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1. Executive Summary

The need for better assessments of the "external" benefits and costs of

environmental effects of various fuel cycles was identified during the development
of the National Energy Strategy. The growing importance of this issue was empha-
sized by U.S Department of Energy (DOE) management because over half of the
states were already pursuing some form of social costing in electricity regulation
and a well-established technical basis for such decisions was lacking. This issue
was identified as a major area of controversy--both scientifically and politically--in
developing energy policies at the state and national level.

The Fuel Cycle Study

In 1989, the DOE's Office of Domestic and International Energy Policy com-
missioned a study of the external environmental damages and benefits of the major
fuel cycles involved in electric power generation. *a_Over the next 3-year period,
Oak Ridge National Laboratory and Resources for the Future conducted the study
and produced a series of documents (fuel cycle documents) evaluating the costs of
environmental damages of the coal, oil, natural gas, biomass, hydroelectric, and
nuclear fuel cycles, as well as the Background Document on methodological issues.
These documents described work that took almost 3 years and $2.5 million to
complete and whose implications could be far reaching.

This Review

In 1992, the Secretary of Energy sought advice on the overall concepts underly-
ing the studies and the means employed to estimate environmental externalities.
He asked the Secretary of Energy's Advisory Board to undertake a peer review of
the fuel cycle studies and encouraged the Board to turn to outside expertise, as
needed.

(a) Traditionally, the term "fuel cycle" has meant the steps of primary fuel
resource extraction and preparation, its transport and storage, and its
conversion and processing, lt is sometimes extended in "total energy cycle
analysis" to also include product transportation, storage, and distribution (e.g.,
electrical transmission), end-use service, and even secondary impacts, such as
the energy used in constructing and equipping power plants. With minor
exceptions, the fuel cycle study confined its analysis within the traditional
definition of the fuel cycle.



A panel of outside experts was selected who could address both the quality of
the science for each fuel cycle and the usefulness of the analysis in developing
energy policy. The peer review panel included specific scientific expertise in the
areas of technology analysis, economic valuation, and physical and natural
sciences.

The importance and timeliness of this major issue required the peer review
panel to provide sufficiently broad input to the DOE to guide the future efforts in
this area. The panel reviewed the analysis for technical quality; applicability and
limitations of the methodology; usefulness to decision makers; clarity (especially
concerning implications, strengths, and weakness); and significance of the results
for addressing the technical and policy aspects of the externality issue.

Overall Assessment

• The study is a needed pioneering effort. The peer review panel commends the
DOE and the study team for addressing this difficult area. The study made
considerable progress on the task of collating the science necessary to make
better judgments concerning the environmental effects of several of the impor-
tant electric fuel cycles, which account for approximately 40% of ali energy
consumed in the United States. The study contains a great deal of good work
and is a useful starting point for developing a more complete, long-term
strategy to address externalities. With the limited time and funding available
relative to the task at hand, the panel believes that the researchers were placed
in an unenviable position. Although considerable effort was expended by the
study team to examine the scientific and economic components needed to eval-
uate the benefits and damages of the major fuel cycles, the panel identified sev-
eral major shortcomings of the study and the study documents.

The findiI_g_ and recommendations of the panel are as follows.

General Findings

• The study's purpose is not clear. The target audience and the purpose of the
study were not well defined, lt was not possible to judge whether a national
policy audience, a primarily scientific professional audience, or a local (state)
public utility commission audience was intended. The Background Document
and the fuel cycle documents were not clearly focused on any of these audi-
ences, raising uncertainty as to the basic objectives of the study.

• In trying to be compre_hensive, the study design did not set clear priorities
concerning which extornalities to analyze. The study was an improvement over
previous studies, in that it contained a large body of scientific information



concerning a broad range of potential environmental and nonenvironmental
effects. However, there was no explicit framework for screening or assigning
priorities to important environmental benefits or costs. As a result, some
relatively trivial impacts received too much attention, while some important
impacts, as well as the representativeness of each fuel cycle in the United
States' electric power fuel mix, were ignored. The treatment of effects unique
to each fuel cycle was uneven. For example, the Nuclear Fuel Cycle Document
did an exhaustive job of discussing many of the numerous health effects unique
to that fuel cycle, though its results for transportation and reactor accidents are
subject to question. However, the Oil Fuel Cycle Document did not evaluate oil
spills from marine tankers or the effects of petroleum refining and the
Hydroelectric Fuel Cycle Document did not do a strong analysis of economic
values associated with multiple-purpose hydroelectric projects or values of
recreation days for reservoirs.

= Despite its breadth, the study was unable to evaluate many potential impacts
and injuries. The study did a good job of identifying a large number of potential
environmental impacts. Many of these impacts were evaluated quantitatively to
some degree. However, other impacts were not evaluated adequately, partic-
ularly those associated with power plants as a group rather than individual
facilities. These unaddressed impacts include (but are not limited to) potential
effects on global climate change, biodiversity of natural ecosystems, resource
depletion, and national energy security. These are issues that decision makers
and both economists and noneconomists regard as important in the context of
multiple power plant electricity generation. Failure to at least provide a range of
potential damages from climate change effects leaves out of consideration a
key difference among the fuel cycles considered. The study also failed to deal
generically with long-term risks. Moreover, many ecological impacts that were
evaluated quantitatively in the documents were not translated into economic
damages.

• The study missed an opportunity to compare environmental impacts across fuel
cycles, lt is not yet possible to develop a "bottom line" damage estimate for
any of the electricity-producing fuel cycles because of missing or unreliable
data. However, it should have been possible, with the large body of data avail-
able, to compare some of the impacts across fuel cycles in a consistent manner
and demonstrate how this can be done.

• The study needed to consider other methods of evaluation besides the damage
function approach adopted for this study. While the damage function approach
is suitable for many of the impacts considered, except for the existing large
uncertainty in valuation of mortality and morbidity, the study has not
adequately addressed the vexing problem of valuing long-term health damages.
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The study neglected to consider alternative valuation methods, in particular for
ecological and other impacts that are difficult to evaluate in dollar terms.

• The study missed an opportunity to transcend traditional disciplinary bound-
aries. The study attempted a multidisciplinary approach (i.e., engaging
researchers from economics, health sciences, and ecological sciences) but an
interdisciplinary product that transcends discipline boundaries was not achieved.
Because national laboratories offer the structure and ability to perform inter-
disciplinary research, an opportunity was missed to advance the science beyond
the era of traditional environmental impact statements by integrating informa-
tion, approaches, and expertise from several disciplines.

Findings Concerning the Study Documents

• The fuel cycle d_3cuments, while they contain much useful information, do not
constitute a usable end product for policymakers. The summary of the exter-
nalities in the fuel cycle documents, being based on an incomplete valuation
and on nonrepresentative and (in some cases) unrealistic case studies, cannot
provide useful guidance on the environmental costs associated with the fuel
cycles either for an individual region or for the nation as a whole. Although
described only as an exercise to develop and demonstrate a methodology, the
peer review panel believes the documents should have been more directly
relevant for assisting policymakers.

• The study does not employ consistent criteria in defining the fuel cycles that
are analyzed. Across the set of fuel cycles, different assumptions are made in
the design premises for the energy conversion and environmental control tech-
nologies that determine the emissions and environmental impacts being eval-
uated. For example, though the intent was to analyze a hypothetical new
facility being built today, some assumptions employed were more characteristic
of 1980s technologies having higher emissions.

• The Background Document did not include an adequate assessment of the
state-of-the-art tools, knowledge, and data. The Background Document in-
cluded an extensive survey of the literature and a useful discussion of economic
concepts but did not acknowledge several important surveys of the literature,
such as the U.S. Environmental Protection Agency's (EPA's) Environmental
Criteria and Assessment Office documents and National Acid Precipitation
Assessment Program's State-of-the-Science Reports. The survey also failed to
evaluate the status of knowledge concerning some environmental pathways and
ecological valuation methods. Finally, the Background Document did not pro-
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vide a thorough evaluation of prior reports covering similar issues or an explicit
discussion of differences in findings relative to prior reports and the reasons for
these differences.

= The Background Document and fuel cycle documents needed to explain and
consistently apply the key assumptions and procedures, especially the valuation
procedure. The Background Document did not provide a clear and comprehen-
sive discussion of the strengths and weaknesses of the damage function
approach methodology in a manner accessible to noneconomists. Additionally,
there is a lack of consistency across the fuel cycles in key parameters, such as
the size of facilities being analyzed, extent of environmental coverage, and data
applications. These inconsistencies add to the difficulty of comparing impacts
across different fuel cycles, based on these documents. Furthermore, the
damage function approach methodology described completely neglects a des-
cription of how to handle the valuation of very long-term damage (many
hundreds or thousands of years in the future).

• The case studies in the fuel cycle documents were not representative, consis-
tent, or (in some cases) realistic, lt appears that the two reference sites chosen
in each fuel cycle document were chosen for the availability of local environ-
mental data at specific sites rather than because they were typical of their
respective regions. Additionally, some of the mining technologies used, the
sources of fuels, and the refining procedures assumed may not be typical of
electricity-producing fuel cycles in many parts of the United States. While the
study documents claim only to be demonstrating a methodology, even that goal
is not adequately met. For example, the documents give inadequate guidance
as to how to select a "real" case study or identify ali of the data and para-
meters needed to perform a realistic analysis.

• The study of the nuclear fuel cycle is severely flawed and requires major
reanalysis and rewriting. The background discussion and review of the current
status of nuclear power plant safety need to be expanded and brought up to
date. The evaluation of impacts from accidents during shipment of spent fuel,
and from reactor accidents, requires reassessment. Aquatic and terrestrial
effects are ignored throughout the document.

• The selection of nonenvironmental externalities in the fuel cycle documents was
neither consistent nor persuasive. The choice of employment as the major non-
environmental benefit analyzed in the documents appeared to be arbitrary. At
the same time, more significant nonenvironmental benefits, such as national
energy security, were ignored. Wage premiums cannot be used to evaluate the
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damages caused by accidents and occupational exposures if they are "external"
to markets because labor markets in that case could not take these risks fully
into account.

• In almost ali cases, the fuel cycle documents focused on too narrow a geo-
graphic scale. The site-by-site "reductionist" approach (as opposed to a
regional, national, or global "holistic" approach) seriously undermines the
study's usefulness for guiding national policy on comparative fuel cycle benefits
and damages at regional, national, or global scales. As a result of the narrow
reductionist focus, the study missed the opportunity to demonstrate how to
incorporate multiple power plant environmental impacts. The only exception
was a regional approach taken for some ecological damages in the Coal and
Nuclear Fuel Cycle Documents. In some cases, public utility commissions may
be interested in a single-site analysis; yet even then, they may also be con-
cerned about the aggregated impacts from several electricity-generation facili-
ties within a region.

• The fuel cycle documents need improved exposition and organization. Taken as
a whole the Background Document and the six fuel cycle documents are dis-
appointing in terms of the overall quality of exposition, lacking focus and cohe-
siveness. A strong edit and common format would improve the readability
considerably. A significant amount of duplication of material among the docu-
ments could be eliminated. Better organization could eliminate the frustration in
locating key pieces of information such as pollutant emission rates to the
environment.

General Recommendations

• The DOE should more clearly define its goals and objectives for evaluating the
environmental consequences of fuel cycles. Further work should not proceed
until this is done. Fuel cycles in addition to those producing electricity should
be part of this consideration.

• The DOE should develop a more comprehensive strategy for achieving these
goals and objectives. This study represents only a small part of an overall
strategy that needs to be developed. The fuel cycle documents and this review
should serve as inputs for a workshop to systematically 1) define needs of user
groups, 2) evaluate applicability of methodology to meet those needs, and
3) describe the status of existing knowledge and data needs.

• Because a likely use for the data from the study is in computing environmental
"adders," the DOE should critically evaluate the use of "adders" by public utility
commissions as a means of accounting for environmental damage. The study
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needs to include a simple, comprehensive, and unbiased assessment of the
strengths and weaknesses of the "public utility commission externality adders"
approach to environmental policy for electricity generation facilities, how it
might be misused, and an evaluation of the resources and needs of public utility
commissions that night want to adopt a social costing framework.

• The DOE should better match study objectives with avai!a_bleresources. Given
limited resources, future studies should focus on a few of the most important
impacts and evaluate these weil, rather than attempt to evaluate many impacts
at a superficial level. However, the DOE is encouraged to support analysis of
the full range of major impacts.

• The DOE should improve review and oversight of a study of this type. Besides
including clear statements of objectives and identification of the intended
audience, projects like this need adequate external review and input at the
design phase, midway through the implementation, and in the final phases.

Recommendations on the Existing Study Documents

• The fuel cycle documents should be revised to clearly articulate the purposes,
strengths, and weaknesses of the study, especially its representativeness or
lack thereof. The fuel cycle documents need to address the study's Specific
strengths, the inherent and resource-specific limitations, and the representative-
ness of the case studies. The documents would be r lore useful if the case
studies represented "typical" situations in the contexc of well-posed policy
decisions or questions.

• The Background Document should identify appropriate applications for the dam-
age function approach. The study should clearly show where the damage func-
tion approach can be readily applied, identify where (and explain why) it is more
difficult to apply, and identify where (and explain why) the study did not
address specific impacts. The fuel cycle documents should then consistently
follow the guidance supplied in the Background Document.

• The Background Document should include a more specific evaluative analysis of
the state of the art, including its limitations. The Background Document should
identify important scientific and valuation uncertainties. The fuel cycle doc-
uments should address these uncertainties in the evaluation. The study should
suggest a research approach that can resolve these generic and specific issues.
The study should also quantify any significant differences in the environmental
impacts between technology now in use and improved technology likely to be in
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use a decade or two from now. While several of the fuel cycle documents
evaluated emissions from advanced technologies, these lower emission rates
were never used in an impact analysis.

• The fuel cycle documents should include a critical evaluation of past studies
and data actually selected for use. A clear set of criteria should be presented
and applied for choosing what studies and data to use from the existing litera-
ture. Given the criteria, the evaluation needs to discuss how to choose partic-
ular studies or portions of these studies. This should result in an explanation of
why particular pollutant emission rates, envirow_mental pathways, damages,
assumptions, and values were chosen. The study needs to provide more
guidance and judgment to policymakers and lay readers concerning the validity
and appropriateness of data selected from existing literature. This appears to
be particularly important for the economic estimates of health and ecological
impacts.

t

• The fuel cycle documents should follow a more consistent format. The study
should use consistent data sources, units of measure, and calculation methods
across ali the fuel cycles' damage assessments for those emissions and path-
ways common to several fuel cycles (e.g., precursor emissions and health and
ecological effects of ozone). Even though a cross-fuel comparison was not an
objective of the study, the results are likely to be used for follow-on compari-
sons of the relative damages among the fuel cycles. The Nuclear Fuel Cycle
Group needs to explain clearly which health impacts are estimated as occurring
during the next several decades, and which are estimated as occurring 10,000
years or more in the future, and why and how these are to be compared. Long-
term health impacts should be compared for ali fuel cycles.

• The fuel cycle documents should include a more explicit trealtment of environ-
mental thresholds. The fuel cycle documents should have a more explicit dis-
cussion of procedures to be used in defining threshold phenomena and how
knowledge of threshold levels of exposure should be used in evaluating environ-
mentat impacts.

• The study should delete analysis of some nonenvironmental benefits and dam-
ages, such as employment. Some nonenvironmental benefits and damages that
do not result in externalities, such as employment, should be made the subject
of separate studies performed by researchers having appropriate expertise.
Other nonenvironmental impacts that result in externalities, such as road
damage, are appropriate.



Recommendations for Future Studies

• Future studies should develop or propose methods for utilizing qualitative
information in the analysis. The damage function approach ignores nonquantifi-
able risks, thereby giving the policymaker the impression that these effects are
not true externalities. The peer review panel believes the assessment meth-
odology must be broadened to incorporate qualitative information on these risks
and suggests that judgment from panels of recognized experts is one way to
obtain it.

• Future studies should use a hypothetical site or regionally representative aver-
ages for analysis. Composite sites, having features "typical" for the region or
effects based on regional averages, would be more useful to both national
policy audiences and resource-limited public utility commissions than would the
site-by-site approach. Because some damages arise from single electricity-
generation facilities and some from the regional addition of several electricity-
generation facilities, typical sites should be used to evaluate both the effects of
marginal additions of single, optimally sized facilities of each fuel and larger
regional additions of generating capacity. A larger number of regions, repre-
sentative of different parts of the United States, should be included in future
analyses.

• Future studies should develop and implement an objective method for judging
which environmental effects require analysis. An objective method should be
developed for efficiently screening possible effects to identify those most likely
to be important in the context of a specific policy or regional analysis.

Overall Conclusions

In conclusion, this DOE-sponsored study attempts to evaluate one of the major
energy issues of our time, with significant implications for not only energy policies
but also for the environment and the economy. As the new administration
attempts to take a more integrated approach to these highly interrelated policy
areas, the importance of the externalities issue becomes even greater.

Given these pressing national needs and the complexity of addressing them,
this study represents only a beginning. Greater resources and more effective
efforts will be needed in future fuel cycle studies to yield the results needed to
guide multibillion-dollar decisions with major societal impacts.

