It ineludes two =tages of decisionmaking, one with present
information and one with the information that might become available five
to ten years hence following an extensive research program. The decizian
tree erplieicly ineludes the option af taking action now te control
emisslons or mitigate the effects of acid deposition and the option te
wait untl]l better information beocomes awailabia in flwe to ten years. The
affect of today's research funding decisions and the choice of emphasis in
the research program may strangly aPffect what information hecomes
available in the next five to ten years, and this interaction is
explicltiy considered in the decision tree framework. Tha decisian
framework orovides a useful separation between value judgments -on cosbs
and benefits and sclentific judgments about unecertainties in the Impacts
of acid deposition. Each secenario in the decision tree may be congidered
as having impacts on a number of concerned parties: consumers who may
have pay more for electricity because of decisions to impose controls on
power plahts, fishermsn and recrsational property owners who stand to lose
1r sport fishing in a given lake is degraded by acid deposition, forest
pradoess firms and property ownars whe suffer economic losses If Forest
productivity is reduced, and members of the general public who are



concerned about possible ecological chenges from aecid deposition. The
avaluacion of impacts om these diverse parties is gifficult because people
gea that some parties bear mare af the costs while other parties rocelve
rore of the benefits resulting from a particular decislon alternative.
Feopla 1n Ohlo benefit from cheaper electripity because their power plants
burn coal with a nigher level of sulfur emissions than would be allowea in
many other Eastern states. People in lew York may becel:t from reduction
in Ohio River Valley sulfur emissions if the reductlan improves the
{ishing 1n Adirondack lakes. The political reality 1s that government
officials must evaluate how tredeoffs will be made between the costs that
one group bears and the benefitbs that another group receives. Issues of
equity and property rights make such value judgments extremely

difficulc. It iz umeful to separate these value juagments from che
uncertainty 1n the effects that leng~range transport of sulfur and ather
pollutants may cause. The decision framework accompliskes this dagired
separation betwsen the answer %o the guestion of what will happen under a
given cheice of control and mitigation strategles and the societal
evaluation of what each ocutcome is Worth.

IHPLEHENTATION OF THE DECISION FRAMEWORK

The decision framework has been implemented as a computher mecea that
represents a zet of decision trees that are Fast, flexiole, and easlly
used., The model is degigned to run on both mainframe cacputers and the
IBM-PC. Two deeision trees are avallabls, Both are nas=cd on the
structure shown im figure 2. The basic tree, 1llustrated in figure 3,
assumes thak uncertainty om the relaction of emizsions to deposition and on
the extent aof ecglogical impacts will be resclved by the second dec:islon
puink Flve ko ben years from now, This bazic tree can be used Lo cuickly
evaluake strategies and calculate the value of achieving full resoliticn
of uncertainty. The research emphasis decision tree, 1liustrated In
figure 4, allows an explieit characterization of the results of research
programs. While this tree 1s more complex, 1t allows tne investigation af
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rescarch alberhabives that result in partial resolution of wmeertaircty.
Both decisien trees utilize the same basic assumprions and evaluations,
the only difference being the extent of zcientific judgment required to
understand hew uncertainty wWwill resolve over time.

The relations are opilt up [rom simple modules that are easily
understood graphically. The reducktion in emissions resulting frem a
specific strategy is phased in over time. Various assumprions about the
ohange in deposition that resuits {rom a chango in emissions can be
utilized, The pattern of lake and forest acidificatlon that occurs can oe
varied. FEach of theme rejatjonships can be changed withkin a wide range of
nogzibilities and eacn is modular sco that it can be replaced by an
entirzly different set of zgsumptions 1f desired. For example, The goduls
that calculates the reduction in emiazions could be replaced by a specific
tirz pattern of emissions that ls input by the u=er.

The decision framework can aid In generating coheensus by testing a
widi range of assumptions for their importance to control decisions, The
implementation of the framework as a computer madel aids this testing
orocess by making changes in aggumptlons straightforward. The medel has
been tested on several illustrative cases examining both natlomal arnd
state acid deposibion control aitermatives.
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