Simply revising the current documents will not remedy the issues raised above.
To accomplish its objectives, the DOE will need a much more careful study of the
critical issues raised in this review. The panel recommends that: 1) the DOE
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should explicitly identify the goals and objectives for future studies and 2) the
current study and this review should serve as inputs to developing a peer-reviewed
strategy for assessing the consequences associated with fuel cycles. The panel
strongly encourages the DOE to continue with its efforts to understand and
evaluate the "external" benefits and costs of the environmental impacts of fuel
cycles.
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2. Panel Charge

The fuel cycle peer review panel was charged by the DOE to review the fuel
cycle documents and related Background Document for their technical content,
methodological adequacy, and potential usefulness for decision makers. Input was
requested to provide guidance to the Secretary of Energy on what insights could
be gained from the study and its policy significance.

The growing importance of this issue was emphasized by DOE management
because over half of the states are already pursuing some form of social costing in
electricity regulation and a well-established technical basis for such decisions is
lacking. This issue was identified as a major area of controversy, both scientif-
ically and politically, in developing energy policies at the state and national level.
These documents describe six studies that took almost 3 years and $2.5 million to
complete and whose implications could be far reaching.

The panel was asked to focus especially on the general methodology and tile
usefulness of the approach. The DOE also requested suggestions for any changes
that might improve the documents because the versions that the panel reviewed
were provisional.

In its initial meeting, the panel agreed that the importance and timeliness of this
major issue required providing sufficiently broad input to the DOE to usefully guide
future efforts in this area. The panel agreed to examine the documents and the
studies they describe for the following:

• technical quality and extent to which the best available methods, data, and
information were used

• applicability and limitations of the methodologies

• usefulness for decision makers

• representativeness of the results for drawing general conclusions and guiding
future studies

• clarity in defining the study's implications, strengths, and weaknesses

• significance of the results for addressing the technical and policy aspects of the
externality issue.
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This peer review report describes the panel's consensus conclusions and sug-
gestions, based on the above criteria. Specific detailed editorial and technical cor-
rections were transmitted to the study team under separate cover.

Because the individual panel members had a variety of professional backgrounds
and came from several disciplines, they had varying depths of expertise and famili-
arity with the specific subject matters in the documents. However, despite the
panel's diversity, there was remarkably strong consensus on ali the major con-
clusions and recommendations.
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3. Panel and Review Framework

The organization of the panel and the structure of the review itself were derived
from guidance provided by the Secretary of Energy to the Secretary of Energy's
Advisory Board to convene a subgroup of the Task Force on Economic Analysis
and Modeling. The Secretary sought advice both on the overall concepts under-
lying the study and the means employed to estimate them. The Board was encour-
aged to turn to outside expertise, as needed.

Pacific Northwest Laboratory ca)was asked to help select a panel of experts
capable of addressing both the quality of the science incorporated in the study and
its usefulness in developing energy policy. Experts were selected, in part, for their
knowledge of scientific and policy issues related to the fuel cycles, their knowledge
of the potential environmental policymaking process, their high standing with
peers, and their reputation for unbiased and balanced analysis. Because of the
breadth of the subject matter, specific scientific expertise was needed in the areas
of technology analysis, economic valuation, and physical and natural sciences to
cover comprehensively the environmental pathways leading to externalities. This
set of requirements led to the selection of a panel of 15 members, whose bio-
graphical sketches are given in Appendix A.

The review process began in November 1992, with an initial meeting in Wash-
ington, D.C. The panelists heard from representatives of the DOE Office of
Domestic and International Energy Policy and the Board's Task Force. In addition,
staff from the Oak Ridge National Laboratory/Resources for the Future study team
presented the general study approach, coal fuel cycle study, and their results,
together with supporting documents. The panel had the opportunity to ask ques-
tions concerning project objectives and scope and to clarify research decisions.
The panel then met in private session to identify issues of concern for the review
and to divide writing responsibilities. The panel agreed to proceed by consensus.
The individual panelists wrote drafts discussing the major issues, which were
collected by Pacific Northwest Laboratory staff into a first draft of this peer review
report. The first draft focused only on the Background Document and Coal Fuel
Cycle Document. The panel also provided detailed technical and editorial com-
ments that were considered specific, minor corrections, or edits. These were
forwarded directly to the study team and are not included in this peer review
report.

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy
by Battelle Memorial Institute under contract DE-ACO6-76RLO 1830.
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At its second meeting, the panel concentrated on further developing the main
conclusions, findings, and recommendations, and reviewed the first draft of this
peer review report. Issues were also divided into those of generic policy and meth-
odology that were expected to apply to ali the fuel cycles and those that were
expected to apply mainly to specific fuel cycles. A third session was devoted to
review and markup of this report's second draft and integration of the other fuel
cycles into this report. The remaining fuel cycles were included in the third draft.
The fourth and final meeting of the panel reviewed the third draft of this report.
The fourth and final draft was subsequently circulated to the panel for review and
comment.

This peer review report is organized around three major issue areas: 1) use-
fulness of the fuel cycle documents to various groups of decision makers (Sec-
tion 4); 2) adequacy of the methodology and approach and the quality of the
application (Section 5); and 3) comprehensiveness, utility, and quality of the con-
tent and data in the report (Section 6). This report concludes with general findings
and recommendations (Section 7). Appendix A provides biographical sketches of
the panel members. Detailed technical comments on the methodologically oriented
Background Document (Appendix B) and detailed technical comments on the
various fuel cycle documents (Appendices C through H) were provided separately
to the study team and are not part of this report.
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4. Policy Usefulness

The fuel cycle study sought to examine the scientific and economic bases for
the development of credible damage functions in many areas. However, because
of the time and resource constraints and the poor state of scientific and economic
knowledge about meaningful estimates of this large set of damages, the fuel cycle
study's design was too ambitious.

At the same time, the study was also too narrowly focused in several ways.
First, it appeared, from presentations made by the study team to provide the peer
review panel with an overview of the study, that the study was driven almost
entirely by the objective of developing numbers that public utility commissions
could use as "adders" in the evaluation of new utility resources. This was despite
the fact that the fuel cycle documents describe the study as a demonstration of
the application of the damage function approach to estimate benefits and damages
of the various fuel cycles. In the damage function approach, as applied to fuel
cycles, analysts estimate discharges from each fuel cycle activity; estimate the
resulting changes in ecological, human, and social resources (the physical effects);
and then evaluate these changes using an economic valuation model, lt was dis-
appointing that the study focused on "adders," rather than on the broader objec-
tives of 1) developing the damage function approach framework, 2) evaluating the
state of scientific and economic knowledge necessary to implement it, and
3) developing the best estimates of damage functions. Whatever the merits of the
narrow objective, it affected both the scope and nature of the study in ways that
severely limited its usefulness. A study with broader objectives could be more
useful in a variety of different environmental and energy policy arenas.

Second, the study did not include a comprehensive and unbiased assessmant of
the strengths and weaknesses of the "public utility commission externality adders"
approach to environmental policy (including how it might be misused) or an eval-
uation of the resources and needs of public utility commissions that might want to
adopt a social costing framework. Third, the study took the terms of reference to
rely on existing research too literally and failed to identify areas where there would
be a high payoff (and where there would not be a high payoff) from additional
research to resolve uncertainties about dose-response relationships or economic
valuations that are likely to be of importance to decision makers.

Finally, the study focused narrowly on the marginal impacts of individual
electricity-generation facilities in specific locations. The methods used in the study
extended techniques of social benefit-cost analysis that are best applied to large,
idiosyncratic projects (e.g., a new regional airport), rather than to decisions
involving potentially hundreds of power plants. As a result, the effects of
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aggregation and interdependencies between power plants and other sources of
emissions, and associated environmental policy responses, are completely missed.
This perspective may encourage myopic, piecemeal policymaking that could be
very costly.

Specific issues and panel comments are provided below.

Document is not Useful to Wide Range
of Decision Makers

To be useful for a wide range of policy issues, a study should do the following:

• summarize clearly the types and magnitudes of environmental emissions from
various parts of each fuel cycle for a representative set of technologies and
fuels

• review and carefully explain the state of the art on scientific and epidemiolog-
ical knowledge about dose-response relationships associated with various
emissions

• review and carefully explain the literature on valuing environmental impacts in
various settings

• integrate the above to yield a range of values for damages of various pollutants.

The following policy issues must be taken into account:

• decisions about research-and-development priorities for new energy supply and
utilization technologies

• identification of important gaps in scientific and economic research regarding
the emissions and effects of various pollutants and alternative approaches to
filling these gaps

• evaluation of existing environmental regulations and design of new ones. A
major complaint about United States' environmental regulation is that it does
not sufficiently take benefits and costs into account. The damage function
approach methodology, at least in principle, provides the tools for assessing the
societal benefits from reduced pollution.

Overall, insufficient effort was made in the study to organize or present the
results in a way that they could be readily used for these and other policy pur-
poses. Furthermore, the site-by-site assessment paradigm that the study adopted
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is not particularly well suited for guiding decisions on research-and-development
priorities and evaluating environmental regulations because they are inherently
nonmarginal and require aggregation and evaluation of interactions between many
sources. This study could have been structured to provide useful guidance for a
wider range of policies.

Study Does not Provide Enough Support
for Estimating "Adders" by Public Utility
Commissions as a Means to Internalize
Environmental Damages

The panel agreed that the review would not focus on whether it is a good idea
for public utility commissions to include monetary "externality adders" in their
review of utility resource needs, conservation programs, etc. Instead, the panel
decided to focus on whether the study is useful to public utility commissions inter-
ested in pursuing these policies, lt is important, however, that this particular appli-
cation of damage function approach methods in the policy arena be given some
consideration because it carries some subtle implications that has affected the
study and its use.

• While it probably would be agreed by many, if not most, economists that some
application of the damage function approach is the best method to calculate
environmental damages, the calculated damages are not the same as exter-
nalities, as they are conventionally understood. Nor are the damage function
approach estimates the appropriate "adders" required to internalize these
externalities in the presence of existing rate-of-return and environmental regula-
tion. Most public utility commissions will have a difficult time performing the
appropriate calculations to turn damage function approach estimates of damage
into "adders" appropriate to their particular setting.

• To understand how information provided in a document like this can be used
most effectively by public utility commissions, it is important to have a good
grasp of public utility commission regulatory procedures, the expertise of their
staffs, the limits of their regulatory authority, and how they interact with other
regulatory agencies (in particular environmental agencies). No consideration is
given to any of these issues anywhere in the documents.

• The externality adder methods that are used adopt what can best be described
as a "hyper-marginal" perspective. The study team focused on one facility at a
time, assuming that everything else (e.g., other facilities, environmental regula-
tions, input prices) is held constant. While there are situations in which a single
facility will have only marginal local impacts, except in nuclear and to some

17



extent, coal, the study essentially ignores regional downwind and downstream
environmental impacts generated by single facilities, and especially ignores
cases in which multiple facilities are being considered.

• A comprehensive study of the scientific evidence on dose-response relation-
ships and economic valuation methods and studies could be of use in a variety
of different policy arenas, of which applications by public utility commissions to
electric utilities is just one.

Study is not Usable by Public Utility
Commission Technicians

As the documents make clear, a number of public utility commissions have or
are interested in adopting some type of "social costing" methods to use in reg-
ulating the acquisition by utilities of new electricity-generation resources. The pri-
mary purpose of these documents appears to be to satisfy the demand of these
public utility commissions for a sounder scientific basis for integrating "externali-
ties" into planning and investment decisions. The following are some observations
on the potential usefulness of the documents.

• The presentations in the Background Document (especially Appendix C) and the
fuel cycle documents do a good job of identifying some of the subtleties associ-
ated with computing damages. Using damage numbers computed with damage
function approach methods to develop "externality adders" could be the most
useful portion of the study. However, the documents never take the calculated
damage function approach values and show how they can be used to compute
"externality adders" for the reference sites. Many public utility commissions
have been confronted with alternative ways to develop externality adders, lt is
arguable whether any state has come close to adopting the "correct" metho-
dology that has been laid out in Appendix C to the Background Document or
has respected the cautions about mechanically transforming marginal (partial
equilibrium) damage numbers into externality adders that appear elsewhere in
the documents. The documents do not provide enough assistance to help
public utility commissions compute "externality adders," if that, indeed, is one
of its purposes.

• The fuel cycle documents give the impression that the damage function
approach computations must be done anew for each site and project and pro-
vide no generalizations that will help the public utility commissions to narrow
what appears to be an extremely complicated and expensive task, Most public
utility commissions simply do not have the resources to apply this methodol-
ogy, especially on a site-by-site basis.
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• Most pub!lc utility commissions involved in social costing have focused on a
relatively small number of what they deem "important" air emissions. These
documents would have been more useful to public utility commissions if they
had helped them identify the most important environmental impacts that are not
reflected in market prices and explored the valuation of these impacts in more
depth.

• Although the fuel cycle documents tell the reader that the damages should not
be totaled, in many cases they will be. lt would be useful to know something
about the magnitude of the errors that are likely to result from doing so.

• The study team continually reminds the reader that this is only a "demon-
stration" of how a fuel cycle analysis might be performed. But, given the
substantial funding and effort that have been invested in this project, it is ques-
tionable if individual public utility commissions will ever be able to perform an
analysis that is more complete than this. When will we proceed beyond demon-
stration? Will a complete analysis of a given fuel cycle (in which someone can
place confidence) be performed in the future? Will ali of the proposed fuel cycle
analyses be "demonstration" projects? Like concrete, "demonstrations of
methods" start out with a soft consistency but they eventually "set up" into a
rigid form (i.e., the numbers from illustrative examples tend to become used as
though "cast in concrete").

Inconsistency Between Background
Document and Fuel Cycle Documents

The Background Document is more generic than the fuel cycle documents in its
discussion of background, study priorities, analytical tools, and economic valua-
tion. However, each of these discussions provides a different perspective on the
analytical work than is presented in detail in, for example, Appendices A through F
of the Coal Fuel Cycle Document.

Because one of the purposes of the fuel cycle documents, as stated in their
respective Executive Summaries, is "...to implement the methodological concepts
that were developed in the Background Document...", it is not at ali clear why the
documents need to have a different presentation and discussion of these concepts
and methods. Furthermore, the discussion of these concepts and methods in the
Background Document was superior to that in the fuel cycle documents. For
example, the panel found the Background Document discussion was more explicit
in terms of the caveats and limitations of the general approach. We urge the study
team to restate appropriate generic caveats in the sections of the fuel cycle doc-
uments and appendices dealing with specific analyses and in the summary descrip-
tions of results and their associated uncertainties. The uncertainties specific to the
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individual fuels are generally well stated in the appropriate places. The Nuclear
Fuel Cycle Document is an exception in this regard; the uncertainties are not well
described or explained for many significant issues.

One notable difference in content between the Background Document and the
fuel cycle documents is the explicit and excellently crafted discussion in Sec-
tion 2.1.2 of the Background Document on the issue of thresholds and standards
and the lack of any specific discussion of this critical issue in, for example, the
Coal Fuel Cycle Document. The Oil, Natural Gas, Biomass, and Nuclear Fuel Cycle
Documents contain general discussions of ecological effects thresholds in Ecologi-
cal Effects Appendices (Appendix D or H), but those discussions are not focused
on the individual fuel cycles. Such a generic, theoretical discussion of ecological
effects thresholds (with appropriate reference to evidence supporting them or lack
thereof) would fit better into the Background Document, so the same discussion is
not repeated in each fuel cycle document.
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5. Methodology and Approach

The discussion in this section focuses on whether the damage function
approach is appropriate for the objectives of the study (and the resulting docu-
ment) and whether the approach was appropriately applied in various fuel cycle
analyses. The panelists evaluated the documents and damage function approach
with two of the study's objectives in mind: 1) to help state public utility com-
missions as they attempt to understand and apply "social costing" in their regula-
tion of new generation acquisition decisions and 2) to assist federal decision
making about research-and-development priorities and other energy-related invest-
ment and resource decision making.

Generally, while the damage function approach may provide an appropriate
"hypothetical" basis for developing some externality estimates, the documents did
not provide much pragmatic guidance in its application. The final matrix of results
shows numerous blanks or indications that the numbers are unreliable and provides
little help in public utility commission decision making without further complex,
site-specific analysis. If these documents are considered state of the art in applica-
tion of the damage function approach, then the results would indicate that the
application of the damage function approach may be inappropriate for public utility
commissions because of the lack of an adequate data base.

Similarly, the damage function approach could be useful for such federal deci-
sion making as evaluating the effects of existing regulations and the design of new
ones, as well as ot3er federal resource decision making. However, there are a
number of problems with the application of the damage function approach, based
on a facility-by-facility basis. One of the issues of most concern is that federal
decisions are often nonmarginal _nd require aggregation, whereas these documents
used individual "representative" sites that cannot be used to consider aggregation
or nonmarginal issues. Also, facility-by-facility analysis cannot consider the
evaluation of numerous interactions, and these were ignored by the study team.

Specific issues and Danel comments are provided below.

Need for Consistent Premises in Defining
Fuel Cycle Technologies and Emissions

Ali of the fuel cycle documents purport to analyze a new power plant that
might come on line in 1990. In differing degrees of detail, each of the documents
also describes one or more advanced power plant technologies that might be built
sometime in the future (the year 2010 is explicitly cited in the Oil, Natural Gas, and
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Biomass Fuel Cycle Documents). In ali cases, however, environmental impacts and
damages are evaluated only for the case of a new power plant built today.

There are significant differences, however, in the detailed design premises and
assumptions used to characterize different fuel cycle technologies. For example,
the coal-fired power plant that is analyzed employs flue-gas desulfurization tech-
nology characteristic of plants constructed in the early 1980s. A new plant built
today would have more stringent control of sulfur dioxide, as well as particulate
matter and other pollutants responsible for the environmental damages that were
estimated. Similarly, the nuclear fuel cycle analysis is based on reactor technology
characteristics of the early 1970s. Thus, the nuclear fuel cycle analysis is also
based on an outdated design premise, in contrast, the environmental control
systems assumed for the oil-fired power plant are more stringent than the controls
found on any such plant in the United States today. For the natural gas power
plant, a range of emission factors is presented, but the body of the text does not
identify which of several values were assumed for the analysis. A careful reading
of the appendices shows that some of the emission rates assumed (e.g., particu-
late emissions) are at variance with previously reported estimates. The result is
that the gas-fired power plant emits more fine particulate emissions than either the
oil-fired or western coal-fired power plants.

In ali cases, inconsistencies in the design premise for the electricity-generation
facilities produce significant differences in emissions that, in turn, significantly
affect the size of impacts that are estimated. Other inconsistencies further com-
pound this effect. For example, the stack height of the fossil fuel power plants
differs across fuels and across location, significantly affecting the ground level con-
centrations and consequent impacts that are calculated. For instance, the eastern
gas-fired power plant has a stack height 200 feet higher than the coal-fired power
plant of the same size at the same location. Differences in assumed power plant
size, which range from 30 to 500 megawatts, also may produce differences in
impacts that do not scale linearly.

Interdisciplinary Valuation (Acceptability of
the Damage Function Approach)

Some ecological and health impacts can be readily translated into economic
damages using a damage function approach. However, because of data and
method limitations, other impacts are not yet readily susceptible to valuation in
dollar terms. For example, alterations in biodiversity may be described in biological
or ecosystem units but may be quite difficult to value in dollars. In most public
forums, decisions will be made by weighing and balancing both damages
expressed in dollars and those left in biological or ecosystem units.
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In contrast, the economics perspective dominates the documents with respect
to the procedures for valuing resources and assumes incorrectly that a benefit-cost
analysis using the damage function approach is mutually acceptable to both econ-
omists and noneconomists. The noneconomists on the panel found it difficult to
distinguish three concepts in the text: 1) the damage function approach, which is
essentially an accounting framework widely acceptable to economists to estimate
environmental values; 2) willingness to pay, which is a concept of economic value
(again acceptable to most economists for many kinds of environmental analysis);
and 3) contingent valuation, which is a survey-based method commonly used to
measure the willingness-to-pay values entered into the damage function approach
framework and over which the economics profession is divided. The study team
was not adequately careful in making these distinctions at ali times.

One of the basic concepts in applying the damage function approach is that
ecological and health impacts can be given economic value by individuals, who
either reveal their values through market activity or through survey-derived esti-
mates of willingness to pay or, alternatively, willingness to accept compensation.
For a number of theoretical and practical reasons, economists prefer the more con-
servative willingness-to-pay approach. To be a valid measure of social value, the
willingness-to-pay approach assumes that 1) consumers are sovereign in their deter-
mination of environmental values and 2) distribution of income and wealth in the
society, if not ideal, can be taken as given for the purposes of valuing natural
resource damages and can be corrected by other, more direct means. The non-
economists on the panel, in particular, found circumstances in which these
assumptions were troubling, often to the point where they questioned the efficacy
of using the damage function approach.

The damage function approach methodology may, indeed, be the most
tractable way for future externality studies to be performed, but it is not clear that
these fuel cycle documents support that conclusion. Specifically, use of the
damage function approach in some site-specific contexts is already established in
the literature and has been used widely for materials damages and agricultural
examples for at least 15 years. Conversely, the study does not demonstrate
clearly that the damage function approach can address the full range of external
effects, given that the number of effects actually quantified in the case studies is
quite small (typically only agriculture and health). In fairness to the study team,
the lack of data available to more accurately assess biological and ecological
effects (and the mechanistic effects therein) prevents them from filling many of the
"cells" in the matrix of potential effects. However, if these data are not available,
then the "demonstration" of the utility of the damage function approach may not
be as great a contribution as the study team suggests.
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There are other views in other disciplines of how to determine values of
changes in natural resources. For example, much of the ecological sciences
community views matters quite differently from economists. Over the last several
decades, this community has developed a different perspective on the valuation
procedures for natural resources. These alternative views recognize the benefits
that natural resources provide and ensure that these benefits accrue more evenly
to ali of society, whether or not these benefits can be given a dollar value. The
documents do not adequately recognize the nondollar-valued damages that have an
ecological or human health dimension.

Adequacy of Methods and Contents of
Health Effects Assessments

The quantitative analysis of health effects was =imited to those for which there
are dose-response functions. The latter were primarily derived from time-series
studies involving acute responses to short-term (hourly or daily) fluctuations in air
pollution, such as hospital admissions or asthma attacks or cough days. However,
the literature is filled with cross-sectional studies demonstrating other associations
between air pollution and acute and chronic health effects, such as acute respira-
tory disease episodes in children and adults, diminished lung function, and
increased prevalence of chronic respiratory disease.

Although the cross-sectional camp has many adherents, the study team
rejected many of these studies because they "used weekly or monthly average
concentrations or...involved...measurements in poorly characterized metropolitan
areas." Also, research comparing health effects in two or more cities with differing
air pollution levels was rejected "...because of potential confounding by other
factors" (Coal Fuel Cycle Document, Appendix E, page E-16). More adequate con-
sideration could have been given to the contributions of the cross-sectional
studies.

The consequence of restricting the analyses tc time-series studies of effects,
for which the study team provided dose-response functions, is that a broad spec-
trum of adverse health effects is not addressed, thereby possibly underestimating
health impacts of the fuel cycle.

Even if a particular cross-sectional study fails to provide dose-response
functions, it is generally possible to estimate the linear relationship between an
observed difference in health effects and an observed difference in air pollution
levels between two or more areas of study. Nearly ali studies provide data to plot
at least two dose-response points. Thus, effect estimates can be obtained from
individual studies of air pollution exposure and lung function, acute respiratory
disease, chronic lung disease, and cancer.
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A major part of the methodological challen!_e in reviewing such studies is to
make and apply relevant, and possibly alternative, assumptions so that risk esti-
mates can be made. Thus, one can assume that 1) effects are linear without a
threshold, 2) effects at lower concentrations are diminished but still without a
threshold, or 3) effects occur only after a threshold concentration is exceeded.
Damage functions could be derived for each assumption. This method should be
applied to the full range for which there is reasonable evidence of an association
with ambient air pollution.

For example, there are many studies reporting a higher prevalence of chronic
respiratory disease in more polluted cities. The excess chronic disease observed in
the more polluted area can be related to the difference in air pollution levels, and
the economic burden of cases of chronic disease can be estimated. These impacts
are summarized in EPA criteria documents on 1) particulate matter and sulfur
oxides, 2) nitrogen oxides, and 3) ozone. Conspicuous by their absence from the
documents are ali chronic respiratory disease effects in adults, acute upper res-
piratory disease episodes in children, acute upper and lower respiratory disease in
adults, impaired lung function in children and adults, exacerbations of cardiores-

t piratory disease in adults, and increased risk of respiratory tract cancers. The
health and economic burden of these acute and chronic health effects is not
captured by adding the individual component morbidity effects estimated in the
documents.

A second methodological issue that results in underestimation of health and
economic consequences is the manner in which the willingness-to-pay paradigm,
as a means to convert health damages to economic values, is made operational
through contingent valuation techniques. While the concept of willingness to pay
may be sound (see Interdisciplinary Valuation discussion), there are difficulties with
use of contingent valuations that are specifically relevant for measuring health
damages. For example, measured willingness to pay is a function of income and
the respondents to contingent valuation surveys make assumptions concerning
how health conditions would be felt, how long they would persist, what the
mechanism would be to alleviate the condition, and how effective it would be.
The reader is not provided with a review of this or an assessment of its conse-
quences for dollar damages. As is discussed later in the panel's comments in
Valuation Data, a good short summary of the problems of contingent valuation and
the methods for understanding the quality of studies and the means for over-
coming them exists and might be adapted for these documents.

If a particular health effect has not been evaluated in willingness-to-pay terms
or if the observed health effect cannot be linked with specific symptoms to which
the willingness-to-pay approach can be applied, that health endpoint was excluded
from the assessment (e.g., ozone exposure and pulmonary function decrements;

-
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Coal Fuel Cycle Document, Appendix E, page E-73). Such exclusions are prob-
lematic because functional impairments are often associated with increased risk of
chronic, irreversible disease. There is abundant literature demonstrating an asso-
ciation between impaired lung function and subsequent excess morbidity and mor-
tality; in some studies, the magnitude of this risk is reasonably well quantified.
Because impaired lung function is a well-documented effect of particulate as well
as ozone air pollution, it is essential that this effect be translated into chronic
disease risk estimates, even if alternative assumptions have to be made to effect
the translation. Otherwise, it will appear that the air pollution effect on lung func-
tion is not an externality of the applicable fuel cycle.

The study has not adequately addressed the problem of evaluating long-term
risk arising from long-lived radioactive or stable hazardous chemical wastes, risks
arising hundreds or thousands of years in the future. The Nuclear Fuel Cycle Docu-
ment provides some discussion of the geologic disposal of high-level radioactive
wastes but the issue of discounting is sidestepped, and, in the summary table,
health impacts during the next generation are placed side by side with health
impacts many thousands of years in the future without identification or comment.

Relevance of 50-Mile Impact Area

One of the most serious restrictions on the use of these documents, perhaps a
fundamental or fatal flaw interms of its application for guiding national policy on
comparative fuel cycle inputs to damage functions, is its limitation of attributable
damage to that expected to occur within a 50-mile (80-kilometer) radius of a
power plant. (8)

The airborne effluents from such a power plant are, by design, discharged from
a stack of sufficient height to avoid measurable damage to vegetation and mate-
rials at local downwind sites. Numerous nonradioactive effluents need to be con-
sidered for their incremental contributions to health and welfare damage functions
at receptors more than 50 miles downwind, including carbon dioxide and other
greenhouse gases, sulfur oxides, nitrogen oxides, mercury vapor, and fine
particles. The fine-particle category includes compounds of lead, cadmium,
arsenic, copper, and zinc, as well as sulfuric acid as a coating on the metal-rich

(a) The documents appear to use 50 miles as the limit, except in the case of
atmospheric modeling, where the limit is 50 kilometers; in the Ecological
Effects section of the Coal Fuel Cycle Document and in the Nuclear Fuel Cycle
Document, where regional impacts were addressed; and in the Nuclear Fuel
Cycle Document, where large-scale, downwind effects were addressed for the
case of catastrophic accident releases.
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fine particles. Ali of these materials have very low deposition velocities, and large
fractions will penetrate hundreds of miles downwind before reacting with other
constituents of the atmosphere or depositing on ground surfaces.

Airborne reaction products, such as ozone, attributable to nitrogen oxide-
stimulated photochemistry with hydrocarbon vapors; sulfuric acid, from the oxi-
dation and hydrolysis of gaseous sulfur oxides; and nitric acid, from the oxidation
of nitrogen oxides, are more damaging to health and welfare than the directly emit-
ted precursor effluent. Furthermore, for these reaction products, for lead and
mercury as neurotoxicants, and for the other trace metals as carcinogens, there are
no known thresholds for the damage functions. For ozone and acids, the affected
areas extend over large portions of North America, while for carbon dioxide and the
trace metals, the impacts can extend to even more distant regions.

While the incremental increases in exposure to far-downwind receptors may be
very small, the number of affected receptors may be very large. Thus, the product
of the damage function and the number damaged may be very large, with much
greater impact outside the 50-mile radius than within.

In the Ecosystem Effects section in the Coal Fuel Cycle Document and in some
portions of the Nuclear Fuel Cycle Document (health effects analysis for severe
accidents), the 50-mile limit was abandoned in favor of a regional analysis. This
represents a positive first step that needs to be expanded to the national or global
scale for some airborne effluents, while not ignoring the local- or regional-scale
importance of other solid, aqueous, and airborne effluents. However, because the
other components of the study were based on local-scale analysis, it appeared that
some of the output from the Ecosystem Effects section could not be incorporated
into other components of the study (e.g., in the Coal Fuel Cycle Document,
mercury accumulation in fish outside the 50-mile radius was not linked to human
exposure via ingestion of fish).

A public utility commission may limit its consideration of damage to a 50-mile
radius when considering the issuance of, for example, a permit for a new coal-fired
power plant, but it is inappropriate for national energy policy considerations or an
accurate assessment of externalities to make a similar limitation.

If This is a "How-to-do-it Manual,"

are ali the Components There?

Although the fuel cycle documents are touted as a demonstration that the
damage function approach procedure can be used to analyze a fuel cycle, many
issues of concern for each fuel cycle were omitted because they "couldn't be"
addressed by the damage function approach. Moreover, for several ecological
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impacts (or for impacts at one of the two reference sites), the documents provided
only general suggestions about how the impacts could be estimated and how the
associated economic damages could be quantified. If these fuel cycle documents
are intended to be a "how-to-do-it manual" with which public utility commissions
can perform environmental impact assessments of proposed electricity-generation
facilities, not ali of the components are there, critical components are missing, and
existing components are not "user friendly." If the documents are intended to be
used to help establish a national energy policy, they 1) omitted some of the most
important public and scientific concerns (e.g., global climate change) and 2) began
at an inappropriate geographic scale (a local scale, rather than a regional, national,
or global scale). In short, the documents achieve neither the local nor the national
goal.

Validity of Using Routine Operations

The documents outline the procedures for determining the impact of operational
emissions and products on human health and natural resources for ali forms of the
fuel cycle. Except for the nuclear fuel cycle, there is little recognition of major
nonroutine operational failures--for example, oil spills from marine tankers and dam
failures--and how these may affect the analysis. This deficiency results in the
valuations being underestimates of the true impacts. In some cases, catastrophic
impacts may dictate the largest externalities for that form of the fuel cycle.

Furthermore, by examining catastrophes only for the nuclear fuel cycle and not
for the others, the nuclear fuel cycle document contributes to a public mispercep-
tion that other fuel cycles are free from catastrophic accidents, even though dam
failure, for example, could lead to large numbers of fatalities.

lt should be clear that nonroutine or catastrophic impacts are important issues
to consider in any analysis of costs. The lessons learned over the last several
decades should be well entrenched in the procedures, with respect to both human
health and natural resources. The problem in handling this issue lies with determin-
ing what scenario is likely to be representative of expected operational failures.
Templates in the field of business forecasting and emergency preparedness might
provide insight as to the appropriateness of the scenario options.

Methodology is too Site Specific to be Generic

The health impact of a specific air pollution exposure can vary, depending on
the age, socioeconomic, and occupational structure of the exposed population.
Mortality risks from acute exposures are greater in an older population or in a base-
line population having more chronic disease. Similarly, populations exposed to
other respiratory insults, such as occupational dusts or environmental tobacco
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smoke, may experience an additive effect from ambient air pollution sufficient to
exceed the threshold for manifestation of disease that would not otherwise occur if
only one of the two component exposures were present. Seasonal changes in the
physical environment can also enhance or mitigate the health impact of a specific
air pollution exposure. For example, there is some evidence that an ozone mortal-
ity effect in Los Angeles was observed only during heat waves, lt is likely that
heat or cold stress will enhance the mortality effects of air pollution. Considering
these variations in population structure and in physical environments, it is desirable
to provide ranges for impact estimates as a function of observable variations in
population and physical environments, even if such estimates must be based on
limited data. For example, would a 50%, 100%, or 200% increase per unit popu-
lation in overall impacts be reasonable if one assumes that exposure occurs in a
mega-city, such as S_o Paulo or Mexico City, where significant segments of the
population live under marginal conditions, versus a city, such as Stockholm or
Munich, where the socioeconomic distribution, health care system, and infrastruc-
ture are of considerably higher quality? Despite the difficulty of the task, some
variation in impact estimates needs to be developed to account for differences in
social structures and physical differences in populations and environments. These
same principles would apply to agricultural and ecological impacts.

Geographic Distribution of Reference Power Plants

The panel felt strongly that locations selected for the reference power plants,
one in the Southeast and one in the Southwest, were not as useful for the impact
study as other locations might have been. Indeed, because of the enormous
regional diversity across the United States a larger number of case studies would
be needed to properly assess the range of fuel cycle externalities. For example,
with respect to coal, a reference power plant might be located in the Midwest
(central Appalachian area), Northwest, or coastal area of the Southeast. Likewise,
an oil-fired power plant is much more likely to be sited in the Northeast or along
the coast in other regions, than at either of the two inland locations identified in
the Oil Fuel Cycle Document. Some reasons to consider a broader set of site
locations follow:

= The Midwest should be a prime area of study because of its heavy concentra-
tion of coal use in the region and the fact that emissions effects reach far
beyond 50 miles.

• The Midwest and Northwest are more highly populated. Although the
Southeast has a high level of agricultural production, the Midwest has a high
level of agricultural production and potentially vulnerable forested areas
downwind. The Northwest has much more agricultural production than the ref-
erence site selected for the Southwest. The coastal area of the Southeast is an
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environmentally sensitive area, where wetlands and coastlines might be
affected by coal-fired power plants. Also, because this is not a coal-producing
area and ali coal must be transported significant distances, additional impacts
should be considered.

• Oil-fired power plants tend to be concentrated in the Northeast and in other
coastal locations, in large part because of the relative cost advantages of
transporting oil versus coal. This cost difference will also influence the
fuel/technology selected for new power plants in the Northeast. Similar
regional cost-driven considerations, not reflected in the documents, would
factor prominently in ali decisions to add a particular type of electrical capacity.

• Using the Tennessee and New Mexico reference sites forces the oil fuel cycle
study to assume, rather unrealistically, that No. 6 residual oil arrives by truck to
the eastern power plant located in Tennessee. In the West, truck transportation
to the Farmington area from Houston violates the study team's own guidelines
of a 100-mile limit for truck transport. A more representative situation for oil is
ship transport to a coastal location such as the Northeast. In this case, environ-
mental impacts associated with potential oil spills and other fuel cycle effects
become much more of an issue than for the reference power plants assumed
for this study.

• A change in location of reference sites would alter the potential human, as well
as welfare, impacts that are estimated. For fuels such as coal, there also would
be a change in the source and chemical content of the fuel, resulting in dif-
ferences in the nature and size of damages.

Another factor affecting the realism of the scenarios is the failure to reflect the
views and concerns of the regulators and other major decision makers in the power
plant siting process. The first thing that public utility commissions will ask is
whether the chosan reference sites are representative of their jurisdictions. The
documents would have been more valuable if the study team had selected a set of
reference sites that bounded the range of siting characteristics that public utility
commissions are likely to deal with. The methodology should parallel, or at least
acknowledge, the process that utilities and public utility commissions follow to add
electricity-generation capacity. The technologies chosen for adding capacity over
the next 20 years could be very different from those implemented in the last
20 years. The sites and technologies chosen in the future will be based on a
rational, analytical process with extensive public participation that has evolved so
as to add capacity at the lowest cost to the ratepayer and the least environmental
impact. The selection of reference sites in the fuel cycle documents could have
been much more in conformance to this de facto process. The selection of
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reference sites should reflect the attributes actually evaluated by public utility com-
missions to license additional electrical capacity. These attributes include the
following:

• technology

• fuel availability and cost

• sensitive human and ecological receptors (e.g., nearby national parks)

• competing demands on resources
-- land (for power plant sites, waste disposal)
-- water (for cooling, waste disposal)
-- air (e.g., in nonattainment areas).

Consistency in Time Frame

The nuclear fuel cycle includes effects that take place over time periods ranging
from 200 to 100,000 years after emplacement of the wastes. If it is appropriate
to analyze long-term impacts of the nuclear fuel cycle on such a time frame, then it
should be done for the other fuel cycles involving releases of long-lived toxicants
such as radium, arsenic, lead, mercury, dioxin, etc. Also, when extending the
temporal period for impacts, the ongoing secular increases in atmospheric methane
and carbon dioxide cannot be ignored.

Consistency in Degree of Conservatism

The assumptions on nuclear fuel cycle containment releases and their health
effects are much more conservative (protective) than those used in the other fuel
cycles, making meaningful comparisons of externalities virtually impossible.
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6. Content and Data

This section discusses specific concerns that the panel had with the application
of the damage function approach technique to the individual fuel cycles, in view of
its knowledge base concerning the fuel cycles and environmental pathways. There
are problems with the application in a number of places. A significant problem
was that, in picking two specific sites for examples, the study team limited the
representativeness and utility of the analysis. This revealed itself in the perhaps
inappropriate selection of coal types in the Coal Fuel Cycle Document and the
highly unrealistic location selected for an oil-fired power plant. Of particular con-
cern was the fact that environmental impacts that could be small or insignificant
for an individual facility might be very significant when emissions from multiple
facilities were considered. Effects of some trace substances, such as those of
mercury, selenium, and fluoride, appeared to be omitted, as were ash and sludge
problems and facility-decommissioning issues. Perhaps the greatest omissions in
terms of environmental effects were greenhouse gases and visibility. Water was
only considered from the standpoint of quality, with the whole question of quantity
and allocation ignored. The discussion of linearities and thresholds for environ-
mental effects was inadequate and could have been improved.

Databases and Effect on Representativeness
of Examples Used in Documents

Resources Data--Fuel Sources

lt appears that little consideration was given to the effect of the source of the
fuel resource on the size and type of externalities that would occur. The quality,
quantity, availability, and mineability of resources are major issues that need more
attention. For example, the coal for both reference sites is assumed to be
extracted from surface mines. For the future, the Southeast reference power plant
should probably factor underground-mined coal into the model. If this is done,
mine fatalities, black lung disease, and methane emissions become much more of
an issue.

• Coal chemistry strongly affects both the degree of environmental damage that
can be expected and the costs of cleaning coal. For example, organic sulfur
cannot be removed by standard coal-cleaning processes (usually washing).
Organic sulfur removal requires more sophisticated cleaning or removal after
combustion (flue-gas scrubbing). Also, if scrubbing is necessary, then mining,
processing, and transportation of limestone or other reagents have to be con-
sidered, as well as disposal of the resulting sludge. Ali of these operations have
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environmental impacts. Concentrations of volatile trace elements (e.g., arsenic,
selenium, mercury, etc.) vary by coal and are not, with some exceptions,
effectively removed from coal by washing or from the effluent by scrubbing.

• The document does not address the various types of coals in the United States,
which range from peats to anthracite. Bituminous coal will probably be the
principal fuel; however, the western bituminous coals are very different from
eastern bituminous coals. Because coal characteristics, such as sulfur content
and trace metals concentration, can significantly affect environmental emissions
and consequent damages, it is important that a more representative set of
United States' coals be analyzed. Similarly, for studies having time horizons of
10 to 20 years or more, it is also important to consider future coal quality and
availability, not just current coals used for power generation. For example,
research by the U.S. Geological Survey, the U.S. Bureau of Mines, the
Kentucky Geological Survey, and others indicates that coal availability and
quality could change significantly in the future, with consequences for fuel
cycle environmental impacts.

Conventional Fuel Cycles

The Coal Fuel Cycle Document concentrates on pulverized coal-combustion
technology, which is no doubt the principal combustion technology of the 1990s.
However, from the standpoint of the usefulness to decision makers, more con-
sideration must be given to other coal-conversion technologies available in the early
1990s. The Oil, Natural Gas, and Biomass Fuel Cycle Documents analyze emis-

' sions from fuel cycles based on conventional combustion technology appropriate to
the early 1990s. The assumed environmental control systems, however, are in
some cases more representative of an older technology.

The most significant problems concern the characterization of the pulverized-
coal-fired power plant, which is the base case for the analysis. The document pur-
ports to analyze a "new" power plant, but the emission figures used correspond to
power plants constructed a decade ago. A new pulverized-coal-fired power plant
built now--in 1993--would have air emissions significantly lower than the values
used in the document. Consequently, the estimated damages would be signif-
icantly lower. The power plant analyzed in the study should properly be labeled
"PF Facility Meeting 1979 NSPS." Indeed, the emissions used for the Southeast
reference power plant correspond to the federal New Source Performance Stan-
dards (NSPS) for an eastern bituminous coal-fired power plant. The study team
should relabel the pulverized-coal-fired power plant as "Existing Facility Meeting
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NSPS" and add a new column called "Best New PF Facility," making it clear that
the damage estimates apply to existing power plants built in the early 1980s and
not to a new plant that could be built tod_y.

As it stands, the study perpetuates outdated and misleading characterizations
of available technology for coal-based power generation. While it is certainly true
that some developing technologies, such as the integrated gasification combined
cycle, hold the promise of higher thermal efficiency and lower emissions of envi-
ronmental pollutants than most existing coal-fired power plants, significant
technical and economic hurdles remain to be overcome to achieve those objectives.
Meanwhile, continuing improvements to "conventional" technology already have
achieved many of the environmental advantages promised by many advanced tech-
nologies over the past decade. Such developments are certainly important for
policy decisions regarding coal fuel cycle impacts. The document is not up to date
and even-handed in characterizing the relative merits of alternative coal
technologies.

The Nuclear Fuel Cycle Document errs even more in choosing an unrepresenta-
tive site in analyzing the potential damages from a severe accident. The power
plant chosen is of the 1970s vintage and is assumed to have safety properties
much worse than that plant is calculated to possess. In most cases, current tech-
nology, as well as future technology, was ignored, even though the study was pro-
jected to the year 2010. Modern technology, such as the Westinghouse Size-
well B and General Electric Advanced Boiling Water Reactor, was not used. Like-
wise, new technology relative to spent fuel containers and transportation was not
considered, and no significant attention was given to reprocessing spent fuels. In
the future, paramount attention will be given to the reduction of volumes of ali
waste, lt is appropriate that this study at least acknowledge that potential.

Emerging Fuel Cycles

The Coal Fuel Cycle Document does not consider the environmental impacts of
emerging fuel cycles, such as integrated gasification combined cycle or pressurized
fluidized bed combustion, whose emissions are significantiy lower than the conven-
tional power plant used for the case studies. While it is not likely that products
from coal liquefaction will have a major impact, it is likely that the process of coal
gasification will be utilized, especially for low-grade bituminous coals or brown
coals (lignites) and onsite generation.

From the standpoint of the usefulness to decision makers (whose horizons must
extend to and beyond the period of time during which the next generation of
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power plants will come on line), the fuel cycle study should consider the environ-
mental impacts of advanced fuel cycle technologies expected at least 10 years
from now.

Ali of the fuel cycle documents do include some characterization of advanced
technology emissions from the electricity-generation portion of the fuel cycles. For
the oil, natural gas, and biomass studies, these advanced technologies are
assumed to be characteristic of the year 2010 (though it is more likely that the
technologies assumed will be widely used much sooner than that--in most cases,
well before the end of this decade). For the coal study, emissions from the three
advanced systems (atmospheric and pressurized fluidized bed systems, plus inte-
grated gasification combined cycle systems) also are presented, though with no
specific time frame for their use. In ali cases, emissions from these advanced tech-
nologies are significantly lower than emissions from the "conventional" (1990)
designs.

There is no indication, however, as to how these lower emission rates would
alter the environr,_ental damage estimates that are reported for each fuel cycle. In
some cases, a linear relationship might exist (e.g., a two-fold reduction in emis-
sions would yield a two-fold reduction in effects). But in most cases, the
relationships would be nonlinear. Where nonlinearities do exist, the size of the
power plants being analyzed are especially critical because this is the primary
determinant of total emission Ioadings. The current studies make no attempt to
translate the lower emission rates of advanced technologies into measures of
environmental impact.

A discussion of advanced fuel cycles al_o should include new technology devel-
opments upstream of the power plant. As it stands, only the Biomass Fuel Cycle
Document does ti-;_t. Similar a=_sessments are needed for coal mining, oil refining,
natural gas processing, and transportation of fuels to a power plant. To the extent
that future fuel cycle studies also include "downstream" impacts, the effects of
electricity-transmission and -distribution systems also need to be considered.

Nuclear Fuel Cycle

The background discussion and review of the current status of nuclear power
plant safety needs to be expanded and brought up to date. One may discuss a
1970s-vintage nuclear power plant like Zion, but one needs also to deal with the
predicted performance of reactors like the Westinghouse Sizewell B in the United
Kingdom, the two new Gen_ral Electric Advanced Boiling Water Reactors in Japan,
and the Combustion Engineering System 80 under construction in Korea. Also the
Electric Power Research Institute safety criteria for new light water reactors and
the new U.S. Nuclear ReguFatory Commission containment requirements should be
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reviewed. Probabilistic safety assessments or prohabilistic risk assessments,
including seismic initiating events, are published for Sizewell B and the
System 80 +, among others, and the probabilistic risk assessments for these pres-
surized water reactors yield large release frequencies that are less than one in a
million per year, in accord with the Electric Power Research Institute criteria and
the U.S. Nuclear Regulatory Commission safety goals. A more current choice of
core-melt frequency _nd large release frequency than the extremely conservative
values assumed in the Nuclear Fuel Cycle Document needs to be developed. The
Nuclear Fuel Cycle Group also needs to correct its impression that seismic prob-
abilistic risk assessments have not been performed. The first probabilistic risk
assessment including seismic events was completed over a decade ago, and the
Diablo Canyon Nuclear Power Plant was required to perform a seismic probabilistic
risk assessment by the U.S. Nuclear Regulatory Commission as part of approval of
its fu;I power license. Furthermore, NUREG-1150, Severe Accident Risks: An
Assessment for Five United States Nuclear Power Plants, which is referenced in
the Nuclear Fuel Cycle Document, includes two seismic probabilistic risk assess-
ment. In addition, among other things, the Nuclear Fuel Cycle Group needs to
explain clearly which health impacts are estimated as occurring during the next
several decades and which are estimated as occurring 10,000 years or more in the
future, and why and how these are to be compared.

Valuation Data

Problems with valuation data can I:,e shown by reference to the Coal Fuel Cycle
Document, though the problem is generic. Damage estimates are summarized in
Tables ES-4 and ES-5 in the Executive Summary. Of a possible 114 damage esti-
mates, just over half have been quantified and more than half of these are in the
category "part of total"--meaning that estimates were not made for the disaggre-
gated entities. Therefore, it is fair to say that the database used for valuation is
thin.

Some of the data may not be very specific to the circumstances, so a certain
amount of reaching is necessary. For example, the largest damages per kilowatt
hour are the result of occupational injuries. However, the data are not available for
individual components of the industry, so industry averages are used. To obtain
quantitative estimates, the study team was forced to make the following pragmatic
assumption: "If the injuries in...[this] data base are of the same kind...as the
injuries in the electric services industry, then...the industry-wide average cost...is
applicable to this industry" (Coal Fuel Cycle Document, page 7-3).

To implement the damage function approach, the study team made an assump-
tion that individuals should be sovereign and the judges of the value of damages,
and because many of the impacts are of a nonmarket nature, the economic section
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of the Coal Fuel Cycle Document, for example, relies fairly heavily on survey
responses to contingent valuation studies. In these contingent valuation studies,
respondents are provided background information and are askeJ in a variety of
ways for their willingness to pay, using one or more "payment vehicles," such as
higher prices for better quality, greater safety, or increased taxes for damage
avoidance expenditures. Many economists would argue that estimates based on
contingent valuation methods are invalid, while many others staunchly defend the
use of the technique. Estimates based on contingent valuation methods may be
appropriate here because they are less biased than the alternate choice of zero
damage in some cases and because, in _milar circumstances, federal regulations
call for the use of contingent valuation methods. However, readers of these docu-
ments can benefit from the inclusion of a more critical evaluation of contingent
valuation (e.g., National Oceanic and Atmospheric Administration's Report of the
NOAA Panel on Contingent Valuation, January 11, 1993, also published in the
January 15, 1993 Federal Register).

In addition to the NOAA panel discussion, there is other recent literature on
environmental economics that overviews the advantages and limitations of contin-
gent valuation as a method for estmating economic values of environmental
damages, including a National Acid Precipitation Assessment Program State-of-
Science Report, Chapter 27, and numerous journal articles, lt would be helpful to
cite some of this literature, as well as the controversy that surrounds its applica-
tion. A particularly challenging issue is transferability. The transfer or use of con-
tingent valuation estimates from one site/commodity to another setting is implicitly
endorsed by the damage function approach suggested in the Coal Fuel Cycle Docu-
ment. While the study team discusses some problems associated with transfer-
ability, it would again be helpful to cite recent literature that focuses on this
specific issue, such as the 1990 issue of Water Resources Research or the
Proceedings of the 1992 AERE Workshop on transferability (cited in the Back-
ground Document but not in the fuel cycle documents).

The technical quality of the valuation is uneven. For example, the Background
Document is well done in terms of discussing important issues in environmental
economics. The discussion of economic consequences in the Health Effects sec-
tions are generally comprehensive and rigorous, with the exception of omitting
cross-sectional studies noted earlier. However, the economic treatment of other
issues/effects within the various fuel cycle documents seems simplistic, partic-
ularly in light of the fairly rigorous foundation laid out in the Background Docu-
ment. For example, agricultural damages from air emissions are calculated by a
single price timen quantity formula, which abstracts from much of the economic
behavior that lies at the heart of economic analysis. Other numerical calculations
(e.g., recreational fishing) are based on willingness-to-pay estimates from the
literature but make no attempt to discriminate among these estimates according to
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their respective technical qualities. Without some additional discussion/guidance
by the study team on the validity of these estimates, the reader or policymaker is
left with the impression that ali estimates are of comparable quality, which they
are not.

Not Ali Major Environmental Effects
Were Included in Study

The following discusses major potential pollutants and impacts that were
omitted from the Coal Fuel Cycle Document. They include visibility effects,
greenhouse gases, leachates, trace elemo_ts and other air toxics, and cooling
tower emissions.

Visibility

lt is important to add visibility to the list of information needs. This impact is
important not only because of the aesthetic values but also because visibility
degradation is an excellent indicator of air-quality impacts in general.

Carbon Dioxide and Other Greenhouse Gases

Damages associated with carbon dioxide and other greenhouse gases, espe-
cially methane, are not estimated because of the level of uncertainty about the
physical parameters (Coal Fuel Cycle Document, page 7-6). No criteria for judging
acceptable levels of uncertainty have been set forth. In fact, there is substantial
uncertainty surrounding some of the quantitative estimates included in the docu-
ments. A comparison of low- and high-damage estimates suggests more than
10 orders of magnitude in one case, even when error bands around the low and
high values are not included.

Because global climate change is such a charged issue and because an absence
of estimates will attract attention, an alternate option is to make some trial esti-
mates for multiple power plant expansions of electricity-generation capacity to see
if the uncertainty magnitudes are large or small, lt certainly is scientifically appro-
priate not to cite numbers out of context in connection with carbon dioxide dam-
age studies (Coal Fuel Cycle Document, page 7-14), but the approach is not con-
sistently adhered to in other assessments.

Leachates and Runoff from Coal-Storage Piles

Although leachates and runoff from coal-storage piles are briefly mentioned in
the Coal Fuel Cycle Document (Appendix D), there has been no attempt to
evaluate the ecological or economic consequences of those aqueous streams.
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Numerous inorganic and organic chemicals have been identified and are a major
concern to the electric utilitY/industry because of the potential for contamination of
surface waters and groundwater.

Trace Elements and Air Toxics

Several of the fuel cycle documents acknowledge the presence of trace metal
emissions from different parts of the fuel cycle. The emission rates for five species
presented in the Coal Fuel Cycle Document are of questionable validity. Further-
more, there has been no attempt to evaluate the health, ecological, or economic
effects of these emissions. Nor is the list of species discussed in several of the
documents (e.g., coal) sufficiently comprehensive. For example, with respect to
trace elements in coal fly ash and bottom ash (slag), possible impacts from dis-
posal could include 1) uptake of selenium, molybdenum, boron, arsenic, etc., by
vegetation growing on coal fly ash landfills and their transfer to herbivores;
2) leaching of potentially ecotoxic elements from landfills into the aquatic environ-
ment (i.e., sedimentation lagoons, lakes, streams, etc.); and 3) uptake of this
leachate by aquatic flora and fauna. Atmospheric emissions of trace chemical
species are of potential concern. The Clean Air Act Amendments of 1990 list 189
air toxics potentially subject to regulation. Many of these chemical substances are
found in fossil fuels (especially coal) used for power generation. Mercury,
chromium, lead, cadmium, selenium, nickel, fluoride, and arsenic are among the
airborne toxic species of concern for human health and welfare effects. Long-term
health impacts, as well as near-term health impacts, need to be evaluated and
treated as externalities. Fluoride, which is also found in coal and is emitted into
the atmosphere during combustion, may accumulate in plants and cause detri-
mental effects in herbivores. There is no discussion in the document of the pos-
sible impacts on ecosystems of fluoride released from coal during combustion. Nor
is there any discussion on any of the other potential air toxics resulting from fossil
fuel combustion.

Cooling Tower Emissions

Although chlorine and other biocides used to prevent fouling in power plants are
briefly mentioned in the Coal Fuel Cycle Document (Appendix D), there has been
no attempt to evaluate the ecological or economic of aqueous streams containing
those chemicals that are released to surface water in the immediate vicinity of
power plants; nor was there any discussion of the effects of saline mist on vegeta-
tion from cooling towers where ocean or brackish waters are being used. Addi-
tionally, the effects of thermal plumes in receiving waters downstream from
electricity-generation-cooling facilities were not evaluated quantitatively.
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Limited Discussion of Hydrologic Considerations

Ali fuel cycle power plants have an impact on water resources, and the degree
of impact is cycle specific. The documents cover some of the issues, most notably
those associated with surface-water quality and related ecological effects. The
analysis related to subsurface-water quality is not as well documented, particularly
with respect to the cost of restoring groundwater systems that become contami-
nated. This cost needs to be recognized and evaluated; it can be very high._8_

Failure to Consider Interactions

Treatment of the air pollution-related impacts associated with sources in the
fuel cycle is very complex because of the chemical transformations involved in
determining the source-receptor relationships. Assumptions regarding treatment of
the complex processes need to be noted up front in the documents to provide
more credibility to the analysis.

The effect of interactions was not addressed adequately. Some of the prob-
lems include multiplier effects resulting from interactions between individual
components of a given emissions stream; the difference between total

(a) Although it is not an environmental impact in the same sense as others treated
in the documents, a significant omission in the documents associated with
hydrology is water allocation among competing priorities. The impacts associ-
ated with water allocation involve the distribution of costs of power among
stakeholders. The crux of the issue is that water must be allocated to fuel
cycle facilities for a variety of reasons, and some of the allocations are quanti-
tatively significant. In some areas, this allocation must be debated and cost
assigned relative to other priorities to the water, including housing and other
activities (e.g., agriculture, recreation, biodiversity). In the arid and semiarid
regions of the West, this allocation of water resources is one of the most con-
tentious and costly issues, and these issues will only increase in intensity in
the coming decades. There is recent literature that addresses this problem,
and the February 1993 decision in California (Central Valley Improvement Act,
Title 34) is an example of the trade-offs that must be made and the divisive-
ness of the problem.

Alternate water uses are sometimes highly valued by society, particularly in the
West. The document needs to have a full section devoted to this issue and
needs to bring in individuals with expertise associated with the legal, social,
and economic implications of surface- and subsurface-water allocation. This is
a particularly crucial issue for public utility commissions.
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environmental insults spread over a population and repeated insults to specific
organisms; clustering of sources, causing a greater nonlinear cumulative impact;
and the interaction of ali of these effects with impact thresholds, where they exist.

An example of the repeated insult concern can be found in the flow chart on
particulate morbidity effects illustrated in the Coal Fuel Cycle Document (Fig-
ure 7.6.2-1, page 7-34). Although connections between component morbidity
effects are shown, the study team's major concern is with avoiding double count-
ing of events. No effort is made to assess the cumulative health impact of
repeated occurrences of these health events in some individuals. The effect of
10 children having a single episode of bronchitis is not the same as one child
having 10 bronchitis episodes in the first years of life. The chronic disease burden
on the population of the various acute morbidity episodes is not estimated by
summing the individual costs of each acute episode.

There are substantial problems with the site-by-site approach unless the back-
ground pollution is properly taken into account. The assumptions regarding how
the studies will treat the surrounding sources must be clarified up front. Back-
ground levels of pollutants and interactions of pollutants from one power plant and
from ali surrounding sources, be they human caused or natural, are very important
even in relatively pristine areas. The ecological impact of 50 power plants located
in the northeastern United States, even if each were spatially separated so that
50-mile radii would not overlap, is greater than the sum of impacts attributable to
each of the 50 power plants because each adds to the cumulative atmosplleric
burden of the regional airshed. A method must be proposed to account for these
very probable, and in some cases well-demonstrated, interactive effects of indi-
vidual damages.

Explicit Discussion Needed on Threshold
Effects and Linearities

The documents could make a stronger technical argument for the adoption of
nonthreshold linear dose-response damage functions than it does for most of the
airborne effluents of the various combustion fuel cycles. These effluents include
ozone precursor emissions (i.e., nitrogen oxides and reactive organic compounds),
fine particulate matter, acid precursor emissions (sulfur dioxide and nitrogen
oxides), lead, mercury, and trace metal carcinogens. For the noncancer health
effects, the epidemiological evidence for the eastern United States is fully con-
sistent with the proposition that observed effects are occurring at current ambient
levels. Thus, for example, the incremental contributions to current ambient levels
resulting from each additional fossil fuel-burning power plant, in this region have
calculable incremental effects on ali downwind populations that are incrementally
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exposed. For the carcinogenic trace metals, there is no comparable evidence, but
the assumption of nonthreshold risk is almost universally accepted among health
scientists as a prudent public health assumption.

If there is a threshold for a specific effect, the background concentration will
determine whether a given incremental exposure results in no effect or an additive
effect. If no threshold is assumed, incremental exposures will always increase the
frequency of effects. Damage estimates could be calculated with threshold and
nonthreshold assumptions, especially for noncarcinogenic health effects for which
thresholds are uncertain. In the case of ozone and particulates, it was assumed
that health effects would not be observable at exposures below existing air-quality
standards; however, contrary evidence is now quite substantial. Thus, if a thresh--
old exists, it may be below the standard.

A second issue needing discussion is additive and multiplicative effects attrib-
utable to incremental exposures from the combustion fuel cycles, lt is not clear
whether incremental exposures to pollutants simply add to the background rate of
disease or multiply background rates as a result of an enhancement of underlying
disease mechanisms. At very low incremental exposures, the difference in popula-
tion effects between additive and multiplicative assumptions may be insignificant
but not so at high exposures. Likewise, if the background rate of disease in one
population is considerably greater than in another, multiplicative and additive inter-
action exposure with background rates can have significantly different conse-
quences. Because it is not clear which set of assumptions may be correct, this
issue can be addressed by making explicit additive and multiplicative assumptions
at low- and high-background disease (or other impact) rates.

Miscellaneous Technical Issues

Validity of Emissions Assumptions

One questionable assumption made in the document is that it is reasonable to
estimate airborne emissions on the basis of generic data on coal composition and
adherence to design standards by operating emission controls. The problem of
using generic coal data, as opposed to representative coal data, was demonstrated
midway through the review process when a significant chance in the sulfur dioxide
emissions from the Southeast site was obtained from new calculations that used

different assumptions about the sulfur content of the fuel.

lt is also not credible that air cleaner performance will closely approximate the
design level for collection efficiency, especially for fine particulate matter. The
mass fraction escaping the on-line electrostatic precipitators auring normal opera-
tion is likely to be much less than that selected for the design basis. On the other
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hand, for the ultra-fine-sized trace metal condensation aerosols and sulfuric acid,
the penetration will almost certainly be much greater than that assumed on the
basis of the overall mass collection efficiency because the electrostatic precipita-
tors are not designed to have, nor are they capable of having, high efficiency for
ultra-fine particles.

Accounting Stance

A number of panel members raised the question of whether this was a docu-
ment written from/for the perspective of a public utility commission or for, say, the
DOE. There is a distinction and it is captured by the term "accounting stance" in
benefit-cost analysis--a term not discussed in the documents. A public utility
commission might think increased employment is good and may count employment
benefits; whereas, from a national perspective, employment gains resulting from
investment in one region are typically offset by employment losses in another
region resulting from foregone investment. A public utility commission takes
federal regulations as given; whereas, the DOE may appropriately treat regulations
as variable. This distinction can translate which damages are to be regarded as
externalities and which are to be handled effectively by policies, such as tradeable
permits. From the perspective of the DOE, a decision that impinges on a particular
fuel cycle in a given region may well be magnified across ali regions. While it may
be true that one power plant's contribution to carbon dioxide in the atmosphere is
trivial, a public policy that marginally affects power plants impinges on ali of them,
and the aggregate environmental consequence is measurable (or so many believe)
and should be included in damage estimates. From a public utility commission's
perspective, there may be little difference between marginal and average impact.
From a national perspective, scale considerations could create a substantial distinc-
tion between a marginal and average calculation for nonlinear relationships, particu-
larly for a pollutant with a possible global impact such as carbon dioxide.

Flue-Gas Desulfurization

Although flue-gas desulfurization systems are assumed to be employed in the
Oil and Coal Fuel Cycle Documents, there does not appear to be any discussion of
the environmental consequences associated with disposal of sludge or possible
benefits accrued from its refinement into a commercially attractive product.

In light of increasing stringency of state and local environmental regulations, the
study assumes that the two reference power plants burning coal or oil will require
a flue-gas desulfurization system. For a power plant being built today, a second-
generation wet limestone flue-gas desulfurization system would be used. There
are at least five competitive systems available. Each of these systems has
achieved a reliability of 95% to 99 + %. The second-generation wet limestone
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flue-gas desulfurization system represents environmental, technical, and economic
benefits compared with first-generation wet limestone flue-gas desulfurization
systems.

The Coal Fuel Cycle Document states (Appendix B) that a new coal-fired power
plant built today with "conventional" technology would be significantly inferior to
the three "advanced" technologies that are not yet widely commercial. A common
assumption in the technical and policy literature over the past decade is that flue-
gas desulfurization systems used to remove sulfur dioxide from power plants were
limited to a removal efficiency of 90%. Integrated gasification combined cycle
systems were said to be capable of 99% removal, leading to the common assertion
of an order of magnitude difference in sulfur dioxide emissions. In reality, how-

i ever, modern flue-gas desulfurization systems operating on United States' coal-I|

I fired power plants now routinely achieve 95% sulfur dioxide removal, with many

systems operating at better than 98% removal on eastern bituminous coals. Thus,the reality is that a new coal-fired power plant built today can achieve sulfur
i dioxide emissions nearly as low as that hoped for from future integrated gasifica-
! tion combined cycle systems. In summary, the document presents an outdated

picture of a new "conventional" power plant with flue-gas desulfurization, coupled
with an optimistic representation of "advanced" technologies. The misrepresenta-
tion is most egregious for sulfur dioxide emissions, but nitrogen oxide and par-
ticulate emissions also are overstated for the pulverized coal-fired power plant.

Employment Benefits

An unusual feature of the fuel cycle study was an attempt to estimate employ-
ment benefits associated with the various fuel cycles. The study team argues that
there could be a difference between the opportunity cost of labor and the market
wage that confers an employment benefit when workers in a fuel cycle are drawn
from the ranks of the otherwise-involuntarily unemployed, lt is the traditional
position of the economics profession to oppose estimation of employment benefits
for use in benefit-cost analysis. Under most circumstances, the economics profes-
sion believes that labor markets work well enough that payments to labor can be
considered an adequate reflection of the marginal social cost of an economic
resource utilized in producing a benefit (the value of the output of that labor) to
society. Some "frictional" unemployment is considered to be an efficient way for
the labor market to allocate resources. Reducing local unemployment via public
works under most circumstances is regarded primarily as a type of transfer of
income from another part of the country or from another group of people rather
than as a net increase in social wealth. This argument usually is considered to
hold true unless a compelling case can be made that unemployment is widespread
and expected to be chronic and persistent. In that case, the social opportunity
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cost of employing the unemployed is considered to be below the market wage, so
public works that hire them produce a net increase in social wealth rather than a
transfer of income.

If the DOE wishes to recommend a departure from the use of standard practices
in benefit-cost analysis, then it must make a substantial financial commitment to a
study supporting such a departure, must specify the conditions under which
unemployment is said to occur, and must lay out safeguards against the misuse of
the unemployment assumption.

The treatment of employment "benefits" in the documents involves a key and
unstated subtle assumption with which few economists would, concur. Because
some workers in fuel cycle operations are attracted away from existing jobs, it is
necessary, to count employment "benefits," to assume that firms whose workers
are attracted to the fuel cycle operation, by paying the same wage offer, could not
hire a replacement person of equal quality at the same wage, even though many
unemployed exist.
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7. General Findings, Conclusions, and Recommendations

This section identifies and briefly explains the panel's general findings, conclu-
sions, and recommendations. While the fuel cycle documents provide a consider-
able amount of useful information on the environmental damages and the
evaluation of these damages, they do not (in their present form) fully serve the
needs of either a national audience concerned with energy policy or a public utility
commission concerned with incorporating social costs into rate-making activities.
The documents do, however, provide a useful first step in a policy discussion, lt is
the unanimous view of the panel that the documents be rewritten to better define
the scientific and policy context and to provide better guidance to the lay policy
audience. In undertaking the rewrite, the panel recommends that the documents
be explicit in identifying the uses they can and cannot support.

Overall Assessment

The Study is a Needed Pioneering Effort

Quantification of environmental damages associated with fuel cycles has grow-
ing importance at state, national, and international levels. Therefore, the panel
believes this process is worth the effort to meet the challenges. This type of
analysis is on the cutting edge of developing energy strategy, where economics,
health sciences, and environmental sciences ali must be integrated to effectively
assist decision makers. The study 1) demonstrates the complexity of the chal-
lenge; 2) identifies many of the important knowledge, methodology, and data gaps;
and 3) provides a useful focus for the next steps in developing a strategy to
address externalities.

Despite the considerable time and funding devoted to this study, the resources
available remain insufficient relative to the task at hand. Thus, the panel believes
that the researchers were placed in a difficult position. As a result, though con-
siderable effort was expended to examine the scientific and economic components
needed to evaluate the benefits and damages of the major fuel cycles, the panel
identified several major shortcomings of the study and the study documents.

The findings and recommendations follow.
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General Findings

Finding 1. The Study's Purpose is not Clear

The documents lack a clear sense of purpose, and it appears that the purpose(s)
of the analysis may have changed over time. Furthermore, the target audience
was not well defined. Because the nature and scales of concern--both geographic
and temporal--differ among audiences, identification of the target audience is cru-
cial to selection of the methods and inputs to be used in the analysis.

For example, a national energy policy audience might have been interested in
the following:

• decisions about research-and-development priorities for environmental control
methods, and new or improved energy supply and utilization technologies

• identification of important gaps in ecological, epidemiological, and economic
research regarding various pollutants and alternative approaches to filling them
(this could help to shape research priorities on these issues)

• evaluation of existing environmental regulations and the design of new ones (a
major complaint about United States' environmental regulation is that it does
not take benefits and costs into account; the damage function approach meth-
odology, at least in principle, provides the tools for assessing the societal ben-
efits from reduced pollution).

An apparent target audience of the study is a public utility commission, which
might onh/consider the environmental damages of a single, isolated, power plant.
However, the complexity of the case studies appears to ignore the significant staff
and time limitations that most public utility commissions experience.

In addition, public utility commissions and other energy-planning bodies may
have to consider regional environmental impacts of energy-production programs.
However, the case studies ignore significant categories of impacts and important
interaction effects between facilities and between pollutants that could occur even
in the evaluation of a single facility. Environmental impacts frequently occur
because pollutants accumulate from a number of sources in an area whose absorp-
tion capacity is then exceeded. This is most obvious when accumulated atmos-
pheric concentrations of selected pollutants originating from several sources
exceed legally permitted levels in a single airshed as the result of a single additional
source of emissions. Less obviously, the interactions between sources and pol-
lutants can lead to significant nonlinear effects that may differ in both type and
level from the simple sum of single-facility effects.
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In summary, this analysis adopted a facility-by-facility approach at the local
geographic scale, as opposed to a more holistic approach that would serve
national-level concerns. This reductionist perspective may encourage a "tyranny of
small decisions"--myopic, piecemeal decision making that could lead to undesirable
consequences.

Finding 2. In Trying to be Comprehensive, the Study
Design did not Set Clear Priorities Concerning Which
Externalities to Analyze

The study was an improvement over previous studies of its type, in that it con-
tained a more comprehensive body of scientific information concerning a broad
range of potential environmental and nonenvironmental impacts. However, the
study contained no explicit framework for quickly screening or assigning greater pri-
ority to the important environmental benefits or costs from the list of every con-
ceivable environmental and nonenvironmental cost or benefit and work-piace risk.

_t As a result, several potential environmental effects (such as global climate change)
'( and nonenvironmental effects (such as resource depletion), were not treated at,(

. ,i sufficient depth, while other effects (such as employment) were analyzed at too
great a depth.

Finding 3. Despite its Breadth, the Study was Unable
to Evaluate Many Potential Impacts and Injuries

For example, the panel does not agree with the study team that global climate
change should be omitted because damage function-based assessments for this
effect are currently in their infancy. Rather, global climate change can be handled
in principle, while still acknowledging that existing studies provide extremely wide
error bounds. Although existing studies of global climate change effects currently
do not provide high-quality estimates of the potential impacts, the issue is of such
importance that the study should provide either a range estimate of the monetary
and other measures of effects from existing literature (with appropriate caveats) or
a scientific assessment of its relative importance in comparison with other potential
environmental effects.

Biological diversity of natural ecosystems is a second area where using the
damage function approach at this time is virtually impossible because it is not
certain what aspects of diversity can or should be valued or what the underlying
ecological damage functions would look like. Indeed, many if not most ecological
impacts have not been evaluated quantitatively in the open literature. Most studies
have dealt with individual plant or animal species and their respective relationships
and single pollutant-induced perturbations. Translation of these impacts into
economic damages is not yet feasible. However, alternative concepts of

li
-
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measurement, such as those that rely on genetic distinctiveness, do exist for some
aspects of biological diversity, anL_a treatment of this benefit category could be
included as a separate analysis. The panel believes that the documents should
i=tclude at least a scientific evaluation of the environmental importance of biological
o;versity impact3 relative to those effects for which quantitative impacts were
assessed. While this pertains to ali the fuel cycle studies, it is especially important
for the Biomass and Hydroelectric Fuel Cycle Documents.

The subjects of market failure and its consequences for resource depletion have
been omitted completely. Policymakers are concerned that natural resources are
being depleted at too fast a rate. From an economic perspective, excessive rates
uf depletion occur when there is some form of failure in the market. The conse-
quences of this failure may include nationaJ security concerns. Difficult-to-quantify
issues of policy interest, such as national energy security effects, can be evaluated
with a separate analysis that accompanies th,e damage function approach.

Finding 4. The Study Missed an Op_ortunity to
Compare Environmental Impacts Across Fuel Cycles

While it may not have been possible to develop a "bottom line" damage esti-
mate for any of the fuel cycles because of missing or unreliable data, it should
have been possible, with the large body of data available, to compare some of the
impacts across fuel cycles in a consis:ent manner and demonstrate how this can
be done.

Indeed, given the emphasis on "externality adders" as a key motivation for the
study, systematic comparisons across differen;_electricity-generation systems is
certainly what many readers of these studies would be seeking.

To compare impacts of different fuel cycles systematically, the study design
needed go incorporate a consist_nt set of assumptions and design premises across
d!fferent fuel cycles, to the exteqt applicable. Unfortunately, this was not the
case. One key assumption that varied from study to study was the size of the
power plant being modeled. Power plant size varied by an order of magnitude
across different studies. Because environmental impacts do not scale in direct
proportion to power plant size (or emissions), the results across different studies
cannot be compared to determine, for example, which method of producing a
given amount of electricity produces the smallest impacts.

Furthermore, different studies employed different assumptions, and used dif-
ferent sources of information, to establish key design parameters that affect emis-
sions and impacts. In some cases (e.g., the oil fuel cycle), environmental control
assumptions for the reference 1990 power plant were more stringent than for any
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like plant operating in the United States. In contrast, environmental control
assumptions for the coal-fired power plant were less stringent than for recently
built power plants. Similarly, the power plant stack haight assumption varied from
study to study. This parameter has a dramatic effect on ground-level concentra-
tions and consequent impacts. While it is not necessarily appropriate to have
identical assumptions across ali aspects of each fuel cycle, the fuel cycle docu-
ments do not reveal any attempt to systematically think _hrough the issue or to
maximize the usefulness of this effort for comparing environmental impacts across
different fuel cycles.

Another example of this problem occurred with respect to particulate air emis-
sions. Of particular interest for the health risk analyses were emissions of fine
particles less than ten microns in size (so-called PMlo), which represents the
respirable fraction. The concentration of particulate emissions for natural gas was
taken from a recent EPA publication that reports particulate emission rates from
gas-fired power plants that are 3 to 14 times greater than the emission rates in an
earlier (and widely used) EPA compilation of air pollutant emission factors. By
choosing this new EPA source, coupled with other EPA data on particulate removal
efficiencies and the fraction of fine particles escaping collection, the fuel cycle
documents show that natural gas combustion yields higher rates of fine particulate
emissions than the combustion of either oil or coal. Even when adjusted for the
higher efficiency of producing electricity from modern combined-cycle power
plants, the gas-fired power plant had mass emission rates that were three times
greater than the oil-fired power plant, 30% greater than the western coal-fired
power plant, and only 25% less than the eastern coal-fired power plant. Based on
this analysis, therefore, natural gas emerges as the "dirtiest" fuel with respect to
fine particulate emissions.

If true, this finding would have significant implications for national energy
policy, which foresees large increases in natural gas use. By choosing different
and seemingly arbitrary values of stack height for different fuel cycles (e.g., for the
Southeast reference site, the gas-fired power plant has a 700-foot stack, compared
to 500 feet, for the new coal-fired power plant; the "super clean" oil-fired power
plant, which is nearly half the size of the coal and gas power plants, also has a
700-foot stack), the ground-level concentrations of fine particulates used to assess
health effects yielded results that are inconsistent with plant emission rates.

Finding 5. The Study Needed to Consider Other
Methods of Evaluation Besides the Damage Function
Approach Adopted for this Study

The study failed to consider alternative valuation methods, in particular for
impacts that are difficult to evaluate in dollar terms. The economics section of the
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documents provide no reassurance to people who are not familiar with the merits,
functions, and limits of the damage function approach. This may be more a matter
of style and organizational format than an issue of missing pieces. Nevertheless,
with a few notable exceptions, noneconomists will be alarmed by the large i;umber
of impacts they regard as important that are quantitatively neglected in value
terms. They will be worried that quantitative results derived from the damage
function approach will drive policy decisions that discriminate against the
unmeasured qualitative elements in the natural system.

The valuation procedure needs to include both the criteria used for including or
excluding studies that provided valuation data. Although the documents discuss
the uncertainty of damage estimates, insufficient critical evaluation of studies that
were included leaves the reader uncertain about the confidence to place on the
comparative results and the resulting point estimates.

Other policy tools, such as safe minimum standards, acknowledge the difficulty
of provid!r_g precise estimates using the damage function approach, so they forbid
resource use beyond levels that cause unacceptable results. The shortcomings and
merits of alternative policy frameworks, either together with the damage function
approach or as substitutes for it, were omitted.

Finding 6. The Study Missed an Opportunity to
Transcend Traditional Disciplinary Boundaries

The study attempted a multidisciplinary approach (i.e., engaging researchers
from economics, health sciences, and ecological science); however, an interdisci-
plinary product that transcends discipline boundaries was not achieved. Because
national laboratories offer the structure and ability to perform interdisciplinary
research, an opportunity was missed here to advance beyond the era of traditional
environmental impact statements and to integrate information, approaches, and
expertise from several disciplines.

Findings Concerning the Study Documents

Finding 7. The Fuel Cycle Documents, While They
Contain Much Useful Information, do not Constitute a
Usable End Product for Policymakers

The summary of the externalities in the documents, being based on an incom-
plete valuation (Finding 3) and on generally nonrepresentative case studies
(Findings 11 and 13), cannot provide useful guidance on the environmental
damages associated with the electricity-generation fuel cycles for either the local
area or for the nation as a whole. As it stands, the usefulness of the documents is
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limited to demonstrating an approach and procedures for calculating a partial
impact of a particular power plant scenario on a particular local area, for which
both the power plant characteristics and site characteristics are already well
described. However, there are significant deficiencies in the analyses of the
particular examples cited in each document. Moreover, even if the particular
examples were more appropriately constructed, there is no prospect for drawing
reasonable generalizations about fuel cycle damages to the environment from the
results reported for the two specific case studies used in each document.

For example, because many of the environmental damages identified appear to
be important but difficult to quantify and because some of the damages are not
additive, the study team cautioned in several places against providing a "bottom
line" sum of the effects. In the case studies, however, despite the fact that many
of the effects showed up as blanks or footnotes in the summary tables, the docu-
ments provided a sum of the effects (see, for example, Coal Fuel Cycle Document,
Table 9.5.1 and page 9-25). This bottom line is clearly not comprehensive and is
misleading.

Finding 8. The Study does not Employ Consistent
Criteria in Defining the Fuel Cycles that are Analyzed

Across the set of fuel cycles, different assumptions are made in the design
premises for the energy conversion and environmental control technologies that
determine the emissions and environmental impacts being evaluated. For example,
though the intent was to analyze a hypothetical new facility being built today,
some assumptions employed were more characteristic of 1980s technologies
having higher emissions. Other key parameters, such as stack height, varied for
similar facility designs. Similarly, the nuclear safety analysis was applied to a
1970s-vintage facility, rather than a modern light water reactor design (either one
currently under construction or one meeting the criteria of the Electric Power
Research Institute and the U.S. Nuclear Regulatory Commission and under review
for final design approval). In addition, the assumed annual man-rems for new
nuclear reactors are three times larger than the Electric Power Research Institute
criteria for new light water reactors. Such inconsistencies in technology premises
can have significant implications for the health and environmental damage esti-
mates that are reported. Also, catastrophic accidents were examined for some fuel
cycles but not for others, where the potential effects are far from negligible; while
long-term health impacts were ignored, except for high-level radioactive waste
disposal. Finally, in some circumstances (e.g., hydroelectric, coal, and nuclear),
secondary environmental impacts from manufacturing the concrete and steel used
in the construction of the facilities were considered; while in other cases (e.g., oil
and natural gas), they were not.
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Finding 9. The Background Document did not Include
an Adequate Assessment of the State-of-the-Art Tools,
Knowledge, and Data

The Background Document included an extensive survey of the literature and a
useful discussion of economic concepts, except for the valuation of very long-term
risks. However, it would have been more useful for a wide range of policy issues
had it contained reviews and careful explanations of 1) the state of the art on eco-
logical and epidemiological knowledge about dose-response relationships asso-
ciated with various fuel cycles and 2) the literature on valuing environmental
impacts in various settings and then provided an integration of the two to estimate
a range of damage functions for various pollutants.

The Background Document also did not provide a thorough evaluative review of
prior reports covering similar issues or an explicit discussion of differences in
findings and the reasons for these differences. For example, the fuel cycle docu-
ments missed several other important surveys of the literature, such as the EPA's
Environmental Criteria and Assessment Office documents and the National Acid
Precipitation Assessment Program's State-of-the-Science Reports. The NUSAP
(Numerical, Unit, Spread, Assessment, and Pedigree) evaluation of data quality on
the various environmental pathways contained in Appendix A to the Background
Document, for example, would have been far more useful had it been linked back
to source material, and if it had covered and attempted to evaluate the state of
knowledge on those environmental pathways for which no good empirical esti-
mates of damage currently exist.

Also, in its analyses of two limited examples of coal, oil, natural gas, biomass,
or hydroelectric power plants, the study team failed to present damages in per-
spective (e.g., the documents failed to explain the importance of the evaluated
impacts in relation to a wider range of fuel cycle impacts that were not evaluated).
The impact analyses of two conventional combustion power plants on ecological
systems and human health (within the local area) used generally reasonable
assumptions (based on the literature) concerning the composition and rates of
emissions, dispersion models, exposure-response relationships, and analytical
methods. However, the study team failed to present and evaluate the results of
these analyses in a context that permits their generalization to other situations
involving other technologies, fuels, local meteorology, hydrology, and locations.

In summary, the limited perspective adopted and the lack of an adequate dis-
cussion of the context in which the analyses were performed severely limit the
interpretation of the analyses to either the local or national scale.
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Finding 10. The Background Document and Fuel Cycle
Documents Needed to Explain and Consistently Apply the Key
Assumptions and Procedures, Especially the Valuation
Procedure

The Background Document did not provide a clear and comprehensive discus-
sion of the strengths and weaknesses of the damage function approach in a man-
ner accessible to noneconomists. Moreover, because the individual fuel cycles
were apparently analyzed at different times by different researchers without strong
central guidance, the implementation of the damage function approach in the vari-
ous fuel cycle documents revealed inconsistencies in assumptions, extent of envi-
ronmental coverage, and data applications. These inconsistencies add to the diffi-
culty of comparing impacts across different fuel cycles, based on these
documents.

Furthermore, the damage function methodology described completely neglects a
description of how to handle the valuation of very long-term damage (many hun-
dreds or thousands of years in the future). Discounting of near-term health effects
is part of the described methodology but this discounting is assumed, not critically
reviewed and then justified. Discounting over many hundreds or thousands of
years would render such effects negligible. However, the EPA standard on geo-
logic disposal of transuranic and high-level radioactive wastes (40 CFR 191) per-
mits no such discounting. Additionally, as pointed out earlier, there is a lack of
consistency across the fuel cycles in key parameters, such as the size of power
plants being analyzed, extent of environmental coverage, and data applications.
These inconsistencies add to the difficulty of comparing impacts across different
fuel cycles, based on these documents.

Finding 11. The Case Studies in the Fuel Cycle
Documents were not Representative, Consistent,
or (in some cases) Realistic

The two reference sites in each document are not representative of the eastern
and western United States. The two sites chosen were apparently based on the
availability of data at specific sites, rather than for being typical of their respective
regions. However, it is unlikely that any real site will be representative of a large
region of the United States. Depending on the purpose of the analysis, there are
other approaches that might have produced more useful examples, including 1) a
larger number of case studies selected to be more representative of different
United States' regions, 2) a strictly hypothetical site, and 3) averaging regional
effects to show "typical" or "representative" impacts that may not have occurred
at any particular real site but that would have better represented the region
(Recommendation 9).
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Factors that need to be considered in deciding how to make an example repre-
sentative include the specific problem being addressed, geography, demographics,
fuels, technology, and environmental pathways. The time frame is also critical in
the choice of technology and other factors. The technologies referenced for
mining, beneficiation, transportation, refining, combustion (including reactor tech-
nology), power generation, and waste disposal were generally old and would
probably have a greater adverse effect on the environment than modern tech-
nologies. Also, technologies will be developed in the future that will certainly
reduce the magnitude of externalities, yet the study team neglected to factor those
issues into their fuel cycle analyses. For example, the Coal Fuel Cycle Document
claims to be analyzing a new power plant that would be built today but assumes
technology more representative of existing plants built a decade ago, with emis-
sions much higher than a new plant built today. This can significantly distort the
results of an analysis intended for future planning. The Nuclear Fuel Cycle Docu-
ment errs even more in its choice of a representative power plant and aggravates
its choice of a 1970s-vintage plant by using highly conservative assumptions about
the frequency of a large release of radioactivity. The other fuel cycle documents
do a somewhat better job of distinguishing between past, current, and future
power plants. If adequate attention cannot be given to issues of state-of-the-art
technology in this study, it should most certainly be mentioned as a subject for
future consideration.

Finding 12. The Study of the Nuclear Fuel Cycle
is Severely Flawed and Requires Major
Reanalysis and Rewriting

The background discussion and review of the current status of nuclear power
plant safety needs to be expanded and brought up to date. The analysis focuses
on a 1970s-vintage nuclear power plant like Zion, but ignores predicted perfor-
mance of newer reactors and the Electric Power Research Institute safety criteria
for new light water reactors and the new U.S. Nuclear Regulatory Commission
containment requirements. The extremely conservative values assumed in the
Nuclear Fuel Cycle Document for core-melt and large-release frequencies need to
be updated, and the impression that seismic probablistic risk assessments have not
been performed needs to be corrected. The estimate of risk from the shipment of
spent nuclear fuel also appears to be overly conservative. Insufficient effort seems
to have been given to addressing very important issues such as transportation of
fuel and spent fuel wastes, groundwater assessment and protection, and seismic
risks relative to Yucca Mountain. Expertise exists in the national laboratory
network in ali these areas but appears to have not been used.

The Nuclear Fuel Cycle Group needs to better differentiate and explain how to
compare near-term and long-term health risks. Aquatic and terrestrial effects are
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ignored throughout the document. The study team devotes entire chapters or sec-
tions of chapters to indirect benefits (e.g., employment) and damages (e.g.,
emissions during steel and concrete making); however, the sections on ecological
effects typically consist of a few paragraphs or a table to diminish the importance
of these effects. The study team's inability to quantify ecological impacts of the
nuclear fuel cycle is especially disturbing because much of the pioneering research
in this area was, and continues to be, performed at the Oak Ridge National
Laboratory.

Finding 13. The Selection of Nonenvironmental
Externalities in the Fuel Cycle Documents was
Neither Consistent nor Persuasive

While as a theoretical matter it may be correct to adjust private costs to
account for distortions from market imperfections, it is very difficult as a practical
matter to do so because most markets are distorted from their theoretical ideal.
An unbounded analysis of ali such distortions is not cost effective and probably not
feasible. Consequently, most economists would probably focus attempts by
government to "correct" decentralized decision making only in those cases where
market distortions are large and easily measured. However, the choice of employ-
ment as the major nonenvironmental benefit analyzed in the documents appeared
to be arbitrary (e.g., other markets for water, power turbines, land, and competing
fuels also are distorted). The employment benefits largely derive from unemploy-
ment in the construction industry, which may be kept artificially large by non-
energy government policy and which are very expensive to maintain via power
plant construction and high-sulfur coal mining. At the same time, more significant
nonenvironmental benefits, such as national energy security, were ignored.

The documents appear to include a major inconsistency concerning the evalua-
tion of work-piace health and safety impacts. There is considerable controversy
concerning how well labor markets signal the value of these impacts. Neverthe-
less, the hedonic wage approach was used extensively to measure workers'
marginal evaluations of occupational risks. A more thoughtful discussion is
needed. Why, for example, can wage premiums be used to evaluate the damages
caused by accidents and occupational exposures to toxic substances when the
premise behind the "external" nature of these costs is precisely that the markets
do not take the risks into account?

Finding 14. In Almost ali Cases, the Fuel Cycle Documents
Focused on Too Narrow a Geographic Scale

The site-by-site reductionist approach (as opposed to a regional, national, or
global holistic approach) is perhaps a fundamental or fatal flaw in terms of the
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study's usefulness for guiding national policy on comparative fuel cycle benefits
and damages at regional, national, or global scales. As a result of the narrow
reductionist focus, the study missed the opportunity to demonstrate how to incor-
porate multiple power plant environmental impacts. The only exception was a
regional approach taken for ecological damages in the Coal and Nuclear Fuel Cycle
Documents. This approach, which showed considerable promise, and which the
panel regarded as a step in the right direction, was abandoned in the subsequent
fuel cycle documents.

Finding 15. The Fuel Cycle Documents Need Improved
Exposition and Organization

Taken as a whole, the Background Document and the six fuel cycle documents
are disappointing in terms of the overall quality of exposition and organization.
While some sections of some of the fuel cycle documents are well written, in
general the documents tend to be poorly focused and lack cohesiveness. In addi-
tion, there is considerable repetition (both between and across the documents).
This makes reading them more tedious than necessary. Some elements of the fuel
cycles are discussed at great length, while other, often more important, elements
receive relatively little discussion. Indeed, in several of the fuel cycle documents,
whole paragraphs and even whole sections are repeated verbatim without a warn-
ing to the reader that this is the case. Given the relatively straightforward nature
of the findings of these documents, they could probably be reduced by at least
50% in length without loss of content. Although it would result in some repeti-
tion, it also would be of tremendous assistance to the readers and would help
comparability across fuel cycles to have in each fuel cycle document a composite
table of standardized nominal values for the amounts of air, solid, and aqueous
emissions from each component of the individual fuel cycles (see Natural Gas Fuel
Cycle Document, Table 2.5.1, as a start in this direction).

General Recommendations

Recommendation 1. The DOE Should More Clearly
Define Its Goals and Objectives for Evaluating
the Environmental Consequences of Fuel Cycles

The panel believes that further significant work cannot and should not proceed
until the contractor is given clearer guidance concerning what the study should be
trying to accomplish, lt appears from the existing documentation on this study
that there may be a number of competing objectives (see Finding 1). The DOE
needs to clarify its vision of the study and its specific goals and to clarify which of
the potential audiences and what policy issues the documents will address. The
policy perspective should be expanded beyond the focus on development of
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externality adders by public utility commissions. The DOE should also address a
broader set of fuel cycles than only those that generate electricity. The DOE
should develop clearly measurable objectives for the study to help it and the
reviewers determine if the study is likely to meet its goals.

The DOE, rather than the organizations contracted for this study, must state its
expectations for the fuel cycle documents. Some of the questions that might be
addressed in defining goals and objectives are the following: Does the DOE expect
ali known public health and environmental externalities to be identified, quantified,
and valued? If quantified, should potential damages be expressed in monetary
terms when this is possible? How should uncertainties be incorporated into these
estimates? Where externalities cannot be quantified monetarily (e.g., global
climate change, national energy security), should the documents attempt to
develop estimates that allow comparisons across fuel cycles? Should the docu-
ments be limited (as they were) to an in-depth analysis of externalities that lend
themselves to economic valuations?

Recommendation 2. The DOE Should Develop a More
Comprehensive Strategy for Achieving
these Goals and Objectives

The fuel cycle documents represent only a small part of an overall strategy that
needs to be developed. Such a strategic approach to addressing externalities is
crucial because of the diverse needs of a wide variety of potential users and
affected individuals and groups.

The panel suggests that the fuel cycle documents and this review should serve
as inputs for a workshop convened to systematically 1) define needs of user
groups, 2) describe the status of knowledge and data needs, and 3) evaluate appli-
cability of various methodologies. An important outcome of the workshop would
be to help decision makers develop realistic expectations concerning the results of
research and fuel cycle analyses over the next 2 to 10 + years, as well as provide
researchers with guidance on the priority needs of policymakers. This would have
to be an iterative process to ensure systematic communication among decision
makers, analysts, and researchers.
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Recommendation 3. Because a Likely Use for the Data
from the Study is in Computing Environmental "Adders,"
the DOE Should Critically Evaluate the Use of "Adders"
by Public Utility Commissions as a Means of Accounting
for Environmental Damage

The documents need to include a simple, comprehensive, and unbiased assess-
ment of the strengths and weaknesses of the "public utility commission's external-
ity adders" approach to environmental policy, how it might be misused, and an
evaluation of the resources and needs of public utility commissions that might
want to adopt a social costing framework, lt is not obvious that any state has
come close to adopting the "correct" methodology that Resources for the Future
has laid out in Appendix C to the Background Document or respected the cautions
about mechanically transforming marginal (partial equilibrium) damage numbers into
externality adders that appear elsewhere in the documents. Simple guidelines for
doing this are needed.

If the fuel cycle documents are to be helpful to public utility commissions, it
must recognize their constraints. Because public utility commissions typically have
very limited resources, an effort would have to be made to help them distinguish
what are likely to be trivial impacts from those that are likely to have effects on
ultimate resource decisions. The documents would be most useful in this way if
they demonstrated how to actually calculate adders for a small number of relatively
important environmental problems associated with the generation of electricity at
typical facilities within their jurisdictions. Further, to clearly identify priority prob-
lems requiring valuation, the documents should provide a more complete and coher-
ent critical discussion of the literature on dose-response relationships and economic
valuation.

Recommendation 4. The DOE Should Better Match
Study Objectives with Available Resources

Given limited resources, future studies should focus on a few of the most
important impacts and evaluate these weil, rather than evaluate many impacts at a
superficial level. While the amount of money spent to date on the fuel cycle study
appears considerable ($2.5 million), it is not realistic to assume that the large vari-
ety of potential impacts could be covered at any scientific depth for this amount of
study resources. The choices, therefore, would appear to be to 1) limit the study
objectives and concentrate the study resources on those environmental impacts
most likely to matter or 2) expand the resources devoted to the study
appropriately.
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Recommendation 5. The DOE Should Improve Review and
Oversight of a Study of This Type

Projects should include adequate external review and input at the design phase,
midway through the implementation, and in the final phases. Review of the initial
phase can help ensure that the funding is matched with the goals and scope of the
study, as apparently was not done in this instance. Ongoing review would help
ensure that the project stays directed at the project goals. Additionally, as limita-
tions in methodology, information, and/or funding are encountered, adequate
ongoing review will allow cost-effective redirection of project activities.

Reviews during the final phase of a project should not be the first time that
project goals, scope, and direction are evaluated, as appears to have happened in
this project. Instead, a final-phase review should have to focus only on the results
of the study and the presentation of a coherent story to the prescribed audience.

Recommendations on the Existing Study Documents

Recommendation 6. The Fuel Cycle Documents Should
be Revised to Clearly Articulate the Purposes,
Strengths, and Weaknesses of the Study, Especially
its Representativeness or Lack Thereof

The fuel cycle documents need to address the study's strengths, as well as its
limitations and weaknesses, especially the representativeness of the case studies.
The documents would be more useful if the case studies represented "typical" situ-
ations in the context of well-posed policy decisions or questions. If the estimates
of environmental impacts are atypical or incomplete, it also would be useful to
have a discussion of these aspects.

There are a number of shortcomings in the documents that can only be addres-
sed via longer term solutions. These are offered in the suite of other recommenda-
tions in this peer review report. However, if the fuel cycle documents are to be
issued in the near future, serious attention needs to be given to clearly articulating
the purposes they can now be expected to serve. In view of these announced pur-
poses, the documents need to address their own strengths, as well as their limita-
tions and weaknesses, especially the representativeness of the case studies. The
documents and case studies are not, nor should they be, a strictly methodological
exercise. The original charge to the study team appears to have been to accomp-
lish something more ambitious, while the current site-by-site case studies appear to
generate numbers that are not useful or representative.
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While explicitly acknowledging these issues will not address the major short-
comings in the documents, their inclusion in the discussion will substantially affect
the tone and context of the analysis.

Recommendation 7. The Background Document
Should Identify Appropriate Applications for the Damage
Function Approach

A much simpler discussion of the damage function approach methodology and
the strengths and weaknesses of it needs to be developed and presented. In par-
ticular, the short discussion needs to address externalities that the damage func-
tion approach either cannot address or does not now address because of the lack
of data and methods. Examples of these potential externalities might include
global climate change, depletion of natural resources, and preservation of biological
diversity.

While there is considerable 3ocietal concern over the above issues, the panel is
skeptical that current market observations or valuation methods, such as contin-
gent valuation, can yield a credible assessment of their external costs. This lim-
itation of the damage function approach needs to be discussed. More important,
the Background Document should consider how these potential impacts can be
incorporated into policy assessments.

Many, if not most, ecological effects have not been quantitatively evaluated in
the open literature. Most studies have dealt with individual plant or animal species
and their respective community relationships and single pollutant-induced perturba-
tions. Translation of these impacts into economic considerations is not yet feasible
with any degree of accuracy.

Recommendation 8. The Background Document
Should Include a More Specific Evaluative Analysis of the
State of the Art, Including its Limitations

The Background Document should identify important scientific and valuation
uncertainties. The fuel cycle documents then should address these uncertainties in
the evaluation. The study should suggest a research approach that can resolve
these generic and specific issues.

For example, discussion of the effects of carbon dioxide emissions should be
expanded. A critical review of what the state of science currently does and does
not tell us would be quite useful. This is especially important for the public utility
commission audience because carbon dioxide adders would have major effects on
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resource choice in some jurisdictions. The fact that it may not yield a single num-
ber to plug into one of the tables is far less important than the discussion.

Recommendation 9. The Fuel Cycle Documents
Should Include a Critical Evaluation of Past Studies
and Data Actually Selected for Use

A more detailed critical review of the studies relied on and those that yield con-
flicting results would be helpful to the audience. This review needs to distinguish
adequately between what is good and not so good; to say precisely why a particu-
lar set of impacts is important; and why particular emissions, pathways, and values
were chosen for each health and ecological impact. Not only would this help estab-
lish a future research agenda, it would help public utility commissions and others
currently using or considering using the study in their deliberations. Because the
dose-response relationships relied on are often based on bits and pieces drawn
from multiple studies, a clear set of criteria should be presented or applied for
choosing what to rely on and what to ignore. Also, guidance needs to be provided
on how to think about partial and uncertain estimates of impacts drawn from multi-
ple sources. A discussion of how to interpret missing values and to utilize valua-
tions that have large uncertainty bands would be helpful to policymakers at ali
levels. The DOE should discourage inclusion of speculative consequences in the
fuel cycles that have not been discussed in peer-reviewed and open literature.

Recommendation 10. The Fuel Cycle Documents
Should Follow a More Consistent Format

The study should use consistent design premises, data sources, units of meas-
ure, and calculation methods across ali the fuel cycle damage assessments. Even
though a cross-fuel comparison was not an objective of the study, the results of
the study to date are likely to be used for follow-on comparisons of the relative
damages among the fuel cycles. Therefore, it is important that consistent methods
be used, at least for emissions, pathways, impacts, and damages common to sev-
eral fuel cycles (e.g., calculating the precursor emissions and health effects of
ozone, particulates, and carbon dioxide). The Nuclear Fuel Cycle Group needs to
explain clearly which health impacts are estimated as occurring during the next
several decades, and which are estimated as occurring 10,000 years or more in
the future, and why and how these are to be compared. Long-term health impacts
should be compared for ali fuel cycles.
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Recommendation 11. The Fuel Cycle Documents
Should Include a More Explicit Treatment of
Environmental Thresholds

The assumption of a threshold model (or a highly nonlinear function) for a dam-
age function approach can greatly affect the calculated impact of a specific source
of p,,llution, lt could mean that a given level of discharge into a relatively pristine
environment would have less impact than an equivalent emission into a more pol-
luted environment, i* could also imply that the mth source has no impact, while the
_m+ 1)th source does. Furthermore, there is seldom sufficient knowledge for defin-
ing the leve! of emissions at which some threshold for adverse effects is crossed.
In view of these important issues, the documents should have more explicit discus-
sions of procedures to be used in defining threshold phenomena and how knowl-
edge of threshold lev,=,lsof exposure should be used in determining externalities.

Recommendation 12. The Study Should Delete Analysis
4 of Some Nonenvironmental Benefits and Damages,

Such as Employment

The analysis of environmental impacts utilizes a common set of tools and con-
cepts drawn from the physical, biological, and epidemiological sciences; eco-
nomics; and ethics. For the most part, the analysis of employment benefits and
costs utilizes a completely different set of tools and raises a host of issues that
have little to do with the natural environment. Except for perhaps uncompensated
road danlage, which has similarities to natural resource/environmental damages, it
is recommends3 that nonenvironmental be_efits and damages be made the subject
of separate studies performed by researchers having appropriate expertise.

J

Recommendations for Future Studies

| Recommendation 13. Future Studies Should
Develop or Propose Methods for Utilizing
Qualitative Information in the Analysis

Many important health, safety, and ecological et:ects have been consistently
attributed to air pollution but their exposure-response relationships have not been
quantified, often because exposures are complex 3nd difficult to characterize or
because the precise component of a complex mixture responsible for the effect is
unknown. Thus, while it is cjenerally accepted that increased exposure will
increase the adverse effects, the magnitude of the risk from a unit of exposure is
unkb_own. The damage function approach ignores these nonquantifiable risks,
thereby giving the policymaker the impression that these effects are not true



externalities. The assessment methodology must be broadened to incorporate this
type of qualitative information into the evaluation process.

One such approach that provides credible estimates of damage is the elicitation
of exper_ judgment from panels of recognized experts. This approach should be
recognized as an option, with certain advantages and disadvantages. Suitable case
studies include those of the EPA's Office of Air Quality Planning and Standards on
the population distribution of health effects of lead and ozone.

Recommendation 14. Future Studies Should Use a
Hypothetical Site or Regionally Representative Averages
for Analysis

At a minimum, an analysis should be included for a reference site in the East
that is in an area with a higher population density and that relies on underground
mines for coal. While this may be difficult to implement at this stage of the study,
in future work a composite (hypothetically representative) site having features that
could be characterized as "typical" for the region, though not applicable in their
entirety to any particular site, should be attempted. Another alternate approach
would be to characterize impacts based on regional averages. Either would be of
more practical utility to both national policy audiences and resource-limited public
utility commissions than the facility-by-facility approach.

The study would be more useful if it analyzed fuel cycles for a larger number of
different ;egions across the United States. In selecting appropriate regions and
fuel cycle components, important attributes to consider include population, terrain,
soil types, waterways, land-use characteristics, and ecological characteristics. The
panel believes that two types of analyses should be carried out, corresponding to
two fundamental types of decisions faced by energy planners: 1) analysis of a
marginal power plant typical of the technology involved, which would correspond
to a decision of how to include the costs of such individual plants in a regional
resource base; and 2) analysis of a larger increment of generation (e.g., several
thousand megawatts), which could be used to examine the regional environmental
consequences of longer-term capacity additions based on different fuel mixes.

Recommendation 15. Future Studies Should Develop
and Implement an Objective Method for Judging Which Environmental
Effects Require Analysis

If the objective is to provide information for use by public utility commissions,
an initial judgment should be made concerning which environmental impacts are
the most important and are not adequately reflected in market prices. A deeper
analysis of a smaller number of impacts would be much more valuable to public
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utility commissions and other policymakers than an incomplete analysis of a large
number of impacts, several of which are of doubtful importance. A means should
be developed for efficiently screening possible impacts for those most likely to be
important, in the context of well-posed policy questions.

Overall Conclusions

This DOE-sponsored study attempts to evaluate one of the major energy issues
of our time, with significant implications for not only energy policies but also for
the environment and the economy. As the new administration attempts to take a
more integrated approach to these highly interrelated policy areas, the importance
of the externalities issue becomes even greater.

Given these pressing national needs and the complexity of addressing them,
this study represents only a beginning. Greater resources and more effective
efforts will be needed in future fuel cycle studies to yield the results needed to
guide multibillion-dollar decisions with major societal consequences.

Simply revising the current documents will not remedy the issues raised above.
To accomplish its objectives, the DOE will need a much more careful study of the
critical issues raised in this review. The panel recommends "_hat: 1) the DOE
should explicitly identify the goals and objectives for future studies and 2) the
current study and this report should serve as inputs to developing a peer-reviewed
strategy for assessing the consequences associated with fuel cycles. The panel
strongly encourages the DOE to continue with its efforts to understand and
evaluate the "external" benefits and costs of the environmental impacts of the fuel
cycles.

Final Comment to DOE. Gaps in Data/Knowledge

Our knowledge of the health and ecological effects of air pollution today greatly
exceeds the knowledge base of the 1950s. An outstanding example is given by
the increase in knowledge about the health effects of environmental lead exposure.
In the 1950s, it was widely assumed that exposures to lead were harmful to health
only if blood concentrations, even in children, exceeded 60 to 80 pg Pb/100 mL.
In 1992, the upper limit for an assumed "no-effect" level was 10 pg Pb/100 mL in
children and 40 pg Pb/lO0 mL for workers. There is considerable evidence that, in
young children's blood, lead in the range of 10 to 40 pg Pb/100 mL is associated
with cognitive impairment (as discussed in the documents). The point is that the
lack of knowledge about the effects of low-level lead exposures resulted in large
external costs to society that could have been avoided or mitigated had we earlier
acquired more scim,tific evidence about them.
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There is good reason to believe that over the next several decades we will have
considerably more evidence than we now have about adverse effects of sub-
stances still being introduced into the environment. Early acquisition of knowledge
of potential adverse effects can prevent large societal costs and should become a
part of our national economic and environmental policy.
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Biographical Sketches of the Fuel Cycle Peer Review Panel

J. Christopher Bernabo
President

Science and Policy Associates, Inc.
Washington, D.C.

Dr. Bernabo is president of Science and Policy Associates, Inc., where he assem-
bles teams of leading experts and manages their efforts to address client needs for
technical information relevant to decision making on issues such as global climate
change, energy policy, ambient air quality, ozone depletion, and acidic deposition.
Prior to founding Science and Policy Associates, Inc., Dr. Bernabo served for
5 years as Executive Director of the National Acid Precipitation Assessment Pro-
gram. His Ph.D. is in Geological Sciences from Brown University. He has
published over 25 works, and has organized and chaired 15 national meetings.
Dr. Bernabo currently lectures widely on global change and conducts seminars for
management on the relationship of science and policy.

Richard M. Adams

Professor, Department of Agricultural and Resource Economics
Oregon State University
Corvallis, Oregon

Dr. Adams has extensive research experience dealing with the economics of
natural resource and environmental issues pertaining to agriculture, forestry, and
other natural ecosystems. Recent research focuses on the economic conse-
quences of climate change on United States agriculture and forests, on the bene-
fits of air and water pollution control policies, and on water allocation issues,
resource planning, and conservation. Dr. Adams has been or is currently serving in
an advisory/peer review capacity for the U.S. Environmental Protection Agency,
NATO's Advanced Science Program, the National Academy of Sciences,
Brookhaven National Laboratory, North Carolina State University, State of
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California, and U.S. Office of Technology Assessment on natural resource and
environmental economics issues and policies. Dr. Adams' professional recognition
includes current service as Editor, American Journal of Agricultural Economics,

1992-1994; the U.S. Environmental Protection Agency Award for Research Excel-
lence, 1987; Associate Editor, Water Resources Research; Chairman, Policy
Sciences Committee, American Geophysical Union, 1988-1992; and Vice
President, Western Agricultural Economics Association. Dr. Adams has published
over 90 refereed journal articles, monographs, and book chapters.

Gardner M. Brown, Jr.
Professor, Department of Economics
University of Washington
Seattle, Washington

Dr. Brown's research interests are in the area of environmental economics and

natural resource valuation, especially valuation of endangered species. From
1985 to 1990, he was chairperson of the Department of Economics at the Uni-
versity of Washington, where he is now a Professor of Economics. From 1979 to
1984, he was Director of the Institute for Economic Research at the University of
Washington. He has also been Visiting Professor at Stanford University, Invited
Professor at the Universit6 de Geneve, and Visiting Scholar at the University of
Cambridge. He has published over 25 refereed articles and over 35 papers in edi-
ted volumes, reports, and proceedings, and has served as editor or reviewer for
31 journals or commissions. He served as principal author of the National Acid
Precipitation Assessment Program's State-of-Science Report on natural resource
valuation.

Robert L. Dwyer
Environmental Resources

Management, Inc.
Annapolis, Maryland

Dr. Dwyer has a Ph.D. in Oceanography and over 20 years of experience with
private industry and government, managing projects with over $5 million in value;
with technical experience in quantitative environmental assessments of releases of
conventional pollutants, toxicants, radioisotopes; and performing assessments of
risks of pollutants to public health and natural resources. For the Federal Energy
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Regulatory Commission, Dr. Dwyer is presently serving as a task manager on a
contract to support relicensing activities of FERC's Office of Hydropower Licens-
ing. For the Maryland Department of Natural Resources, Dr. Dwyer managed a
long-term study of the effects of changes in discharge regime on flow, tempera-
ture, and dissolved oxygen in the Susquehanna River. At the Environmental
Research Laboratory for the EPA, he was the staff scientist responsible for the
design and implementation of ecosystem perturbation experiments with estuarine
microcosms. He has served as a member of the MIT Offshore Oil Task Group of
the Georges Bank Study. He is the author of numerous publications on hydro-
electric facilities' effects on organisms, marine estuarine ecology, and energy
resources development and siting.

Donald C. Haney
Director, Kentucky Geological Survey
University of Kentucky
Lexington, Kentucky

With a Ph.D. in Geology, Dr. Haney has been State Geologist and Director of the
Kentucky Geological Survey since 1978 and an Adjunct Professor of Geology at
the University of Kentucky since 1980. While serving in that capacity, he has
been a member of the Kentucky Hazardous Waste Siting Board, Chairman of the
Research Committee of Interstate Oil Compact Commission, a member of the
National Coal Resource Data System Committee of the American Association of
State Geologists, and a member of the National Water Quality Assessment Pro-
gram National Liaison Committee. He has also been a geologist for the U.S. Geo-
logical Survey. Haney is currently President of the American Geological Institute
and is a member of the National Academy of Sciences/National Research Council
Board on Earth Sciences and Resources. He is past Vice-Chairman, Southeastern
Section of the Geological Society of America. He is a member of the Kentucky
Academy of Science, American Association of Petroleum Geologists, American
Geological Institute, Association of American State Geologists (of which he is past
President), and Society of Sigma Xi. His current resume shows over 30 publica-
tions and numerous presentations to professional societies.
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Paul L. Joskow
Professor

Massachusetts Institute of Technology
Cambridge, Massachusetts

Paul L. Joskow is Mitsui Professor of Economics and Management at the
Massachusetts Institute of Technology, where he has been on the faculty since
1972. At MIT, he is engaged in teaching and research in the areas of industrial
organization, energy economics, and government regulation of industry. A signifi-
cant fraction of his research has focused on issues associated with electricity

supply, demand, and regulation. He has written 3 books and over 60 scholarly
articles in these areas. Professor Joskow has been a Visiting Professor at the
Harvard and Stanford Universities and is advisor or consultant to a large number of
government, scientific, and academic organizations worldwide.

Morton Lippmann
Professor
Nelson Institute of Environmental Medicine

New York University
Tuxedo, New York

Dr. Lippmann directs a research program at New York University on Human Expo-
sure and Health Effects, as well as a predoctoral and postdoctoral training program
in industrial and environmental hygiene. Current extramural activities include
Chairmanship on the Board of Scientific Counselors of the National Institute for
Occupational Safety and Health, membership on the Executive Committee of the
U.S. Environmental Protection Agency Science Advisory Board, and Chairmanship
of the EPA's Advisory Committee on Indoor Air Quality and Total Human Exposure.
He is a past Chairman of the American Conference of Governmental Industrial
Hygienists, 1982-1983, and of the EPA's Clean Air Scientific Advisory Committee,
1983-1987; and served on the National Academy of Sciences- National Research
Council Committees on Measurement and Control of Respirable Dust in Mines,

Indoor Pollutants, Toxicity Data Elements and in Vivo Toxicity Testing of Complex
Mixtures. His publications include over 200 research and review papers in the
scientific literature and two reference texts on environmental health science.
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Joseph S. Meyer
Coordinator, Wastewater Utilization Program and
Lecturer, Department of Fisheries
Humboldt State University
Arcata, California

Bridging his dual background in chemical engineering and zoology, Dr. Meyer's
major research interests are in nutrient cycling in aquatic ecosystems, fate and
effect of chemicals in aquatic ecosystems, and population biology and community
structure. He has over 60 journal articles, book chapters, and professional presen-
tations to his credit. He worked for 5 years in the areas of fisheries and lake acidi-
fication while at the University of Wyoming, and he has also evaluated ambient
toxicity tests for detecting groundwater pollution entering streams and rivers.
Additionally, he is a member of the American Fisheries Society, the Ecological
Society of America, and the Society of Environmental Toxicology and Chemistry.
He currently serves on the Advisory Committee for Water Toxics Research at the
Electric Power Research Institute.

Paulette Middleton
Senior Research Associate

State University of New York at Albany
c/o The University Corporation for Atmospheric Research
Boulder, Colorado

Dr. Middleton has 18 years of experience in policy-oriented atmospheric research
and management in interdisciplinary groups within large research and academic
institutions. From 1985-1990 while a scientist at the National Center for

Atmospheric Research, she was the coordinator of emissions information
development and model evaluation/assessment activities in the Acid Deposition
Modeling Project sponsored by the National Acid Precipitation Assessment
Pro_:'_m. She has served on numerous advisory panels for the National Academy
of Sciences, U.S. Environmental Protection Agency, and Electric Power Research
Institute dealing with visual air-quality impacts, acid deposition, and other air-
quality issues. She has been active in developing course materials for secondary
and post-secondary education in environmental and chemical topics. She is the
author of over 100 articles and scientific presentations.
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David Okrent

Professor Emeritus/Research Professor of Engineering and Applied Science
University of California at Los Angeles
Los Angeles, California

Dr. Okrent, a Ph.D. physicist, began working on nuclear energy in 1951 at
Argonne National Laboratory and has 42 years of varied experience in the field.
During his 20 years at Argonne, he led the national program in fast reactor physics
and safety and spent 8 years as Technical Assistant to the Associate Laboratory
Director for the Reactor Program. During the next 21 years, he was a Professor in
the School of Engineering and Applied Science at the University of California at Los
Angeles, where he built a nuclear engineering program and served as the first Chair
of the Department of Mechanical, Aerospace, and Nuclear Engineering. He served
as member of the Advisory Committee on Reactor Safeguards of the U.S. Nuclear
Regulatory Commission between 1963 and 1987, serving as chairman in 1966.
For the last 3 years, he served as a consultant to the NRC's Committee on Nuclear
Waste. Dr. Okrent is a member of the National Academy of Engineering, and has
served the National Research Council on a number of committees. He has been

awarded two Guggenheim Fellowships, the Glenn Seaborg Medal of the American
Nuclear Society, the first Tommy Thompson Award of the American Nuclear
Society, the first Distinguished Appointment Award of the Argonne Universities
Association, and the Distinguished Service Medal of the NRC. He has consulted
for numerous national laboratories and universities on nuclear matters and is the

author of over 150 books, refereed articles, and monographs.

Edward S. Rubin
Professor and Director of the Environmental Institute

Carnegie Mellon University
Pittsburgh, Pennsylvania

Dr. Rubin is The Alumni Professor of Environmental Engineering and Science at
Carnegie Mellon University. He holds joint appointments in the departments of
Engineering and Public Policy and Mechanical Engineering, and is also Director of
Carnegie Mellon University's Environmental Institute. He joined Carnegie Mellon
University in 1969 and, since that time, has directed research on environmental
control, energy use, and technology-policy interactions. He served as a member of
various technical and advisory committees to the U.S. Department of Energy, the
U.S. Environmental Protection Agency, the National Coal Council, and the National
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Academy of Sciences. He is the author of over 100 technical papers and reports
dealing with coal-based energy technologies, environmental control systems, and
environmental policy.

Carl M. Shy
Professor, Department of Epidemiology
School of Public Health

University of North Carolina
Chapel Hill, North Carolina

Dr. Shy holds appointments as Professor in both the Department of Environmental
Sciences and Engineering and the Department of Epidemiology. Dr. Shy's back-
ground and experience are centered in the area of the effects of environmental pol-
lutants, toxins, and radiation on human health. He has been the Chief of the Epi-

demiology Branch of the Division of Health Effects Research at the U.S. Environ-
mental Protection Agency and has consulted on epidemiology and environmental
impacts on humans for the EPA, the World Health Organization, Electric Power
Research Institute, Consumer Product Safety Commission, National Center for

Toxicological Research, U.S. Congress Office of Technology Assessment, and
National Institute of Environmental Health Sciences. He has been a member of the
Committee on Toxicology and of the Environmental Studies Board of the National
Academy of Sciences. His funded research has included analysis of the epide-
miological studies of the effects of air pollution, health and mortality studies of
radiation exposed workers, colon cancer and water quality, and occupational
cancer in the dusty trades of North Carolina. He has written on the subjects of
asthma related to power plant emissions and health consequences of sulfur diox-
ides and nitrogen oxides, as well as the health effects of asbestos. He is a mem-
ber of the American Public Health Association and Society for Epidemiological
Research and is an editorial consultant for the American Journal of Public Health,

the American Journal of Epidemiology, and the Archives of Environmental Health.
His current resume lists 94 refereed journal articles, books, and book chapters.
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John M. Skelly
Professor

Department of Plant Pathology
The Pennsylvania State University
State College, Pennsylvania

Dr. Skelly's background is in plant pathology and forestry. He is an expert on how
air pollutants affect trees and forest ecosystems. He participated in preparing the
U.S. Environmental Protection Agency's Air Quality Criteria Document for the
effects of SO2/PM on vegetation and for the effects of ozone and photochemical
oxidants on crops, forests, and forest ecosystems. He has been a Professor in the
Department of Plant Pathology and Member of the Graduate Ecology Program since
1986 and was Head, Department of Plant Pathology at The Pennsylvania State
University from 1982 to 1986. From 1968 to 1982, he was on the faculty of
Virginia Polytechnic Institute, where he rose from Assistant to Full Professor rank.
Among other positions, he has been a member of the EPA's Clean Air Science
Advisory Committee, National Atmospheric Deposition Program Biological Effects

Committee Chairman, World Resources Institute Advisory Panel on Multiple Air
Pollutants Study and Status of Forest Decline. He is a member of the International
Union of Forestry Research Organizations-Task Force Committee on Forests,
Pollution, and Climate Change, Birmensdorf, Switzerland. He is the author of 22
recent refereed papers, monographs, and book chapters on forest ecosystems as
affected by air pollution.

George E. Taylor, Jr.
Research Professor
Desert Research Institute

University of Nevada
Reno, Nevada

Dr. Taylor's research interests are in tropospheric chemistry, canopy-atmospheric
interactions, and stress physiology and ecology, including whole-plant and stand-
level processes influenced by natural and anthropogenic stresses, physiological
mechanisms underlying plant response, consequences of multiple stressors, and
modeling. He is also interested in ecological toxicology and ecological genetics.
Dr. Taylor is a Member of the Society of Sigma Xi and is on the editorial boards for
the Journal of Environmental Quality and Tree Physiology. He is a consultant to
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the EPA's Clean Air Science Advisory Committee of the Science Advisory Board.
He has over 60 books and manuscripts published in his areas of interest.

Leonard H. Weinstein

Plant Physiologist and
W.B. Thompson Scientist
Boyce Thompson Institute,
Cornell University
Ithaca, New York

Dr. Weinstein is currently the W.B. Thompson Scientist at the Boyce Thompson
Institute and has extensive experience and interests in the study of atmospheric
pollutants on plants and plant tissues, senescence of plants, aromatic biosynthesis,
air pollutant effects on plant physiology, metabolism, quality, and yield. He has
studied the effects of air pollutants on plant-pathogen and plant-insect interaction
and the ecotoxicology of coal fly ash. He served on the National Academy of
Sciences-National Research Council Committee on Fluorides, the Committee on

Ecological Effects of the U.S. Environmental Protection Agency Science Advisory
Board, and the Committee on the Environment of the National Association of State
Universities and Land-Grant Colleges. He is a member of Sigma Xi, American
Society of Plant Physiologists, and the Society of Environmental Toxicology and
Chemistry. His publications include more than 125 refereed journal articles,
approximately 25 nonrefereed articles, and 13 book chapters and other
publications.
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